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I. INTRODUCTION 

Rice (Oryza sa t iva L.) is the most important cereal 

staple food crop being the major source of calories ior 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 

(IKRI, 1990). About 90 per cent of rice grown in tlie world 

is 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 is the 

leading cereal both in area (41.8 m.ha) and production 

(109.5 m. tonnes). In Karnataka, rice is cultivated in 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 in 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 quantum 

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 is that the 

yield level of high yielding dwarf varieties of rice is 

plateaued in area of assured irrigation, which accounts for 

over 75 per cent of rice production. This 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 
1 

technology attracted the attention of researchers around the 

world. The yield advantage of hybrid rice, as currently 

understood is 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 

popu la t ion . 

China's initial success led IRKI 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 tlie cross 

involving IR b and Jeerigessanna (Mahadevappa, 1973). 
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Chinese and IRRI scientists have observed up to 45 per 

cent natural outcrossing on male sterile line of rice 

(Virmanl ^ JLL •. 1981) which is sufficient to produce bulk 

quantities of hybrid seed at economically feasible level. It 

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 is the main factor and this depends on floral 

structures, flowering behaviour, synchronization of parents 

by staggered planting, optimum ratio of 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 outcrossing 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 level of 

heterosis in rice and the inherent problem associated with 

seed production, research is initiated In the University of 

Agricultural Sciences, Bangalore, India to study 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 cost of production. Further, by 

effective rogulng 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 in 

ratoon and stubble or. slip planted crops. Ratooning, tiller 

separation and stubble planting are different vegetative 

propagation methods that have been tried so far. 

Ratooning is already in practice in some places with 

conventional high yielding varieties where with only 3U 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. beveral hybrids evaluated at the University of 

Agricultural Sciences for their ratoonabi1ity have revealed 

good potential having genes fur ratooning ability and 
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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 thorn 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 (196U) 

and Richharia e_i a_l. (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 if 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 units. 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 

t i-ansplan t ing has to be done in the traditional way for 

planting the stubbles as done for the prevlus crop. At 

present the question before researchers is to test the 

feasibility of vegetative propagation in parental seed 

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

The ultimate aim of successiul seed prograiiiine is to 

produce the maximum quantity of best quality. Seed quality 

parameters such as viability, vigour 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! 

1) to study the influence of provenance and seasons on 
seed quality attributes of some rice genotypes. 

ii) to study 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 
wi th ma in crop. 



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

v) to study 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 (i) seed 

quality, storabllity and presence of seed borne pathogens as 

influenced by production location and seasons, (ii) seed 

longevity - possible causes of loss of viability and 

consequences of deterioration, (iii) various 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 in 

this chapter. Since literature on these aspects especially 

on rice is limited, review on other related crops are 

included. 

2.1 Effect of Provenance and Season on Seed Quality 

i'ho udvontages of producing sood in oroue uBptjclu J ly 

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 in 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 



influence the seed quality.^The weather conditions such as 

temperature, relative humidity, photoperiod, wind velocity, 

soil type, nutrition and soil chemical reactions vary from 

location to location and season to season resulting in 

differential seed quality. Therefore, the selectioji of the 

best provenance of seed production for better seed becomos an 

integral part of a seed production programmes. 

2.1.1 Production location and seed quality 

Funk e^ aj. . (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 pigeonpea 

cultivars planted over seven locutions were tusted for seed 

quality by Tripathi and Laxman Singh (1979). The variation 

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 (1977), Berezkin and Guida 

(198U) and Kristan and Skala (1980) 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, 

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

Banumurthy and Gupta (1981), while studying the effect 

of four locations and five soybean cuitivars 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 

(iMaeda 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 e^ £j_. (1983) observed higher germination in the 

pea seeds developed and matured at cool temperature (mean 
o 

17.5 C) at Lahaul than those produced at warmer temperature 
o 

(mean 24.5C) at Delhi. They also observed significant 

differences among the varieties produced from Lahaul alone 

for per cent germination. Ihe varieties F 269, F 989 and 
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F 19U which required more than 7U days to flower, recorded 

higher germination than P 1069 and P 200 which took 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 in 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 different years had similar 

standard germination, field emergence and vigour. 

Thlagarajan (1990) observed variability in both 

germinability (23%) and seedling vigour (24%) which was 

almost equal across ten locations of Cauvery delta zone, 

irrespective of rice varieties. 
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1 l i ousand - seed w e i g h t ot e a r l y v a r i e t i e s d i l i e r e t l in a l l 

l o c a t i o n s (Hyderabad , M a r u t e r u , C h i n s u r a h , Kankanadi and 

Mandya) i n f e r i n g v a r i e d d e g r e e s of s e e d f i l l i n g i n t e r a c t i n g 

w i t h t h e v a r i e d e n v i r o n m e n t s a t t h e r e s p e c t i v e l o c a t i o n s 

(DRR., 1 9 9 0 ) . Yogeesha (1991) r e c o r d e d s i g n i f i c a n t 

v a r i a t i o n in t h e t e s t w e i g h t of s i x r i c e v a r i e t i e s p r o d u c e d 

from 4 l o c a t i o n s v i z . , Mandya, H e b b a l , Mud ige re and 

H o n n a v i l e . 

Dharmal ingam ( p e r s . Comm.) a l s o n o t i c e d v a r i a t i o n in 

p e r c e n t g e r m i n a t i o n , r o o t - s h o o t l e n g t h , s e e d l i n g v i g o u r and 

e l e c t r i c a l c o n d u c t i v i t y of seed l e a c h a t e of r i c e g e n o t y p e s in 

v a r i o u s l o c a t i o n s of T a m i l n a d u . 

T o t a l l y 22 c e r t i f i e d seed l o t s of m a i z e p roduced by 

K a r n a t a k a S t a t e Seed C o r p o r a t i o n in s i x d i f f e r e n t 

a g r o c l i m a t i c z o n e s were t e s t e d by K u r d i k e r i (1991) f o r 

v a r i o u s seed q a u a l l t y p a r a m e t e r s . G e r m i n a t i o n p e r c e n t a g e and 

t e s t w e i g h t d i f f e r e d s i g n i f i c a n t l y among seed l o t s and 

l o c a t i o p s bu t v i g o u r i ndex d i d n o t v a r y . Seeds from n o r t h 

d r y zone p r o v e d t o be b e t t e r f o l l o w e d by n o r t h e a s t e r n d r y 

z o n e and s o u t h e r n t r a n s i t i o n a l z o n e . E l e c t r i c a l 

c o n d u c t i v i t y of s eed l e a c h a t e from d i f f e r e n t p r o v e n a n c e d i d 

n o t d i f f e r s i g n i f i c a n t l y . However, i t was l e s s i n n o r t h d r y 

zone and more i n n o r t h t r a n s i t i o n a l z o n e . 
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2.1.2 Influence of season and weather at maturity on seed 
qual1ty 

Fernandes ^ jai. • (1^80) 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_ a^. (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 soed (77%J in liybrid 

bajra (Rajarao, 1981). 

Kant ei^ &l_. (1983) observed that the pea seeds 
o 

developed and matured at cool temperature (mean 17.5 C) at 

Lahaul recorded germination higher than seeds produced from 
o 

warmer temperature (Mean 25 C) at Delhi. 

Hegde e_t £^. (1983) observed the flower, foliar injury 

and decline in seed quality due to rains during flowering, 

seed development and maturity. Palanisami ej^ a_i_. (1986) 

reported higher lUUO-seod weight, vigour and dry weight uf 

seedlings from Kharif or early Kharif in Bhendi . 
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High temperature and long day light treotmont ot high 

humidity during seed maturation resulted in strong dormancy 

in rice as a result of the accumulation of germination 

inhibitors in the seed. High temperature during seed 

maturation also increased shoot and root length and mesocotyl 

elongation but reduced coleoptile elongation (iakahashl ^t^ 

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 eX^ £2 • • 1^87) . Rain affected rice 

seeds from two sites registered lower thousand seed weight 

(Katano e_t aj,., 1988)^ Promila Kumari ^ a_l. (1992) noticed 

significant differences in standard germination but root 

shoot length and 1000-seed weight between the control and 

rain damaged seed were not-significant. blectrical 

conductivity of rain damaged seed lots were higher as 

compared to the control indicating the loss of membrane 

permeabi1i ty. 
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2.1.3 Presence of seed borne pathogens as Influenced by 
production locatio" and weather 

Blotter and agar plating techniques revealed the 

presence of 16 fungal species In and on the grain cultivars 

of rice. Curvularia lunata, Fusarium monili forme, 

Macrophomina phaseolina and Drechslera oryzae were 

predominant on cv . Sakoli-tJ. while C_̂  lunata. F_̂  

moniliforme. M. phaseol ingLi. A. niger and A^ f lavus were 

predominant on cv. Syndewaki-75. The latter cultivar carried 

more fungal forms and waS more susceptible (Parate and 

Lanjewar, 1987) . 

Indira Kalyanasundaram and Rao (1988) reported that, 

out of 148 South Indian rice samples analysed, 84 per cent 

harboured storage fungi internally. The fungi included 

several Aspergillus spp. and some Penicillium spp. 

blatistical analysis revealed ttiat tlie extent of Invusion was 

correlated with the source of the sample (regions), nature of 

grain and varietal groups. 

Chandrashekarappa e_t li- (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 earlier reported from the coastal 

district of Karnataka. Later it was detected even in other 

I UNIVrRSITY OF ARRicUfUP**. StltHtCU | Hph i S P O l 

I OKVK, BAHGAiCPt - 860 OfS. 
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districts viz., Kalchur, Shimoga and Uttar Kannada . Forty 

per cynl ul tlie samples recorded surl&ce borne inoculum. 

Difterent varieties from the same location and the same 

varieties from various locations varied in their per cent 

intection and inoculum load. 

Three paddy cultivars viz., Rajamudi, Rajkayame and IR20 

collected from different agrocliraatic regions of Karanatka 

were subjected to seed health testing by standard blotter 

method to determine fungal incidence. Different fungi like 

Drechslera, Trichoconiella padwicki i, t . mohil1 iforme, 

Curvularia and Cladosporium. Spp. were detected (Shubha 

Krishnamurthy et al., 1989). 

Discoloured seeds from four locations viz., Ambarpet, 

Faizabad, Ghagharghat and Moncombu, *ere subjected to 

testing. The predominant fungi identified were Drechslera 

spp. Alternaria Spp. Curvularia Spp. and Fusarium spp. 

(DRR., 1990). 

Sharma jB_t a_l. (1990) reported varying degree of 

discolouration and fungi incidence in 163 rain damaged / 

samples of paddy from different districts of Punjab. 

2.2 Seed Storability 

In stored seeds, ageing is an universal physiological 

phenomenon followed by deterioration resulting in loss of 

viability. Usually it progresses at a faster rate under 
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stress or unfavourable environment and its eftect 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 lOU years. According to Simon (1958) 

the viability of oats, maize and barley was found to be 23, 

12 and 11 years, respectively. 

Ihe seeds of major tropical and sub-tropicti 1 crops liavo 

been classified as good, intermediate and poor storers under 

ambient conditions of warm-humid places (Uelouche e_t al .. 

1973). According to that the seeds of maize, sorghum are 

intermediate storers, paddy is a good storer and groundnut-

and soybean are poor storers. 

2.2.2 Factors influencing longevity of seed 

It is still not clear vi/hat the critical factors are and 

by which mechanism loss of viability occurs. Seeds go 

through a series of changes before they finally lose 
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viability. UobertB (1972) postulotod lost; oi viubllity 

theory into intrinsic and extrinsic, based on internal and 

external agents causing loss of viability. 

i) Production location 

Very little 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 (1967) compared the time required for 

seeds of tour forage to deteriorate to 80 per cent 

germination. Red clover seed grown in Canada required tour 

years compared to three years for England 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 

years for New Zealand grown seeds. 

ii) Weather 

The obvious preharvest factor affecting seed viability 

and storability is weather, especially seasonal changes. 

Farmers and seedsman alike know the perils and risks of 

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 correla'tions 

between weather codltlons 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 e^i^ £2.' (1953) concluded 

from his study that ttie healthy matured soed stored and 

harvested in dry weather is a pre-requisite tor long storage 

life. Harrington and Thompson (1952) found that the region 

where lettuce seed was grown significantly affected its 
o o 

germination at between 24 to 30 C. They established a 

highly positive correlations between germination and 

temperature 10 to 30 days preceeding harvest. Saibabu £_t 

â l̂ . (1987) reported the short term sorability of rain damaged 

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

by Moss e_t aj.. (1972) and Promila Kumari e_t aij. . (1992). 

iii) Genotype Factors 

Some kinds of seeds & re inherently long lived, others 

are short lived, while some others have an intermediate life 

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, 90 per 
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cent respectively at the end of 30 months storage (Delouche, 

1973). Among cereal seeds, bajra deteriorated faster 

followed by maize, sorghum, paddy and ragi in all storage 

conditions like warehouse, flat ventilated and air 

conditioned CJawaregowda and Bhole, 1989). 

v) varietal character 

Varietal differences in storability of paddy seeds have 

been reported under ambient storage conditions, seeds of 

dwarf Fonlais 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 _̂t a_l. (1986) reported that not all varieties of 

paddy studied maintained their viability to the same degree 

after prolonged storage. 

vl) 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, variety, chronological 

age and germination do not maintain viability equally well 

in storage, even under identical conditions Gomez e_t^ a 1 . 

(1986) reported that storability of 5 lots of paddy seed 

produced in the 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 t h e r a t e of d e c r e a s e in g e r m i n o b i 1 i ty d u r i n g s tor j iRo u n d o r 

t h e saTie c o n d i t i o n s and i t was I n f l u e n c e d jy t h e i r p r e -

s t o r a g e h i s t o r y ( D e l o u c h e , 1990) . 

vii) Other factors 

Several other factors have been related to storability 

o! seeds. They are moisture content of seed at harv/est in 

paddy and ot'ier cereals { Saibabu £t̂  "̂ i-i 1983), maturity 

status in corn (Deshpaade e_t al^.,19yi), season of seed 

proiluctlon in puddy (Prabh.^kar and Mukherjee, 19BU), seed 

size in sorghum (Singh, 1988) and storage containers in padiiy 

(Saibabu et al., 1983) . 

viii) Relative humidity and temperature 

Relative humidity and temperature in storage are the 

principal external factors that influence seed longevity. 

Most crops loose viability rapidly at relative humidity 
o 0 

approaching 8U per cent, and temperature of 25 to 30 , but 

can bakept up to 10 years at the relative humidity of 50 

per ceat of less and tenporature of 5 C of lower (Toole, 

1^50). According to Harrington (1960), tho sum o! the pt3r 

cent relative humidity plus the temperature in degree 

farenheit should not exceed 100 for storage. Anoth.ar repoct 

indicates that, for safe storage for ona to three years 

this combined total may be ari high as 120 as long as thia 

temporature contributes not more than half the total (Bass, 

19G7) . 
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U r e i n s of e i g h t l i n e : j o r h y b r i d s ve re s t o r e d in 

env ironimm t s u s i n g i i c u b a t o r s , d e s i c c a t e r s and s u l t u r i c a c i d 

t r e a t m e n t s . G r a i n m o i s t u r e , g e r m i n a t i o n p e r c e n t a g ' 3 s , 

g e r m i n a t i o n r a t e and v i g o u r inde>c were a f f e c t e d by g s n o t y p e s , 

s t o r a g e t r e a t m e n t and in t e r a : : t i o n . A l l geaotyp«3s s t o r e d w e l l 
o 

a t l e s s t h a n 20 C and 30 t o 50 p e r c e n t r e l a t i v e h u m i d i t y . 

Thn h y b r i d CSH & and i t s p a r e n t s 2-219 R aa:l CS 3: j41, 

m a i n t a i n e d a s t a s i f a c t o r y mininnum g e r m i n a t i o n r a t e (8i3 %) up 

t o 80 p o r c e n t r e l a t i v e h u m i d i t y . High t e m p e r a t u r e \vas 

d e t r i m e n t a l t o a l l g e n o t y p e s CSingh, 1 9 8 7 ) . 

i x ) Seed m o i s t u r e c o n t e n t 

Under ambien t s t o r a g e c o n d i t i o n s , due to h y g r o s c o p i c 

n a t u r e of seed;?, s eed m o i s t u r e c o n t e n t f l u c t i a t e s and 

m a l n t a i i s m o i s t u r e oqu i 1 i b r iuri w i t h t h e p r e v a i l i n g r e l a t i v e 

l iLimidity. J i a l o t e and Va Ish (1976) r e p o r t e d t h a t s e e d s w i t h 

h i g h m o i s t u r e c o n t e n t (14 t o 16%) d e t e r i o r a t e d r a p i d l y 

w i t h i n t h r e e t o s i x months of s t o r a g e i n gunny b u g s , t h j 

V i a b i l i t y f e l l below 80 p e r c e n t , w h i l e t n e s e e d s w i t h low 

m o i s t u r e c o n t e n t (10 t o 12%) r e t a i n e d more than 80 p e r c e n t 

v i a b i l i t y f o r 12 to 15 m o n t h s . N a g i r a j a n and K a r i v a r a t h a r a j u 

( i y 7 6 ) o p i n e d t h a t ma ize s o e d s v i l th an i n i t i a l m o s l t u r e 

c o n t e a t of 7 . 6 3 p e r c e n t g a i n e d 4.47 p e r c e n t o v e r i n i t i a l 

m o i s t u r e :3 f te r n i n e mon th s of s t o r a g e aad t h i s i n c r e a s e in 

m o i s t u r e was r e l a t e d t o ^he r a p i d I O G S of v i a b i l i t y of s e e d s . 

Hie r a t e of d e c l i a e i n v i a b i l i t y was ob6er\^ed to be v a r y 
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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) in polythene bags with 15 and 13 per cent seed 

moisture between 10 and 12 months was observed by Saibabu e^ 

a 1 . (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 is a 

progressive process which has far reaching consequences 

(Ellis and Roberts, 1981; Ghosh £l£l.. 1981). Generally 

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 Ellis, 198U). 

Delouche (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, minimal 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 

Ueiouche (1973) and Copeland (198B) highlighted the 

consequences of deteriorative changes in seed which include 

membrane degradation, accumulation oi toxic metabolites, 

decreased enzymatic activity, lipid autoxidation, failure of 

repair mechanism, genetic degradation, reduced yield, 

tinally loss of germination or death. Some of the major 

physiological and biochemical events of deterioration are 

rev iewed here . 

i) Membrane degradation 

It is widely accepted that loss in membrane 

permeability is one of the causes for loss of viability. 

Presumably, loss of membrane permeability under 

unfavourable conditions of storage leads to increased 

leaching out of seed constituents and thus loss in 

viability (Ching and Schoolcraft, 196B; Sen, 1977). ihe 

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 from u1trastructure and cytochemical 

investigation in increased membrane aberrations in age' of 

paddy seeds strongly support the loss of viability during 

storage (Berjak and Villiers, 1972). Krishnaveni and 
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Hamasamy (1985) reported that, in general the electrical 

conductivity and leaching ot tree amino acids and sugars 

significantly increased with increasing periods of maize 

seeds storage which was ascribed to the memfrane aberrations 

increasing with increasing age of seed. Similarly Kurdikeri 

(1991) stated that electrolyte leakage increased with storage 

period. Such reports were also made by Ghose ej^ a_\^. (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 oi amylase (Kay _̂l Ĵ̂ . , 199U; 

Shenoy e± a j,., 1990; Dhaliwal £_t a± ., 1991), ATPase (Paul e_t 

al., 1970), catalase (Paul and Mukherji, 1992), glutamic 

acid decarboxylase (Islam and Uelouche, 1973) and increased 

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

Dhaliwal £_t aj_. (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 _̂t a\_. (1974) observed free 

radical damage leading to the deterioration in aged seeds. 

v) Chromosome aberrations 

Tomar and Singh (198b) related the degree of 

deterioration or ageing to the spectrum ot chromosome 

aberrations m paddy seeds. Similar reports have been made 

by Khristov and Khristova (1978) in maize and Rao £_t ai . 

(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 

anophasob sliowing abnormalities. These 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 

Ihese 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 lived 

(Prestley and Leopold, 1979); it has been shown that free 

radicals of lipid peroxides damage cytochrome C by changing 

its physical and catalytic properties, suggesting that tree 

radicals attack themselves to the protein by covalent 

linkages. The analysis of the products of peroxidation has 

shown an increase in Malonialdehyde (MUG) in nonviable aged 

seeds of rice (Ray £^ aj_. , 199U; Kamegowda, 1992). 

vii) Accumulation of toxic substances during deterioration 

One of 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 ( lAA) and various otlier 

indole derivatives (Sircar and Biswas, 196U), 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, their effect on seed 
quality and control 

1 . Storage pests 

The Incidence of 10 species of storage paddy insects 

has been reported by Olivelra ei^ ^ . (1990). In descending 

order of frequency these were Rhizopertha dominica, 

Oryzaephilus surinamensis, Laemophloeus f enug ineus, 

Si tophilus oryzae. Corcyra cephalonica. Tribolium castaneum 

and Si to t roga cerealei la . Similar reports were also made 

by Sukprakaran (1985) and Sauphanor (1968). 

Uttam _̂t aj^. (1985) observed the percentage of damaged 

seed and loss in weight in all varieties 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 os moBt 

susceptible. Such reports were also made by Nigam et^ al . 

(1987) . 

^ Prakash and Kuraw (1983) observed losses in viability 

ranging from 3.67 to 41.0 per cent in paddy with infection 

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.b was noticed in eight paddy varieties during six months 

storage (Subhakar, 1992). Maximum loss in germination was 

observed in the variety Intan and minimum in Mandya Vani. 
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Vnrietit's ditfered significantly for loss in vinhllity and 

vigour due to attack of R_ĵ  d om 1 n 1 c a . In other cereals, 

similar reports have been made by Karan Singh _̂t ̂ , (1975) 

in wheat and maize due to b^ oryzae and Glrish je_t a 1 . 

(1975) in wheat due to Trogoderma g ranarium. 

Investigation of G Irish £j^ ̂ Ĵ . (199U) revealed that 

malathion gave 40 per cent mortality after lb days of 

treatment against H_^ dominica infesting v.?hea t . 

il) Storage fungi 

Paddy is 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 £_t ̂ . , 1987). 

Ahiija and Ahuja (1982) observed decline in gorminotion 

and seedling vigour due to discolouration. Varieties varied 

for their viability against infection. Neelakant (1982) 

studied the quality attribute of rice seeds of the varieties 

'Prakash' as influenced by Drechslera oryzae infection. 

Germination percentage drastically decreased from 8b to 30 

per cent as infection percentage increased. Seedling vigour 

followed the same trend. 

Ihe 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 tlie better germinabi 1 i ty 

of treated sorghum seeds over untreated control stored at 

ditferent relative humidities. However, viability declined 

with increase in storage period (Deshpande, 1988). Asokan ej_ 

a 1 . (198U) 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 and Hegde, 198U) in sorghum. Neeiakant 

(1982) observed that fungicides like Uithane M45 and Farasan 

were proved to be better than the rest by exhibiting higher 

germinabi 1 i ty against infection by P_^ oryzae. Similar 

opinion was expressed by Sathyanarayan and Kanganathaiah 

(1988) against T. padwicki. 

Fawar et^ a_l . (1985) observed significant improvement 

in germination, seedling length when treated with Dithane 

M45 . Captan treated seeds recorded the highest germination 

of 96 per cent after eight months of storage (Mathur e_t^ £i. • • 

1982). Sharma e_t ̂ . (1990) reported the superiority of 

Uithane M45, Thiram and Captan against rain damaged and 

discoloured rice seeds. 

2.3 Feasibility of Vegetative Propegation in Varieties and 
Kice Hybrids 

The major constraints for the c(jmmerc ial iza t ion of rice 

hybrid in India is the problem associated with hybrid seed 
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production. The seud yields in tiybrld sotd pruducllon are 

discouragingly low. In this background, the vegetative 

propagation of rice offer scope both to increaso 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 crown 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 temperature at the lime of raising 
nurseries and problem of rains at harvesting nan be 
easily avoided. 

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

4. The irrigation 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 t ime . 
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6. In some place, it provides employment in the off-season. 

7. Duration of tlie ratoon crop can be manipulated to some 
extent according to availability of water and time 
tliruugli altering tiarvesting time and cutting iieiglits. 

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 
ra tooning . 

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 tNair 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 faster 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 with 

higher C:N reacted like old seedlings. Tillers trom the 

lower nodes with low C:N ratio have young seedling ctiracters. 

Therefore, the development of lower 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 alter the 

main crop is harvested. Thick culms may store more 

carbohydrates than thin colums; and probably would be 

reflected in ratoon potential. Urigin and time of tiller 

development were not influenced by culms thickness 

(Cuevasperez, 19B0). 

2.3.1.2 Factors influencing ratoonlng ability 

Inherent ratoonlng ability is important. Tillering is 

probably the most important genetic factor affecting ratoon 

performance of grasses (Plucknett e_t^ £i. •. 1978). Main crop 

growth duration has been reported to influence ratoonlng 

ability (Cuevasperez, 1980), end early maturing cultivars 

do not produce a successful second crop (Hodges and Evatt, 

1969). However, Chatterjee e± a_l. (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 (Volkova 

and Smetanin, 1971). Regardless of cutting height, ratoon 

yields seldom are as high as main crop yield (Baliar and 

DtDatta, 1977) . 
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Stage of maturity at main crop harvest atfects 

ratooning (Haque, 1975). Vvhen the main crop was liarvested 

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 Parage 

(1963) have suggested to harvest the main crop when they are 

still greenish, tor good ratooning, stalks should be cut 

before the main crop is fully matured (Balasubramanian e_t^ 

a 1 ., iy7U) or at full maturity when the ratoon shoots have 

just begun to grow (Szokolay, 1950). Votong (1975) 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 (Ichii and Kuwada, 1981). However, ratoon traits 

inproved slightly with cutting 30 to 40 days after heading. 

In an another study, Reddy e_t^ a_l • (i979) did not observe 

significant influence on ratoon yields when main crop was 

harvested 30, 35 and 40 days after t lowering. Xiong Hong e_t̂  

aj. . (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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yield of main crop and the number of axillary buds 

sprouting, number of productive panicles and ratoon yield. 

2.3.1.3 Seed production through ratoonlng of parents 

Patil and Mahadevappa (19bti) 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 lines whereas ratooning oi restorer lines, 

and male sterile lines in the hybrid seed production plots 

would increase seed yield per se . iliis would bu un 

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 ratooning 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., 1989). 
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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 ejt aj_. , 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 lET 9293 showed high number of regenerated tillers 

(Arumugachamy et_ aj_. , 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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slinpe and weiglit, the protein content of ttie ratoon crop 

seed was considerably higher than tliat of the main crop (Webb 

e t a 1.. 1975). In case of sorghum, ratoon crop seeds 

recorded higher protein content (Azeredo ert £_1 ., lUVti) and 

lesser thousand seed weight as stated by Rao and Damodaran 

(1972) than that of main crop. 

Nagaraj (1984), in his study on seed quality 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 Adakkan recorded significantly high dry 

weight of seedlings when compared to the respective ratoon 

crop seeds . 

In CTH 1 (Mukthl) rice, lOUU-seed weight of main • crop 

was higher than that of ratoon crop. Contrary to this the 

variety KBCP recorded higher lOUU-seed weight in ratoon seeds 
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than main crop (Vasundhara, 19B7). She also recorded the 

higlier shoot length and root length in ratoon crop seeds 

except in CH2. 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 _̂1̂ . (198B) stated that ratoon crop seeds ot 

rice germinated as good as main crop seeds despite lower 

grain weight. Varietal differences were observed for both 

the traits. The main crop seeds of the cultivars CTH 1, 

Mangala and IR b4 had higher test weight and seed density 

than respective ratoon crop seeds (Vasudev, 1989). He also 

observed significantly superior lUUU-seed volume ol 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 oi 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 Tiller separation and planting 

Profused tillering during the early phase of vegetative 

growtli in rice otters a great scope tor tiller separation and 

planting them to establish individual plants and to exploit 

hybrid vigour. The recovery of total number ot tillers and 

their further performance depends on their tillering 
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ability, growth duration (response to photoperiod), 

lurllllty status and ago at whicli tillur Boporulloii wus 

done. Richharia (i9bO) and Richharia e_t eij. . (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 e_t_ ^ . (1964) suggested that vegetative 

propagation (clonal propagation) would probably act as a 

trigger mehanism in activating the otherwise dormant 

bud thereby increasing ttie 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 in character. The 

vegetative splitting one to one-and-half months after 

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 ^ £j. • (1964) observed that rice varieties 

differ in their responses in terms of grain yield to 

vegetative propagation. Varieties of profuse tillering habit 
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mny be vised for tiller multiplication. Tiller plnnts cnn 

stand late planting, establish quicker, give uniform 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 £t aj_. (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 

posKiblG just within lUU to 12U days. 

Sharma e_t a_l. (1987) found variation 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 SateeshaBabu 

(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 than 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 

(Fadmajo 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 

lu Bocondary tillers. Number of productive tillers and sood 

yield diifered 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 

Fadmaja.Rao (1988) grown two early (Rasi and Katna) and 

two late (Mahsuri and Swarnadhan) rice cultivars observed 

the filled grain pattern among primary and tertiary tillers, 

(irain 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 e_t £2.* 1^87 ) . 

Mallik e_t aj^. (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 laboratory and field varied 

markedly between primary and secondary sympodia under 

difterent pickings. In general, cotton seeds from balls 



43 

borne on primary sympodia had clearly registered seed 

f',(!nninn t ion nnd field emorRonct) liiRhor tlinii llioso 1 roin 

secondary sympodia (Merwade ^ ^ . , 1989). 

belvaraj and Subramanian (1989) reported superiority 

of seeds from primary and secondary tillers over late 

flowering tillers. Early flowered tillers recorded tlie 

higfiest seed weight per tiller, lUOO-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 variability was 

higher in 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 alter harvest. They 

observed that practical possibility exists to obtain large 

number of plants by stem cutting rather than by planting 

stubbles. Richharia (1961) reported in 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 

miiKMiiliim I ho prupugQtluii its pu8sJl)lt). 

Azzini and Rutger (1982) reported the reduction in the 

seod set on vegetatlvely 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 _̂t £_1 . (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 promising 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 for 

planting the stubble prepared from the previous crop. 

Experiments at Bangalore on stubble planting with lU hybrids 

revealed that the hybrids IR 54752 A/ARC 11353R, IR54752A/IR 

46 R and IR 54752A/ IR 54 R have good potential for stubble 

planting (Mahadevappa £_t̂  ̂ . , 1989 ) . Radhakrishna (1992) also 

reported the encouraging results for stubble planted crop. 
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Economic feasibility 

Richharia (1960) mentioned that the vegetative 

propagation might prove to be ot 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 Banorjee (1982) 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 is the extent of seed set on outcrossing that 

determines the success and feasibility ot 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 

Z .4 .1 .1 I'lont hoight 

Flaat heigtit is one of the important traits to bo kept 

in minil while selecting parents in hybrid development and 

seed production. At the tine of flowering, anthers dehisce 

anil pollea grains mova in a zigzag inanner and gradually 

settledown, thereby facilitating som? of tha pollen grains to 

Ijet deposited on the stigma of the fe-.nale parent. Hence, it 

is desirable that thi? plant height of mnle parent bi3 more 

than that of female parent. Use of a recessi>/e gene fortall 

habit in rice (Rutger and Carnhan, 198L) shoaid also enable 

the use of even taller R lines with •semidn/art CMS 1 in'3S to 

dB»/elop semidwarf hybrids. This gene produces a noar 

doubling in tho length of tiie upper most internode, a 12 per 

cent increase la panicle lensth with little eftect on other 

internodes or plant characters. The tall plant type would bt3 

desirable for wild blown pollen dispersal on the semldwarf 

female parents. 

Chinese reseorchers are using rice restorer lines which 

are 10 to 20 cm taller thnn CMS lines IVirmani and hdwards, 

1983). Saran and Sahai (1935) reported that the height oi 

maintained and restorer lines was a few ceatimoter more than 

that of CMS lines, v/hich according to them, was conducive to 

receive moce pollens aid ultimately set more number of 

crossed seeds. Taillebois and Guimaraes (1986) also opined 

that taller male parent would facilitate better pollen 

dispersal. 
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2 . 4 . 1 . 2 F l a g l e a f a n g l e 

I I IK 1 on I ( i n R l o t o n p l n y s m i l inpo r t nii I r o l o 1 i p o l i o » 

movsiTient. If thi3 a n g l e i s t oo n a r r o w in t h 3 p a r e n t s i t may 

obs t rucf . t h e p o l l e n movement . Vvider t h e f l a j l e a f a n g l e , 

b e t t e r t h e d i s p e r s a l ami a v a i l a b i l i t y of t h e p o l l e n g r a i n s . 

The b e n e f i t from p a r e n t s w i t h wide f l a g l e n f a n g l e i s b>3ing 

d i^r ived p r o f a s e l y i a C h i n a e s p e c i a l l y in t h e s e e d p r o d u : : t i o n 

of r e c e n t l y commerc ia l U s e d h y b r i d s . 

2 . 4 . 1 . 3 P a n i c l e e x s e r t l o n 

Vi rmani ^ t j_ l . (198Ua) found t h a t o u t c r o s s i n g 

pe : "cen tage wa;? more on Zhen Shan 37A th.^n on V 20 A b e c a u s e 

of b e t t e r p a n i c l e e M s e r t i o n and good s y n c h r o n i z e d f l o v v e r i n 3 . 

Sarma jet a_l_. (1982) r e p o r t e d t h a t o n e - t h i r d of t he b a 5 a l 

f l o c e t s in V 20A d i d n o t s e t g r a i n s b e c a u s e of l a c k of 

p a n i c l e e x s e r t i o n and p h y s i c a l h i n d r a n c e t o p o l l i n a t i o n . 

Hassan and S i d d i q (1984J o p i n e d t h a t t h e ' B ' and ' R ' 

l i n e s s h o u l d h a v e w e l l e x s e r t e d p a n i c l e s t o resume i i c r e a s e d 

o u t c r o s s i n g . T a i l l e b o i s and U u i i i a r a e s (1986) s t a t e d th.^t 

c l e a r p a n i c l e e ^ t s e r t i o n would f a c i l i t a t e p o l l e n d i s p e r s a l and 

s t i g m n r e c e p t i o n . C o n s i d e r a b l e v a r i a t i o n f o r p a n i c l e 

e x s e r t i o n amonjj t h e c u l t i v a r s of NDrth-fciast I i d i a was n o t i c e d 

by Sas ikumar dnd S a r d a n a ( 1 9 8 7 ) . 

Rangaswamy e_t^ aA_. (1987) o b s e r v e d t h a t t h e r e d u c t i o n 

in h e i g h t of ^ l i n e s due t o l a c k of p a n i c l e e x s e r t i o n may be 
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a s s o c i a t e d w i t h a n o n - r e s t o r e c and s t e r i l e c y t o p l a s m . Vinod 

&t 8_L • ( lyyU) op ined t h a t p a n i c l e e x s e r t i o n m i g h t be u n d e r 

t h o c o n t r o l of c y t o p l a s m i c g e n i e f a c t o r s t h a t c o n t r o l ma le 

s t e r i l i t y in r i c e and r e p o r t e d t h a t s t e t i l e p l a n t s :5hovved 

p o o r p a n i c l e e x s t 3 r t i o n compared t o f e r t i l e p l a s i t s . 

2 . 4 . 2 F l o r a l c h a r a c t e r s i n f l u e n c i n g o u t c r o s s i n g 

2 . 4 . 2 . 1 Time of blooming a s i n f l u e n c e d by environment 

Kadam and P a t i l (1983) o b s e r v e d u n d e r Kolaba c o n d i t i o n s 

t h a t t h e b looming h a s t e n e d d u r i n g b r i g h t vjeathi i r , w h i l e dainp 

and c loudy c o n d i t i o n s checksd i t . G r i s t (1965) r e p o r t e d t h a t 

d e l a y o r f a i l u r e i n p o l l i n a t i o n p r o l o n 3 e d t h e f l o w e r i n g t i m e . 

Parmar ^t^ a]^. (1979) r e p o r t e d t h a t a m a j o r i t y of e a r l y 

m a t u r i n g v a r i e t i e s bloom betvi;'3en 10.(JO a .m and 1U.3U a .m. 

w h i l e l a t e m a t u r i n g v a r i e t i e s bloom between 10.3U a .m and 

1 2 . 0 0 n o o n . Along With g e n e t i c d i f f e r e n c e among t h e 

v a r i e t i e s , w e a t h e r c o n d i t i o n s were a l s o r e p o r t e i l t o a l t e r thi^ 

d u r a t i o n of b l o o m i n g . Delayed and i r r e g u l a r f lov»er ing w e r e 

common d u r i n g c loudy o r r a i n y d a y s . 

2 . 4 . 2 . 2 D u r a t i o n of glume open ing 

V a r i e t a l d i f f e r e n c e w i t h r e g a r d to d u r a t i o n of f l o w e r 

o p e n i n g , r a n g e d from 28 t o 93 m i n u t e s (Vi rmani and A t h a w a l , 

1 9 7 3 ) . In CMS l i n e s , V 20A,Zhen Shan 97 A, V 41A and 

P a n k h a r i 203 A, t h e f l o r e t e s remained opan f o r more than "200 

o i n u t e s and two t o t h r e e t i m e s :nore than c o c r e s p o n d i n i ] B 

l i n e s ( IRHl , 1 9 8 1 ) . Virmani and Edwards (1983) r e p o r t e d t h a t 
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in g e n e r a l , f l o w e r s of r i c e rea:;hecl t h e i r peak open ing 

bet>NBon y .UO a .m. and 11.3U a .m . and sUnny d i y s . M a l l a i a h 

(lyiU)) r o p o r t e d t h a t t h e p e r i o d ot f l o w e r i n g was abou t two-

a n d - a h a l f h o u r s on noruial d a y s and -i h o u r more d u r i n g 

c l o u d y and r a i n y d a y s . Vi rmani e_t ^ 1 . (1986) u n d e r 

P h i l i p p i n e s c o n d i t i o n ? shO'ived t h a t t h e 'A ' l i n e s in g e n e r a l 

had l a r g e r a n t h e u i s p e r i o d r a n g i n g from 30b t o 435 m i n u t e s 

aad d u r a t i o n of open ing l o n g e r than t h e i r m a l n t a i n e r s . 

Delay or f a i l u r e in p o l l i n a t i o n was found t o p r o l o n g 

f l o w e r i n g and c o n s e q u e n t l y CM!5 l i n e s e x h i b i t e d a l o n g e r 

d u r a t i o n of f l o r e t o p e n i n g than d i d t h e f e r t i l e p l a n t s 

( V i r m a n i , 1986; S a h a i £ i £ i . i 1987; Ramachan. l ra , 1 9 8 9 ) . 

2 . 4 . 2 . 3 A n g l e of glume o p e n i n g 

NagaD (1951) r e p o r t e d t h a t g o n e t i c and e a v i r o n m e n t a l 

f a c t o r s , e s p e c i a l l y t e m p e r a t u r e and h u m i d i t y were tound to 

a f f e c t t ho b looming b e h a v i o a r c o a s i d e r a b l y . He a l s o found 

t h a t p o s i t i o n ot t i l l e r s i n t l u e n c i 3 d t h e degret3 of glume 

o p s n i n g . P a r m a r ^ ^ a ^ l , . (1979) o b s e r v e d t h a t s i m u l t a n e o u s 

p r o t r u s i o n ot a l l a n t h e r s would h e l p in i n c r e a s i n g t i ie a n g l e 
o o 

of glume o p e n i n g , which was found to v a r y from 25 t o 3U , 

d e p e n d i n g on t h e glume t y p e . S h o r t and c o a r s e s p i k e l e t s 

w i t h t h i c k a n t h e r s e x h i b i t e d maKimum a a g i e of o p e n i n g , 
w h e r e a s long s l e n d e r s p i k l e t s w i t h nu r row a n t h e r s e x h i b i t e d 

minimum a n g l e of open ing of g l u m e s . 

The a n g l e of glume o p e n i i g i n t h e mal=3 s t e r i l e l i n e Er-

J iu Nan 1 A was s i m i l a r t o t h a t of e i t h e r t h e m a i n t a i n e r or 



5U 

restorer lines ( IR 26 and IR 24), which was tavourable tor 

acceptance of external pollen (IRRl, 1981). Fatil (1937) 
o 

reported that a higher number of florets opened between 30 
o 

to 10 angle during both sum ler and Kharif seasons. Kato 

and Namai (1987) observed that the size of anjle between 

lemma and palea was positively associated with protruding 

stigma percentage. 

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.U to 5.5 iihaj in 

wild spocies (Sampath, 1962). Virmanl and Athawal (1973) 

reported about variation in anthor length and extended study 

to get an idea on the quantity 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 fertile pollens to increase outcrossing. Koinchandra 

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

smaller anthers than their respective Tiaintainer lines. 

2.4.2.5 btigma size, exsertion and receptivity 

Virmani ^t a_l . (1980o) studied stigma length, brealth 

and exsertion. A wide range of variation was noticed amona 

tlie cultivars for all these characters. Eleven rice cultivars 

possessing desirable floral traits influencing outcrossing 

were identitied by them. Hung and Hung (1978) correlated 

exsertion either positively or negatively with spikelet 

length, v/idth of pollen and spikelet sterility. 
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III t h e m a l e s t e r i l e l i n e s and t h e i r main tn in i^ r s , s t i g m a 

3 x s e r t i o n was n o t i c e d t o be 7 4 . 5 and 5 9 . 5 p e r c e n t In V41A 

and V illi, r e s p e c t i v e l y . In t i r J iuNan lA and b i t was 3U and 

22 p e r c e n t r e s p e c t i v e l y i n summer (HRT., 1 9 8 1 ) . In g e n e r a l 

'A ' l i n e s showed h i g h e r s t i g m a e x s e r t i o a than t h e i r 

c o r r e r . p o n d i n g ' B ' l i n e s ( I R R I , 1 9 8 2 ) . 

R e c e p t i v i t y of s t i g m a was s i x t o seven d a y s trom t h e 

d a t e of e m a s c u l a t i o n and g r a d u a l l y a d e c l i n e in t h e 

r e c e p t i v i t y was n o t i c e d a f t e r t h e t h i r d day ( W e e r a r a t n a , 

1 9 5 4 ) . He o p i n e d t h a t t h e s t i g ' n a r e c e p t i v i t y d u r a t i o n i s a 

v a r i e t a l c h a r a c t e r . S t u d i e s c o a d u c t e d a t IRRl , F l i i l i p p i n e s 

d u r i n g 1981 and 1982 r e v e a l e d t h a t t h e A l i n e s can r e c e i v e 

p o l l e n f o r a l o n 3 e r p e r i o d than t h e c o r r e s p o n d i n g B l i n e s 

( I R R I . , 1 9 8 2 ) . 

Venka ta ramana (1988) o b s e r v e d s t i g m a of t h r e e CMb 

l i n e s be ing r e c e p t i v e f o r 3 t o 5 d a y s . A h i g h d e g r e e of 

r e c e p t i v i t y was o b s e r v e d f o r t h a f i r s t 3 d a y s and t h e r e a f t e r 

i t s t a r t e d d e c l i n i n g . Xu and Shea (1988) s t u d i e d r e c e p t i v i t y 

of e x s e r t e d s t i g m a s in t t i r e e malje s t e r i l e l i n e s a i d 

c o n c l u d e d t h a t s eed s e t was d i r e c t l y p r o p o r t i o n a l t o 

p e r c e n t a g e of e x s e r t e d s t i g m a and was s u g g e s t e d a s an i n d e x 

of s t i g m a r e c e p t i v i t y . 

2 . 4 . 3 Days t o 50 p e r c e n t f l o w e r i n g 

Mahadevappa (1985) found th^at some of t h e CMS l i n e s 

e x h i b i t e d d i f f e r e n c e s be tween ' A ' and ' B ' l i n e s in v i g o u r , 
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days to 50 per cent flowering. Kamachandra (1989) observed 

1 to lU days difference in days to 5U per cent tloworing 

between 'A' and 'B' lines. Sivasabramanian ^ aj^. (1989) 

studied the performance of five CMS lines along with V 2U A. 

Thgy reported that heading difference between 'A' and 'B' 

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

2.4.4 Outcrossing rate on male sterile lines 

Carnahan £t̂  a_l . (1972) observed seed set of 0.5 to 44 

per cent on Oryza g laberr Ima derivatives, while the seed set 

ranged from 6 to 31 per cent in 'Birco derivatives'. Twenty-

four per cent seed set on male sterile plants by opea 

anemophily was noticed by Mahadevappa (1973) . Mazur e_t^ a 1 . 

(1978) in their experiment on seed setting found that 

atmospheric humidity considerably influenced the extent of 

seed set during hybridisation and the optimum hamidity proved 

to be 7 0 to 8 0 per cent. 

Virmani ej^ âl . (1980a) recorded higher outcrossing (35 

to 40 % seed set) on male sterile line Zhen Shan 97A than on 

V 20A beacause of its better panicle exsertion and 

synchronized flowering. The higher ssed set was observed on 

the male sterile plant planted across the wind direction. 

Silitonga (1985) observed that the bagged panicles of V 20\ 

set no seed, while seed set on incovered panicles varied with 

distance and direction of pollen source and attributed the 

low seed setting percentage (5 to 8%) to poor panicle 

exsertion of V 20 A. 
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The C h i n e s e c y t o p l a s m i c m a l e s t e r i l e l i n e s V 2'JA and 

/hnn ts;ujii [)'? A and t h e i r c o r r e s p o n d i n g ina in In inerH wore 

e v a l u a t e d f o r o u t c r o s s i n g a b i l i t y . Seed s e t o^ A l i n e due t o 

c r o s s p o l l i n a t i o n r anged from 2 t o 10 p e r c e n t in the wj t 

s e a s o n and 21 t o 43 p e r c e n t in t h e d r y s e a s o n (BuiBaBonga 

^_t ^ . , 1986) . 

2 . 4 . 5 Male t o female r a t i o 

To f i n d ou t t h e c a u s e f o r low s e e d s e t on m a l e s t e r i l e 

p l a n t s , Ca rnahan et^ £ l . (1972) c o n d u c t e d an e x p e r i m e n t w i t h 

l : 5 r a t i o of p o l l i n a t o r t o m a l e s t e r i l e p l a n t s . Tney o b s e r v e d 

z e r o to f i v e p e r c e n t s e l f e d saed s e t u n d e r bag p o l l i n a t i o n 

a i d seed s e t r anged from 0 . 5 t o 4 4 . 0 p e r c e n t u n d e r n a t u r a l 

p o l l i n a t i o n . A z z i n i and R u t g e r ( 1 9 8 2 ) , i n an eicperirnent t o 

s t u d y the aaiount of o u t c r o s s i n g on t h r e e s h o r t s t a t u r e d ma le 

s t e r i l e l i n e s , p l a n t e d i n a l t e r n a t e rows w i t h p o l l i n a t o r s , 

which c o n s t i t u t e d a m i x t u r e of t a l l v a r i e t i e s , s e e d s e t on 

' c a l a l y ; and e a r l i r o s e g e n e t i c m a l e s t e r i l e s was v e r y p o o r 

and n e i t h e r of them was c o n s i d e r e d u s e f u l in h y b r i d s ee d 

p r o d u c t i o n o r p o p u l a t i o n improvemen t . Tne ' b i r c o ' 

c y t o p l a s m i c male s t e r i l e s o u r c e showed a v e r a g e seed s e t of 

b . 4 p e r c e n t i n 1978 and 3 2 . 5 p e r c e n t in 1979 . H i g h e r s eed 

s e t in 1979 was due t o b e t t e r s y n c h r o n y of p a r e n t s . 

In o t h e r exper imisnt V 20 B and A were p l a n t e d in 

p r o p o r t i o n of 1:2 and 1:4 in e a s t - w e s t d i r e c t i o n . heed s e t 

was h i g h e r (22.4%) i n CMS l i n e s grown in n o r t h - s o u t h rows 

20 cm to t h e e a s t of V20 B; t i le seed s e t p e r c e n t a g e 
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decreased with increase distance from V 2'JA IKumar and 

Shii iiiiii, 1!)U4). Tiie reco iimondotl llie planting o 1 CMS JinoB an J 

maintainers in north - south rows tor hybrid seed production. 

Sahai and Chaudhary (1985) reported thiit in hybrid seed 

production, the best combination was one row of restorer line 

at 10 X 10 cm spacing and six rows of A line at 20 x 15 cm 

spacing. In the CMS seed production, the best combination 

was foar rows of A line at 10 x 10 C'li and two rows of B lines 

at 15 X 10 cm. 

Patil (1983) studied seed set on KMS 1 with Pushpa and 

Intan mutant as pollinators. The best male to female ratio 

was 1:5 resulting in 12.75 per cent ssed set in both season, 

in contrast to 1:G and 1:7 ratios. Pradhan and Ratho (1987) 

indicated that row ratios 1:1 and 1:2 of V 20 B to V 20 A 

gave higher seed set of 30 to 35 per cent in contrast to the 

row ratio of 1:4 which gave seed set of only 10 to 15 per 

cen t . 

On the basis of the results of 74 crosses behaviour 

elite cultivars aid three CMb lines, 23 restorers, 22 

partial restorers and 16 non-restorers of cytoplasmic male 

BterilG were identified (Sahai £^ a _l ., 1987). Ihey found 

that the best planting combinatioa was to bo one row of 

restorer line at 10 x 10 cm spacing and six rows ot UMS li.nes 

at 20 X 15 cm spacing. 



•§1I 

Out oi s i x p l a n t i n g r a t i o s examined by Ujeacoumar 

(I'JHM), 2:U iiialo t o t e m a l e r a t i o t u i l o w e d by l : b r o c o n J o J Ibo 

maximum seed 6:3t ( 2 5 . 9 % ) . The h i g h e r seed s e t was due t o 

b e t t e r s y n c h r o n i z a t i o n of p a r e n t a l l i n e s . Ranga&wamy and 

Sre:3rangasainy. (198B) e v a l u a t e d d i f t e r e n t row r a t i o s f o r 

s eed p r o i l u c t i o n of Znen sh.in 97A u s i n g Zhenshan U7B a s 

p o l l i n a t o r . Among d i f f e r e a t m a l e t o f ema le row r a t i o s t r i e d 

( 1 : 1 , 1 :2 , 1 : 3 , 1 :4 , 1:5 and 1:6) seed s e t on A l i n e was 

h i g h With 1:1 row r a t i o and low w i t h 1:6 . 

Among t h e t h r e e r a t i o s t e s t e d i n I n d o n e s i a , s eed y i e l d s 

of 1B:4A, 1B:2A ware s i g n i f i c a n t l y h i g h B r than t h a t of 2 B : 4 ^ . 

b e e J s e t was n o t s i g n i f i c a n t l y d i f i e r e a t among t h e r a t i o s 

( S a t a t o and Sukamandi , 1 9 8 9 ) . Out of t h e f i v e p l a n t i n g 

r a t i o s s t u d i e d by Rama^handra ( 1 9 3 9 ) , 2 :6 r a t i o r e c o r d e d t h e 

h i g h e s t y i e l d ( 4 1 6 . 6 kg) w i t h 9 . 3 J p e r c e n t s e e d s e t . The 

r a t i o 1:6 r e g i s t e r e d 2 6 3 . 6 kg seod y i e l d p e r h e c t a r e . The 

l o w e r seed s e t on V 20A A was due to n o n - s y n c h r o n y of 

p a r e n t s . 

2 . 3 . 6 S y n c h r o n i s a t i o n of f l o w e r i n g and seed s e t 

Vi rmani ^ a j . • (1980a) r e p o r t e d t h a t t h e o u t c r o s s i n g 

p e r c e n t a g e /vas more on Zaen Shan 9 7A than on V2U A when 

p l a n t e d a l o n g w i t h t h e i r m a i n t a i n e r l i n e s . They a t t r i b u t e d 

more o u t c r o s s i n g on Zhen Shan 97 A t o b t 3 t t e r p a n i c l e 

e x s e r t i o n and s y n c h r o n i z a t i o n of f l o w e r i n g . 
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Azzinl and Rutger (198:̂ ) recorded a Seod set oi 5.4 per 

cent In 1970 and 3i.5 per cent in 1979 on lllrco CMS lines. 

Tlie higher seed set in 1979 apparently was due to better 

synciironiza t ioa ot tlo;vering ot male and teinale plants. 

Liu e_t ̂ _1̂ . (1984) suggested some technical msasures for 

increasing seed production ol 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 insteal of transplanting 

on tw'j dates at eight days intervals to prolong tlie full 

flowering period, sowing on three dates increased the seed 

yield by 35, 47 and 79 per cent respectively, over sowing on 

three possible combinations. 

Mohamnad ^ aj. • (1984) studied flowering of tillers in 

different cultivars. They indicated that in breeding 

programme, the cultivars should be planted at different time 

in order to get synchronized flowering and crossing. 

Staggard sowing of 'B' Plants in different dates gave a 

higher seed set on A plants. The earliness or lateness and 

the time gap required varied with the liines studied 

(Meghachandra Singh, 1986). 
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Raagaswa-ny anji Sreerangasamy 119B8) reported that 

pcnltM:! t-.y iic.luna l7. n t i (in ol llciworiiiK wriK ii cli 1 ovod liy IHIIIIIIIK 

tl)e alternate hills of Zhê i Shan 97B (male) line. 25 days 

after planting during multiplication of Zhen Snan y7A/B. 

Pruned hills flowered one week later to unpraned hills and 

supplied continuous pollens. 

Seed setting percentage was low on Intan mutant A 

(6.97 %) due to poor synchronization of Intaa 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 staggering between two parents 

(Hanachandra, 1989). The lower seed set and yield were also 

realised in V 20 A (V 20.\ / IR 36) because flowering dats of 

fenale aid male parents dii not synchronize properly. Similar 

opinion was expressed by Shanbhogue and Mahadeyappa (1991), 

while studying seed production in promising hybrid Intan 

Mutant A/ARC 11353 and seed multiplication of Madhu A/B. 

2.4.7 Effect of chemical spray to increase seed set and 
yield 

Some of the causes reported tor poor seed set are 

improper synchrony of f lo/vering between male and female 

parents, short lived pollen viability resulting in improper 

pollination, competition for nutrients amon3 developing 

florets, deiiciency of secondary and micronutrients and 

growth harmoaes. The role of growth regulators in the 
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transport ot metabolites trom source to sink in rice has been 

woJ I (Idc.uiiiuii tod (Cliottorjoe Ĵ̂  ol_., ly/tij. 

The growth regulator gibberellic acid (GA3) is used in 

hybrid rice seed production in China to increase panicle 

e<sertlon, 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 

15'J g per hectare costs more. It also increase plant height, 

lealing to lodging. The axtra exserted panicles can break 

during the wet season under torrential rains and strong winds 

(Prasad £ t ^ . , 1988). 

Search for a suitable less expensive substitute tor GA3 

is being made. Hybrid seed production experiments with 

sorghum and pearlmillet have shown the ef f ect i i/eness of urea 

and boric acid sprays in increasing hybrid seed 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 in increasing pollen germination and 

viability and results in higher seed set. 

2.4.7.1 Effect of gibberellid acid on agronomic characters, 
floral traits, seed set and yield 

Im (1961) obtained early h'Badins in barley by tour to 

5 days \vith gibberellic acid treatment. GAS produced 

irregular divisions at the apex, which reduced the njmber of 

file:///vith
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tunica layers and thus resulted in earlier flowering. 

Nicliolns niui M a y (19b4) stated that n p p l J o d .̂  1 hhu ro J 1 1 c ucid 

decisively increased level of endogenous gibberellin and 

helped in floral initiation. Takahashi ^t aj. . (1972) 

suggested that gibberellic acid treatment in rice triggered 

the metabolic activity involved in cell division and cell 

elongation in internodes which are normally accelerated at 

panicle initiation. Application of GA3 at 50 and 5UJ ppin 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, 1973). 

Increased plait height and drymatter production was 

observed in corn due to gibberellic acid spray (Kalina, 

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

Using higher dosage of GAS (75 g/ha) to nake the whole 

panicle grow taller than flag leaf to avoid leaf clipping 

(Lin and Yuan, 1980). Spraying of GAS more time (3-4) at a 

higher concentration at early heading increased the seed set 

on female parent up to 65 per cent. Similar report is also 

stated by Joshi (1976) in Sorghun. , 

Ray and Choudhari (1981) 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 

I () f»rnin!-,. Slnriios of Kanr and KJIIRII (lOJKi) linvo i lul i en t nl 

increase in the number of vascular bundles and size ot the 

phloem area in young peduncles, which facilitated better 

translocation of metabolites from source to sink. This 

in turn increased the per cent filled spikelets and 1000-

g ra in weight. 

Vasundhara (1987) did not notice any signilicant 

difference in number of productive tillers and panicle length 

with GA3 spray (30 ppm), v̂ hile Ujeaccoumar (1988) recorded 

higher seed set (26.9 %) on IR b4752A (IH 5452A/ lR4b) 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/IU 54R) seed production 

viiith 30-60 ppm GA3; higher yield was also recorded (14.3 

g/plniit) with CiA3 than control (12.0 g). SJiiiiJni IIIHIIIIKS 

were also reported by Sahai £_t ̂  ĵ .̂ (1987), Prasad e_t al . 

(1988) and \akshengqui (1988) in hybrid seed production. Xu 

Shijue and Li Bihu (1988) and Shanbhogue and Mahadevappa 

(1991) observed increased panicle exsertion and liigher 

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 

file:///akshengqui
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ear emergence significantly increased ear extension from flag 

leaf sheath and significantly increased the cross pollinated 

seed set and yield (Duan and Ma, 1992). 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 £t a]^. (1980) found the improvement in germination 

capacity, size and fertility of pollen grains ot 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 

effects on pollen viability and thereby improved the grain 

yiel'i 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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expressed similar opinion and thay turther stated that bjron 

liolps In I) 1 oK/n thesis ot protoiii and curholiyd ra los in pluiils. 

Agrawal eX_ aj_. (1981) noticed that boron deticlency 

resulted in reduced activity of enzyme like catelase, acid 

phosphatases and invertase but increase in activity of 

rlbonuclease and amylase. Prasad ^ ^1^. (1988) 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 Tiaximutn yield 

fron boric acid spraying. Donaire (1991) observed the 

importance of boron in maintaining acid pH during 

g ermin ̂  t ion . 

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

Joshi (1976) observed hastening of female flowering to 

achieve synchrony in CSH 5 sorghum by foliar application of 

urea at 40 to 50 days after planting. 

Spraying of urea (2 \) at full booting recorded high 

yield of biil kg per hectare on IR b4752A (Prasad e_t aj. . 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 IRKI, hybrid seed yields of 1.32 to 1.68 t/ha liave 

been obtained daring dry season in an experime:i tal seed 

production plot (Virmani ejt a_l ., 1981). Hung _̂t al.. (1984) 
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r e p o r t e d t h a t Zhen Shan 97 A a t a row r a t i o of 4 : 1 o r 6 : 1 

g a v e a s u e d s e t m o r e t h a n 3U p e r c e n t p r o d u c i n g 122U kg p e r 

k a . In F u j i a n , a v e r a g e y i e l d w a s 6 1 4 kg of CMS l i n e s e e d a n d 

1962 kg of h y b r i d s e e d p e r h e c t a r e ; a i d Hunan a v e r a g e y i e l d s 

w e r e 125fa kg of CMS l i n e sei3d a n d 1352 ky h y b r i d s e e d p e r 

h e c t a r e ( H e g u i t i n g e_t^ a.i. • • 1 9 8 4 ) . 

Uf t h e t h r e : 3 new h y b r i d r i c e s e v a l u a t e d i n C h a n g s h a i n 

1 9 8 b , 1 1 - 3 2 A /MM 63 p e r f o r m e d w e l l b e c a u s e of t h e f l o r a l 

t r a i t s of CMS l i n e 1 1 - 3 2 A su :;h a s l a r g e s t i g m a g o o d p a n i c l e 

and s t i g m a e x s e r t i o n f a c i l i t a t e d a h i g h n a t u r a l o u t c r o s s i n g 

r a t e and s e e d y i e l d ( X i e F a n g m i n g , 1 9 8 6 ) . S i n g h and b i n h a 

( 1 9 8 7 ) o b t a i n i n g a h y b r i d s e e d y i e l d of 8 0 b kg p e r h e c t a r e , 

on t h e CMS l i n e V 20 A a t 2 : 1 p l a n t i n g r a t i o a n d 

s-.jppleoien t e d w i t h o t h e r c u l t u r a l p r a c t i c e s a n d s u p p l e i n e n t a r y 

p o l l i n a t i o n . In 1 9 8 3 , y i e l d s w e r e m o r e t h a n 1 .5 t / h a ; by 

1 9 8 5 , a v e r a g e y i e l d was 2 . 0 7 t / h . i a n d max imun y i e l d w a s 5 . 4 

t / h a . W i t h t h i s , t o t a l a r e a d e v o t e d t o h y b r i d s e e d 

p r o d u c t i o n h a s b e e n r e d u c e d by 2 / 3 w h i l e y i e l d h a s d o u b l e d 

(Xu S l i i j u e and Li b i h u , 1 9 8 0 ) . In a s t u d y a t U a n g u l u r o . t l i e 

t r e a t m e n t c l i p p i n g w i t h s u p p l e m e n t a r y p o l l i n a t i o n a c c o u n t e d 

t o r t l ie h i g h e s t s e e d y i e l d ( D h a r m a r a j a n , 1 9 9 0 ) p e r p l o t ( 0 . 9 

k g ) f o l l o ' v e d by o n l y c l i p p i n g ( 0 . 8 3 k g ) and CA3 60 ppm ( 0 . 8 1 

k g ) . 
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2.4.9 Seed quality 

Higher concentration of G^3 sho'ved ad>^erse eifect on 

seed quality of F-ĵ  hybrids. The seed weight slightly 

decreased; significant redaction in storability of hybrid 

seeds was o"3served though th3 freshly harvested seeds sho/ved 

high germination before storage as compared to control (Uuan 

and Ma, 1992) . 

Tufall Ahmedkhan £_t a\^. (1990) reported that dusting 

sjnt lower heads with borax gave significantly hlglier 

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

The s tu i ly i n v o l v e d f i v e l a b o r a t o r y and n i n e f i e l d 

oxperiiiieii I s con d uc t ed /vltli r i c e g e n o t y p e s to u n d e r B t u n d 1) 

The i n f l u e n c e of p r o d u c t i o n l o c a t i o n and s e a s o n on i n i t i a l 

s eed q u a l i t y , i i ) s t o r a b i l i t y a s i n f l u e n ' : e d by location and seed 

t r e a t m e n t a t ambient c o n d i t i o n , i i i ) seed p r o d u c t i o n of 

h y b r i d s t h r o u g h s e e d l i n g t r a n s p l a n t e d (main) and r a t o o n 

c r o p and t h e i r seed q u a l i t y , i v ) f e a s i b i l i t y of v e g e t a t i v e 

p r o p a g a t i o n t h r o u g h t i l l e r s e p a r a t i o n and s t u b b l e p l a n t i n g , 

v ) d e t e r m i n a t i o n of optimum p l a n t i n g r a t i o , s y n c h r o n i z a t i o n 

of f l o w e r i n g a n i c h e m i c a l s p r a y s t o i n c r e a s e o u t c r o s s i n g , 

s eed y i e l d and sead q u a l i t y . 

D e t a i l s of t h e m a t e r i a l s and t e c h n i u q e a d o p t e d d u r i n g 

t h e c o u r s e of i n v e s t i g a t i o n s a r e d e s c r i b e d in t h i s c h a p t e r . 

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), Hgbbal, Bangalore. This is situated at an 
o 

altitude of 899 m above mean sea level, 13 C North latitude 
o 

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

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

3.1.2 Climatic conditions 

The oionthly weather data during crop growth period rec 

orded at the Meteriologica1 Observatory, MRS, Hebbal, 

Bangalore are presented in Appendix 1. 



6U 

Thn nvorago rulniall ut MUS 1B UZU itiiii por UHIIUMI lairiy 

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

minimum and maxinum teiiperature 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 
o o 

34.1 C to 34.0 C during 1992. The maximum rainfall was 

during July to October 1989 and May to July 1992. Very less 

or negligible rainfall 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 iron 25 to 71 per cent during ttie 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 

Ihe fresh seeds of V 20 B, IR 54752 B, Improved sona B, 

Madhu B, Mangala B, Pushpa B, Intan mutant B and Pragathi B 

were obtained from four different locations of Kamataka State 

namely, Main Research Station (MRS), Hebbal, B.3ngalore; V.C. 

Farm, Mandya; Regional Research Station (RRS), Mujigere and 

Agricultural Researcli Station (ARS), Honnavile, Shimoga, over 

two 3easons viz., 1989 WS and 1990 DS. Th.3 geographical 

situation and the climatic conditions during 1989 V.S and 1990 

DS a« recorded in the respective research stations are given 

in Appendix II and III. 
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G5 - Pushpa B 

G6 - Mangala b 

G7 - In tan Mutan t B 

G8^- P r a g a t h l B 

A. Geno types 

f J l - V 2 0 B 

G2 - Madhu B 

G3 - IK 54752 B 

G4 - Improved Soaa B 

B. Locations 

LI - Main Research Station, Hebbal, Banjalore 

L2 - V.C. Farm, Mandya. 

Li - Agricultural Resrearch Station, Honnavile, 
Shimoga. 

L4 - Regional Research Station, Mudigere. 

C . Seasons 

51 - 1989 Wet season (WS) 

52 - 1990 Dry season tOS) 

iotal treatment combinations: b4 

The moisture content of freshly harvested seeds was 

broaght down to 10.0 per cent. The various initial seed 

quality parameters were studied before keeping the snaterial 

f or storage . 

3.2.1 Observations recorded on initial seed quality 

Pure seed fractions of freshly harvested seeds were 

used to record the following observations. 

i. Test weight (g) 

ii. Seed volume (cc) 



68 

i l l . Seed d e n s i t y ( R / C C ) 

iv . G e r m i n a t i o n (%) 

V. Speed of g e r m i n a t i o n 

v i . F i e l d emergence (%) 

v i l . S e e d l i n g l e n g t h (cm) 

v l l i . Vigour i n d e x . 

ix . E l e c t r i c a l cond jc.t i v i ty (u mhos/C'ii) 

X. Saed m i c r o f l o r a 

x i . M o i s t u r e c o n t e n t (%) 

x i i . A c c e l e r a t e d a g e i n g 

i . T e s t w e i g h t : : T h o u s a n d - s e e d w e i g h t of e a c h g e n o t y p e 

was r e c o r d e d ( i n grams) a s p e r t h e p r o c e d u r e o u t l i n e d by ISTA 

( 1985) . 

i i . Seed v o l u m e : The s e e d s s e l e c t e d f o r d e t e r m i n i n g lOUU-

sead we igh t were immersed in t o l u e n e and t ho volume of 

d i s p l a c e m e n t was r e c o r d e d and e x p r e s s e d in c c . 

i l l . Seed d e n s i t y : The s e e d s randomly drawn f o r lUUO-seed 

w e i g h t d e t e r m i n a t i o n were immersed i n t o l u e n e h a v i n g a 

d e n s i t y of 0 .0357 g p e r ml and t h e volume of d i s p l a c e m e n t was 

r e c o r d e d . The d e n s i t y was r e c o r d e d by u s i n g t h e fo rmula 

Seed weight (g) 
Seed density (g /cc)= 

Volume displaced by seed (cc) 

iv . Standard germination tost: For this test 'Between paper 

method' described by ISTA (1985) was followed. Germination 

test was conducted in four replications of lOU seeds each. 



I h e g e r m i n a t i o n c o u n t s on 5 t h 3nd 1 4 t h d a y iwere t a k e n o.i 

iioiiuiil sn(Mll lnRB nnd t o t n 1 g otiii i n n t 1 on p o r c o n l u M o W;IB 

c a 1 c u l a t e d . 

V . S p e e d of g e r m i n a t i o n : F o u r h u n d r e d s e e d s f rom e a c h s a m p l e 

w e r e c o u n t e d r a n d o m l y . H u n d r e d s e e d s w e r e p u t on s u r f a c e ot 

s a n d t a k e n i n e a c h b o x . T h e s e e d s w e r e c o v e r e d w i t h s a n d by 

two c e n t i m e t e r t h i c k n e s s a n J a d e q u a t e m o i s t u r e w a s 

m a i n t a i n e d . D a i l y c o u n t of e m e r g e d s e e d l i n g s w a s r e c o r d e d . 

T h e s p a e d of g e r m i n a t i o n was c a l c u l a t e d by m e a n s o t t h e 

f o r m u l a d e s c r i b e d by M a l v i k a D a d l a n i ( 1 9 8 2 ) . 

N l N2 Nn 
SG = + + + 

D l D2 Dn 

W h e r e , SG = S p e e d of g e r m i n a t i o n . 

N : N N = Number of e m e r g e d s e e d l i n g s on 
1 2 n 

1,2 ani n th days after sowing. 

D ; U D = Number of days after sowing 

1 2 n 

vi. Seedling length: Tea normal seedlings randomly selected 

1rom top one third portion of germination paper during 

standard germination test on 14th day were taken to Pleasure 

the root aad shoot length. It was measured from the tip of 

the primary root to the tip of the primary leaf, and mean 

length was expressed in centimeters (Nandisha and 

Mahadevappa, 1984) 
vii. Dry weight of seedlings: "lea seedlings selected for 

o 
seedling length aieasuremen t were kept ia an oven a t B 6 j|̂  2 C 

for 24 *-iours. After drying, the seedlings were kept in a 
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desiccater for cooling. The mean weight oi dried seedlings 

was recordad using a top pan precision balance. Mean weight 

of ten seedlings was calculated and sxpressed IT miligrams 

or grams per 10 seedlings. 

viii. Field emergence: Four replications of 50 seeds were 

sown at 3 - 4 cm depth with a spacing of 10 x 2 cm. 1 tie 

emergence was recorded on 14th day after sowin3. The 

seedlings with more than 3 cm in length f ro:n 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 seedlings tern) 

X. Electrical conductivity of seed leachate (EC): Four 

repl lea I ions of 5 g seeds ol each genotype were wulglied 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 seeds were soaked in 25 ml distilled 
water. Flasks were placed in an incubator at constant 

0 o 
temperature at 25 C i 1 C for 24 hours. The EC of the 

leachate was measured in the digital conductivity meter 

model (Sensitive condactivity eel l-CCS-811) . After 

substracting the EC of distilled water from the values 

obtained from the seed leachate, the actual EC due (the 
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l e a c h e d ) t o e l e c t r o l y t e s was m e a s u r e d and e x p r e s s e d In 
o o 

ju m h o s / c m a t 2 5 C +_ 1 C . 

xl. Seed health test for seed borne fungi: Detection of seed 

borne fungi was done by "Blotter paper" method as recommenced 

by 1 b'lA (1985). Twenty-five seeds in each of 4 replications 

were placed equid istan t ly in circles in glass petri dislies of 

9 cTi diameter containing three moist blotters. The blotters 

were dipped in 0.2 per cent 2,4-D solution to prevent 

germination of seeds. Sufficient moisture was maintained by 

adding U.2 per cent 2,4-D solution. Tha seeds were incubated 
o o 

for seven days in an incubator at 25 C+_ 1 C with 12 hours 

light and 12 hours dark alternate cycles. After seven days, 

the seeds were examined by a low power sterobinocu1ar 

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 lollowing formula . 

W - VV 
2 3 

Moisture content = x lUU 
w - w 

2 1 
Wl ie re , Vv = W e i g h t of d i s h ( g ) 

1 
W - W e i g h t of d i s h w i t h s e e d s a m p l e b e f o r e d r y i n g 

2 
( 8 ) 

W = weight of dish with seed sample alter 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 
o o 

to 4U C ĵ  1 C a t 98 +̂  2 per cent KH (Delouche and Uaskin, 

1973) up to six days in an ageing chamber. The seeds were 

removed and dried under shade for 48 hours. The accelerated 

soods wore subjected to standard germination test to know 

their germinabi11ty . 

II. Storability of Rice Genotypes as Infuluenceclby Provenance 
and Seed Treatment 

3.3 EXPERIMENT 2 

Two kg of cleaned seeds were treated by using a drum 

mixer with Thirain at the rate of 2 g per kg oi 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 taking up another treatment. 

Storage procedure 

Thoroughly dried and treated seeds were bagged in 

cloth bag and the same quantity of untreated seeds of all the 

8 genotypes were stored up to 19 months (Jan. 199U 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 ot seeds of eight 

genotypes produced from four locations and seed treatment 

along with control. The details are as follows: 
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A . G e n o t y p e s 

G 1 - V 2 0 B G 5 - P u s h p a b 

r,2 - Mndhu D GU - M a n g n l a 11 

G3 - IR 5 4 7 5 2 B G7 - I n t a n M u t a n t B 

G4 - i m p r o v e d S o n s B G8 - P r a g a t h i B 

B . P r o v e n a n c e 

LI - Main Kesearch Station, Hebbai, 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) 
1 

T - Untreated control 
2 

The following observations were taken bimonthly on 

radomly drawn samples adopting procedure mentioned in 3.2.1 

i . Gorminat ion (%) 

ii. Field emergence (%) 

iii. Seedling length (cm) 

iv . V igour index 

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

vi. Moisture content (%) 

During the storage period the actual weather data on 
o 

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

room were recorded (Appendix IV). 
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Inside the storage room, temperature was maximum 
o o 

(29.5 C) in the month of March 1991 and minimum (21.3 C) in 

the month ot December 1990. The realtive humidity was maximum 

(02.U%) in August 1990 and minimum (33.0%) in March 1991). 

III. 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 witli the aim of 

producing five hybrids and subsequently using them for ratoon 

purpose (Plate 1). The following were the parents of the 

hybrids and tlie staggering time given. 

i ) IK 54752A /ARC 11353 R 

Sov>/ing ot female IK 5 47b2A -0th day 
Male ARC 11353 - 2 and 5 days before female sowing. 
Date of transplanting : 12.1.1991 

ii) IK 54752A /IR 54 R 

Sowing of female IR 54752A = 0th day 
Male IR 54 R = 2 and 5 days before 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 before sowing ot female 
Date of transplanting 13.1.1991 

iv) Intan mutant A/ 1R27315 R 

Sowing ot female, Intan mutant A = 0th day 
Molt), IR 27315 = 12 and lb days before sowing female 
Date ot transplanting 14.1.1991 



' Plate 1: Hybrid seed productim through ratooning 
of parents 
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V) intan mutant A/ IK 15324 R 

Sowing of temale, Inton mutant A = Uth day 
Male IRl 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). 'Ihe seedlings aged 

30 days old were transplanted with the spacing of 20 x 10 cm, 
• 2 

the plot size was 10.44 m . 

Isolation: Isolation distance for paddy is 3.0 m for pure 

lines and 100 m for CMS line maintenance and hybrid seed 

production. Isolation distance could not be practised 

during the investigation because of many other experiments on 

tlie experimental site. Hence, pollen barriers were used by 

errecting polythene sheets of 1.50 m high ail 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 lO cm stubble height as required to 

adjust the date of flowering for synchronisation of parents 

in ra toon crop . 
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Seed production through ratooning of parents 

The main crop cu 11 ins of t̂ ê parents was done to 

synclironise tlie flowering of both the parents in ratoon crop. 

Immediately after ratooning, the plot was cleaned and 

fertilized at the rate of 50 kg nitrogea, 20 kg P O 40 kg 
•I b 

K 0 per hectare and plant protection measures were taken as 
2 

and when required. 

Tht? following observations were recorded for both the 

main and ratooa crops: plant height, productive tillers 

number, days to 50 par cent flowering, panicle length, total 

number of spikelets per panicle, filled spikelets per 

panicle, sesd set (%), seed yield per plant and yield per 

hectare. The procedure for recording above observations is as 

f ol1ows. 

3.4.1 Field observations 

Ten plants were randomly selected in each replication 

and label led . 

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 (%) = 

Total N D . of plants 

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

between ratoon tillers and main crop tillers. 
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Ra toon tillers 
RA = 

Main crop tillers 

iii) Plant height: The plant height at the time of maturity 

was recorded in ceatimeters measured from the base of the 

stem at ground level to the tip of the main panicle. The 

average plant height was then worked out. 

iv) Number of tillers per plant: Thi3 total number of tillers 

was counted from the labelled plants to calculate the mean 

t illers per plant. 

v) Number of productive tiller per plant: All the ear bearing 

tillers(with fertile spikelets) were cojnted from the 

labelled plants to calculate the moan productive tillers per 

plant . 

vl) Days to 50 per cent flowering: Numbor of duyn ulupHisd 

from seeding date to the date when 50 par cent of plants in a 

row exerted their panicles vi/as expressed in days to 50 per 

cen t flowering . 

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

centimeters from the tip of the panicle tuthe ciliate ring at base. 

viii) Panicle exsertion: The distance between the ciliated 

ring and the base of the flag leaf, length of panicle t.rom 

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 infilled spikelets per panicle was counted. 

x) Number of filled spikelets per panicle : The total number 

of filled spkkelets per panicle was counted and expressed in 

number. 

xl) Per cent seed set or per cent filled spikelets: The seed 

set was calculated by using the following formula aid 

expressed as per cent seed set. 

No. of filled spikelets 
Per cent S!3ed set= = x 100 

No. of filled + unfilled spikelets 

xll) Seed yield per plant: Total weight of the sun-dried 

sReds was recorded from the labelled plants to estimate the 

mean seed yield per plant in gram. 

xii) Seed yield per hectare: Saeds from tlio currosponJ lug 

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 
1 

and ratooa crops were cleaned and dried to constnant moisture 

content. The following seed quality parameters were recorded 

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

sead density, speed of germination, germination per cent, 
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f i e l d e m e r g e n c e , r o o t l e n g t h , s h o o t l e n g t h , v i g o u r i n d e x , 

s e e d l i n g d r y w e i g h t a n d e l e c t r i c a l c o n d u c t i v i t y o t s e e d 

l e a c h a t e . T h e p r o c e d u r e f o r r e c o r d i n g a b o v e p a r a m e t e r a r e 

m e n t i o n e d e l s e w h e r e i n t h i s c h a p t e r ( 3 . 2 . 1 ) . 

I V . V e g e t a t i v e P r o p a g a t i o n w i t h T i l l e r and S t u b b l ^ s l i p planting 
of P a r e n t s , H y b r i d s and V a r i e t i e s 

3.6. EXPERIMENT 5 

Evaluation of some CMS lines, malntainer lines, 
restorers, hybrids and varieties for their response to 
vegetative propagation through tiller separation and 
planting 

The expelrment was conducted during 1990 DS with 36 

genotypes as main crop and their respective tiller 

7 
p r o p a g a t e d p l a n t s i n s p l i t p l o t d e s i g n . The p l o t s i z e was 2.25 m". 

M a i n p l o t i F r o p a g a t i o n m e t h o d : M = M a i n c r o p ; T = T i l l e r c r o p ; 

S u b [11 u t : LioIIu I y p o 8 . 

A l i n e s B l i n e s 

Gl - V 20A GIU - V 20 B 

G2 - I m p r o v e d S o n a A G i l - I m p r o v e d Sona B 

G3 - M a n g a l a A G12 - M a n g a l a B 

G4 - P r a g a t h i A G13 - P r a g a t h i B 

U5 - IH 5 4 7 5 2 A G14 - IH 5 4 7 5 2 B 

G6 - P u s h p a A G15 - P u s h p a B 

G7 - ES l a A G16 - ES l b B 

G8 - Madhu WA G17 - Madhu B 

G9 - I n t a n m u t a n t A G18 - I n t a n m j t a n t B 
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Restorer lines 

G19- IK 29723 G20 - IR 54 

G21- IR 46 

G22- ARC 11353 G23 - IR 2U 

G24- IR 3b G25 - IR 15324 

Hybrids 

G26 - Intan mutant A/ARC 11353 R 

G27 - Madhu VA/IR 46 R 

G28 - IR 54752 A/IR 46 R. 

G29 - V 20 A/IR 36 R 

G3U - Madhu W\/IR 15324 R 

G31 - IR 54752 A/IR 27315 R 

G32 - IR 5 4752 A/ARC 11353 R 

G33 - IR 54752 A/IR 54 R 

Checks 
(i3'l - Joy a 

•335 - Mukthi (CTH 1) 

G3b - Rasi 

Nursery preparation: Nursery was well puddled and prepared 

to tine tilth. Basal fertilizer of 1.0 kg N, 0.4 kg F 0 0.5 
2 5 

kg K 0 / 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 leaf stage top dressing v̂ as made and water level 

maintained. Thirty and forty days alter sowing second top 

dressing was done with nitrogen. Nursery was kept wood tree 

and plant protection measures were taken as required. 
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Transplanting: Twenty-eight days old seedlings were 

transplanted to main field and maintained as control. Alter 

52 days of sowing seedlings were uprooted from the same 

njrsery 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 

plant and separated by splitting and expressed as number. 

Procedure for recording other observations Is mentioned 

elsewhere in this chapter (3.4.1). 

3.7 EXPERIMENT 6: Field Performance of Tiller Planted Crop as 
Influenced by Age of Tiller 

The experiment consisted of eight entries laid out 

in split plot design during 1990 WS with three replications. 

Plot size jvas 6.48 sq. m trfotment. The other details are as 

1ollows . 
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viain plot: Age of tiller 

TU - Control (Main crop) No tiller separation. 
Tl - Tiller separation after bO days of sowing. 
T2 - Tiller separation after 7U days of sowing. 

Subplot 

VI - ARC 11353 R 
V2 - IR 46 R 
V3 - Malhu WA/IR 15324 R 
V4 - IK 54752 A/ARC 11353 R 
V5 - IR 54752 A/IR 54 R 
V6 - IR 54752 A / IR 27315 
V7 - V 20 B 
V8 - ES 18 B 

Date of sowing of control 

Date of transplanting of control 

First tiller separation and 
pIan ting 

Second tiller separation and 
pi ant ing 

17 .7 .1990 

15.8.1990 

b.9 .1990 

26.9 .1990 

Seedliag nursery was prepared and vigorous seedlings 

wore raised as described In the experiment 5. l-ifty (Tl) and 

seventy (T2) days old seedlings were uprooted and tillers 

separation was nade. Then individual tillers were 

transplanted in the main field. Twenty eight days old 

seedlings (TO) transplanted in the main field served as 

control. 

Th3 recomiiended agronomic andpiant protection measures 

vvere followed to raise the experiment observations on numbar 

of tillers obtained per mot'ner plant during Tl and 12., Plant 

height, number of total and productive tillers, filled 
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spikelGt (%), grain yield, days to 50 per cent flowering and 

maturity were recorded. 

3.8 EXPERIMENT 7: Seed Quality as Influenced by Type of 

Tillers 

During 1990 DS two restorers viz. IR 46 (Gl) and ARC 

11353 (G2) were grown under normal practices. At the time 

of panicle emergence, the tillers were tagged 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 saed quality attributes viz, test 

weight, germination per ce»1t 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 ol4 A/h) of 1990 US was cut at 10 cm stubble 

height from the base and stubble were allowed to regenerate. 

After 12 days of cutting the regenerated were separated into 

individuals and then planted in puddled plot. 

The stubbles of 4 (A/B lines) were planted in 1:1 ratio 
2 

in 4.2 m plot and replicated three times during 1990 WS. 

The plots were isolated by artificial plastic barriers to 

provide isolation. In the same sgason four hybrids along with 

three checks -/vere stubble planted. Tne recommended agronomic 

paractices were followed. 
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En tries: 'A' Lines 'B' Lines 

V 20 V 20 
IR 54752 IK 74752 
ES 18 ES IB 
Intan mutant Intan mutant 

Hybrid 3 Checks 

Madhu WA/IR 4 6 Kasi 
V 20 A/IR 36 IR 20 
Madhu WA/IR 15324 ARC 113:53 
IR 54752A / ARC 11353 

Observations recorded: 

Number of stubbles obtained from single mother plant 

The stubbles were split and separated into individuals 

from a single mothsr plait and counted to eKpress as number. 

Field establishment of stubbles 

Ihe total number ol stubbles established 15 days alter 

planting were counted and expressed in percentage. 

Plant height, tiller number per plant, productive 

tillers per plant, yield par 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 allowed to ratoon. After 12 

days, the regenerated stubbles were uprooted, tillers 
2 

separated and planted in 6.96 m plot. The experimental 

design was split plot replicated 3 times. The treatments are 

as be 1 ow . 
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Main plots: Harvesting time 

HI - Stubbles obtained trom harvesting main crop at 
physiological maturity. 

H2 - Harvesting one week after physiological maturity 

H3 - Harvesting two weeks after physiological maturity. 

Sub plots: Varieties 

VI - Goad ratooner - ARC 11353 

V2 - Poor ratooner - Pushpa 

V3 - F 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 abo»/e 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 4b R were 

obtained from the main crop raised during 1991) WS. 

1ne stubbles were separated from mother plant and roots were 

dipped for 25 minutes as per treatment schedule. Then the 

individual stubble was planted during 1991 US in the main plot 
2 

of 2.0m . The e<periment design was randomised block • 

design and replicated thrice. The treatment were as follows. 
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H y b r i d - IR 5 4 7 5 2 A / IH 4b k 

C h e m i c a l s - 11 - Llinissan ( U . i % ) 

T2 - R o g e r ( 0 . 1 % ) 

T3 - Diammonium phospliate IDAF (3.U%)J 

T4 - Emissan + Rogar 

T5 - Rogar + DAP 

T6 - 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 

cljop tor (3.4.1) . 

V. Influence of Planting Ratio, Synchronization of 
Flowering and Foliar Spray of Chemicals on Sood Sot, 
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 b282y A and B were 

planted with eight ratios as follows: 

Planting ratio (male to female) : 

Tl - 1:2 T5 - 2:4 
T 2 - 1 : 3 T 6 - ^ : 6 
T 3 - 1 : 4 T 7 - 2 : 8 
T4 - 1:5 T8 - 2:10 
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The experimental design was RCBD with 3 replications. 
2 

1 lie plot size was 14 in . Since 'B' line ilower earlier tlian 

'A' line, two staggering of b lines was done by sowing 4 and 

fa days later. The transplanting was done on 21.2.1992. 

Isolation was created by errecting polythene sheets as 

described earlier. Kecoinmended 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 (bU ppm) was sprayed at 5 per 
3 

c e n t panicle Qnergai:;e and supplanentary pol l ina t ion was done by rope 

pal l ing at pi3ak an thes is only one t i ne . At physiological maturi ty, the 

male parents was harv^estesi t i r s t and then the female. 

Ubseivc) t I ons were r e c o r d e d : 

Number of p r o d u c t i v e t i l l e r s p e r p l a n t , p a n i c l e l e n g t h , 

t o t a l s p i k e l e t s p e r p a n i c l e , t i l l e d s p i k e l e t s p e r p a n i c l e , 

s eed s e t p e r c e n t , s eed y i e l d p e r p l a n t and p e r h e c t a r e . 

3 . 1 2 . 1 EXPERIMENT l l ( i i ) : D e t e r m i n a t i o n of Optimum P l a n t i n g 
R a t i o f o r Hybr id Seed P r o d u c t i o n 
of IR 62829 A/ IR 9761 - 1 9 - 1 R 

The e x p e r i m e n t was c a r r i e d o u t d u r i n g 1992 Db, i n v o l v i n g 

IK 6289A a s t e m a l e and IR 9 7 6 1 - 1 9 - 1 U os m a l e [ j o r o n t . 

The d e s i g n was RCBD w i t h 3 r e p l i c a t i o n s h a v i n g t l ie p l o t s i z e 
2 

of 14 m . T r e a t m e n t s composed ot B p l a n t i n g r a t i o s a s 

d e s c r i b e d in e x p e r i m e n t 11 ( i ) . A l l t h e a g r o n o m i c , s eed 
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t e c h n o l o g i c a l p r a c t i c e s t o l l o w e d and o b s e r v a t i o n s r e c o r d e d 

were a s m e n t i o n e d in t h e e x p e r i m e n t 11 ( i ) . 

3 . 1 3 EXPERIMENT 12 ( 1 ) : S y n c h r o n i z a t i o n of F lowering in 
Maintenance of IR 62829 A/B 

D/S 

D/F 

F em a 1 e 
Male 
Row ratio 

F em a 1 e 
Male 

I h e e x p e r i m e n t was l a i d o u t d u r i n g 1992 DS i n v o l v i n g 

t l ie f o l l o w i n g p a r e n t a l l i n e s . 

IR 62829 A 
IR 62829 B 
2 : 4 m a l e t o f ema le 

1 4 . 2 . 1 9 9 2 
1 6 . 2 . 1 9 9 2 , 1 8 . 2 . 1 9 9 2 
2 0 . 2 . 1 9 9 2 , 2 2 . 2 . 1 9 9 2 
1 7 . 3 . 1 9 9 2 

The experimental design was randomised block and 
2 

replicated 3 times. The plot size was 11.25m with the 

following staggering treatments with a row ratio ot 2:4. 

1rea tments: 

Tl - 2 (sowing male 2 days after female) 

T2 - 4 (sowing male 4 days after female) 

T3 - 6 (sowing male 6 days after female) 

14 - 8 (sowing male 8 days after female) 
Tb - 2,8 (out of 2 male rows, : one row was sown as in Tl 

and second as in T4) 

T6 - 4,6 (out of 2 male rows, : one row was sown as in 12 
and other as in T3) 

T7 - 6,8 (out of 2 male rows, : one row was sown as in T3 
and other as in 14) 

18 - 4,8 (out of 2 male rows, : one row was sown as in T2 
and other as in T4) 
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3 . 1 3 . 1 E x p e r i m e n t 12 ( i i ) S y n c h r o n i z a t i o n of f l o w r l n g in 
h y b r i d seed p r o d u c t i o n of IR 
62829 A/ IR 9 7 6 1 - 1 9 - l R 

The e x p e r i m e n t was l a i d ou t d u r i n g 1992 US i n v o l v i n g IR 

b2829 A a s f ema le and IR 9 7 6 1 - 1 9 - l R a s m a l e . 

U/S Female - 1 4 . 1 . 1 9 9 2 
Male - 2 1 . 1 . 1 9 9 2 , 2 3 . 1 . 1 9 9 2 

2 5 . 1 . 1 9 9 2 . 2 7 . 1 . 1 9 9 2 

D/F - 2 5 . 2 . 1 9 9 2 

The e x p e r i m e n t . . was l a i d ou t in RCBD w i t h 3 
2 

r e p l i c a t i o n s . The p l o t s i z e was 1 3 . 5 m w i t h t h e f o l l o w i n g 

t r e a t m e n t c o m b i n a t i o n s ( s t a g g e r i n g of m a l e p a r e n t ) and a 

common row r a i o of 2 : 4 (male t o f emale ) was a d o p t e d . 

T r e a t m e n t : 

Tl - 7 (sowing male 7 days after female sowing) 

T2 - 9 (sowing male 9 days alter female sowing) 

T3 - 11 (sowing male 11 days after female sowing) 

14 - 13 (sowing male 13 days after female sowing) 

15 - 7,9 (out of 2 male rows, one row sown as in Tl and 

second sown as tn T2) 

Tb - 9,11 (As in T2 and T3) 

T7 - 9,13 (As in T2 and T4) 

T8 - 11,13 (As in T3 and T4) 

In case of IR 62829 A/lR 62829 B the male parent 'B' 

line flowers earlier to female. In hybrid seed production 

of IR 62829 A/ IR 9761-19-1 R the male parent 

was staggered 4 times by sowing after female. At boot leaf 
stage tlag clipping and spraying GA (6U ppm) was done, llie 

3 
following observations were common in both the experiments 
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12(i) and 12(iiJ viz., flowering behaviour, number of 

productive tillers, filled spikelets per panicle, seed set 

per cent, Roed yield per plant and per hectare. 1 lio piocuduro 

for recording the above observations is mentioned elsewhere 

in this chapter (3.4.1) 

3.14 Experiment 13: Effect 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. 

B/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) 

1rea tments: 
11 - Con t rol 
12 - Gibberellic acid (GA ) .... 60 ppm 

3 
T3 - Urea (1.5%) 
T4 - Urea (2.0%) 
'15 - KNO (1.0%) 

3 
T6 - KNO (1.5%) 

3 
17 - Boric acid (0.5%) 
TB - 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 flowering 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 yield, yield per plant, per hectare and test 

weight \Nere recorded as per the procedure described in 3.4.1. 

3.15 LXi'ERlMENT 14: Seed Quality as Influenced by lollar 

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 follovi;ing observations, 

viz., germination per cent, field emergence per cent, shoot-

root length, 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 a 1 . 

(1972). The 'F' test critical differences, standard error of 

means, have been provided. The results and discussion are 

based at probability level of 5 per cent. Some of the data 

in percentage were transformed in to arcsin root 

transformation before analysis. 

file:///Nere
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EXPERIMENTAL RESULTS 

The present investigation involved both field and 

Inhoratory experiments In order to Koiierato rociulrod losults 

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 IGl), Madhu B IG2), 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 (LI), Mandya (L2), Shimoga (L3) and 

Mudigere (L4) during two seasons viz., V\/et season (SI) and 

Dry season (S2) was assessed in the laboratory experiment. 

The results recorded with respect to the following seed 

characteristics and seed quality attributes as influenced 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. Gl 

registered the highest test weight (25.92 g) followed in 

order by G3 (24.28 g), G8 (23.04 g) and G6 (22.Bb g). 1 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 vi/eight 

(22.97 g) followed in order by LI (22.77 g), L3 (22.03gJ and 

tlie lowest 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. GlLl 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 LI or L2 to L3 and L4. 

Interaction between genotype and season was significant 

for tost weight. The genotypes Gl, G3 and GO 1 ram S2 BooRon 

recorded higher test weight than their respective values in 

SI. But the rest of the genotypes showed reverse trend. The 

interaction between location and season registered 

significant difference, except in LI. Genotypes from the rest 

of the locations produced in S2 recorded higher mean values 

than those produced in SI. The interaction effects among G x 

L X S were not statistically significant. 
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4.1.1.2 Seed volume 

The observations pertaining to thousund seed volume as 

influenced by genotype, production location season and their 

interactions are given in Table 2. 

Seed volume differed significantly among tlie 

selected genotypes, Gl recorded the highest (IB.11 cc) seed 

volume followed in order by G3 (17.68 cc), G8 (17.31 cc) and 

G7 (16.43 cc). G5 recorded the lowest seed volume (13.96 

cc) . Locations differed significantly for seed volume. LI 

(16.50 cc) recorded the highest and was on par with L2 

(16.46 cc) and those two were significantly superior to L3 

(16.18 cc) and L4 (15.98 cc) . Season SI and S2 were on par 

with each other due to seed volume, irrespective of genotype 

and 1 oca t ion. 

Interaction between genotype and location was 

significant. L2G1 combination was superior to the rest and 

was followed in order by L1G3, L2G3 and LlGl. Significant 

interaction effect was observed due to genotype and season. 

Genotypes produced in SI recorded significantly higher 

values for seed volume than in S2. GlSl topped the list 

followed in order by G3S1, G1S2 and G5S2. 

Genotype produced in SI recorded significantly higher 

lOOU-seed volume than in S2 in all locations. Among the 

combinations LlSl registered the highest value but was on 

par with L2S1 followed by L3S1, L1S2 and L2S2. The 
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FIG 1. INITIAL TEST WEIGHT (g) AS 
INFLUENCED BY GENOTYPE AND LOCATION. 

QERMINATION(%) 
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96 

92 

88 

84 

80 
01 02 03 04 05 06 07 08 81 82 L1 L2 L3 L4 

OENOTYPES C H SEASONS LOCATIONS 

FIG 2. INITIAL GERMINATION AS INFLUENCED 
BY GENOTYPE, LOCATION AND SEASON. 
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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. Gl 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 significant 

differences in seed density due to production locations. L2 

(1.39 g/cc) registered the highest followed by LI 

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

Season S2 recorded significantly higlier density (i.3B 

g/cc) than SI (1.34 g/cc) irrespective of genotype and 

location. 

The interaction effects between genotype and location 

were found to be neglegible. However, high values for seed 

density were recorded by G6L2, GlLl, G1L2, G1L3 and G6L1 over 

the rest of the combinations. 

Genotype and season interaction was found to be 

statistically significant for seed density. G1S2 topped the 

list followed by G6S2, GlSl and G3S2. The combinations 
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Ŝ  
rH 

S 
TH 

CO 
CO 

TH 

^ 
TH 

fo 
rH 

^ 
rH 

s 
TH 

lO 
ro 
rH 

^ 
rH 

H? 
rH 

rH 

S 
rH 

i ! 
rH 

^ 
T-* 

^ 
r-\ 

U3 
OO 

rH 

s 
rH 

S 
rH 

^ 
rH 

g 
T-i 

• 
rH 

^ 
r-{ 

^ 
rH 

CO 
ro 
• 

rH 

^ 
rH 

5) 
rH 

fi 
rH 

lO 

rH 

S 
rH 

fi 
TH 

f̂  
rH 

^ 
rH 

?? 
rH 

• 
rH 

CO 

TH 

S3 
T^ 

K3 
rH 

R5 
T^ 

^ 
r-i 

9i 
TH 

^ 
TH 

CD 

TH 

3 
r-< 

CO 
ro 
rH 

^ 
rH 

• 
rH 

^ 
rH 

F3 
rH 

rH 

^ 
rH 

03 
ro 

rH 

^ 
rH 

S 
rH 

H? 
rH 

^ 
rH 

lO 
ro 

rH 

9i 
rH 

P5 
rH 

^ 
T-l 

3 
rH 

• 
rH 

rH 

,-< 

S 
rH 

3 
rH 

g 
T-i 

CO 
CO 

rH 

^ 
T-l 

g 
rH 

d 

CO 

tH 

CO 
ro 
rH 
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G1S2, G3S2, G6S2, G7S2 and G8S2 recorded significantly higher 

Kocd density than their respective values in SI. Liu t G2b2 and 

G4S2 registered lower values than their respective values in 

SI. The interaction 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. Gl recorded the highest germination (96.0 %) followed 

by i;5 (95.7 %) and G6 (95.5%). The lowest germination was 

registered by G3 (93.3 % ) . Significant variation in 

gerinination per cent was noticed among the locations. 

Genotypes from Mandya recorded the highest germination (97.0 

%) followed by those from Bangalore (95.8 %) and Shimoga, 

(93.7 %) and the lowest was recorded by the seeds from 

Mudigere (92.2 % ) . 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 difteroncos. G1L2 registered tlie 
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highest germination value (98.6%) which was on par with GlLl 

(97.8%) and significantly above G1L3 (9U.U%) and G1L4 

(91.5%). Interaction between genotype and season was 

significant. GlSl, G3S1 and G2S2, G7S2 and GBb2 recorded 

signl ticantly higher germination but G4S1 and G4S2, G5S1 and 

G5S2, and G6S1 and G6S2 were on par with each other. I.3S2 and 

L4S2 differed significantly from L3S1 and L3S2. But these 

two locations were on par with each other. The interactions 

among G x L x S were found to bo significant with respect to 

g ermina tion. 

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 Gl recorded tlie highest spoixl of 

germination (31.6) followed by G5 (30.3) and GB (30.1). The 

lowest v>/as registered by G4 (29.0). Significant differences 

were noticed among the four locations due to speed of 

germination. The L2 recorded the significantly higher value 

(33.0) followed by LI (31.4), L3 (29.1) and L4 (26.0). S2 

season recorded significantly higher speed of germination 

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

Interaction between genotype and location caused for 

significant differences in respect of ttieir characters. G1L2 

registered the highest speed of germination (34.6) which was 
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on par with GlLl (33.7) and significantly above G1L3 and 

Gil,4 (27.5). Similar trend was recorded by other genotypes 

in interaction with other locations. 

Interaction effects between genotype and season were 

significant. G2S2, G4S2, G5S2, G7S2 were highly significant 

and Glb2, GbS2, G8S2 Vvere onpar with the same genotypes from 

wet season (SI) with respect to speed of germination. Ihe 

interaction between location and season was found to be 

significant. L2S1 (33.1) recorded the highest during SI and 

L2S1 (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 Field 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. Gl (92.6%) was significantly superior to G5 

(90.3%), G2 (90.1%) and G6 (89.3%). The significantly low 

per cent field emergence was registered by G8 (87.7%). G5 

was on par with G2 and 03 with G4 and G7. Significant 

difference was noticed among locations tor per cent field 

emergence. L2 recorded the highest (93.3%) followed by' LI 

(91.5%) and L3 (87.5%). The 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 significantly superior to (JILI.UILS 

and G1L4. The genotype G5 from L2, G2L2 showed the same trend 

of emergence. Irrespective of location, the interaction 

between genotype and season was significant for per cent 

field emergence. G1S2, G2S2, G4S2, G7S2, G8S2 were 

significantly superior to the same genotype from SI season 

while G3S2, G5S2, G6S2 were inferior. The interaction due to 

location and season was significant. For the particular 

season SI, L2S1 recorded the highest value followed by LlSl, 

L3S1 and L4S1 . For the season S2 also, similar trend was 

observed. The interaction effects due to GxLxS were found 

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. 

Gl recorded the highest length (27.3 cm) followed by G8 (2b.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 LI (24.8 cm), L3 (23.9 

cin) 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 SI (23,9 cm). 

Interaction effects between genotype and location were 

1ound to be significant for seedling length. All genotypes 

trom L2 registered higher values except G5, G7 and G8. All 

the genotypes from L3 were inferior except G7 for seedling 

length. Interactions between genotype and season was 

significant. Except the interaction G1S2, all the 

combinations were on par with respective genotypes in 81 

season. Significant interaction was observed between location 

and season for seedling length. The genotypes produced from 

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 B and Fig. 4 and 5. 

Genotypes differed significantly tor vigour index 

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

G5 (24U9). The lowest vigour index was registered by G7 

(1906). The genotype G2 and G3, G4 and G7 were all on par. 

Vigour index dlftered significantly due to locations. The 

location L2 registered the highest vigour index (2479) 

followed in order by LI (2395), L3 (2240) and the lowest by 

L4 (2007). Significant difference was not observed between 

the two seasons SI (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 locations with Gl combinations. This was closely 

followed by G7L2 and G5L2. 

Genotype and season interactions at various locations 

were not significant. The interaction between i) location 

and season and ii) genotype, location and season were not 

significant for vigour index. 

4.1.2.6 Electrical conductivity of seed leachate (EG) 

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 Gl (146 ;U mohs/cm) recorded 

the lowest EC and was on par with G6 (147 ̂  mhos/cm). This 

was followed by G5 (148 ii mhos / cm) . The highest EC was 

recorded by G8 (165 |u mhos / cm) followed by G7 (159 y 

mhos/cm). 
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EC differed significantly among the locations under the 

study. L2 (141^ mhos/cm) registered the lowest L.C tollowed 

by LI (152 /u mhos/cm), and L3 (150^ nihos/cmj. The highest 

L,C was recorded in L4 (164|i mhos/cm). Significant difference 

was noticed between the seasons in EC. Seeds produced in dry 

season recorded significantly lower EC value (153 AJ mhos/cm) 

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

The interactions due to genotype and location were 

significant. All the genotypes produced from the L2 

registered the lowest EC followed by LI, L3 and L4. The 

interaction G1L2 recorded the lowest EC followed by G6L2, 

G2L2, G5L2, GlLl and G4L2. The highest EC was observed in G8 

in all locations. Significant differences were also observed 

due to interaction between genotype and season. The 

combinations G1S2, G2S2, G3S2, G4S2 and G8S2 showed 

significantly lower EC as compared to their respective data 

in 51. 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 SI but seeds from season S2 ot LI were on par with 

SI in EC. The interactions due to G x L x S were also 

s ignifleant. 

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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Ĝ  

en 

5̂  

^ 
•n ^ 

X 
J I 
X 

'J 
8 

I LO 

5̂  

CO 

CO 

CO 

CO 

UO 

CO 

r-H 
CO 

U3 

O 
03 

CO 

CO 

U3 
CO 

oo 

rH 
00 

CNJ 

ro 
00 

•̂  

CO 

CO 

CO 

CO 
00 

03 

00 U3 

S 3 

3 
CM 

CO 

CM 

i 

m 
•Ji 

(33 

0C3 

CO 

in 
in 

S 
( M 

S 
to 

• 
vO 
as 

s 
00 

o 
t> 

ro 

CO 
t> 

CO 

3 

3 

CO 
CO 

(O 
00 

u3 

CO 

01 

CO 

CO 
•H 
00 

JO 

CO 

cO 

35 

O 

00 

o 

ro 

J2 

s 
CO 

LO 

CO 

CN 
CO 
t> 

CO 

O 

cs 
o 
CO 

CD 

CO 

00 

(N 
35 
00 

CO 

-=a< 

CO 

05 
t> 

CO 

LO 
00 

CO 
00 

00 

CO 
^0 

IM 

CO 

CO 

• = * 

00 

00 

g5 

CO 
00 

00 
CO 
00 

CO 

CO 
CO 

00 

o 

C-O 

J 5 

CO 

r H 

s 
CsJ 

CM 

R 
CSJ 

O 

E8 

r-\ 

OO 

C>« 

00 

CO 

rH 

CO 

CO 

"* 
S 

- H 

CvJ 

rH 
00 

0 0 

LO 

CO 

cr> 
00 

cO 

c\l 
vO 
CO 

<o 
CTJ 
0 0 

'^ 
CO 

•^ 
t > 

O 
0 0 

CO 
0 0 

1 > 
CO 

m 
t> 

CO 
0 0 

CO 

CO 
CO 

00 

00 

CO 

o 

a 
csi CO -^ LQ 'O r^ 00 
O O O O O LD O 

LO 

c ^ 
CO 

-̂J" 
03 
00 

00 
r-i 
00 

ro 
CM 
00 

en 

o 

rH 

9 
* 

• • 
O r H 

d 

03 
0C3 

O 

• 
o 

§ 

0 4 

^ 

a d 

• • 
O rH 

cn 

1 . 

q 

II p 

ua 

mS^ 



113 

boeds diifered significantly for germination after AA. 

<;!> (M.t.7 'U and CiU (03,7 %) locordod llio lilyliuBl mid u(juul 

germlnabillty followed by G6 (82.1%) and Gl (01.7%). ihe 

lowest germinability was observed in G3 (70.9%) and G7(70.9%), 

Results indicated significant differences among the 

locations for germination after AA. L2 (83.4%) registered the 

highest germination followed by LI (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 LI. 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 eltects 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 LI and L2 the interaction means 

were on par with each other between SI and S2. A significant 

difference was observed in S2 season over SI 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 maximum number 

of 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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'able 11. Seed borne fungi detected 
genotypes produced at 
initial period of storage 

in the seeds of 8 rice 
four locations during 

Pathogens 

2 3 4 5 
Genotype Location 

V 20 B LI 
L2 
L3 
L4 

- + -
+ -

- + + 
+ + -

Madhu B 

IR 54752 B 

Improved Sona B 

Pushpa B 

Mangala B 

Intan mutant B 

Pragathi B 

LI 
L2 
L3 
L4 

LI 
L2 
L3 
L4 

LI 
L2 
L3 
L4 

LI 
L2 
L3 
L4 

LI 
L2 
L3 
L4 

LI 
L2 
L3 
L4 

LI 
L2 
L3 
L4 

+ 
-

+ 
-
+ 
+ 

+ 
-
+ 
+ 

-
+ 
-
+ 

-
-

-
+ 
+ 
+ 

-
+ 
+ 
+ 

-
-
+ 
-

+ 
+ 

-
+ 
+ 
+ 

-
-
-
+ 

+ 
+ 
-
— 

-
+ 

-
-
+ 
+ 

+ 
-
-
-

+ 
-
+ 
+ 

+ 
-

-
-
+ 
^ 

-
+ 
-
+ 

-
-
-
+ 

-
+ 

+ 
-
+ 
+ 

+ 
-
+ 
+ 

-
+ 
-
— 

+ 
+ 

+ 
+ + 
+ + 

+ - + 
- + -
+ + -

1) Alternaria alternata 
3) Curvularia lunata 
5) Fusarium spp 

2) Alternaria longissima 
4) Helminthosporium oryzae 
6) Trichoconis padwickii 

LI = Bangalore; L2 = Mandya; L3 = Shimoga; L4 = Mudigere 
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at Mudigere recorded the maximum incidence followed by 

Shliiionn. Hongolore and Mandya . 1 rroB[)ec t Ivo o 1 Konotypu and 

location, the incidence of A_̂  alternata. A. 1 ong issima 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 

Tlie storability of eight genotypes viz., V 20 B (Gl) , 

Madhu B {G2), IR 54752 BCG3), Improved sona B (G4), Pushpa B 

(G5), Mangala B (G6), Intan Mutant B(G7) and Pragathi B (G8) 

produced from four locations viz., Bangalore (LI), Mandya 

(L2), Shimoga (L3) and b4udigere (L4) and with seed treatment 

(Tl) and without (T2) was studied in this experiment for 19 

months (1990 January to 1991 July). The data recorded with 

respect to the following attributes were studied by drawing 

bimonthly intervals and the results are presented below. 

4.2.1 Germination 

The data on germination percentage during storage as 

influenced by genotype, location, seed treatment 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 in germination (94.7 - B1.B%) was observed 

with progressive increase in storage period. The germination 
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percentage differed significantly among the genotypes in ail 

ttie months of storage (Table 12). The germination percentage 

was found to decline as follows Gl: 96.U to 84.1; U2: 95.2 

t o 8 4 . 2 ; G 3 : 9 3 . 3 t o 7 7 . 9 ; G 4 : y 3 . U t o 7 9 . U ; G 5 : 9 5 . 7 t o 

8 4 . 7 ; G6 : 9 5 . 5 t o 8 4 . U ; G 7 : 9 4 . 2 t o 7 7 . 8 ; anri G 8 : 9 4 . 6 t o 8 2 . 9 , 

at the end of 19th month after storage. Among the genotypes 

V 2U (Gl) recorded the highest germination percentage 

throughout the storage period, except for 17th and 19th 

month, while Improved sona (G4j recorded the lowest from 

initial to 15 month and IR 54752 (G3) from 17th month onwards 

up to the end of the storage period. 

'ihe germination percentage was found to differ 

significantly among the location throughout the storage 

period. Tne seeds produced from Mandya were significantly 

above the other locations throughout the storage period. 

The germination percentage of seeds produced from Mandya 

declined from initial 97.0 to 86.8 per cent at the end, 

followed 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 

(94.3 to 85.8%) than untreated seeds (94.U to 78.2%) 

tiiroughout the storage period (lable 13}. 

Interactions between the genotype and location were 

found to be significant for germination throughout tlie 

Btorage period (Table 13). Genotypes G5, Gl, G6, G2 and G8 

exhibited better germination till tlie end of storage period 
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dur ing s t o r a g e 

' I ' T ^ I » I ¥litl'\f\ 1 <~» _ 
J l <y<l U 

G e n o t y p e s 
Ul 
G2 
G3 
G4 
G5 
G6 
G7 
G8 

iMean 
S.iaTi+ 
C D . 5 

L o c a t : 
L I 
L2 
1,3 
L4 

Mean 
H.l'n+ 
C .U.b 

Seed 1 
T l 
T2 

Mean 
S.fchi+ 
C.D.!3 

0 

i o n s 

'b 

1 

9 b . 0 
9 5 . 2 
93,iJ 
9 3 . 0 
9 5 . 7 
9 5 . 5 
9 4 . 2 
9 4 . b 

9 4 . 7 
0 . 2 1 
0 . 5 7 

9 5 . 8 
9 7 . 0 
9 3 . 8 
9 2 . 2 

9 4 . 7 
U.15 
0 . 4 0 

t r e a t m e n t 

% 

-
-

_ 
-
— 

3 

9 5 , 9 
9 4 . 5 
9 3 . 1 
9 2 . 0 
9 5 , 5 
9 5 , 5 
9 3 , 2 
9 3 , 7 

9 4 . 2 
0 . 1 8 
0 . 4 8 

9 5 . 7 
9 7 . 0 
9 2 . b 
9 1 . 4 

9 4 . 2 
0 . 1 2 
0 . 3 4 

9 4 . 3 
9 4 . 0 

9 4 . 2 
0 , 0 9 
0 , 2 4 

Month a f t e r s t o r a g e 

5 

9 5 . 4 
9 3 . 7 
9 2 . 4 
9 1 . 8 
9 4 . 9 
9 5 . 0 
9 2 . 5 
9 3 . 2 

9 3 . b 
0 . 3 0 
0 . 8 2 

9 4 . 9 
9 b . 7 
9 2 . 2 
9 1 . b 

9 3 . b 
0 . 2 1 
0 . 5 8 

9 3 . 9 
9 3 . 3 

9 3 . 6 
0 , 1 5 
0 . 4 1 

7 

9 4 . 9 
9 3 . 4 
9 1 , 7 
9 0 , 8 
9 4 , 5 
9 4 . 4 
9 1 . 7 
9 2 . 5 

9 3 . 0 
0 . 2 6 

0 , 7 1 

9 4 , 9 
9 5 , 7 
91 . 1 
9 0 , 3 

9 3 , 0 
0.1(5 
0 . 5 0 

9 3 . 4 
9 2 . 6 

9 3 . 0 
0 . 1 3 
0 . 3 6 

9 

9 4 . 5 
9 2 . 9 
9 0 . 9 
9 0 . 0 
9 3 . 8 
9 4 . 0 
9 0 . 7 
9 1 . 9 

9 2 . 3 
0 . 1 7 
0 . 4 6 

9 4 . 0 
9 5 . 4 
9 0 . 6 
8 9 . 3 

9 2 , 3 
0 . 1 2 
0 . 3 2 

9 3 . i 
9 1 . 6 

9 2 , 4 
0 , 0 8 
0 . 2 3 

J l 

9 3 . 3 
9 1 . 8 
8 9 . 5 
8 8 , 8 
9 2 . 7 
9 2 . 7 
8 9 . 4 
9 0 . 9 

9 1 , 1 
0 , 1 9 
0 , 5 3 

9 3 . 1 
9 4 , 4 
8 9 . 3 
8 7 . 7 

9 1 . 1 
0 . 1 4 
0 . 3 8 

9 2 . 4 
6 9 , 9 

9 1 , 2 
0 , 1 0 
0 , 2 7 

13 

9 2 , 0 
9 0 . 7 
8 7 . 7 
8 7 . 4 
9 1 . 3 
9 1 , 2 
8 7 , 7 
8 9 . 5 

8 9 . 7 
0 . 1 8 
0 . 5 1 

9 1 , 7 
9 3 . 0 
8 8 . 0 
8 b . 2 

8 9 . 7 
0 , 1 3 
0 , 3 6 

9 1 , 4 
8 8 , 0 

8 9 , 7 
0 , 0 9 
0 , 2 5 

l b 

8 9 , 6 
8 8 , 9 
8 5 . 3 
8 a . 2 
8 9 . 6 
8 9 . 4 
8 4 . 9 
8 7 . 8 

8 7 . 6 
0 . 1 9 
0 . 5 3 

9 0 . 3 
9 1 . 6 
8 4 . 6 
8 3 . 8 

8 7 . 5 
O.l-I 
0 , 3 7 

8 9 , 8 
8 5 , 4 

8 7 , 6 
0 , 1 0 
0 , 2 6 

17 

8 7 . 3 
8 7 , 1 
8 2 , 1 
8 2 , 4 
8 7 , 6 
8 7 . 1 
8 2 . 0 
8 5 . 6 

8 5 . 2 
0 . 2 1 
0 . 5 7 

8 8 , 2 
9 0 , 1 
8 2 , 0 
8 0 , 3 

8 5 , 1 
0 . 1 5 
0 , 4 1 

8 8 , 0 
8 2 , 3 

8 5 , 2 
0 , 1 0 
0 , 2 9 

19 

8 4 , 1 
8 4 , 2 
7 7 , 9 
7 9 . 0 ' 
8 4 . 7 
8 4 . 0 
7 7 . 8 
8 2 . 9 

8 1 , 8 
0 , 2 1 
0 . 5 6 

8 5 , 6 
8 6 , 8 
7 8 . 8 
7 6 . 2 

8 1 . 8 
0 . 1 4 
0 . 4 0 

8 5 . 8 
7 8 . 2 

8 1 . 8 
0 . 1 0 
0 . 2 8 

Gl = V20b; G2 = Madhu B; G3 = IK 54752; G4 = Improvud Sona b ; G5= Fiislipa b; 
G6 = Mungala L); G7 = Intan mutant B; G8 = Fraga l l i i B; LI = Bcingaloro; L2 = Mandyu 
L3 = Shirnoga; L4 = Mudigere, T l = Trea ted ; T2 = U n t r e a t e d . 



Table 13 . Germination (%) as influenced 
location during storage 

by interaction of 
11& 

genotype and 

Genotypes 

Locat ion 1 
Gl 
G2 
G3 
0 4 
G5 
G6 
07 
G8 
Meon 
Locat ion 2 
G l 
0 2 
0 3 
0 4 
0 5 
G6 
G7 
G8 
Mean 
Locat ion 3 
Gl 
0 2 
0 3 
0 4 
0 5 
0 6 
07 
0 8 
Mean 
Locat ion 4 
Gl 
0 2 
0 3 
0 4 
05 
0 6 
07 
G8 
Mean 

S.Bn+ 
C.D.5% 

1 

(Bangal 
97.7 
96 .3 
93 .4 
94.8 
97 .0 
96.9 
94.8 
95 .3 
95 .8 

(Mandya 
98 .6 
97 .4 
94 .6 
96.U 
98.0 
9 8 . 1 
95 .4 
97 .6 
97.0 

3 

ore) 
9 8 . 1 
96.0 
93 .6 
93 .2 
97 .8 
97 .0 
93 .8 
96 .2 
95.7 

) 
98.8 
97 .2 
94 .3 
9 5 . 1 
98 .4 
9 9 . 1 
96 .2 
96 .8 
97 .0 

(Shimoga) 
96 .0 
94 .0 
93 .5 
90 .3 
94 .8 
9 4 . 1 
93 .6 
93 .8 
93.8 

93.7 
93 .0 
93.0 
89 .6 
93 .8 
95.0 
91 .4 
91 .5 
S2 .6 

(Mudigere) 
91 .5 
9 3 . 1 
91.7 
91 .0 
9 3 . 1 
92.8 
93.0 
91 .5 
92 .2 

0 .41 
1.14 

9 3 . 1 
92.0 
91 .4 
9 0 . 1 
92.0 
9 1 . 1 
91 .4 
90 .3 
91 .4 

0.35 
0.97 

Month a f t e r s t o r a g e 

5 

97.9 
96.0 
93.2 
93.5 
97 .5 
9 7 . 1 
93.9 
96 .2 
95.7 

97 .2 
95.0 
93 .2 
92 .3 
9 6 . 1 
97 .2 
93.9 
94.7 
95.0 

93 .2 
91.9 
91.7 
89.0 
92 .5 
93 .5 
90.2 
90 .4 
91 .6 

93 .3 
92.0 
91 .3 
92 .4 
93.5 
91.8 
92.0 
91 .6 
92 .2 

0.59 
1.64 

7 

97 .6 
95 .5 
92 .3 
92 .3 
97 .0 
9 6 . 1 
93 .0 
95 .4 
94 .9 

97 .0 
95 .4 
93 .3 
93 .2 
9 7 . 1 
98 .0 
95 .2 
96 .3 
95 .7 

92 .8 
91 .6 
9 1 . 1 
88.0 
92 .3 
93 .2 
89 .5 
90 .6 
9 1 . 1 

92 .2 
91 .2 
90 .3 
89 .8 
91 .6 
90 .3 
89 .2 
87.7 
90 .3 

0.52 
1.42 

9 

96.8 
94.5 
91 .6 
91 .6 
96 .2 
9 5 . 1 
91.7 
94.9 
9 4 . 1 

97 .2 
95.8 
92 .5 
93 .3 
96.8 
97 .6 
94 .3 
95.9 
95 .4 

92 .6 
9 1 . 1 
90.7 
8 7 . 1 
91.7 
93.0 
88.7 
89.8 
90 .6 

91 .3 
90 .2 
88.8 
8 8 . 1 
90 .3 
9 0 . 1 
88 .3 
87.0 
89 .3 

0 .33 
0.^2 

1 1 

96.0 
93 .6 
90 .4 
90 .6 
95 .4 
94 .2 
90 .6 
93 .8 
9 3 . 1 

96 .3 
94 .6 
91 .4 
92 .2 
96 .0 
96 .6 
93 .2 
9 5 . 1 
94 .4 

91 .2 
90 .0 
89 .3 
85.8 
90.7 
91 .8 
87 .3 
88 .6 
89 .3 

89 .8 
89.0 
86 .8 
86.7 
88.7 
68 .0 
86 .8 
86 .2 
87.7 

0.39 
1.07 

13 

94.8 
92.7 
88.5 
89 .1 
94 .2 
92 .5 
89.0 
92 .5 
91.7 

94 .8 
93 .4 
89 .6 
90 .6 
94.4 
9 5 . 1 
91 .6 
94 .2 
93.0 

90.0 
88.8 
87.8 
84 .6 
89 .3 
90.7 
85 .4 
8 7 . 1 
88 .0 

88 .3 
87.7 
8 5 . 1 
8 5 . 1 
87 .4 
86 .6 
84.7 
84 .3 
86 .2 

0 .36 
1.01 

15 

93.5 
91.7 
87 .0 
87.8 
93 .0 
91 .4 
8 7 . 1 
91 .2 
90 .4 

93 .4 
92 .3 
88 .0 
89 .5 
9 3 . 3 
94 .0 
89.7 
9 3 . 1 
91 .7 

86 .2 
8 6 . 1 
83 .6 
8 1 . 1 
86 .3 
87 .6 
81.0 
84 .4 
84 .5 

85 .4 
85 .6 
82 .2 
82.8 
85 .7 
84 .6 
81.9 
82 .4 
83.8 

0.38 
1.06 

17 

91.4 
90 .6 
84.5 
85.0 
91 .6 
89.4 
84 .3 
88.8 
88 .2 

92.0 
91 .2 
85 .6 
87.7 
92.0 
92 .6 
87.7 
91.9 
9 0 . 1 

83.8 
83.7 
80 .1 
78 .3 
84 .3 
85 .6 
77.7 
82.0 
81 .9 

82.0 
82.7 
78.0 
78 .6 
82.4 
80.8 
78 .2 
79 .8 
80 .3 

0 .41 
1.14 

19 

88.7 
88.7 
80.8 
82 .2 
89 .8 
87 .4 
80.0-
87.0 
85 .6 

89 .6 
88 .6 
82.0 
84 .5 
89 .4 
8 9 . 1 
82.9 
88 .7 
86 .8 

80.7 
81 .2 
7 6 . 1 
75 .0 
81 .4 
82.0 
74 .4 
7 9 . 3 
78 .8 

77 .6 
78 .5 
72 .5 
7 4 . 1 
78 .3 
77.9 
74 .0 
76 .6 
76 .2 

0 .41 
1.12 

Gl = V20B; G2 = Madhu B; G3 = IR 54752B; 04 = Improved Sona B; G5= Pushpa B; 
G6 = Mangala B; G7 = Intan mutant B; 08 = Pragathi B; 
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TM )le 14 . Germination (%) as influenced by interaction of (1) genotype 
and seed treatment (2) location and seed treatment during storage 

Genotypes 

G l : V2U b 

G2: Madhu B 

G3: IR 54752 B 

G4: Improved 
Sona B 

G5: Pushpa B 

Gb: Manga la B 

G7 : In tan Mutant 

G8: P r a g a t h i B 

Mean 
S.Eni+ 
C D . a t 5% 

Locat ion 
LI : Bangalore 

L2 : Mandya 

L3 : Shimoga 

L4 : Mudigere 

Mean 
S.Ehi + 
C D . 5 % 

1 1 

93 .4 

92 .2 

89 .4 

89 .3 

92.8 

93 .0 

B 90.2 

91 .2 

91 ,4 
0 . 

U 

93.5 

94 .5 

89 .8 

87 .9 

0 

13 

T2 

90.G 

89.2 

8 6 . 1 

85.4 

89.8 

89.5 

85.0 

87 .8 

88 .0 
26 
. 7 1 

89.8 

91 .4 

8 6 . 1 

84 .4 

.18 
NS 

1 1 

91.6 

90 .8 

87 .3 

87.7 

91 .3 

91 .6 

87 .9 

89 .8 

89 .8 

92 .4 

93 .6 

87 .0 

8 6 . 1 

0 
0 . 

Monlli 

15 

T2 

87.6 

8 7 . 1 

83.0 

82.9 

87.8 

37.2 

81 .9 

85 .8 

85.4 
0.27 

0.75 

88 .3 

89.8 

8 2 . 1 

81 .5 

19 
53 

ol t o r 

T l 

9 0 . 1 

89.5 

84.9 

85 .2 

89.7 

90 .0 

85.8 

88 .5 

83.0 
0 

90 .8 

92 .4 

8 5 . 1 

83.5 

0 
0 

Blorogo 

17 

T2 

84 .6 

84 .6 

79 .2 

79 .5 

85 .4 

84 .2 

7 8 . 1 

82 .7 

8 2 . 3 
.29 
0 .81 

85 .6 

87 .5 

78 .8 

7 7 . 1 

. 2 1 

.57 

19 

T l 

87.8 

87 .6 

81 .6 

82 .4 

87 .6 

88 .0 

82 .2 

86 .4 

85 .4 

88 .6 

89.9 

82.7 

80.5 

0 
0 

T2 

80.5 

81 .0 

7 4 . 1 

75 .6 

81 .8 

80 .2 

73 .4 

79 .3 

78 .2 
0.28 

O.bO 

82 .5 

83 .8 

74 .3 

71.8 

. 20 

. 5 6 

Tl = Treated; T2 = Untreated 
N'JTB: 1 to 13 months of storage interaction was not significant 
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than the rest of the genotypes under the study Viz., 03, U4, 

G7 in all locations. Significant differences v̂ ere observed 

tor interaction between genotype and seed treatment, only 

from 15th month onwards up to the end of the storage period 

(Table 14) . The treated seeds of genotypes Gi, 06, G5 and (32 

maintained better germination than G7, G3 and G4. Untreated 

seeds of all tlie genotypes were inferior to the treated seeds 

from all the chosen locations. 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 

Ihe data on field emergence percentage as influenced by 

genotype, location, seed treatment and their interactions 

during storage are presented in Tables 15 and 16. In 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 in 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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Tiiblo 11). I'iclcJ emergence (%)as influeiicod by genotype, l o c u t i o n onU •̂.o(xJ 
t rea tment dur ing s t o r a g e 

'1 T*OCi i"|H*:»i^ •• <r«_ 
1 i C7Cl 11 

G e n o t y p e s 
G l 
G2 
G3 
G4 
G5 
G6 
G7 
G8 

Mean 
S.fchi+ 
C D . 5 % 

L o c a t i o n s 
L I 
L2 
L3 
L4 

Mean 
S.Bn+ 
C . U . 5 

Seed 1 
T l 
T2 

Mean 
S.B;i+ 
C D . 5 

% 

1 

9 2 . b 
9 0 . 1 
8 8 . 1 
8 8 . 3 
9 0 . 3 
8 9 . 3 
8 8 . 0 
8 7 . 7 

8 9 . 3 
0 . 2 1 
0 . 5 9 

9 1 . 5 
9 3 . 3 
8 7 . 5 
8 4 . 9 

8 9 . 3 
0 . 1 5 
0 . 4 2 

t r e a t m e n t 

% 

-
-

» 
-
— 

3 

9 1 . 5 
8 9 . 1 
8 8 . 2 
8 7 . 7 
9 0 . 4 
9 0 . 2 
8 6 . 6 
8 8 . 5 

8 9 . 0 
0 . 2 2 
0 . 6 0 

9 1 . 8 
9 3 . 3 
8 6 . 4 
8 4 . 6 

8 9 . 0 
0 . 1 5 
0 . 4 2 

8 9 . 2 
8 8 . 8 

8 9 . 0 
0 . 1 1 
0 . 3 0 

Month a f t e r s t o r a g e 

5 

9 0 . 4 
8 8 . 4 
8 7 . 2 
8 6 . 9 
8 9 . 7 
8 9 . 5 
8 5 . 8 
8 8 . 4 

8 8 . 3 
0 . 2 5 
0 . 6 9 

9 1 . 0 
9 2 . 7 
8 5 . 7 
8 3 . 8 

8 8 . 3 
0 . 1 8 
0 . 4 9 

8 8 . 7 
8 7 . 9 

8 8 . 3 
0 . 1 3 
0 . 3 5 

7 

9 0 . 1 
8 7 . 7 
8 6 . 3 
8 6 . 2 
8 8 . 9 
8 8 . 9 
8 5 . 1 
8 7 . 9 

8 7 . 6 
0 . 2 1 

0 . 5 9 

9 0 . 3 
9 2 . 2 
8 5 . 0 
8 3 . 1 

8 7 . 6 
0 . 1 5 
0 . 4 1 

8 8 . 2 
8 7 . 1 

87 .G 
O . l i 
0 . 2 9 

9 

8 9 . 2 
8 6 . 9 
8 5 . 4 
8 5 . 3 
8 8 . 1 
8 7 . 9 
8 4 . 1 
8 6 . 8 

8 6 . 7 
0 . 3 3 
0 . 9 2 

8 9 . 4 
9 1 . 2 
8 4 . 1 
8 2 . 2 

8 6 . 7 
0 . 2 4 
0 . 6 5 

8 7 . 5 
8 5 . 9 

8 6 . 7 
0 . 1 7 
0 . 4 6 

11 

8 7 . 4 
8 5 . 8 
8 3 . 9 
8 3 . 8 
8 6 . 8 
8 6 . 6 
8 2 . 8 
8 5 . 7 

8 5 . d 
0 . 5 6 
1 .60 

8 7 . 2 
8 9 . 7 
8 3 . 5 
8 1 . 0 

8 5 . 3 
0 . 4 0 
1 .10 

8 6 . 2 
8 4 . 5 

8 5 . 4 
0 . 2 8 
0 . 7 8 

13 

8 5 . 9 
8 4 . 1 
8 1 . 8 
8 1 . 9 
8 b . 6 
8 4 . 9 
8 0 . 7 
8 4 . 4 

8 3 . 7 
0 . 2 9 
0 . 8 1 

8 6 . 6 
8 8 . 3 
8 1 . 1 
7 8 . 7 

8 3 . 7 
0 . 2 1 
0 . 5 7 

8 5 . 5 
8 1 . 8 

8 3 . 7 
0 . 1 5 
0 . 4 1 

l b 

6 3 . 7 
8 1 . 9 
7 8 . 9 
7 9 . 3 
8 3 . 4 
8 2 . 6 
7 7 . 9 
8 2 . 3 

8 1 . 2 
0 . 2 9 
0 . 7 9 

8 4 . 8 
8 6 . 5 
7 7 . 9 
7 5 . 8 

8 1 . 2 
U.2(J 
U.bb 

8 3 . 7 
7 8 . 8 

8 1 . 2 
0 . 1 4 
0 . 4 0 

17 

8 1 . 9 
7 9 . 5 
7 5 . 9 
7 6 . 4 
8 0 . 6 
8 0 . 1 
7 4 . 5 
8 0 . 7 

7 8 . 6 
0 . 7 7 
2 . 1 2 

8 2 . 7 
8 3 . 1 
7 4 . 9 
7 3 . 7 

7 8 . 6 
0 . 5 4 
l . b O 

8 0 . 4 
7 6 . 9 

7 8 . 6 
0 . 3 8 
1 .06 

19 

7 7 . 4 
7 6 . 3 
7 1 . 1 
7 1 . 8 -
7 7 . 2 
7 6 . 8 
7 0 . 3 
7 7 . 2 

7 4 . 8 
0 . 9 1 
2 . 5 0 

7 7 . 9 
8 0 . 9 
7 2 . 5 
6 7 . 8 

7 4 . 8 
0 . 6 4 
1.77 

7 7 . 1 
7 2 . 5 

7 4 . 8 
0 . 4 5 
1 .25 

Gir^V20B; 02 = Madhu B; G3 = IR 54752B; G4 = Improved Sona B; G5= Pushpa B; 
G6 = Mangala B; G7 = Intan mutant B; G8 = P r a g a t h i B; LI = Bangalore; L2 = Mandya 
L3 = bhiiiioga; L4 = Mudigere, '11 = T rea t ed ; T2 = U n t r e a t e d . 
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Table l b . 

(Joiiolypufj 

Locat ion 1 
LI 
U2 
G3 
G4 
U5 
G6 
07 
G8 
Mt;an 
Locat ion 2 
G l 
G2 
G3 
G4 
G5 
Gb 
G7 
G8 
Mean 
Locat ion 3 
Gl 
G2 
G3 
G4 
G5 
G6 
G7 
G8 
Mean 
Location 4 
Gl 
G2 
G3 
G4 
G5 
G6 
G7 
G8 
Mettn 

S.Em+ 
CD.5% 

F i e l d anerg€3nce (%) as influenced 
location during storage 

1 

(Bangal 
y4 .5 
91 .2 
uy . i 
91.0 
y3 .5 
91.U 
90.6 
91 .3 
91 .5 

3 

ore) 
9 3 . 1 
91 .3 
91 .4 
90.8 
93 .8 
9 3 . 1 
89 .6 
91 .6 
91 .8 

(Mandya) 
9 7 . 1 
93 .4 
9 0 . 1 
92.9 
94 .5 
93.8 
92 .5 
92.0 
93 .3 

9 6 . 1 
92 .6 
90 .0 
9 2 . 1 
95 .2 
95 .2 
92 .4 
92.7 
93 .3 

(Shimoga) 
92 .1 
88 .6 
88 .2 
85.8 
87 ,2 
87 .6 
84.0 
85.7 
87 .5 

89 .6 
86.8 
87 .8 
85.0 
86 .1 
87.7 
82.8 
85 .3 
86 .4 

(Mudigere) 
86 .8 
87 .2 
84 .6 
83 .8 
8 6 . 1 
84.8 
84.0 
81.9 
84.9 

0.42 
1.16 

87 .3 
85.7 
83 .0 
8 3 . 1 
86 .2 
85 .0 
81.5 
84 .4 
84 .6 

0 .43 
1.19 

Month nl 

5 

92.0 
90 .3 
89.5 
89.7 
93.2 
92.5 
88.9 
9 2 . 1 
91.0 

94.2 
92.0 
89 .4 
91 .6 
94.b 
94 .8 
91.8 
92.9 
92.7 

88.8 
86 .4 
87.0 
8 4 . 1 
85 .3 
8 7 . 1 
8 2 . 1 
84.9 
85.7 

86 .6 
84.9 
82.8 
8 2 . 1 
85 .6 
83.8 
80.5 
83.8 
83 .8 

0.50 
1.38 

7 

91.5 
89 .4 
88 .6 
88.9 
92 .6 
91.8 
88 .3 
91 .6 
90 .3 

94 .8 
91.5 
88 .6 
90.8 
93.9 
94 .2 
9 1 . 1 
92 .5 
92 .2 

8 8 . 1 
85.7 
86 .0 
83 .4 
84 .6 
86 .4 
81 .6 
84 .2 
85.0 

86.0 
84 .3 
8 2 . 1 
81 .5 
84.7 
83 .2 
79.5 
83 .4 
8 3 . 1 

0.42 
1.17 

by i n t 

I tiu" B Inrni^o 

9 

90.8 
88.7 
87.7 
88 .4 
91.8 
90 .3 
87 .3 
90 .3 
89.4 

93.8 
90 .6 
87.7 
89.8 
93.0 
93 .3 
9 0 . 1 
91.0 
91 .2 

87.2 
84.7 
8 5 . 1 
82.5 
83.7 
85 .6 
80.5 
83.4 
8 4 . 1 

8 5 . 1 
83 .6 
81 .2 
80 .6 
83.8 
82.4 
78.5 
82 .6 
82.2 

0.67 
1.84 

11 

88.5 
87 .3 
85 .8 
8 6 . 1 
88.9 
88.7 
8 5 . 1 
87 .4 
87 .2 

91 .8 
8 9 . 1 
86 .5 
88 .2 
9 2 . 1 
91 .2 
88 .6 
90 .5 
89.8 

85.8 
85 .2 
83 .5 
81 .5 
84.0 
84 .9 
79 .8 
83 .2 
83 .5 

83 .6 
81.7 
79 .8 
79 .5 
82 .3 
81 .5 
77 .8 
81 .6 
80.9 

1.12 
NS 

oraction of g 

13 

87.7 
86 .3 
84.4 
8 5 . 1 
89 .6 
87.8 
8 4 . 1 
8 8 . 1 
86 .6 

90.8 
87.5 
84.2 
86.5 
91 .1 
90 .4 
86.9 
8 9 . 1 
88 .3 

83.9 
8 2 . 1 
81.5 
79 .1 
81 .2 
82.4 
77 .5 
80 .6 
8 1 . 1 

81.4 
80.4 
76.9 
76.9 
80.5 
79 .3 
74 .2 
79.8 
78.7 

0.59 
1.62 

15 

85.9 
84 .4 
82 .3 
82.8 
8 8 . 1 
86 .2 
8 2 . 1 
86 .6 
84 .8 

8 9 . 1 
85.9 
82 .4 
84 .5 
89 .5 
88.4 
84 .8 
87 .5 
86 .5 

81 .0 
75 .5 
77 .5 
76 .0 
7 8 . 1 
79 .2 
73 .8 
7 8 . 1 
77 .9 

78 .8 
77.9 
73 .4 
73 .6 
77.9 
76.7 
70 .9 
7 7 . 1 
75 .8 

0.59 
1.58 

enotype 

17 

83.9 
82.5 
79 .3 
80 .2 
86.2 
84.4 
79 .3 
84.9 
82.7 

86.4 
83.2 
79.2 
80.8 
86.2 
84.7 
8 0 . 1 
84.2 
8 3 . 1 

78.4 
77 .2 
7 4 . 1 
72.8 
75 ,1 
76 .3 
7 0 . 1 
75.8 
75.0 

78.8 
75 .1 
70.8 
71 .8 
74.8 
7 4 . 1 
68.6 
75 .4 
73.7 

1.53 
4.20 

and 

19 

7 9 . 1 
78 .4 
73.8 
7 5 . 1 
80.9 
80 .2 
74 .3 
81.9 
78 .0 

83.7 
81.5 
75 .8 
77 .6 
84 .5 
83 .5 
77 .3 
83 .2 
80.9 

75 .8 
74 .8 
70 .3 
70 .0 
73 .4 
74 .4 
67 .3 
73 .8 
72 .5 

7 1 . 1 
70 .7 
64.5 
64.5 
70 .2 
69 .3 
62.4 
7 0 . 1 
67.8 

1.81 
5.00 

Gl = V20B; G2 = Madhu B; G3 = IR 54752B; G4 = liuprovfcxl Sona B; G5= Fushpa B; 
G6 = M&ngaia B; G7 = Intan mutant B; G8 = Pragathi B; 



123 

Ihe tield emergence percentage was tound to be 

si|?niticant among the locations throughout ttie storage 

period (Table 15). The seeds produced from Mandya 

maintained significantly higher emergence per cent untill the 

end ol tlie storage period (93.3 to 80.9%), closely iollowed 

by than that produced at Bangalore (91.5 to 77.9%) and 

btiimoga (87.5 to 72.5%). The seeds t rom Mudlgere were tound 

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 (Table 15) from the 

beginning 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, 

Gl, G2, G8 and G5 have better emergence ability than G3, G7 

and G4 in all locations. Other interactions duo to tield 

emergence were not significant. 

4.2.3 Seedling length 

Ihe data on seedling length as influenced by genotype, 

location, seed treatment and their interactions uuring 

storage are presented in Tables 17 and 18. In general a 

linear reduction in seedling length (23.8 to 21.9 cm) was 

noticed with progressive increase in storage period. 

The seedling lengtli differed significantly among the 

genotypes throughout the storage period. It was found to 
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decline (Table 17) as follows in Gl: 27.0 to 25.1; G2: 23.4 

to '^2,4; G3: 23.8 to 21.3; G4: 21.4 to 19.U; G5: 25.1. to 

23.2; G6: 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 Gl 

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 Bangalore (24.7 to 22.9 cm) and Shlmoga (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 wero not significant 

(Table 17). 

Interaction effects due to genotype and location 

indicated significant differences in all the months of 

storage period (Table 18). On the whole, the genotypes Gl, 

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 



125 

Tublo J 7 . boixlllng l eng th (an) ns Ir i i lucnced by genotype, luctt t inii and se^d 
treptiiient dur ing s t o r a g e 

'Ff^f iQ i-int»i-i > c>_ 
± L '^JO U 

G e n o t y p e s 
Gl 
G2 
G3 
G4 
G5 
G6 
G7 
G8 

Mean 
S.Hn+ 
C D . 5 

Loca t : 
L I 
L2 
L3 
L4 

MtJ&n 
S.tln+ 
G.U.5 

Seed 
'11 
T2 

^'lean 
S.fchi+ 

% 

i o n s 

% 

1 

2 7 . 0 
2 3 . 4 
2 3 . 8 
2 1 . 4 
2 5 . 5 
24.U 
2 0 . 0 
^ D • yj 

2 3 . 8 
0 . 1 6 
0 . 4 4 

2 4 . 7 
2 5 . 4 
2 3 . 9 
2 1 . 9 

2 3 . 9 
0 . 1 1 
0 . 3 1 

t r e a t m e n t 

C . D . 5 % 

-
-

. 
-
" 

3 

2 7 . 0 
2 4 . 2 
2 3 . 8 
2 1 . 3 
2 5 . 0 
2 4 . 0 
2 0 . 0 
2 5 . 5 

2 3 . 9 
0 . 1 0 
0 . 2 6 

2 4 . 6 
2 5 . 3 
2 3 . 6 
2 1 . 9 

^O • *j 

0 . 0 7 
0 . 1 8 

2 3 . 9 
23 .B 

2 3 . 9 
0 . 0 5 
NS 

Month a f t e r a t o r a g e 

5 

2 6 . 9 
2 4 . 1 
2 3 . 7 
2 1 . 2 
2 4 . 9 
2 3 . 9 
1 9 . 9 
25 .5 

2 3 . 8 
0 . 0 7 
0 . 2 0 

2 4 . 5 
2 5 . 2 
2 3 . 5 
2 1 . a 

2 3 . 8 
0 . 0 5 
0 . 1 4 

2 3 . 8 
2 3 . 7 

2 3 . 8 
0 . 0 4 

NS 

7 

2 6 . 8 
2 4 . 0 
2 3 . 5 
2 1 . 1 
2 4 . 8 
2 3 . 8 
1 9 . 8 
2 5 . 4 

2 3 . 7 
0 . 0 4 

O.iO 

2 4 . 4 
2 5 . 2 
2 3 . 4 
2 1 . 8 

2 3 . 7 
0 . 0 3 
0 . 0 7 

2 3 . 7 
2 3 . 6 

2 3 . 7 
0 . 0 2 
0 . 0 5 

9 

2 6 . 7 
2 3 . 9 
2 3 . 4 
2 1 . 0 
2 4 . 7 
2 3 . 7 
1 9 . 6 
2 5 . 3 

2 3 . 6 
0 . 0 2 
0 . 0 6 

2 4 . 3 
2 5 . 0 
2 3 . 3 
2 1 . 6 

2 3 . 6 
0 . 0 2 
0 . 0 4 

2 3 . 7 
2 3 . 4 

2 3 . 6 
U.Ol 
0 . 0 3 

1 1 

2 6 . 5 
2 3 . 8 
2 3 . 2 
2 0 . 8 
2 4 . 6 
2 3 . 6 
1 9 . 5 
2 5 . 2 

2 3 . 4 
0 . 0 9 
0 . 2 6 

2 4 . 1 
2 4 . 8 
2 3 . 1 
2 1 . 4 

2 J . 4 
0 . 0 7 
0 . 1 8 

2 3 . 6 
2 3 . 2 

2 3 . 4 
0 . 0 5 
0 . 1 3 

13 

2 6 . 3 
2 3 . 6 
2 3 . 0 
2 0 . 6 
2 4 . 4 
2 3 . 4 
1 9 . 2 
2 6 . 0 

2 3 . 2 
0.U5 
0 . 1 3 

2 3 . 9 
2 4 . 7 
2 2 . 9 
2 1 . 2 

2 3 . 2 
0 .U3 
0 . 0 9 

2 3 . 4 
2 2 . 9 

2 3 . 2 
0 . 0 2 
0 . 0 6 

l b 

2 5 . 9 
2 3 . 2 
2 2 . 4 
2 0 . 1 
2 4 . 0 
2 3 . 0 
1 8 . 7 
2 4 . 6 

2 2 . 8 
0 . 0 7 
0 . 2 1 

2 3 . 6 
2 4 . 4 
21,.4 
2 0 . 6 

2 2 . 8 
(J. 05 
0 . 1 4 

2 3 . 1 
2 2 . 4 

22 .8 
0 . 0 4 
0 . 1 0 

17 

2 5 . 5 
2 2 . b 
2 1 . 7 
1 9 . 4 
2 3 . 6 
2 2 . 6 
1 8 . 1 
2 4 . 2 

2 2 . 3 
0 . 0 3 
0 . 0 9 

2 3 . 3 
2 4 . 1 
2 1 . 8 
1 9 . 8 

2 2 . 3 
0 . 0 2 
0 . 0 6 

2 2 . 7 
2 1 . 7 

2 2 . 3 
0 . 0 2 
0 . 0 4 

19 

2 5 . 1 
2 2 . 4 
2 1 . 3 
19 .U • 
2 3 . 2 
2 2 . 2 
1 7 . 6 
2 3 . 8 

2 1 . 9 
0 . 0 4 
O . l i 

2 2 . 9 
2 3 . 7 
2 1 . 4 
1 9 . 4 

2 1 . 9 
U .03 
0 . 0 8 

2 2 . 4 
2 1 . 2 

2 1 . 9 
0 . 0 2 
0 . 0 5 

Gl = V20b; G2 = Madhu B; G3 = IR 54752B; G4 = Improved Sona b ; G5= Pushpa B; 
G6 = Mangala b ; G7 = In tan mutant b ; G8 = P r a g a t h i B; LI = Bangalore ; L2 = Mandya 
L3 = Shimoga; L4 = Mudigrre , T l = I r e a t e d ; T2 = U n t r e a t e d . NS = Not s i g n i f i c a n t 
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T a b l e Hi . 

UenolypuB 

L o c a t i o n 1 
Gl 
G2 
U3 
G4 
G5 
G6 
G7 
G8 
Mean 
L o c a t i o n 2 
G l 
G2 
G3 
G4 
G5 
G6 
G7 
G8 
Mean 
L o c a t i o n 3 
(Jl 
G2 
G3 
G4 
Gb 
GG 
G7 
G8 
Mean 
L o c a t i o n 4 
G l 
G2 
G3 
G4 
G5 
G6 
G7 
G8 
Mean 

S.Bn-i-
G.D.59o 

b e c d i 
and 1 

1 

(Banga l 
2 7 . 9 
2 4 . 7 
2 4 . 3 
2 1 . 2 
2 7 . 0 
2 5 . 6 
1 9 . 6 
2 8 . 4 
2 4 . 9 

ing l e n g t h (O'A 
o c a t i o n 

3 

o r e ) 
2 7 . 6 
2 4 . 3 
2 4 . 1 
2 1 . 6 
2 7 . 1 
2 5 . 2 
1 9 . 6 
2 7 . 1 
2 4 . 6 

(Mandya) 
2 9 . 3 
2 6 . 6 
2 5 . 7 
2 1 . 5 
2 6 . 7 
2 6 . 1 
2 5 . 5 
2 8 . 0 
2 5 . 5 

(Shimog 
2 6 . 8 
2 2 . 5 
2 3 . 9 
2 3 . 1 
2 5 . 5 
2 2 . 8 
2 0 . 6 
2 6 . 0 
2 3 . 9 

2 9 . 2 
2 6 . 4 
2 5 . 5 
2 0 . 9 
2 7 . 3 
2 6 . 3 
1 9 . 9 
2 7 . 0 
2 5 . 3 

a ) -
2 6 . 2 
2 3 . 7 
2 3 . 4 
2 3 . 1 
2 4 . 1 
2 2 . 6 
2 0 . 1 
2 5 . 3 
2 3 . 6 

(Mud ige re ) 
2 5 . 4 
2 0 . 1 
2 2 . 1 
1 9 . 9 
2 1 . 3 
2 2 . 0 
2 0 . 3 
2 3 . 1 
2 1 . 8 

0 . 3 2 
0 . 9 0 

2 5 . 1 
2 2 . 1 
2 2 . 0 
1 9 . 8 
2 1 . 4 
2 1 . 9 
2 0 . 4 
2 2 . 9 
2 1 . 9 

0 . 1 9 
0 . 5 2 

d u r i n g 
) a s i n f l u e n c e d by 

s t o r a g e 

Month a f t e r s t o r a g e 

5 

2 7 . 4 
2 4 . 2 
2 4 . 1 
2 1 . 5 
2 7 . 0 
2 5 . 1 
1 9 . 2 
2 7 . 0 
2 4 . 5 

2 9 . 1 
2 6 . 4 
2 5 . 4 
2 0 . 8 
2 7 . 2 
2 6 . 2 
1 9 . 8 
2 6 . 9 
2 5 . 2 

2 6 . 1 
2 3 . 7 
2 3 . 4 
2 3 . 0 
2 4 . 1 
2 2 . 6 
2 0 . 0 
2 5 . 2 
2 3 . 5 

2 5 . 0 
2 2 . 0 
2 1 . 9 
1 9 . 7 
2 1 . 3 
2 1 . 8 
2 0 . 3 
2 2 . 8 
2 1 . 8 

0 . 1 4 
0 . 4 0 

7 

2 7 . 3 
2 4 . 1 
2 3 . 9 
2 1 . 4 
2 6 . 9 
2 5 . 0 
1 9 . 8 
2 6 . 9 
2 4 . 4 

2 9 . 0 
2 6 . 3 
2 5 . 3 
2 0 . 7 
2 7 . 1 
2 6 . 1 
1 9 . 8 
2 6 . 8 
2 5 . 2 

26.6 
2 3 . 6 
2 3 . 3 
2 2 . 9 
2 4 . 0 
2 2 . 5 
1 9 . 9 
2 5 . 1 
2 3 . 4 

2 4 . 9 
2 1 . 9 
2 1 . 8 
1 9 . 6 
2 1 . 2 
2 1 . 7 
2 0 . 1 
2 2 . 8 
2 1 . 7 

0 . 0 7 
0 . 2 0 

9 

2 7 . 2 
2 4 . 0 
2 3 . 9 
2 1 . 2 
2 6 . 8 
2 4 . 9 
1 9 . 3 
2 6 . 8 
2 4 . 3 

2 8 . 9 
2 6 . 3 
2 5 . 1 
2 0 . 6 
2 7 . 0 
2 6 . 0 
1 9 . 6 
2 6 . 7 
2 5 . 0 

2 5 . 9 
2 3 . 5 
2 3 . 1 
2 2 . 8 
2 3 . 9 
2 2 . 4 
1 9 . 7 
2 5 . 0 
2 3 . 3 

2 4 . 8 
2 1 . 9 
2 1 . 6 
1 9 . 4 
2 1 . 1 
2 1 . 6 
2 0 . 0 
2 2 . 7 
2 1 . 6 

0 . 0 5 
0 . 1 2 

11 

2 7 . 1 
2 3 . 9 
2 3 . 7 
2 1 . 1 
2 6 . 6 
2 4 . 8 
1 9 . 1 
2 6 . 7 
2 4 . 1 

2 8 . 6 
2 6 . 1 
2 4 . 9 
2 0 . 4 
2 6 . 9 
2 5 . 9 
1 9 . 4 
2 6 . 6 
2 4 . 8 

2 5 . 7 
2 3 . 4 
2 2 . 9 
2 2 . 6 
2 3 . 8 
2 2 . 2 
1 9 . 5 
2 4 . 9 
2 3 . 1 

2 4 . 6 
2 1 . 8 
2 1 . 4 
1 9 . 2 
2 1 . 0 
2 1 . 4 
1 9 . 8 
2 2 . 5 
2 1 . 4 

0 . 1 9 
0 . 5 2 

i n t e r a c t i o n o 

13 

2 6 . 9 
2 3 . 8 
2 3 . 5 
2 0 . 8 
2 6 . 5 
2 4 . 6 
1 8 . 8 
2 6 . 5 
2 3 . 9 

2 8 . 6 
2 6 . 0 
2 4 . 7 
2 0 . 2 
2 6 . 7 
2 5 . 7 
1 9 . 2 
2 6 . 4 
2 4 . 7 

2 5 . 4 
2 3 . 2 
2 2 . 6 
2 2 . 3 
2 3 . 6 
2 2 . 0 
1 9 . 2 
2 4 . 7 
2 2 . 9 

2 4 . 3 
2 1 . 4 
2 1 . 1 
1 8 . 9 
2 0 . 7 
2 1 . 1 
1 9 . 4 
2 2 . 2 
2 1 . 2 

0 . 1 0 
0 . 2 6 

15 

2 6 . 7 
2 3 . 5 
2 3 . 1 
2 0 . 5 
2 6 . 2 
2 4 . 3 
1 8 . 5 
2 6 . 3 
2 3 . 6 

2 8 . 4 
2 5 . 8 
2 4 . 3 
1 9 . 9 
2 6 . 5 
2 5 . 5 
1 8 . 8 
2 6 . 1 
2 4 . 4 

2 4 . 9 
2 2 . 7 
2 1 . 9 
2 1 . 7 
2 3 . 2 
2 1 . 6 
1 8 . 6 
2 4 . 3 
2 2 . 4 

2 3 . 7 
2 1 . 0 
2 0 . 3 
1 8 . 2 
2 0 . 2 
2 0 . 7 
1 8 . 7 
2 1 . 8 
2 0 . 6 

0 . 1 5 
0 . 4 1 

f genu 

17 

2 6 . 4 
2 3 . 2 
2 2 . 5 
2 0 . 1 
2 5 . 9 
2 4 . 0 
1 8 . 0 
2 6 . 0 
2 3 . 3 

2 8 . 1 
2 5 . 5 
2 3 . 9 
1 9 . 5 
2 6 . 0 
2 5 . 0 
1 8 . 4 
2 5 . 9 
2 4 . 1 

2 4 . 4 
2 2 . 2 
2 1 . 1 
2 0 . 9 
2 2 . 7 
2 1 . 1 
1 7 . 8 
2 3 . 8 
2 1 , 8 

2 3 . 0 
2 0 . 3 
1 9 . 4 
1 7 . 3 
1 9 , 6 
2 0 . 1 
1 7 . 9 
2 1 . 2 
1 9 . 8 

0 . 0 6 
0 . 1 8 

t y p e 

19 

2 6 . 1 
2 2 . 9 
2 2 . 1 
1 9 . 6 
2 5 . 5 
2 3 . 6 
1 7 . 6 . 
2 5 . 6 
2 2 . 9 

2 7 . 8 
2 5 . 0 
2 3 . 4 
1 9 . 1 
2 5 . 8 
2 4 . 9 
1 8 . 0 
2 5 . 5 
2 3 . 7 

2 4 . 0 
2 1 . 9 
2 0 . 7 
2 0 . 5 
2 2 , 4 
2 0 . 7 
1 7 . 4 
2 3 . 4 
2 1 . 4 

2 2 . 6 
1 9 . 9 
1 8 . 9 
1 6 . 8 
1 0 . 2 
1 9 . 7 
1 7 . 5 
2 0 . 8 
1 9 . 4 

0 . 0 8 
0 . 2 2 

Gl = V20B; G2 = Madhu B; G3 = IR 54752B; G4 = Improved buna B; G5= Fusiipa b ; 
G6 = Mangala B; G7 = Intan mutant B; G8 = P r a g a t h i B; 
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differences were significant only during end of the storage 

porlod. Troated seeds of all Ihe genotypes produced t roiii all 

tlie location have registered the higher seedling length than 

untreated seeds. 

4.2.4 Vigour index 

The data on vigour index as inlluenced by 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 Gl: 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 G8 2450 to 1986 at the end of 19 

months after storage. Among the genotypes Gl recorded the 

highest and the lowest 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 from 

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 171U). The 

lowest vigour was observed by the seeds produced at 

Mudigere throughout the storage period (1998 to 1485). 
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liiblo 1!) . Vi^nur index as Ini lu&nctd by g tno typo , l oco t ion uiiil nnod troolmont 
dur ing s t o r a g e 

'^V r*rjo irnon t c«-
I L LTii Llllcil L o 

Genotypes 
Gl 
G2 
G3 
G4 
G5 
G6 
G7 
G8 

Mean 
S.thi+ 
CD.5 % 

Locations 
LI 
1,2 
L3 
L4 

Mean 
S.Bn+ 
C.D.IJ % 

1 

2598 
2221 
2232 
1985 
2442 
23U2 
1876 
2450 

22b3 
24.80 
68.80 

2366 
2468 
2221 
1998 

2263 
17.6 
48.U 

Seed treatment 
Tl 
T2 

Mean 
S.B11+ 

CD.5 % 

-
-

«. 

-
— 

3 

2594 
2286 
2214 
1963 
2390 
2297 
1864 
2398 

2250 
0.95 
2.64 

2355 
2457 
2184 
2006 

2250 
0.68 
1.87 

2257 
2244 

2250 
0.48 
1.32 

Month after storage 

5 

2553 
2267 
2189 
1939 
2402 
2277 
1834 
2377 

2230 
13.07 
36.00 

2325 
2436 
2161 
1996 

2230 
9.20 
25.4 

2238 
2220 

2230 
6.50 
NS 

7 

2552 
2247 
2163 
1918 
2351 
2258 
1813 
2359 

2208 
3.58 
9.93 

2313 
2420 
2139 
1958 

2208 
2.53 
7.00 

2230 
2186 

220b 
1.80 
5.00 

9 

2523 
2225 
2132 
1890 
2322 
2227 
1791 
2331 

2180 
G.65 
18.40 

2288 
2392 
2111 
1930 

2180 
4.70 
13.04 

2209 
2151 

2180 
3,30 
9.20 

11 

2480 
2188 
2075 
1848 
2281 
2190 
1740 
2292 

2136 
4.48 
12.40 

2250 
2351 
2063 
1883 

2136 
3.17 
8.tiU 

2178 
2094 

2136 
2.24 
6.20 

13 

2424 
2143 
2018 
1797 
2234 
2137 
1682 
2241 

2084 
4.17 

11.54 

2200 
2300 
2013 
1825 

2084 
2.95 
U.J!. 

2147 
2022 

2084 
2.10 
5.80 

15 

2331 
2074 
1913 
1712 
2161 
2066 
1586 
2172 

2001 
4.30 

11.90 

2144 
2243 
1895 
1724 

2001 
3.00 
11 .̂ !. 

2082 
1921 

200] 
2.16 
6.00 

17 

2233 
1991 
1789 
1602 
2082 
1977 
1483 
2084 

1906 
5.80 
16.0 

2060 
2176 
1788 
1599 

1906 
4.10 
11 .40 

2010 
1802 

1906 
2.90 
8.00 

19 

2126 
1929 
1664 
1505 
1984 
1880 
1377 
1986 

1806 
11.80 
32.70 

1969 
2062 
1710 
1485 

1806 
8.34 
2;i.U) 

1930 
1675 

1806 
5.90 
16.34 

Gl = V20B; G2 = Madhu B; G3 = IR 54752B; G4 = Improved Bona B; G5= Puslipa b ; 
G6 = i>/langala B; G7 = Intan muttint B; G8 = Hraga th i B; LI = Bangoioro; L2 = Mandya 
L3 = bliiinoga; L4 = Mudigere, T l = T rea t ed ; T2 = Oi i t rea tod. HS = Nut s i g n i l i c a i i t 
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r.'.liln 20. VlRour index as influonc(KJ Jjy In ln rnn t lo i i of Rciiolypn uiiil lur.ulloii 
dur ing s t o r a g e 

l i f l l l l l l l / l l f t l ' 
iiiji III' y I't'*' 

Location 1 
Gl 
U2 
G3 
G4 
G5 
G6 
G7 
Gb 
Mean 
Location 2 
Gl 
G2 
G3 
G4 
G5 
G6 
G7 
G8 
Mean 
Location 3 
Gl 
G2 
G3 
G4 
G5 
G6 
G7 
G8 
Mean 
Location 4 
Gl 
G2 
G3 
G4 
G5 
G6 
G7 
G8 
Mean 

s.an+ 
C D . 5% 

1 

(Bangal 
2723 
23U4 
2274 
2U13 
2G21 
2469 
1058 
27U4 
238U 

3 

ore) 
2704 
2334 
2258 
2009 
2646 
2444 
1841 
2606 
2355 

(Mandya) 
2884 
2588 
2436 
2U61 
2620 
2568 
1972 
2757 
2486 

2880 
2575 
2404 
1987 
2686 
2600 
1917 
2610 
2457 

(Shimoga) 
2570 
2110 
2238 
2080 
2322 
2169 
1926 
2435 
2231 

2452 
2205 
2180 
2071 
2262 
2152 
1838 
2311 
2183 

(Mudlgere) 
2327 
1868 
2031 
1831 
1979 
2017 
1870 
2117 
2005 

49.6 
137.6 

2338 
2031 
2012 
1786 
1966 
1991 
1860 
2066 
2006 

1.91 
5.30 

5 

2608 
2315 
2235 
1991 
2624 
2423 
1816 
2586 
2325 

2855 
2554 
2302 
1964 
2662 
2582 
1896 
2610 
2438 

2433 
2187 
2156 
2038 
2244 
2130 
1802 
2298 
2161 

2317 
2011 
1986 
1763 
2079 
1975 
1825 
2014 
1996 

26.0 
72.0 

Month a 

7 

2605 
2295 
2209 
1971 
2604 
2400 
1797 
2570 
2314 

2838 
2532 
2359 
1945 
2647 
2568 
1880 
2592 
2420 

2414 
216S 
2129 
2015 
2221 
2109 
1778 
2278 
2139 

2292 
1995 
1956 
1741 
1934 
1956 
1797 
1996 
1958 

7.2 
19.8 

f ter F. t 

y 

2630 
2271 
2186 
194b 
2580 
2374 
17 66 
2545 
2288 

2810 
2513 
2327 
1920 
2614 
2538 
1851 
2561 
2392 

2384 
2143 
2096 
1984 
2190 
2068 
1782 
2247 
2111 

2261 
1974 
1922 
1710 
1906 
1929 
1766 
1970 
1930 

13.3 
36.8 

oraRt3 

11 

2599 
2138 
2143 
1911 
2543 
2332 
1728 
2506 
2250 

2769 
2472 
2278 
1882 
2566 
2501 
1809 
2528 
2350 

2342 
2106 
2015 
1935 
2155 
2044 
1707 
2203 
2063 

2209 
1935 
1866 
1665 
1859 
1881 
1716 
1931 
1883 

9.0 
24.0 

13 

2553 
2205 
2079 
1858 
2498 
2277 
1677 
2454 
2200 

2710 
2427 
2216 
1833 
2524 
2445 
1755 
2489 
2300 

2285 
2059 
1981 
1887 
2105 
1996 
1645 
2147 
2013 

2146 
1881 
1795 
1609 
1810 
1831 
1651 
1874 
1825 

8.3 
23.1 

15 

2497 
2157 
2007 
1803 
2443 
2226 
1615 
2404 
2144 

2653 
2381 
2142 
1781 
2471 
2396 
1689 
2438 
2244 

2151 
1965 
1832 
1758 
2002 
1896 
1510 
2050 
1895 

2025 
1793 
1669 
1505 
1730 
1747 
1532 
1795 
1724 

8.6 
23.9 

17 

2410 
2100 
1907 
1708 
2373 
2148 
1523 
2309 
2059 

2588 
2325 
2043 
1721 
2405 
2328 
1615 
2383 
2176 

2046 
1859 
1694 
1640 
1918 
1806 
1390 
1955 
1786 

1889 
1680 
1512 
1362 
1631 
1625 
1402 
1691 
1599 

11.6 • 
32.1 

19 

2312 
2030 
1786 
1620 
2298 
2067 
1414 • 
2229 
1969 

2493 
2221 
1918 
1610 
2306 
2182 
1495 
2267 
2062 

1942 
1902 
1579 
1541 
1025 
1735 
1300 
1855 
1710 

1756 
156b 
1374 
1250 
1505 
1535 
1298 
1593 
1484 

23.6 
65.4 

Gl = V20B; G2 = Madhu B; G3 = IR 54752b; G4 = Impro-v/ed Sona B; G5= Fushpa B; 
G6 = Mc'uigala H; G7 = In tan mutant B; G6 = F r a g a t h i B; 
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'lable 21 . Viguur inc 
t rea tinen t 

Genotypes 

Gl: V20 B 

U2: Madhu U 

G3: IR 54752 B 

04: Improved 
Sona B 

G5: Pushpa B 

G6: Mangala B 

G7: Intan Mutant 

G8: Pragathi B 

Mean 

S.Bn+ 

C D . 5% 

Tl 

2486 

2196 

2081 

1863 

2289 

2199 

B 1755 

23U5 

2147 

5. 

16, 

lex as 
during 

13 

12 

2361 

209U 

1955 

1730 

2189 

2075 

1609 

2177 

2022 

,9 

.3 

intluonced 
storage 

Tl 

2418 

2146 

1998 

1798 

2228 

2148 

1675 

2250 

2083 

by interaction 

Month 

15 

6 

16 

12 

2245 

2002 

1827 

1626 

2095 

1985 

1497 

2094 

1921 

.1 

.9 

after 

Tl 

2349 

2085 

1900 

1714 

2163 

2082 

1594 

2190 

201U 

8 

22 

ol geno 

storage 

L7 

T2 

2118 

1897 

1678 

1501 

2000 

1870 

1371 

1979 

1802 

.2 

.7 

type and seud 

19 

Tl 

2270 

2081 

1786 

1622 

2090 

2032 

1502 

2110 

19JH 

T2 

1982 

1778 

1532 

1388 

1878 

1728 

1251 

1862 

167b 

16.7 

46.2 

11 = Treated; T2 = Untreated 
NOTE: Up to 13 months of storage interaction was not significant 
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llie treated seeds recorded s ignii lean t iy higher vigour 

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 Gl, G8, 05 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 (Table 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 T were not significant in 

all the months of storage period. 

4.2.5 Electrical conductivity of seed leachate (LiG) 

The data on EC as influenced by genotype, location, 

seed treatment and their interaction effects during storage 

are presented in Tables 22 to 25 and Fig. 9 and 10. 

Irrespective ot genotype, location and seed treatment , a 

consistant increase in EC was observed with progressive 

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

The genotypes differed significantly in EC during 

storage period (Table 22). Gl recorded the lowest EC 

initially (146.0 ̂ u mhos/cm) and at the end of storage (202.7 
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Tabio 22 . C e l e c t r i c a l conduc t iv i t y uf seed l e a c h a t e (p III1IOK/UIIJ U& int lutJiiutxJ by 
genotype, l o c a t i o n and seed t rea tment dur ing s t o r a g e 

T Treses tTI1t>Tl t* C M 
1 1 OO UllCll LO 

Genotypes 
G l 
G2 
G3 
0 4 
G5 
G6 
G7 
G8 

Mean 
S.btn+ 
C.U.5 % 

Loca t ions 
L I 
L2 
L3 
L4 

Mean 
S.PhH 
C.U.5 % 

1 

146.0 
152.U 
157.0 
154.0 
148.0 
147.0 
159.0 
165.0 

153.8 
0 .54 
1.50 

152.0 
141.0 
158.0 
164.0 

153.8 
0.30 
1.10 

Seed t rea tment 
T l 
12 

Mean 
S.B11+ 

C D . 5 % 

-
-

. 
-
" 

3 

150.6 
153.1 
163.7 
156.6 
148.0 
148.0 
163 .1 
166.3 

156.2 
0.37 
1.02 

153.7 
143.4 
161.1 
166.5 

156.2 
0 .26 
0.72 

155.2 
157.2 

156.2 
0.10 
0 .51 

Month a f t e r stoi 

5 

153.0 
156.5 
167.6 
159.9 
151 .1 
150.y 
167.0 
168.1 

159.3 
0.29 
0.82 

156.0 
146 .1 
164.5 
170.4 

159.3 
0 .21 

0.58 

157.1 
161.4 

159.3 
0.15 
0 .41 

7 

156.6 
160.4 
173.2 
163.8 
156.6 
154.0 
172.2 
170.7 

163.4 
0.35 
0.98 

159.5 
150 .1 
169.2 
174.9 

163.4 
0.25 
0.69 

159.9 
166.9 

163.4 
0.18 
0.49 

9 

161.2 
165 .1 
177 .U 
169.1 
161.1 
158.0 
178.3 
173.6 

168.1 
0.35 
0.97 

163.2 
154.4 
173.3 
181.3 

168 .1 
0.25 
0.69 

162.9 
173.2 

168 .1 
0 .18 
0.49 

rage 

11 

166.4 
169.2 
182 .1 
175 .1 
165.5 
163.4 
182.9 
177.5 

172.8 
0 .36 
1.01 

168.5 
158.6 
177.8 
186.2 

172.8 
U.26 
0 . 7 1 

166.3 
179.2 

172.8 
0.18 
0 . 5 1 

13 

171.2 
173.6 
188.1 
180.8 
171.1 
169.1 
168.9 
181.0 

178.0 
0 .36 
1.01 

172.7 
164.4 
183.4 
191.4 

178.0 
0 .20 
0 . 7 1 

170.5 
185.5 

178.0 
0 .18 
0 .51 

15 

178.2 
181.0 
198 .1 
192.5 
101.0 
178 .1 
200.2 
185.5 

187.3 
0.35 
0 .98 

178.6 
172.0 
193 .1 
203.6 

187.3 
0.25 
0.69 

177.5 
197.2 

187.3 
0 .18 
0.49 

17 

107.2 
191.4 
211.3 
205.7 
193.0 
191.8 
214.0 
193.6 

190.5 
0 .36 
0.99 

187.8 
182.4 
205.8 
210.0 

198.5 
0.25 
0 .71 

185.2 
211.8 

190.5 
0.10 
0.50 

19 

202.7 
209.2 
228,2 
228.2 
213.5 
212.6 
233.6 
208.9 

217 .1 
0 .36 
0.99 

202.5 
199 .1 
225.0 
241.9 

217 .1 
0.25 
0 .70 

199.8 
234.4 

217 .1 
0.18 
0.49 

Gl = V20B; G2 = Madhu B; G3 = IR 54752B; G4 = Improved Sona B; G5= Pushpa B; 
G6 = Mangala b; G7 = Intpn mutant B; G8 = F r a g a t h i B; LI = Bangalore ; L2 = Mandya 
L3 = Shimoga; L4 = Mudigere, T l = Trea ted ; T2 = U n t r e a t e d . NS = Not s i g n i f i c a n t 
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FIG 9.EFFECT OF LOCATION ON EC(u mhos/cm 
OF SEED LEACHATE DURING STORAGE 
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FIG lO.EC OF SEED LEACHATE AS INFLUENCED 
BY SEED TREATMENT DURING STORAGE. 
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iubir. 2 J . 

G e n o t y p e s 

L o c a t i o n 1 
G l 
G2 
G3 
G4 
G5 
G6 
G7 
Ge 
Mean 
L o c a t i o n 2 
G l 
G2 
G3 
G4 
G5 
G6 
G7 
G8 
Mean 
L o c a t i o n 3 
G l 
G2 
G3 
G4 
Gb 
G6 
G7 
G8 
Mean 
L o c a t i o n 4 
Gl 
G2 
G3 
G4 
G5 
G6 
G7 
G8 
Mean 

S.fchi+ 
C D . 5 % 

L'.iei;trl c a l c o n d u c t i v i t y (u i:ilios/an) 
i n t e r a c t i o n ot 

1 

(Banga l 
143.U 
15U.U 
151.U 
151.U 
151.U 
1 4 7 . 0 
156.U 
IbU.U 
1 5 2 . 0 

3 

o r e ) 
1 4 6 . 5 
1 5 1 . 5 
1 5 6 . 5 
1 5 2 . 0 
1 5 1 . 0 
1 4 9 . 0 
1 6 1 . 5 
1 6 1 . 5 
1 5 3 . 7 

(Mandya) 
1 2 9 . 0 
1 3 5 . 0 
1 4 4 . 0 
1 4 3 . 0 
1 4 0 . 0 
1 3 0 . 0 
1 5 0 . 0 
1 5 6 . 0 
1 4 1 . 0 

(Shimog 
1 5 0 . 0 
1 5 6 . 0 
1 6 4 . 0 
161 .0 
I b l . O 
1 5 0 . 0 
1 6 4 . 0 
1 7 0 . 0 
1 5 8 . 0 

1 3 4 . 0 
1 3 8 . 0 
1 4 9 . 2 
1 4 5 . 0 
1 3 8 . 0 
1 3 1 . 5 
1 5 2 . 0 
1 5 9 . 5 
1 4 3 . 4 

a ) 
1 5 4 . 0 
1 5 7 . 5 
1 7 3 . 0 
1 6 4 . 2 
1 4 9 . 5 
1 5 0 . 0 
1 7 0 . 0 
1 7 1 . 0 
1 6 1 . 1 

(Mud ige re ) 
1 6 3 . 0 
1 6 5 . 0 
1 6 9 . 0 
1 6 3 . 0 
1 5 1 . 0 
IbO.O 
167 .0 
1 7 3 . 0 
1 6 4 . 0 

1 .10 
3 . 0 0 

1 6 8 . 0 
1 6 5 . 5 
1 7 6 . 0 
1 6 5 . 0 
1 5 3 . 5 
1 6 1 . 5 
1 6 9 . 0 
1 7 3 . 5 
1 6 6 . 5 

0 . 7 4 
2 . 0 4 

g e n o t y p e and 
of sut d l e a c h a t e a s 

l o c a t i o n d u r i n g s t o r a g e 

Month a t t e r s t o 

5 

1 4 8 . 5 
1 5 4 . 5 
1 6 0 . 0 
1 5 3 . 0 
1 5 2 . 5 
1 5 2 . 0 
1 6 5 . 0 
1 6 3 . 0 
1 5 6 . 0 

1 3 5 . 5 
1 4 0 . 5 
1 5 3 . 5 
1 4 6 . 5 
1 4 1 . 5 
1 3 5 . 0 
1 6 6 . 5 
1 6 0 . 0 
1 4 6 . 1 

1 5 6 . 0 
1 5 9 . 5 
1 7 8 . 0 
1 7 0 . 0 
1 5 3 . 0 
1 5 2 . 0 
1 7 3 . 5 
1 7 4 . 0 
1 6 4 . 5 

1 7 2 . 0 
1 7 1 . 5 
1 7 9 . 0 
1 7 0 . 0 
1 5 7 . 5 
1 6 4 . 5 
1 7 3 . 0 
1 7 5 . 5 
1 7 0 . 4 

0 . 6 0 
1.65 

7 

1 5 2 . 5 
1 5 9 . 5 
1 6 5 . 5 
1 5 6 . 0 
1 5 4 . 5 
1 5 6 . 0 
1 6 7 . 5 
1 6 4 . 5 
1 5 9 . 5 

1 3 8 . 5 
1 4 3 . 6 
1 5 9 . 0 
1 4 9 . 5 
1 4 7 . 0 
1 3 7 . 5 
1 6 2 . 5 
1 6 3 . 5 
1 5 0 . 1 

1 5 9 . 5 
1 6 2 . 5 
1 8 3 . 5 
1 7 5 . 5 
1 6 1 . 5 
1 5 5 . 5 
1 7 8 . 5 
1 7 7 . 5 
1 6 9 . 2 

1 7 6 . 0 
1 7 6 . 0 
1 8 5 . 0 
1 7 4 . 0 
1 6 3 . 5 
167 .0 
1 8 0 . 5 
1 7 7 . 5 
1 7 4 . 9 

0 . 7 1 
1 .96 

y 

1 5 5 . 5 
1 6 2 . 5 
169 .5 
1 5 9 . 5 
1 5 7 . 5 
1 6 0 . 0 
1 7 4 . 7 
1 6 6 . 5 
1 6 3 . 2 

1 4 4 . 5 
1 4 8 . 5 
1 6 6 . 0 
1 5 3 . 5 
1 5 0 . 5 
1 3 9 . 5 
1 6 7 . 0 
1 6 5 . 5 
1 5 4 . 4 

1 6 4 . 0 
1 6 8 . 0 
1 8 4 . 5 
1 7 9 . 8 
1 6 6 . 5 
1 5 9 . 5 
1 8 4 . 0 
1 8 0 . 0 
1 7 3 . 3 

1 8 1 . 0 
1 8 1 . 5 
1 9 1 . 5 
1 8 3 . 8 
1 7 0 . 0 
1 7 3 . 0 
1 8 7 . 5 
1 8 2 . 5 
1 8 1 . 3 

0 . 7 0 
1 .94 

r a g e 

11 

1 6 1 . 0 
1 6 7 . 5 
1 7 4 . 0 
1 6 7 . 0 
1 6 3 . 0 
1 6 5 . 0 
1 7 9 . 0 
1 7 1 . 5 
1 6 8 . 5 

1 5 0 . 0 
1 5 3 . 0 
1 7 0 . 0 
1 5 8 . 0 
1 5 3 . 5 
1 4 5 . 0 
1 7 0 . 5 
1 6 8 . 0 
1 5 8 . 6 

1 6 9 . 0 
1 7 0 . 5 
1 8 9 . 0 
1 8 5 . 0 
1 7 0 . 0 
1 6 7 . 0 
1 8 9 . 5 
1 8 2 . 0 
1 7 7 . 8 

1 8 5 . 5 
1 8 6 . 0 
1 9 5 . 5 
1 9 0 . 0 
1 7 5 . 5 
1 7 6 . 5 
1 9 2 . 5 
1 8 8 . 0 
1 8 6 . 2 

0 . 7 3 
2 . 0 0 

13 

1 6 5 . 5 
1 7 0 . 5 
1 8 0 . 0 
1 6 9 . 8 
1 6 6 . 5 
1 6 9 . 0 
1 8 4 . 5 
175 .b 
1 7 2 . 7 

1 5 5 . 0 
1 5 7 . 5 
1 7 6 . 5 
1 6 6 . 0 
1 5 9 . 0 
1 5 2 . 0 
1 7 7 . 5 
1 7 2 . 0 
1 6 4 . 4 

1 7 5 . 0 
1 7 6 . 5 
1 9 5 . 0 
192.i) 
1 7 6 . 0 
1 7 3 . 0 
1 9 4 . 5 
1 8 5 . 0 
1 8 3 . 4 

1 8 9 . 5 
1 9 0 . 0 
2 0 1 . 0 
1 9 5 . 0 
1 8 3 . 0 
1 8 2 . 5 
1 9 9 . 0 
1 9 1 . 5 
1 9 1 . 4 

0 . 7 3 
2 . 0 0 

15 

1 7 1 . 5 
1 7 6 . 5 
1 8 8 . 0 
1 7 7 . 5 
1 7 4 . 5 
1 7 0 . 5 
1 9 1 . 0 
1 7 9 . 0 
1 7 8 . 6 

1 6 1 . 5 
1 6 2 . 5 
1 8 4 . 5 
1 1 7 . 0 
1 6 6 . 5 
1 6 1 . 0 
1 8 6 . 5 
1 7 6 . 5 
1 7 2 . 0 

1 8 3 . 0 
187 .0 
2 0 5 . 0 
205 .0 
1 8 5 . 0 
1 8 3 . 0 
2 0 8 . 0 
1 8 9 . 0 
1 9 3 . 1 

1 9 7 . 0 
1 9 8 . 0 
2 1 5 . 0 
2 1 0 . 0 
1 9 8 . 0 
1 9 8 . 0 
2 1 5 . 1 
1 9 7 . 5 
2 0 3 . 6 

0 . 7 1 
2 . 0 0 

i n l l u o n 

17 

1 7 8 . 5 
1 8 5 . 5 
1 9 9 . 0 
1 8 8 . 5 
1 8 3 . 5 
1 8 0 . 5 
2 0 1 . 0 
1 8 6 . 0 
1 8 7 . 8 

1 7 0 . 0 
1 7 3 . 5 
1 9 5 . 0 
1 8 8 . 0 
1 7 8 . 0 
1 7 3 . 0 
1 9 9 . 5 
1 8 2 . 5 
1 8 2 . 4 

1 9 2 . 5 
1 9 7 . 0 
2 2 0 . 5 
2 2 0 . 0 
1 9 7 . 0 
1 9 8 . 0 
2 2 4 . 0 
1 9 7 . 5 
2 0 5 . 8 

2 0 8 . 0 
2 0 9 . 5 
2 3 1 . 0 
2 2 6 . 5 
2 1 3 . 5 
2 1 b . 5 
2 3 1 . 5 
2 0 8 . 5 
2 1 8 . 0 

0 . 7 2 
2 . 0 0 

cod by 

19 

1 8 8 . 0 
1 9 8 . 0 
2 1 0 . 5 
2 0 8 . 5 
2 0 0 . 5 
1 9 8 . 5 
2 1 8 . 5 
1 9 7 . 5 
2 0 2 . 5 

1 8 4 . 0 
1 9 0 . 0 
2 0 3 . 0 
2 0 9 . 5 
1 9 7 . 0 
1 9 9 . 0 
2 1 6 . 0 
1 9 4 . 5 
1 9 9 . 1 

2 1 0 . 0 
2 1 5 . 5 
2 3 9 . 5 
23!) .0 
2 2 3 . 5 
2 2 0 . 0 
2 4 2 . 0 
2 1 0 . 5 
2 2 5 . 0 

2 2 9 . 0 
2 3 3 . 5 
2 6 0 . 0 
2 5 6 . 0 
2 3 3 . 0 
2 3 3 . 0 
2 5 8 . 0 
2 3 3 . 0 
2 4 2 . 0 

0 . 7 1 
2 . 0 0 

Gl = V20B; G2 = Madhu B; G3 = IR 54752B; G4 = Improved Sona b; G5= Pushpa B; 
G6 = Mangala B; G7 = Intan mutant B; G8 = Pragathi B; 
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jLi mhos/cm) but recorded s ign i i lean t ly higher EC than (J5 

(during 3rd and 5th month) and G6 during 3 to 13 months, 

i he liighest EC was registered by U7 througliout tlie storage 

(159.U to 233.6 /u mhos/cm) except during f irst f ive months. 

EC differed significantly among the locations throughout the 

storage period (Tabale 22). 'Ihe seeds produced at Mandya 

recorded the lowest EC throughout the storage (141.(J to 199.1 

ju mhos/cm) followed by those produced at Bangalore and 

bhimoga. Ihe 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.b lu mhos/cm) than the untreated seeds (157.2 to 234.4 yu 

mhos/cm) during storage period. 

bignificant differences were noticed in EC iur 

interaction between genotype and locution in all the months 

of storage (Table 23). Seeds produced at Mandya Viz., Gl, 08 

and G2 ieaclied the minimum quantity of leachates as compared 

to G7, G3 and G4. While 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, Gl, 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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Tf ih ln 2F). b ' . l e c t r i c a l c o n d u c t i v i t y (fi m h o s / c m ) o i senrl I c a c h a t e a s 
i n l i u o n c o d by i n t e r a c t i o n e t l u c l o l g e n u t y | ) ( ) , l o c a t i o n 
a n d s e e d t r e a t m e n t d u r i n g s t o r a g e 

T rea teatmen t 

Gl LlTl 
L11 2 
L2T1 
L2T2 
L3T1 
L3T2 
L4T1 
L4T2 

G2 LlTl 
LIT 2 
L2T1 
L2T2 
L3T1 
L3T2 
L4T1 
L4T2 

G3 LlTl 
LIT 2 
L2ri 
L2T2 
L311 
L3T2 
L4T1 
L4T2 

G4 1,111 
LIT 2 
L2T1 
L2T2 
L3T1 
L 3T 2 
L4T1 
L4T2 

3 

145 
148 
133 
135 
153 
155 
167 
lb9 

150 
153 
138 
138 
158 
157 
164 
167 

155 
158 
150 
148 
172 
174 
175 
177 

148 
156 
143 
147 
165 
163 
164 
166 

5 

147 
150 
133 
138 
154 
158 
169 
175 

152 
157 
139 
142 
157 
162 
167 
176 

157 
163 
152 
15b 
176 
180 
178 
180 

149 
157 
144 
149 
168 
172 
168 
172 

7 

150 
155 
135 
142 
156 
163 
172 
180 

156 
163 
142 
145 
157 
168 
169 
183 

161 
170 
156 
162 
180 
187 
182 
188 

153 
159 
146 
153 
172 
179 
172 
176 

Month 

9 

153 
158 
140 
149 
159 
169 
176 
186 

157 
168 
145 
152 
160 
176 
174 
189 

165 
174 
160 
172 
175 
184 
186 
197 

155 
164 
148 
159 
174 
185 
178 
189 

af ter 

11 

157 
16b 
144 
156 
163 
175 
179 
192 

161 
174 
148 
158 
162 
179 
178 
194 

168 
180 
1 63 
177 
17 9 
199 
189 
202 

159 
175 
152 
165 
178 
19 2 
184 
196 

s torag 

13 

159 
17 2 
148 
162 
168 
182 
183 
196 

163 
178 
151 
164 
167 
186 
181 
199 

172 
188 
1 68 
185 
184 
206 
19 3 
209 

162 
17 7 
158 
174 
184 
201 
188 
202 

e 

15 

164 
179 
154 
169 
174 
192 
189 
205 

168 
185 
155 
170 
176 
198 
188 
208 

178 
198 
1 74 
19 b 
190 
220 
200 
230 

169 
186 
166 
188 
192 
218 
195 
226 

lable 

17 

169 
188 
160 
180 
182 
203 
198 
218 

175 
196 
165 
184 
184 
210 
197 
222 

189 
202 
1 8 2 
208 
199 
242 
212 
249 

178 
189 
175 
201 
201 
239 
201 
252 

19 

176 
200 
172. 
196 
196 
224 
212 
246 

186 
210 
178 
202 
199 
232 
216 
251 

199 
222 
2(1 1 
20b 
209 
270 
230 
290 

192 
225 
189 
230 
213 
265 
2 26 
286 

con t inued 



137 

C o n t i n u e d T a b l e 25 

Trea tea tnien t 

G5 LlTl 
L1T2 
L2T1 
L2T2 
1,3T1 
L3T2 
L4T1 
L4T2 

G6 LlTl 
LIT 2 
L 2T1 
L2T2 
L3T1 
L3T2 
L411 
L4T2 

G7 LlTl 
LIT 2 
L2T1 
L2T2 
L3T1 
1,3T2 
1,411 
L4T2 

G8 LlTl 
LIT 2 
L2T1 
L2T2 
L3T1 
L3T2 
L4T1 
L4T2 

S .Em+ 
C.D. 5 % 

3 

150 
152 
136 
140 
150 
149 
153 
154 

148 
150 
130 
133 
148 
152 
160 
163 

163 
160 
151 
153 
169 
171 
169 
169 

158 
165 
159 
160 
170 
172 
172 
175 

1 .00 
2 .90 

5 

150 
155 
139 
144 
153 
153 
156 
159 

150 
154 
133 
137 
149 
155 
162 
167 

165 
165 
155 
158 
172 
175 
171 
175 

160 
166 
157 
163 
172 
175 
173 
178 

0.80 
2 .30 

7 

151 
158 
144 
150 
158 
165 
160 
167 

152 
160 
134 
141 
152 
159 
165 
169 

166 
169 
159 
166 
175 
182 
177 
184 

160 
169 
160 
167 
173 
182 
173 
182 

1 .00 
2 .80 

Mon th 

9 

153 
162 
146 
155 
161 
172 
164 
176 

154 
166 
135 
144 
154 
165 
169 
17 7 

172 
177 
163 
171 
179 
189 
182 
193 

161 
172 
162 
169 
175 
185 
177 
188 

1.00 
2.70 

after 

11 

156 
170 
148 
159 
164 
176 
169 
182 

157 
173 
138 
152 
158 
176 
173 
180 

175 
183 
165 
176 
183 
3 96 
185 
200 

165 
178 
164 
172 
17 7 
188 
182 
194 

1.03 
2 .90 

s torag 

13 

159 
174 
152 
166 
168 
184 
176 
190 

160 
178 
144 
160 
164 
182 
177 
188 

179 
190 
170 
185 
187 
202 
189 
209 

169 
182 
168 
17 6 
180 
190 
185 
198 

1.03 
2 .90 

e 

15 

166 
183 
158 
175 
17U 
194 
186 
210 

156 
185 
150 
172 
172 
194 
187 
209 

184 
198 
177 
196 
193 
223 
198 
232 

173 
18b 
170 
183 
183 
195 
188 
207 

1.00 
2 .80 

17 

171 
186 
168 
188 
106 
208 
199 
228 

163 
198 
161 
185 
184 
212 
201 
2 30 

192 
210 
167 
212 
202 
246 
210 
253 

178 
194 
175 
190 
188 
207 
197 
220 

1.02 
2 .80 

19 

186 
215 
184 
210 
206 
241 
216 
250 

179 
218 
176 
222 
202 
238 
211 
2bb 

208 
229 
204 
228 
216 
268 
228 
288 

187 
208 
184 
205 
199 
202 
215 
251 

1.01 
2 .80 

G l = V20B; G2 = Madhu B; G3 = IR 5 4 7 5 2 b ; G4 = I m p r o v e d b o n a b ; 
G5 = P u s h p a B;G6 = M a n g a l a B;G7 = I n t a n M u t a n B; G8 = P r a g a t h i B : 
LI = B a n g a l o r e ; L2 = M a n d y a ; L3 = S h i m o g a ; L4 = M u d i g e r e 
T l = T r e a t e d ; T2 = U n t r e a t e d 
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locations especially Mandya recorded lower EC tlirougliout tlie 

storage period as against higher EC of other locations 

liable 24). The interactions between C x L x 1 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 

fluctuated between 9.75 and 11.91 per cent from beginning 

to the end of storage period. 

The MC differed significantly from 3rd month onwards 

until! 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 C4 (12.20%) lullowed by Li3 

(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 (9.82 to 

11.97%) from beginning to the end of storage period (Table 

26). The treated seeds registered significantly lower MC 

(9.68 to 11.51%) as compared to untreated seeds (9.82 to 

12.31%) from Initial to the end of storage period (Table 26). 
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labld 2i>. Soed moisture cuntnnt (%) us Inlluenced l)y RGnoRyp(3 
location and seed treatment during storage 

Geno 
CJl 
G2 
G3 
G4 
G5 
G6 
G7 
G8 
Mean 

type 

S . bjn+ 
C . D . b % 
L 0 c a 11 on 
L I 
L2 
L 3 
L4 
M e a n 
S .Em 
C . D . 
S e e d 
T l 
•12 
Mean 
S . Em 
G . U . 

+ 
5" % 

9 
9 
9 
9 
9 
9 
9 
9 
9 
U 
U 

9 
9 
9 
9 
9 
0 
0 

3 

. 6 8 

. 9 8 

. 4 8 

. 9 2 

. 6 1 

. 7 6 

. 7 7 

. 7 8 

. 7 5 

. 0 2 

. 0 4 

. 7 3 

. 7 1 

. 7 3 

. 8 2 

. 7 5 

. 0 1 

. 0 3 
Trea tmen t 

+ 
5" % 

9 
9 
9 
U 
0 

, b8 
. 8 2 
. 7 5 
. 0 0 8 
. 0 2 

M o n t h 

7 

1 1 . 4 0 
1 1 . 4 2 
1 1 . 9 1 
1 1 . 9 2 
1 1 . 4 8 
1 1 . 5 7 
1 1 . 8 6 
1 1 . 5 3 
1 1 . 6 3 

0 . 0 0 2 
0 . 0 0 4 

1 1 . 7 9 
1 1 . 5 7 
1 1 . 6 6 
1 1 . 7 2 
1 1 . 6 3 

0 . 0 0 1 
0 . 0 0 3 

1 1 . 4 6 
1 1 . 8 1 
1 1 . 6 3 

0 . 0 0 1 
0 . 0 0 2 

a f t e r s t o r a g e 

1 1 

1 1 . 2 8 
1 1 . 2 1 
1 1 . 5 2 
1 1 . 5 7 
1 1 . 3 8 
1 1 . 2 9 
1 1 . 5 3 
1 1 . 3 6 
1 1 . 3 9 

0 . 0 0 1 
0 . 0 0 2 

1 1 . 3 6 
1 1 . 3 2 
1 1 . 4 3 
1 1 . 4 6 
1 1 . 3 9 

0 . 0 0 1 
0 . 0 0 2 

1 1 . 0 7 
1 1 . 7 2 
1 1 . 3 9 

0 . 0 0 1 
0 . 0 0 2 

15 

1 0 . 4 4 
1 0 . 4 4 
1 0 . 7 8 
1 0 . 7 5 
1 0 . 5 2 
1 0 . 5 2 
1 0 . 8 1 
1 0 . 4 6 
1 0 . 5 9 

0 . 0 1 
0 . 0 3 

1 0 . 5 3 
1 0 . 5 0 
1 0 . 6 1 
1 0 . 7 1 
1 0 . 5 9 

0 . 0 0 8 
0 . 0 2 

10 .09 
1 1 .09 
1 0 . 5 9 

0 . 0 0 5 
0 . 0 1 5 

19 

1 1 . 6 9 
1 1 . 7 8 
1 2 . 1 7 -
1 2 . 2 0 
1 1 . 7 9 
1 1 . 8 1 
1 2 . 1 3 
1 1 . 7 0 
1 1 . 9 1 

0 . 0 2 
0 . 0 4 

1 1 . 9 0 
1 1 . 8 3 
1 1 . 9 4 
1 1 . 9 7 
1 1 . 9 1 

0 . 0 1 
0 . 0 3 

J 1 . 5 1 
1 2 . 3 1 
1 1 . 9 7 

0 . 007 
0 . 0 0 2 

Gl = V20B; G2 = Madhu B; G3 = IK 54752 B; G4 = Improved Sona b; 
G5 = Fushpa B; G6 = Mangala B;G7 = Intan Mutant B; G8 = Fragattii B; 
LI = Bangalore; L2 = Mandya; L3 = Shimoga; L4 = Mudigere; 
Tl = Treated; T2 = Untreated 



MOISTURE CONTENT (%) 

12 

11 

10 

7 11 IS 
MONTHS AFTER STORAGE 

CZIai S ^ a 2 (IIU3a3 104 G6 CD G6 Gr OimiGS 

FIG 11. GENOTYPIC VARIATION FOR SEED 
MOISTURE CONTENT DURING STORAGE. 

MOISTURE CONTENT {%) 

LOCATIONS 

MONTHS AFTER STORAGE 

CZ3L1 ^ ^ 1 2 niSllL3 L4 CTDTI T2 

FIG 12. VARIATION IN SEED MOISTURE 
CONTENT DUE TO LOCATION AND SEED 

TREATMENT DURING STORAGE. 
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T a b l e 2 7 . S e e d m o i s t u r G c o n t e n t (%) a s I n t l u e n c o U by i n t e r a c t i o n 
between g e n o t y p e a n d l o c a t i o n 

T r e a t m e n t 

L o c a t i o n 1 
G l 
G 2 
G 3 
G 4 
G5 
G 6 
G7 
G8 
L o c a t i o n 2 
G l 
G2 
G3 
G4 
G5 
G6 
G7 
G8 
L o c a t i o n 3 
G l 
G2 
G3 
G4 
G5 
G6 
G7 
G8 
L o c a t i o n 4 
G l 
G2 
G3 
G4 
G5 
Gb 
G7 
G8 

Mean 
S .Em+ 
C . D . 5 % 

3 

( B a n g a l o r e ) 
y . 6 5 
9 . 9 6 
9 . 3 8 
9 . 9 1 
9 . 5 6 
9 . 7 8 
9 . 7 0 
9 . 9 2 

( M a n d y a ) 
9 . 6 6 
9 . 9 4 
9 . 4 3 
9 . 8 5 
9 . 6 1 
9 . 6 1 
9 . 7 3 
9 . 89 

( Sh i tnoga ) 
9 . 7 2 

1 0 . 0 1 
9 . 5 4 
9 . 9 4 
9 . 6 4 
9 . 8 2 
9 . 8 0 
9 . 4 1 

( M u d i g e r e ) 
9 . 7 2 

1 0 . 0 0 
9 . 57 

1 0 . 0 0 
9 . 6 4 
9 . 8 4 
9 . 8 8 
9 . 9 2 

9 . 7 5 
0 . 0 3 
0 . 0 9 

M o n t h 

7 

1 1 . 3 7 
1 1 . 4 0 
1 1 . 9 1 
1 1 . 8 9 
1 1 . 4 2 
1 1 . 5 3 
1 1 . 8 3 
1 1 . 4 2 

1 1 . 3 1 
1 1 . 3 9 
1 1 . 8 1 
1 1 . 8 2 
1 1 . 4 6 
1 1 . 5 4 
1 1 . 8 1 
1 1 . 4 2 

1 1 . 4 3 
1 1 . 4 3 
1 1 . 9 6 
1 1 . 9 7 
1 1 . 5 0 
1 1 . 6 2 
1 1 . 8 9 
1 1 . 5 0 

1 1 . 5 2 
1 1 . 4 6 
1 1 .97 
1 2 . 0 0 
1 1 . 5 3 
1 1 . 5 9 
1 1 . 9 0 
1 1 . 8 0 

1 1 . 6 3 
0 . 0 0 3 
0 . 0 0 9 

a f t e r s t o r a g e 

1 1 

1 1 . 2 4 
1 1 . 1 4 
1 1 . 4 5 
1 1 . 5 7 
1 1 . 3 5 
1 1 . 3 0 
1 1 . 4 9 
1 1 . 3 3 

1 1 . 2 0 
1 1 . 1 3 
1 1 . 4 5 
1 1 . 5 1 
1 1 . 3 3 
1 1 . 2 1 
1 1 . 4 8 
1 1 . 2 6 

1 1 . 3 3 
1 1 . 2 5 
1 1 . 5 4 
1 1 . 6 1 
1 1 . 4 3 
1 1 . 3 4 
1 1 . 5 8 
1 1 . 4 1 

1 1 . 3 6 
1 1 . 3 3 
1 1 . 6 4 
1 1 . 62 
1 1 .40 
1 1 . 32 
1 1 . 5 7 
1 1 . 4 4 

1 1 . 3 9 
0 . 0 0 2 
0 . 0 0 4 

1 5 

1 1 . 4 0 
1 0 . 3 7 
1 0 . 7 0 
1 0 . 7 0 
1 0 . 4 8 
1 0 . 4 7 
1 0 . 7 3 
1 0 . 4 0 

1 0 . 3 1 
1 0 . 3 4 
1 0 , 9 2 
10 . 6 6 
1 0 . 4 3 
1 0 . 4 9 
1 0 . 7 5 
1 0 . 3 3 

1 0 . 4 9 
10 .47 
1 0 . 8 1 
1 0 . 7 7 
1 0 . 5 5 
10 .50 
1 0 . 8 3 
1 0 . 4 6 

1 0 , 5 7 
1 0 . 5 9 
1 0 . 9 1 
1 0 . 8 5 
1 0 . 6 2 
1 0 . 6 1 
1 0 . 9 2 
1 0 . 6 2 

1 0 . 5 9 
0 . 0 2 
0 . 0 6 

19 

1 1 . 6 9 
1 1 . 7 6 
1 2 . 1 5 
1 2 . 1 7 
1 1 . 7 6 
1 1 . 8 7 
1 2 . 0 9 
1 1 . 7 0 

1 1 . 5 6 
1 1 . 7 1 
1 2 . 1 2 
1 2 . 1 9 
1 1 . 7 5 
1 1 . 5 7 
1 2 . 1 0 
1 1 . 6 4 

1 0 . 7 5 
1 1 . 8 1 
1 2 . 2 0 
12 . 22 
1 1 . 8 0 
1 1 . 8 9 
1 2 . 1 8 
1 1 . 7 3 

1 1 . 7 8 
1 1 . 8 6 
1 2 . 2 3 
1 0 . 2 3 
1 1 . 8 5 
1 1 . 9 1 
1 2 . 1 8 
1 1 . 7 4 

1 1 . 9 1 
0 . 0 3 
0 . 0 8 

G l = V20B; G2 = Madhu B; G3 = IR 5 4 7 5 2 B; G4 = I m p r o v e d S o n a B; 
G5 = P u s h p a B; G6 = M a n g a l a B;G7 = I n t a n M u t a n t B; G8 = P r a g a t h i B 
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Table 28 . Seed moisture content (%) as influenced by in te rac t ion of (1) genotype 
and seed treatment (2) location and seed treatment during storage 

G e n o t y p e 
Gl 
G2 
G3 
G4 
G5 
0 6 
G7 
G8 
Mean 
S.Bn+ 
C D . 5 
L o c a t i i 
L I 
L2 
L3 
1,4 
Mean 
S.Bn+ 
C D . 5 

% 
cms 

% 

3 

T l 

9 . 6 4 
9 . 9 1 
9 . 4 2 
9 . 8 7 
y . 5 5 
9 . 6 8 
9 . 7 4 
9 . 6 3 
9 . 6 8 

0 . 
0 . 

9 . 7 0 
9 . 6 5 
9 . 6 2 
9 . 7 5 

0 . 
0 , 

1 

1 2 

9 . 7 3 
1 0 . 0 4 

9 . 5 4 
9 . 9 8 
9 . 6 8 
9 . 8 4 
9 . 8 1 
9 . 9 4 
9 . 8 2 

,02 
,06 

9 . 7 6 
9 . 7 8 
9 . 8 5 
9 . 8 9 

,015 
,04 

7 

T l 

1 1 . 1 3 
1 1 . 2 3 
1 1 . 8 6 
1 1 . 8 0 
1 1 . 2 6 
1 1 . 3 3 
1 1 . 7 6 
1 1 . 2 8 
1 1 . 4 6 

0 . 
0 . 

1 1 . 4 4 
1 1 . 4 0 
1 1 . 4 7 
1 1 . 5 1 

Month 

12 

1 1 . 6 8 
1 1 . 6 0 
1 1 . 9 6 
1 2 . 0 3 
1 1 . 6 9 
1 1 . 8 0 
1 1 . 9 5 
1 1 . 7 9 
1 1 . 8 1 

002 
006 

1 1 . 7 4 
1 1 . 7 4 
1 1 . 8 5 
1 1 . 9 2 

0 . 0 0 2 
0 . 0 0 4 

a f t e r s 

11 

T l 

1 0 . 9 5 
1 0 . 8 8 
1 1 . 2 0 
1 1 . 3 1 
1 1 . 0 1 
1 0 . 9 5 
1 1 . 2 2 
1 1 . 0 3 
1 1 . 0 7 

0 . 
0 . 

1 1 . 0 4 
1 0 . 9 9 
1 1 . 1 1 
1 1 . 1 4 

0 . 
0 . 

i t o r a g e 

T2 

1 1 . 6 1 
1 1 . 5 4 
1 1 . 8 4 
1 1 . 8 4 
1 1 . 7 4 
1 1 . 6 3 
1 1 . 8 4 
1 1 . 6 8 
1 1 . 7 2 

001 
003 

1 1 . 6 8 
1 1 . 6 5 
1 1 . 7 6 
1 1 . 7 0 

,001 
,002 

15 

T l 

9 . 9 2 
9 . 9 9 

1 0 . 2 5 
1 0 . 2 5 
1 0 . 0 3 
1 0 . 0 2 
1 0 . 3 3 

9 . 9 2 
1 0 . 0 9 

12 

1 0 . 9 4 
1 0 . 8 9 
1 1 . 3 2 
1 1 . 2 5 
1 1 . 0 2 
1 1 . 0 1 
1 1 . 2 8 
1 1 . 0 0 
1 1 . 0 9 

0 . 0 1 5 
0 . ( 

1 0 . 0 6 
1 0 . 0 3 
1 0 . 1 1 
1 0 . l b 

0 
0 

D4 

1 1 . 0 0 
1 0 . 9 8 
1 1 . 1 0 
1 1 . 2 7 

. 0 1 

.030 

19 

T l 

1 1 . 2 1 
1 1 . 2 9 
1 1 . 9 0 
1 1 . 8 7 
1 1 . 3 3 
1 1 . 3 8 
1 1 . 8 2 
1 1 . 3 0 
1 1 . 5 1 

0 . 
0 , 

1 1 . 5 0 
1 1 . 4 5 
1 1 . 5 3 
11.bU 

0 . 
0 , 

•1'2 . 

1 2 . 1 8 
1 2 . 2 7 
1 2 . 4 5 
1 2 . 5 3 
1 2 . 2 5 
1 2 . 2 4 
1 2 . 4 5 
1 2 . 1 0 
1 2 . 3 1 

,02 
,06 

1 2 . 2 9 
1 2 . 2 1 
1 2 . 3 5 
12,31) 

.015 

.04 

Gl = V20B; G2 = Madhu B; G3 = IR 54752 B; G4 = Improved Sona B; 
G5 = Pushpa B; G6 = Mangala B;G7 = In tan Mutant B; G8 = Pragattii B: 
LI = Bangalore; L2 = Mandya; L3 = Shimoga; L4 = Mudigere; 
Tl = Treated; T2 = Untreated 
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T a b l e 29 Seed 
l o c a 

1 I Ud UllUll * 

Gl L l T l 
L1T2 
L2T1 
L2'r2 
L3'ri 
L3T2 
L4T1 
L4'12 

G2 L l T l 
L1T2 
1.211 
L212 
L3T1 
L3T2 
L4T1 
L4T2 

G3 L l T l 
L1T2 
L2T1 
L2T2 
L3T1 
!,3I2 
L411 
L4T2 

G4 L l T l 
L1T2 
L2T1 
L2T2 
L3T1 
L3T2 
L411 
L4T2 

3 

9.6U 
9 . 7 0 
9 . 6 1 
9 . 7 2 
9 . 6 8 
9 . 7 6 
9 . 7 0 
9 . 7 3 

9 . 9 2 
1 0 . 0 2 

9 . 9 0 
9 . 9 8 
9 . 9 2 

1 0 . 1 1 
9 . 9 3 

1 0 . 0 8 

9 . 3 5 
9 . 4 2 
9 . 4 0 
9 . 4 6 
9 . 4 8 
9 . 6U 
9 . 4 7 
9 . 6 8 

9 . 8 9 
9 . 9 4 
9 . 8 2 
9 . 8 8 
9 . 8 9 
9 . 9 9 
9 . 8 8 

1 0 . 1 2 

moistur-e content (%) 
tion and seed 

Muntli 

7 

1 1 . 1 0 
1 1 . 6 5 
1 1 . 0 1 
1 1 . 6 1 
1 1 . 1 6 
1 1 . 7 0 
1 1 . 2 8 
1 1 . 7 6 

1 1 . 2 2 
1 1 . 5 8 
1 1 . 2 6 
1 1 . 5 2 
1 1 . 2 4 
1 1 . 6 3 
1 1 . 2 3 
1 1 . 6 9 

1 1 . 8 6 
1 1 . 9 6 
1 1 . 7 4 
1 1 . 8 9 
1 1 . 9 1 
1 2 . 0 1 
1 1 . 9 6 
1 1 . 9 8 

1 1 . 7 8 
1 2 . 0 0 
1 1 . 7 1 
1 1 . 9 3 
1 1 . 8 3 
1 2 . 1 1 
1 1 . 9 1 
1 2 . 0 9 

a i t e r s 

11 

1 0 . 9 1 
1 1 . 5 7 
1 1 . 8 6 
1 1 . 5 4 
1 0 . 9 8 
1 1 . 6 9 
1 1 . 0 8 
1 1 . 6 5 

1 0 . 8 1 
1 1 . 4 8 
1 0 . 8 3 
1 1 . 4 3 
1 0 . 9 0 
1 1 . 6 1 
1 1 . 0 0 
1 1 . 6 7 

1 1 . 1 6 
1 1 . 7 5 
1 1 . 1 8 
1 1 . 7 3 
1 1 . 2 1 
11 .87 
1 1 . 2 6 
1 2 . 0 3 

1 1 . 2 8 
1 1 . 8 6 
1 1 . 2 3 
1 1 . 7 9 
1 1 . 3 8 
1 1 . 8 5 
1 1 . 3 6 
1 1 . 8 8 

as influenced by 
t r e a t m e n t d u r i n g 

t o r a g e 

15 

9 . 9 7 
1 0 . 8 4 

9 . 8 1 
1 0 . 8 2 

9 . 9 9 
1 0 . 9 9 
1 0 . 0 3 
1 1 . 1 1 

9 . 9 5 
1 0 . 7 9 

9 . 9 3 
1 0 . 7 6 
1 0 . 0 3 
1 0 . 9 1 
1 0 . 0 6 
1 1 . 1 2 

1 0 . 1 8 
1 1 . 2 2 
1 0 . 2 1 
1 1 . 2 3 
1 0 . 2 6 
1 1 . 3 6 
1 0 . 3 6 
1 1 . 4 6 

1 0 . 2 3 
1 1 . 1 8 
1 0 . 1 7 
1 1 . 1 6 
1 0 . 2 7 
1 1 . 2 7 
1 0 . 3 2 
1 1 . 3 9 

T 

storage 

19 

1 1 . 2 0 
1 2 . 1 8 
1 1 . 1 0 
1 2 , 0 3 
1 1 . 2 6 
1 2 . 2 4 
1 1 . 2 9 
1 2 . 2 8 

1 1 . 2 8 
1 2 . 2 4 
1 1 . 2 2 
1 2 . 2 0 
1 1 . 3 2 
1 2 . 3 0 
1 1 . 3 5 
1 2 . 3 7 

1 1 . 9 0 
1 2 . 4 0 
1 1 . 8 8 
1 2 . 3 6 
1 1 . 9 3 
1 2 . 4 8 
1 1 . 9 0 
1 2 . 5 6 

1 1 . 8 4 
1 2 . 5 0 
1 1 . 8 7 
1 2 . 5 2 
1 1 . 8 8 
1 2 . 5 7 
1 1 . 9 1 
1 2 . 5 5 

G5 

G6 

G7 

G8 

L l T l 
L1T2 
L2T1 
L2T2 
L3T1 
L3T2 
L4T1 
L412 

L l T l 
L1T2 
LZl 1 
L212 
L3T1 
L3T2 
L4T1 
L4T2 

L l T l 
LIT 2 
L2T1 
L2T2 
L3T1 
I.3T2 
L 4 i l 
L4T2 

L l T l 
L1T2 
L2T1 
L2T2 
L3T1 
L3T2 
L4T1 
L4T2 

i n t e r a c t i o n et tect ol geno 

Muntli y t l e r s t u r y g o 

3 

9 . 5 2 
9 . 6 1 
9 . 5 0 
9 . 7 2 
9 . 6 0 
9 . 6 9 
9 . 5 8 
9 . 7 1 

9 . 7 6 
9 . 8 2 
9 . 4 2 
9 . 8 0 
9 . 7 7 
9 . 8 8 
9 . 7 9 
9 . 9 0 

9 . 7 2 
9 . 6 9 
9 . 7 0 
9 . 7 6 
9 . 7 6 
9 . 8 4 
9 . 7 8 
9 . 9 8 

9 . 8 9 
9 . 9 5 
9 . 8 5 
9 . 9 4 
9 . 8 6 
9 . 9 6 
9 . 9 3 
9 . 9 2 

7 

1 1 . 2 3 
1 1 . 6 2 
1 1 . 2 5 
1 1 . 6 8 
1 1 . 2 8 
1 1 . 7 3 
1 1 . 3 0 
1 1 . 7 6 

1 1 . 3 3 
1 1 . 7 3 
1 1 . 3 0 
1 1 . 7 8 
1 1 . 3 6 
1 1 . 8 8 
1 1 . 3 4 
1 1 . 8 4 

1 1 . 7 8 
1 1 . 8 8 
1 1 . 7 1 
1 1 . 9 1 
1 1 . 7 6 
1 2 . 0 3 
1 1 . 8 2 
1 1 . 9 9 

1 1 . 2 8 
1 1 . 5 6 
1 1 . 2 6 
1 1 . 6 0 
1 1 . 2 9 
1 1 . 7 1 
1 1 . 3 1 
1 2 . 2 9 

11 

1 1 . 0 0 
1 1 . 7 1 
1 0 . 9 2 
1 1 . 7 5 
1 1 . 0 8 
1 1 . 7 8 
1 1 . 0 6 
1 1 . 7 5 

1 0 . 9 6 
1 1 . 6 5 
1 0 . 8 6 
1 1 . 5 7 
1 1 . 0 0 
1 1 . 6 8 
1 1 . 0 0 
1 1 . 6 4 

1 1 . 2 1 
1 1 . 7 8 
1 1 . 1 6 
1 1 . 8 0 
1 1 . 2 5 
1 I .91 
1 1 . 2 8 
1 1 . 8 7 

11.UO 
1 1 . 6 6 
1 0 . 9 1 
1 1 . 6 1 
1 1 . 0 9 
1 1 . 7 3 
1 1 . 1 4 
1 1 . 7 5 

15 

1 0 . 0 0 
1 0 . 9 6 

9 . 9 8 
1 0 . 8 9 
1 0 . 0 4 
1 1 . 0 7 
1 0 . 0 9 
1 1 . 1 6 

1 0 . 0 0 
1 0 . 9 4 
1 0 . 0 6 
1 0 . 9 3 
1 0 . 0 0 
1 1 . 0 0 
1 0 . 0 3 
1 1 . 1 9 

1 0 . 2 6 
1 1 . 2 1 
1 0 . 2 8 
1 1 . 2 2 
1 0 . 3 8 
11 .29 
1U.41 
1 1 . 4 3 

9 . 8 8 
1 0 . 9 2 

9 . 8 5 
1 0 . 8 2 

9 . 9 5 
1 1 . 9 7 
1 0 . 0 0 
1 1 . 3 0 

t y p e , 

19 

1 1 . 3 0 
1 2 . 2 3 
1 1 . 2 8 
1 2 . 2 3 
1 1 . 3 6 
1 2 . 2 4 
1 1 . 39 
1 2 . 3 2 

1 1 . 4 4 
1 2 . 3 1 
1 1 . 2 6 
1 1 . 8 8 
1 1 . 4 0 
12 .36 
1 1 . 4 2 
1 2 . 4 0 

1 1 . 7 6 
1 2 . 4 3 
1 1 . 8 2 
1 2 . 3 8 
1 1 . 8 4 
12.f .2 
1 1 . 8 6 
1 2 . 5 0 

1 1 . 3 0 
1 2 . 1 0 
1 1 . 2 0 
1 2 . 0 8 
1 1 . 3 2 
1 2 . 1 4 
1 1 . 3 8 
1 2 . 1 1 

Mean 
S 
C 

.an+ 

.D . 5 % 

9 
0 
0 

.75 

. 043 

.12 

11 
0, 
0, 

.64 

.005 

.02 

11 
0 
0 

.39 

.005 

.02 

10 
0 
0 

.59 

. 03 

.08 

1 1 . 9 1 
0 .04 . 

NS 

Gl = V20B; G2 = Madhu B; G3 = IR 54752 B; G4 = Improved Sona B;G5 = Pushpa b; 
G6 = Mangala B;G7 = In tan Mutan B; G8 = F r a g a t h i B: LI = Bangalore ; L2 = N4andya; 
L3 = Shimoga; L4 = Mudigere; T l = Trea ted ; T2 = Unt rea ted 
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Table 30. Storage fungi observed during the 15th month of storage 
period in seeds eight rice genotypes produced at four 
1ocations 

Genotype 

V 20 B 

Madhu B 

IR 54752 B 

] 

Improved Sona B 

Pushpa B 

Mangala B 

Intan mutant 

Pragathi B 

1= Rhizopus ! 

B 

spp 
4= Aspergillus 

Locations 

LI 
L2 
L3 
L4 

LI 
L2 
L3 
L4 

LI 
L2 
L3 
L4 

LI 
L2 
L3 
L4 

LI 
L2 
L3 
L4 

LI 
L2 
L3 
L4 

LI 
L2 
L3 
L4 

LI 
L2 
L3 
L4 

. ; 2= Ai 
niger; 

5P' 
5 

T 

_ 

-
-
+ 

— 

-
+ 

-

+ 

+ 

+ 

+ 

-

+ 

+ 

+ 

+ 

-
+ 

-

-

-
-
+ 

-

-
+ 

-

-

-
+ 

"" 

1 

UT 

_ 

-
+ 
+ 

-

-
+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-
+ 

+ 

-
+ 

+ 

+ 

-
+ 
+ 

+ 

+ 

+ 

+ 

T 

+ 

-
-
+ 

-

-
+ 

-

-

-

-
+ 

-

-

-
+ 

-

-

-
-

-

-
+ 

-

-

+ 

+ 

-

-

-
+ 

+ 

ergillus i 
= Fusar 

St 

2 

UT 

_ 

+ 

+ 
+ 

+ 

-
+ 
+ 

-

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

-
+ 

-

-

+ 

-

-

+ 

-
+ 
+ 

-

+ 

-
+ 

ora 

T 

_ 

-
+ 

-

-

-
-

-

-

-

-
+ 

-

-

+ 

-

+ 

-

-
+ 

+ 

-
+ 

+ 

-

-

-
+ 

+ 

-
+ 

~ 

Fl avous: 
ium; 6= 

ige f 

3 

UT 

+ 

+ 

+ 
+ 

-

+ 

-
+ 

+ 

-
+ 

+ 

+ 

+ 

+ 
+ 

-

+ 
+ 
+ 

-

+ 

-
+ 

+ 

+ 

+ 

-

-

-

-
+ 

; 3= 
Penici 

ungi 

T 

_ 

-
-

-

— 

-
-

-

-

-
+ 

-

+ 

-

-

-

-

-

-

-

-

-
-

-

-

-
+ 
+ 

+ 

-
+ 

~ 

4 

UT 

+ 

+ 
+ 
+ 

— 

+ 

+ 
+ 

-

+ 

+ 

+ 

+ 

+ 

+ 

-

+ 

-
+ 

+ 

+ 

+ 
+ 

+ 

-

+ 

-t 

+ 

-

+ 

-
+ 

T 

_ 

-
-

-

— 

-
-

-

-

-

-

-

-

-
+ 
+ 

-

-
+ 

-

-

-
-

-

+ 

-
+ 

+ 

-

-

-
+ 

5 

UT 

+ 

-
+ 
+ 

+ 
+ 

-
+ 

+ 

+ 

+ 

+ 

+ 

+ 

-
+ 

+ 

+ 
-
+ 

+ 

+ 

-
+ 

-

+ 

+ 
+ 

-

-

-

Aspergillus fui 
Ilium spp. 

6 

T UT 

+ + 

+ + 

- + 
- + 

+ 

-
-
- + 

- + 

+ 

+ 
- + 

- + 

-

+ + 
- + 

-

- + 
+ 

- -

-

+ 
+ + 

+ 

+ 

-
+ + 
+ + 

+ 

+ 

+ + 
+ 

migatus 

LI = Bangalore; L2 = Mandya; L3 = Shimoga; L4 = Mudigere 
T = Treated; UT = Untreated 
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Interaction between the genotype and location was tound 

significant with respect to moisture content ot seed (Table 

2 1). (jenotypes (J7, G3 and U4 recorded the liigliur M(J . I'lio 

seeds produced at Mandya registered low MC (Table 28). 

Treated seeds recorded significantly lower MC as compared to 

untreated seeds in ail the locations and over the storage 

period (Table 28). Significant interactions among genotypes, 

location 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 in Table 

30. In general the incidence of Khizopus Spp., A_̂  fumigatus 

and A_̂  n iger was more as compared to Fusar ium Spp. and 

Penicillium Spp. The seeds of the genotypes viz., IR 54752 

n, improved Sona and Intan mutant harboured 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 low incidence of 

s torage tung i . 

EXPERIMENT -3 

4.3 Hybrid Seed Production Through Main and Ratoon Crops 

The results of the experiment to produce five F 
i 

hybrids through main and ratoon crop of parents involving 

two CMS lines and five restorers in combinations are presented 
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in Tables 31 to 33 and big. 13. The hybrids are, HI: IR 

54752A/ARC li353K, H2:IR 547b2A/IK b4R, H3: IH 547Si2A/lI< 4L.K, 

li4:lntan mutant A/IK 27315R and H5: Intan mutant A/IK 15324R. 

4.3.1 Regeneration per cent 

Regeneration percentage in the parents ranged between 

93.7 and 83.3 (Table 31). Cytosterile lines showed 

regeneration higher than restorers. Among the parental 

lines studied, IR 54752 A put up the highest regeneration 

(93.7!b) toUowed by Intan mutant A (91.7'-fe) and ARC 11353 R 

(813.0%). The lowest regenration was recorded in IR 54 R and 

IR 27315 R (83.3%) . 

4.3.2 Ratooning ability 

Parental lines varied significantly fur this 

trait (Table 31). Intan mutant A recorded high ratoonabi1ity 

(1.U3) followed in order by IR 54752 A (0.97), IR 15324 R 

(().!)7) iind lU !.'l U ( U . 8 (>) . 1 ho lowoiil rii I ooii 1 ii(-5 nhlllly wiiH 

s h o w n by IR 4 6 R ( 0 . 8 2 ) . 

4.3.2 Virus affected plants 

Katoon crop of Intan niutont a showed more 

susceptibility to virus (2.8%) than IR 27315 R (2.2%) and IR 

15324 R (2.1%). The parental 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 height recorded on both ttic parents 

in main and ratoon crops are presented in Table 32. 



146 

Table 31. Regeneration percentage, ratooning ability and virus 
nffacted plants during seed production through 
ratooning of parents 

Parent s Regeneration Ratooning 
ability 

Virus affected 
plants (7J 

TR 54752 A 

Intan mutant A 

ARC U353 R 

IR 54 R 

IR 46 R 

IR 27315 R 

IR 15324 R 

93.7 

91.7 

88.0 

85.3 

85.3 

83.3 

85.0 

0.97 

1.03 

0.84 

0.86 

0.82 

0.83 

0.97 

0.7 

2.8 

0.7 

0.7 

1.6 

2.2 

2.1 
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between two lemale parents, IR 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.U cm) followed by IR 15324 R (96.2 cm). The lowest 

height was observed in 1R27315R (86.8 cm). In tJie ratoon 

crop, male parents also differed significantly for plant 

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 (69.4 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 lieight was noticed in ratoon crops. 

4.3.5 Productive tillers per plant 

The results on number of productive tillers in respect 

of female and male parents as observed in the main and 

ratoon crops are presented in Table 32. The two Female 

parents differed 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) from Intan mutant A (.12.9) 
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Number of productive tillers per plant in male parents 

of main crop differed significantly. IK 54R recorded the 

maximum productive tillers (16.2) closely tollowod by AKC 

11353R (16.0). The minimum productive tillers were 

registered by IR 153ii4R (14.6). The male parents of hybrids 

HI, 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) followed 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.b 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 female parents was more and 

less in the ratoon crop as compared to male parents. Between 

two female parents>IR 54752A registered iengtliier 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 differed sign 11 leantly 

for panicle length. IR 15324R recorded more (23.5 cm) panicle 

length than the others but was on par with ARC 113b3 R (23.3 
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cm) and IR 27315 R (23.0 cm). In the ratoon crop, panicle 

lenglli ulso ditfered significantly among tlio malt) 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 

Ihe 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 significantly liigher 

exsertion (80.6%) than Intan mutant A (73.3 %) in 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 (91.3%) tollowed by IR 15324 R 

(89.b'fe). IR 46R recorded the lowest exsertion (80.3%). In 

the ratoon crop, per cent panicle exsertion differed 

significantly among the male parents. ARC 11353K recorded 

the maximum exsertion (85.8%) and was on par vifith 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 80.9 per cent respectively. 



151 

4.3.8 Days to 5U per cent flowering 

Data pertaining to days bO per cent flowering are 

presented in Table 32. 

During main crop, IR 54752 A female parent took 113-

114 days and Intan mutant A, lUO-102 days to 50 per cent 

flowering. ARC 11353R took 116 days for 5U per cent 

flowering and it was 2 days later to IR b4752A. Another 

restorer IR b4R also took 116 days being three days delay in 

flowering as compared to its female parent (IR 54752A). IR 

46R 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 flowering as coinparGd to 

female parent Intan mutant A. 

4.3.9 Seed set percentage 

Ihe data on seed set percentage on female and male 

parents in ttie main and ratoon crops are presented in Table 

3 3 and Fig. 13.. 

in the main crop, seed set percentage differed 

significantly among the female parents. The highest seed set 

was observed on IR 547b2A (10.43%) with ARC 11353 R followed 

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 diflered 

significantly between female parents. The highest seed set 

(7.U %) was noticed on IR 54752A with ARC 11353R followed 

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 differed 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 

(8U.1%). In ratoon crop, male parents differed 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 ratoon crops are given in Table 

33. F hybrid seed yield on female parents differed 

significantly in the main crop. IR 54752A with ARC 11353 R 

recorded the highest yield (4.90 g) follownd by the same 

parent with IR 54R (3.40 g). The lowest F seed yield was 

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 followed 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 

8) followed by IR 15324R (33.6 g) and IR 46R (28.9 g). 1 he 

lowest yield was recorded in IR 54R (26.7 g ) . In the ratoon 

crop, IR 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 (19.8 gj. IR 46 registered 

the lowest yield (16.6 g ) . In general Fj hybrid seed yield 

and restorer yield per plant harvested from the main crop 

were more than those of 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 aro 

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 lowest 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 prcxluction through main and ratoon cropS 

Hybrids 

HI 

H2 

H3 

H4 

H5 

Mean 

[•or 
S.Wii 
C D . 
For 

. 

: 

; 

; 

; 

I 
M 

F 
M 

F 
M 

F 
M 

F 
M 

f 
M 

^ 

-

— 
-

_ 
-

— 
-

_ 
-

P a r e n t s 

IH 54752 A 
ARC 11353 R 

IR 54752 A 
IR 54 R 

IR 54752 A 
IR 46 R 

In tan mutant 
IR 27315 R 

In tan mutant 
IR 15324 R 

canpar ison of Female ] 
+ 

•5 % 

Seed s e t (%) 

b4ain Ratoon 

10.43 
9U.8U 

8.00 
83.60 

4.80 
89.20 

A 3.12 
80.10 

A 2.60 
91.40 

5 .91 
87.00 

pa ren t s 
0.19 
0 .58 

canpar i son of Male p a r e n t s 
S.Eln+ 
C D . 5 % 

1.2G 
3.80 

7.00 
81.00 

5.60 
75.60 

5.29 
77.00 

4.80 
68.20 

6.70 
78.00 

5.88 
75.90 

0.10 
0.29 

0 .34 
1.00 

Seed y 
p l a n t 

Main 

4 .90 
30.40 

3.40 
26.70 

1.90 
28.90 

1.11 
27.00 

0 .96 
33.60 

2.45 
30.50 

0 . 2 1 
0 .63 

1.14 
3.44 

i e l d / 
(8) 

Raton 

2.58 
24.30 

1.17 
19.80 

1.54 
18.60 

1.21 
16.60 

1.38 
26.80 

1.58 
21.20 

0.05 
0.14 

0 .76 
2.30 

Seed y i e l d / * 
h e c t a r e ( t ) 

Main 

1.49 
4.20 

1.06 
3.00 

0 .62 
3.60 

0.39 
3.20 

0 .34 
4.00 

U.78 
3.60 

0 .30 
0.09 

0 .05 
0 .15 

Ratoon 

0.88 
2.80 • 

0.39 
2.50 

0 .51 
2.00 

0.42 
1.90 

0 .41 
3.00 

0.52 
2.40 

0.02 
0.05 

0.06 
0.19 

F = Female; M = Male; 

* = Based on plot yield 
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In the ratoon crop also 1R54752A with ARC 11353 K out 

yielded (0.88 t/ha) other parent combinations i.e., IK 

b4752A with IR 46R (0.51 t/ha). IR 54752A with IR 54 R 

registered the lowest F hybrid seed yield (0.d9 t/ha) 
1 

however, it was on par with seed yield produced by IR 54752A 

/ IR 4bR, 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 crop ARC 11353 R 

recorded the highest seed yield (4.2 t/ha) which was on par 

with IR 15324R ( 4.U t/ha). IR 54R registered the lowest 

yield (3.U t/ha). 

In the ratoon crop IR 15324R registered the highest 

yield (3.U t/ha) followed by ARC 11353 R (2.8 t/ha). Ihe 

lowest yield was observed in IR 27315 R (1.9 t/ha). Here 

also ratoon yields were lower than main crop yield. 

EXPERIMENT -4 

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

The results of the experiment conducted during 

1990 DS involving seeds of five hybrids produced from 1) main 

crop and ii) ratoon crop are presented in Tables 34 to 37 and 

t ig .14 and 15. 

4.4.1 Test weight of seed 

The observations pertaining to the test weight are 

presented in lable 34. Significant differences 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/1R 54R (24.b6 g). The 

minimum test weight was recorded by IR 54752A / IR 46R 

( 23 .(j« g ) . 

Among the hybrid seeds harvested from rotoon crop, the 

maximum test weight was recorded by IR 54752A/ ARC 11353 R 

(24,85 8) followed by Intan 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 from 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 lUOO-seed volume of hybrid seeds produced 

through main and ratoon crops are presented in Table 34. 

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 seeds, IR 547b2A/ IR 54R (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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5 4 7 5 2 A / I R 46R ( 2 0 . 4 3 c c ) . I r r e s p e c t i v e of h y b r i d s , t h e s e e d s 

1 rum t l ie m a i n c r o p r e g i s t e r e d s i g n i f i c a n t l y h i g h e r l U U U - s e e d 

vului i io ( 2 2 . 1 c c ) t h a n d i d t h e r a t o o n s e e d s ( 2 1 . 7 9 c c ) 

T h e i n t e r a c t i o n e f f e c t s w e r e f o u n d t o b e s i g n i f i c a n t . 

4 . 4 . 3 Seed d e n s i t y 

Tlie data on seed density are presented In 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 2731bR (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/IU 27315U (1.12 g/cc). The minimum value was shown by IK 

54752A/IR 54R (1.02 g/cc). Seed density did not differ 

significantly between the seeds of main and ratoon crops. The 

interaction effects were also not significant. 

4.4.4 Speed of germination 

The observations regarding speed of germination are 

presented i"̂  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 lor 
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speed of germination tollovved by Intan mutant A/IH 2731t)K 

(33,2), ihe lowest value was registered by Intan mutant A/IK 

15324K (29.6 ) . 

Among the ratoon hybrid seeds, the maximum speed of 

germinatiun was recorded by IR 54752A/AKC 11353H (34.4) 

followed by Intan mutant A/IR 15324R (26.4). 'ihe minimum 

value was registered by IR 54752A/IK 4bK (10.fa). 

Significantly higher speed of germination values were 

recorded in the main crop seeds (32.6) as compared to ratoon 

crop seeds (24.1) irrespective of liybrids studied. 

Interaction effects were significant . 

4.4.5 Germination 

Ihe data on per cent germination are presented in 

Table 35. There were significant differences among the 

hybrid seeds due to per cent germination. In tlie main crop, 

liybrid seeds harvested from IR 54752A/ARG 113b3R recorded 

ttie maximum germination (90.0%) followed by IK {J4752A/1H 54H 

(97.6%). The lowest germination was recorded by Intan 

mutant A/IR 27315R (B9.b%). 

Among the ratooned hybrids, seeds of IR 54752A/1R b4R 

recorded the maximum (96.0%) germination followed by IR 

54752A/ARC 11353R (95.8%). The minimum germination was 

noticed in the seeds of Intan mutant A/IR 27315R (86.1%). 

Irrespective of hybrids, seeds from main crop recordod higher 
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germinabi1ity (94.0%) than ratoon crop (92.4%). Interactions 

were found signiticant . 

4.4.b Field emergence 

The results regarding per cent field emergence are 

presented in Table 35 and Fig. 14. lhe statistical analysis 

revealed significant differences for this character among 

the liybrid seeds irrespective ot method of propagation. 

Among the various 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 

b47b2A/ARC 11353R (85.8%), closely tollowed by IR 

54752A/IR 54R (83.8%). The minimum was exhibited by Intar 

mutant A / I R 27315 R (7b.3U%). There was significant 

difference between the main and ratoon cropseed for field 

emergence per cent. Seedling planted main crop 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 furnished in 

Table 36. There were significant differences among th« 

hybrid seeds, irrespective of method of their production. 
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Among t h e h y b r i d s e e d s p r o d u c e d from main c r o p , IR 54752A/ARC 

113b3R r e c o r d e d t h e maximum r o o t l e n g t t i ( l b . 3 cm) c l o s e l y 

t o l lowed by IR 54752A/IR 4faR ( l b . 2 cmj ; t h e minimum r o o t 

l e n g t h was r e g i s t e r e d by t h e h y b r i d s e e d s of I n t a n m u t a n t 

A/ IR 15324R ( 1 3 . b cm) . 

Among t h e h y b r i d s e e d s h a r v e s t e d t rom r a t o o n c r o p , t h e 

maximum r o o t l e n g t h was r e c o r d e d by IR 54752A/ARC 11353R 

( 1 6 . 2 cm) f o l l o w e d by I n t a n m u t a n t A/IR 27315R ( 1 2 . 9 c m ) . 

The minimum v a l u e f o r r o o t l e n g t h was r e c o r d e d by IR 

54752A/1R 54R ( 1 1 . 1 cm) . I r r e s p e c t i v e of h y b r i d s , main c r o p 

s e e d s r e g i s t e r e d h i g h e r r o o t l e n g t h ( l b . 2 cm) than r a t o o n 

s e e d s ( 1 3 . 1 c m ) . I n t e r a c t i o n s were s i g n i f i c a n t . 

4 . 4 . 8 Shoot l e n g t h of s e e d l i n g 

The o b s e r v a t i o n s p e r t a i n i n g t o s h o o t l e n g t h a r e 

siiiiiiiifiriKOfl in T a b l e 3 6 . S l g n l l i c o n t <l 11 I n r o n c o s wore 

r e c o r d e d among t h e h y b r i d s e e d s , i r r e s p e c t i v e ot p r o p a g a t i o n 

m e t h o d . Among t h e h y b r i d s e e d s ot main c r o p , IR 54752A/ARC 

113b3R r e g i s t e r e d t h e maximum s h o o t l e n g t l i ( 1 3 . 3 cm) c l o s e l y 

f o l l o w e d by IR 5 47 52 A / IR 54 R ( 1 1 . 8 cm) and I n t a n m u t a n t 

A/ IR 27315R ( 1 1 . 6 cm) and t h e l o w e s t s h o o t l e n g t h was 

r e c o r d e d by IR 54752A/1R 46R ( I U . 3 c m ) . 

Among t h e h y b r i d s e e d s o b t a i n e d from r a t o o n c r o p , IR 

54752A/ARC 11353R r e c o r d e d t h e maximum ( 1 3 . 2 cm) f o l l o w e d by 

IR b4752A/IR 54R ( 1 2 . 1 c m ) . Ihe minimum s h o o t l e n g t h ( 1 0 . 4 

cm) was p u t up by IR b47b2A/IR 4bR. I r r e s p e c t i v e of 



163 

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 in 

lable 3b. 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) vigour index followed by IR 54752A/1R 

54R (2681) and the minimum was registered by Intan mutant 

A/IR 15324R (2289) . 

Vigour index was maximum in IR 54752A/ARC 113b3R (2blfa) 

closely followed by IR 54752A/IR 54R (222U) and the minimum 

was registered by Intan mutant A/IR 27315R (2U54) in the 

seeds harvested by ratoon crop. Irrespective of hybrids, 

seeds produced from main crop recorded liigher vigour index 

(2543) than ratooned crop seeds (2266). Interactions were 

s ignitleant . 

4.4.10 Seedling dry weight 

The results on seedling dry weight are presented in 

lable 37 and big. 15. Significant differences were noticed 

among the hybrids both in the main and ratoon crops . in 

respect of seedling dry weight. Among the hybrids of 
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main crop seeds, seedling dry weight was maximum in IR 

54752A/AUC 11353R (lb6.3 mg) closely followed by Intan mutant 

A/IR 27315R (157.4 mg) and minimum dry weight was recorded by 

Intan mutant A/IR 15324R (149.2mg). 

Among the hybrids of ratoon crop seeds, the maximum 

seedling dry weight was observed in IR 54752A/ARC 11353R 

(Ibb.b mg) followed by Intan mutant A/IK 27315R (134.4 mg) 

and the minimum values were registered by Intan mutant A/IR 

15324R (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 tlno liybrlds ol main crop 

seeds, the lowest EC was recorded from seeds of IR 

b4752A/ARC 11353R (157 u mhos/cm) followed by IR 54752A/IR 

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 4bR (173 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 . Seedl ing d ry weight and e l e c t r i c a l c o n d u c t i v i t y of seed 
l e a c h a t e of hybr id seeds produced through main 
and ra toon crops of p a r e n t a l l i n e s 

P a r e n t s 

i' ana 11; Male 

Seedl ing d ry vv'eight 
(mg/10 s e e d l i n g s ) 

E l e c t r i c a l c o n d u c t i v i t y 
( |u mhos /cm) 

Main Katoon Mean Main Katoon Mean 

IR 54752A/AIC 11353 R 

IR 54752A/IR 54 R 

IR 54752A/IR 46 R 

In tan mutant A/IR 27315 R 

In tan mutant A/IR 15324 R 

Mean 

166.3 

152.7 

154.8 

157.4 

156.5 

128.2 

129.7 

134.4 

149.2 121.6 135.4 

156 .1 134.1 

S.fchi+ C.U. 5% 

161.4 

140.4 

142.2 

145.9 

157.0 173.0 165.0 

163.0 186.0 174.0 

171.0 173.0 172.0 

190.0 192,0 191.0 

187.0 189.0 188.0 

173.0 182.0 

S.fcin+ C.U. 5% 

Hybrid 
Method of p ropaga t ion 
I n t e r a c t i o n 

0 ,63 
0 .40 
0 .90 

1.75 
1.11 
2.48 

1.03 2.84 
0 .65 1.80 
1.45 4.00 
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harvested from main crop recorded the less EC (173 u 

mhos/cm) than ratoon crop seed (162 u mhos/cm) . 

EXPERIMENT -5 

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

riie results pertaining to evaluation uf nine promising 

male sterile lines, their maintainors, seven restorers, eigiit 

F. hybrids and three varieties for their feasibility to 

vegetative propagation through tiller separation are 

presented in Tables 36 to 41 and Figs. 16 to 19. 

4.5.1 Number of tillers per mother plant 

Male sterile lines differed significantly lor number 

of tillers recovered from mother plant. An average number of 

tillers recovered was 7.20 (Table 38 and Fig. 16). Fragathi 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 (6.00). 

Maintainor lines too differed significantly in recovery 

of tillers per mother plant. The mean number of tillers 

obtained was 7.33 (Table 36 and Fig. 16). Madhu B recorded 

the highest number of tillers (9.30) 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 difiered signiticantly tor tillers 

recovered per mother plant. The mean number of tillers 
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obtained was 7.80 (Table 39 and Fig. 17). ARC 11353 R 

recorded the highest number of tillers (lU.U) 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 V 20A/1R 3bR and Intan mutant A 

/ARC 11353R differed significantly from check varieties 

(lable 39 and Fig. 17). IR 54752A/ARC 11353R recorded the 

highest (10.5) number of tillers being on par with IR 

54752/IR 27315 (10.4) and IR 54752/IR 46R (10.2). ilie 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 R lines. 

4.5.2 Field establishment 

The mean field establishment per cent was 85.3. The 

range being from 79.7 to 96.3 per cent (lable 3U and I'ig . 

10). Male sterile lines differed significantly in 

establishment percentage. IR 54752A recorded the highest 

field establishment (96.3%) followed in order by Intan mutant 

A (88.0%), ES 18A (87 .3 % ) and Pushpa A (85 .3%) . Intanmutant 

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 Table 38 and Fig. 18. 

The field establishment per cent differed significantly 
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Table 38. Number of t i l l e r s recovered per mother p lant and the i r 
f ie ld establishment through t i l l e r plant ing (CMS l ines and 
maintainors ) 

P a r e n t s 

V 2U A 
Improved Sona A 
Manga la A 
F r a g a t l i i A 
IR 54752 A 
P u s h p a A 
bis 18 A 
Madhij VyA 
I n t a n m u t a n t A 

Mean 
S.Ein+ 
C D 5 % 

V 2U B 
Improved Sona B 
Manga la B 
FniR. ' i th i B 
lU Lj47b2 B 
P u s h p a B 
ES 18 B 
Madhu B 
I n t a n M u t a n t B 

Mean 
S.Bn+ 
C D . 5 % 

T i l l e r s r e c o v e r e d 
p e r m o t h e r p l a n t 

7 .1U 
6 . 8 0 
6 . 0 0 
8 . 4 0 
8 . 0 0 
7 . 0 0 
8 . 0 0 
7 . 0 0 
6 . 4 0 

7 . 2 0 
0 . 2 8 
0 . 8 3 

7 . 2 0 
7 . 0 0 
5 . 8 0 
8 . 2 0 
7 . 2 0 
8 . 0 0 
6 . 3 0 
y.3o 
7 . 0 0 

7 . 3 3 
0 . 1 0 
0 . 3 1 

F i e l d e s t a b l 
(%) 

7 9 . 7 
8 2 . 3 
8 0 . 3 
8 4 . 3 
9 6 . 3 
8 5 . 3 
8 7 . 3 
8 4 . 0 
8 8 . 0 

8 5 . 3 

8 1 . 0 
7 8 . 0 
8 1 . 7 
8 0 . 7 
UU.3 
8 1 . 0 
8 1 . 3 
8 2 . 3 
8 0 . 3 

8 1 . 8 
0 . 7 1 
2 . 1 0 

i sbnien t 

( 6 3 . 2 ) 
( 6 5 . 2 ) 
( 6 3 . 7 ) 
( 6 6 . 8 ) 
( 7 9 . 2 ) 
( 6 7 . 5 ) 
( 6 9 . 1 ) 
( 6 6 . 4 ) 
( 6 9 . 8 ) 

( 6 6 . 9 ) 
1 .00 
3 . 0 0 

( 6 4 . 2 ) 
( 6 2 . 0 ) 
( 6 4 . 7 ) 
( 6 3 . 9 ) 
(VI .;») 
( 6 4 . 2 ) 
( 6 4 . 4 ) 
( 6 5 . 2 ) 
( 6 3 . 7 ) 

( 6 4 . 9 ) 

Data in parenthesis are arcsln root t ranstered values 
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Table 3U. Number of tillers recovered per mother plant and their 
tield establistment through tiller planting Irestorers, 
hybrids and varieties) 

Genotypes 

R e s t o r e r s 
IR 29723 R 
IR 54 R 
IR 4b R 
ARC 11353 R 
IR 20 R 
IR 36 R 
IR 15324 R 

Mean 
S.Iin+ 
C.D.5 % 

Hybr ids 
In tan Mutant A/ARC 
Madhu WA / IR 46 
IR 54752 A / IR 
V 20 A / IR 36 F 

) R 
46 
t 

Madhu WA / IR 15324 
IR 54752A / IR 2731E 
IR \^^"lW2.^ / Ai«: 
IR 54752 A / IR 

V a r i e t i e s 
J ay a 
CTH 1 (Mukthi) 
Rasi 

Mean 
S.Bn+ 
C D . 5 % 

l i e 
54 

11353 

R 

R 
\ R 
153 R 
R 

T i l l e r s recovered 
p e r mother p l a n t 

6.0U 
8.00 
9 .50 

10.00 
6.00 
7 .20 
8.00 

7 .80 
0 .30 
0.92 

R 9 .20 
9 .80 

10.20 
9 .00 
9 .60 

10.40 
10 . !iO 
9 .80 

8.90 
8.00 
8.00 

9.47 
0 . 2 1 
0 .62 

F i e l d e s t a b l i s h m e n t 
(%) 

86.7 
89 .4 
91 .0 
96 .7 
8 1 . 1 
85 .4 
89 .4 

88 .5 
0 .66 
2.00 

89 .2 
90 .2 
83 .5 
87.9 
81 .2 
83 .0 
9 2.1 
8 5 . 1 

9 0 . 4 
9 1 . 1 
83 .2 

87 .0 
0.65 
1.91 

(68 .6) 
(71 .0) 
(72 .6) 
(79 .6) 
(64 .3) 
(67 .6) 
(71 .0) 

(70 .7) 

(70 .9) 
(71 .8) 
(6b .1) 
(69 .6) 
(64 .3) 
(65 .7) 
(73.(1) 
(67 .3) 

(72 .0) 
(72 .7) 
(65 .8) 

69 .1 

Data in parenthesis are arcsin root transfered values. 
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among the 'B' lines and ranged from 78.0 to yo.3 per cent 

with mean value of 81.B per cent. The highest field 

establishment was recorded in IR 54752B (90.3%) and differed 

from Madhu B (82.3%), Mangala B (81.7%) and ES 18B (81.3%). 

Madhu, Mangala, E& 18, Pushpa and V 20 were on par. Improved 

sona showed very low field establishment. 

Restorers also differed significantly in field 

es tabl isfimen t of tillers (Table 39 and Fig. 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%) followed in order 

by IR 46R (91.0%), IR 54R (89.4%). The restorers IR 4b, IR 

54, IR 15324, IR 29723R and IR 36R were on par. IR 20R 

recorded the lowest percentage of field establishment (81.1%), 

Hybrids and varieties also differed significantly in 

field establishment of tiller crop (Table 39 and Fig. 19). 

1 he establishment ranged from 92.10 to 81.2 per cent. The 

highest percentage was observed in IR 54752A/ARC 11353R 

followed in order by CTH 1 (91,1%), Madhu VvA /IR 4b H (90.2%) 

and Jaya (90.4%). The lowest field establishment was oberved 

in Madhu VVA / IR 15324R (81.2%). Intan mutant A/ARC 11353R 

and Madnu \vA/IR 46R, Madhu WA /IR 15324R and IR 54752/IR 

27315 R, Jaya and CTH 1 were on 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 signitleantly in plant 

height in all the methods of propagation (Table 4U). IR 

54752A recorded the maximum plant height (87.3 cm) lollowed 

in order by Madhu WA (83.9 cm) and Intan mutant A (82.5 cm), 

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 differed significantly among 

tl\c mole sterile lines (Table 40). Both IR 54752A and Intan 

mutant A recorded the maximum number of productive tillers 

(14.3) followed by Mangala A (13.9) and Pushpa A (13.7). The 

lowest number ol 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 differ significantly 

due to method of propagation and their interactions. 

4.5.3.3 Panicle length 

Significant variations 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 I'ragatljl A (23.2 cm), t-ij 18A record&d the minimum 

panicle length of 18.2 cm. 

Significant differences were not noticed due to method 

of propagation and their interactions. However, vegetatively 

propagated crop of V 2CJA, IK 54752A, tS IbA and Intan 

mutant A recorded numerically more values for panicle length 

than their respective seedling planted crop. 

4.5.3.4 Total spikelets p^r 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. 

Fushpa A recorded significantly the highest number of 

spikelets (135.5) was being un par with IR 54752 A (134.5). 

1 ho lowest number of spikelets was registered by Eb 18A 

(84.5). 

bpikelet number did not differ significantly due to the 

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

4 .5 .4.1 Plant height 

Plant height differed significantly among the 

maintainer lines (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.d cm). Ihis 

character did not vary signiileantly 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 lines, irrespective of method of 

propagation (Table 41). IR 54752B recorded the maximum 

number of productive tillers (14.2) followed in order by 

Inlan mutant B (13.8) and Madhu B (13.1). Improved sona 

registered the lowest number of tillers (9.9). 

Productive tillers did not ditter significantly between 

two methods of propagation and their interaction with 

genotype. 

4.5.4.3 Panicle length 

Panicle length (Table 41) differed significantly among 

the maintainer lines. Pushpa B recorded the maximum 

panicle length (25.0 cm) followed in order by IR 54752B 

(24.3 cm) and Pragathi B (23.2 cm). The minimum panicle 

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

metlioU oi propagation and their interaction. 

4.5.4.4 Spikelet number per panicle 

Splkelets per panicle differed significantly among the 

malntainer lines (Table 41). Pushpa B recorded the maximum 

number of splkelets (128.U) followed by IK 547b2B (126.U). 

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

Spikelet number did not differ significantly between 

two methods of propagation, though seedling planted main 

crop recorded numerically more splkelets (107.0). The 

interaction between genotype and method of propagation was 

not significant. 

4.5.4.5 Filled splkelets per panicle 

Filled splkelets differed significantly among the 

inaintainer lines, irrospoctive ol motliod of propagation 

(Table 41). The highest number of filled splkelets (94.5) 

was recorded by IK 54752B followed in order by Intan mutant 

B (85.0) and Pragathi (83.5). The lowest number of filled 

splkelets was observed in both V 20 B (53.0) and ES 18B 

(53 .0) . 

The genotypes IR 54752B, Intan mutant B, ES 18 B, V 20 

B and Mangala B recorded more number of filled splkelets- in 

vegetatively propagated tiller crop than in seedling planted 
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Ccntiruad lable 

Gaxtypes 

V20B 
Inprcved Sena B 
Nfergala B 
PragatW B 
m 5^752 B 
HjEtpaB 
ES 18B 
NbJu B 
IrtanMjtart B 

Nban 

O-nnxiriiig neaiB 
Gerotype (G) 
Nfethxlcf 
prrpggation (T) 

41. 

Filled spdMets/paitLcle 

Nfein TQler I^an 
cxqj 

60.0 
82.0 
76.0 
86.0 
92.0 
83.0 
62.0 
80.0 
83.0 

78.2 

cf 

G at same l&jei. cf T 
G at same/differert 
level of T 

crcp 

66.0 
73.0 
77.0 
81.0 
97.0 
78.0 
(A.O 
78.0 
87.0 

77.9 

S.Bn^ ( 
1.24 
0.65 

1.% 
1.86 

63.0 
77.5 
76.5 
83.5 
%.5 
80.5 
63.0 
79.0 
85.0 

:.D.5 7o 
3.70 
tB 

5.83 
5.56 

Seed 

Nfeln 
crcp 

13.6 
14.5 
16.0 
17.1 
22.1 
18.2 
11.8 
17.3 
20.9 

16.8 

yield / plart (g) 

TlUer Nfean 
crap 

15.7 
12.1 
17.5 
16.5 
23.9 
15.9 
12.9 
19.1 
22.0 

17.3 

S.tln+ 
0.27 
0.07 

0.21 
0.30 

14.6 
13.3 
16.7 
16.8 
23.0 
17.1 
12.4 
18.2 
21.4 

C.D.37„ 
0.80 
0.21 

0.64 
0.92 

Test w e i ^ (g) 

Nfain Tiller 
crcp ( 

24.86 
21.01 
21.89 
21.14 
22.9 
19.03 
19.28 
23.26 
20.83 

2 1 . ^ 

S.bk^ 
0.06 
0.03 

0.09 
0.09 

zrap 

24.88 
23.93 
21.87 
21.07 
22.70 
18.98 
19.63 
Z).25 
20.91 

21.25 

Nfean 

^ . 8 7 
20.97 
21.88 
21.10 
22.80 
19.00 
19.45 
20.25 
33.87 

C.D.5 7c 
0.18 
te 

^B 
i« 

I>B = ISbt sigiif icart 
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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 

Malntainer lines differed significantly due to seed 

yield (Table 41) per plant. IR 54752B registered the maximum 

yield (23.Ug) followed by Intan mutant B (21.4 g). The 

lowest yibld 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 2UB, Mangala B, IR 54752B, ES 18B, Madhu B and Intan 

mutatnt B showed more seed yield than seedling planted crop 

except in Improved sona, Fragathi B and Pushpa B. 

4 .5 .4.7 Test weight 

Test weight differed significantly among the malntainer 

lines (Table 41). V 20B recorded significantly the highest 

test weight (24.87 g) followed by IR 54752B (22.60g). 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 

1evels. 



I8U 

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

4.5.5.1 Plant height 

Plant height varied significantly among tlie 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 IR 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 

ot 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 29723R, 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 beliaviour. 

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 15324H (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 propagation. 

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

rus torurs. 

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 15 3 24R (23.2 cm) and IR 46R (22.5 cm). IR 

36 R registered the minimum panicle length (19.8 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 (21.9 cm). The restorers IR 29723R, 

IR 4t), ARC 11353R, IR 15324R recorded longer panicles in 

vegetatively tiller crop than in seedling planted crop but it 

was qiiitcj pppositMin IR 54, IR 20 and IR 3GR. 

4.5.5.4 Spikelets per panicle 

Number of spikelets differed 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 (106.0) 

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 

diflered significantly for filled spikelets per panicle 

(Table 42). ARC 11353 H recorded the highest number of 

filled spikelets (107.0) followed inorder by IR 15324R 

(lUU.U) and IR 46R (89.5). The three restorers IR 29723R, IR 

2UR and IR 36R were on par. IR 54R registered the lowest 

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 seedling planted crop. 

4.5.5.6 Seed yield per plant 

'Ihe restorer lines differed significantly due to seed 

yield (Table 42). ARC 113b3R registered the highest yield 

(2b.3g) but was on par with IR 4bR (24.6g). IR 29723R 

(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 lines at same or different level of propagation 

method varied significantly. Vegetatively propagated 

restorers IR 46 R and IR 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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OiTtiruBd Table 42 

Gaxtype 

IR 29723 R 
I R % R 
IR46R 
/ARC 11353 R 
1R20R 
IR 36R 
IR 15324 R 

Nban 

QjHTQtii-g means 
Ceii)type (G) 
MeLhxl of 
prcpggatian (T) 

Filled 

crcp 

89.0 
78.0 
86.0 

103.0 
86.0 
87.0 
98.0 

89.6 

cf 

G at same level cf T 
G at sane/differert 
l e ^ cf T 

[ spLtelets/paricle 

Tiller Nfean 
crap 

86.7 
77.0 
93.0 

111.0 
81.0 
79.0 

103.0 

90.1 

S.Ehrf < 
2.19 
0.67 

1.78 
2.52 

87.8 
77.5 
89.5 

107.0 
83.5 
83.0 

100.0 

C.D.5 7„ 
6.75 
bB 

5 . ^ 
7.75 

Sead 

Nfeln 
ciq? 

22.9 
18.0 
23.2 
24.4 
33.1 
22.3 
21.8 

21.8 

[ yield /pi, 

Tiller 
crcp 

23.5 
18.5 
26.0 
26.3 
17.8 
19.8 
24.0 

22.3 

S.eirt-
0.45" 
0.26 

0.68 
0.66 

art (g) 

Nfean 

23.2 
18.2 
24.6 
25.3 
18.9 
21.0 
22.9 

C.D.57o 
1.38 

ê 

2.10 
2.00 

Test ' 

Nfein 
ciqp 

21.11 
19.02 
21.10 
23.82 
20.03 
19.89 
20.16 

20.30 

w s e i ^ (g) 

Tiller 
c i tp 

21.09 
19.03 
21.14 
20.94 
19.90 
19.80 
23.18 

20.29 

S.Rirt- 1 
0.018 
0.14 

0.36 
0.31 

bfean 

21.10 
19.02 
21.12 
23.88 
19.% 
19.84 
23.17 

C.D.5 7„ 
0.054 
t>K 

b8 
be 

bB - Nat sigiif icart 
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4 .5 .5 .7 Test weight 

Restorer lines differed significantly lor test weight 

(Table 42) IR 46R registered significantly more test weight 

(21.12 gj than IR 29723R (21.1Ug) and ARC 11353R (2U.88g); 

and IR 54R recorded the lowest test weight (19.02g). Test 

weight did not vary significantly due to method 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 

varieties 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/AR(J 11353R 

(86.8 cm), IR 54752A/1R 54R (84.4 cm) , CTH 1 (83.5 cm) and 

IR 54752A/IR 46R (83.1 cm). The hybrid V2UA /IR 3faR recorded 

the minimum plant height (07.6 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 

rtcorded 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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Madliu VvA / l U 153iJ4K r e c o r d e d t h o luiniiHuiii n u m b e r o l p r o d u c t i v e 

t 1 1 l e r s ( 1 2 , 3 ) . 

liller propagated crop registered significantly more 

number of productive tillers (14.U) than seedling planted 

crop (13.6). Genotypic interaction at same or different 

levels of method of propagation was found to be significant 

due to productive tillers. Vegetatively propagated genotypes 

viz., IR54752A/IR40R, IRS4752A/1R27315R. 1R54752A/ ARC 

11353K. IR54752A/1R54R, 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 

p ropagat ion. 

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), 

1R54752A/1R54R (23.9cm) and IR54752A/lR2731b (23.9cm). The 

lowest panicle length was registered by V20A/IR3bR (19.9cm). 

Panicle length did not differ significantly due to the method 

ol propagat ion. 

4.5.6.4 Spikelet number per panicle 

Spikelet number per panicle differed signi1 leantly 

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/IR27315R (129.5) and Madhu VvA/IR15324R (126.U). 

Rosi reglstored Uio lowest number (97.U). Spikolot nuiiibor 

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 

diftored 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 U (99.U) and Intan mutant A /ARC 11353 (94.5). 

In general filled spikelets were more in hybrids 

than In varieties except In V 20A /IR 36R (79,5). Hasi 

recorded the lowest number of tilled spikelets (6b.U). Filled 

spikelets did not differ significantly 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 ttie hybrids 

and varieties in both methods of propagation (Table 43 and 

Fig. 20). IR 54752A /ARC 113b3R 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 2731bR -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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I MUTANTA/ARC 113S3R 

MADHU V•^/IR 46 R 

IR 6 4 7 6 2 A / I R 40 R 

V 20 A/ IR »e R 

MADHU WIA/IR 1B334 R 

IR B47B2A/IR3731B R 

IR 64762A /ARC 11363R 

IR 647e2A/ IR 64 R 

VARIETIES 
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FIG 20. GRAIN YIELD (g/pl) OF HYBRIDS & 
VARIETIES IN MAIN & TILLER PLANTED CROPS 
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VARIETIES IN MAIN & TILLER PLANTED CROPS 
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hybrids and varieties, except V 20A/IR 3bR, Madhu V»A /IK 

15;V241<, and Kasi 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 2731b R 

(22.23g), V 20A/IR 36 (22.18g) and IR 54752A/ IR 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 

iho exporimont consistod oi two ogo group of tillorB 

obtained through tiller separation at two different dates (Ti 

and T2) along with seedling planted - control (TO) in eight 

varieties. The results on the field performance of rice 

varieties as influenced tlie age of tillers and their 

interaction effects are presented in Tables 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. Significant differnce was noticed between the time of 

tiller separation irrespective of varieties under study. 



Pla te 2: l i Hers separated f ran mother plant Pla te 3: T i l l e r s separated fron mother 
of IR 54752A / AM: 11353 R for plant of ARC 11353R for vegeta t ive 
vegetative propagation propagation 

^ * ^ * > « < * * . * 

'"a, Ki 

Pla te 4: Field v lew- ' l i l le r planted crop and seedling planted crop 
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Tiller aged 70 days (T2) recorded the highest number of 

lilltMs (llj.H) nnd tlio lowoBt IU .'J J WQH in Tl 11>U duys 

old) . 

Varieties differed significantly due to number ot 

tillers obtained per mother plant. The highest number of 

tiller was obberved 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). 'Ihe tiller crop (Tl) recorded 

the highest (82.7 cm) plant height closely followed by 

seedling planted control (82.0), T2 recorded ttie lowest 

value (72.8 cm) . 

Irrespective of age of tillers varieties showed 

significant differences for plant lieight. V4 registered the 

highest plant height (94.2 cm) followed by V5 (89.5 cm) and 

Vb (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 lable 44. 

Irrespective of varieties, tiller number per plant differed 

signilicantly due to age ot tiller. It was high in Tl (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) lollowed 

by V b (12.9), and tlie lowest was in V2 (lU.ti). Interaction 

effect between variety and age of tillers was significant. 

4.6.4 Productive tillers per plant 

The 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 

(Tl) recorded the highest number of productive tillers (12.6) 

followed by TO (11.9) and the least was in T2 (9.5). 

Varieties differed significantly for number of 

productive tillers in all tiller age groups. V3 (13.1) 

recorded the highest value followed by V6 (12.7) and the 

lowest was in V8 (9.3) . Interaction effects between age of 

tillers and varieties were significant. 

4.6.5 Panicle length 

Panicle length differed significantly due to tiller 

age in all varieties (Table 44). Maximum panicle length was 

recorded in Tl (22.U cm) followed by TU (21.9 cm) and the 

minimum was in T2 (19.6 cm). Varieties too differed 

significantly for this trait. Maximum panicle length 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 betv>(een tiller age and varieties were 

s ignifleant . 
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Inblo 44. Utottth and yield caiiponente of r ice var ie t i es as Influenced by age ol t i l l e r s 

11 on lull Ml t 

Age of t i l l e r CD 
lU 
11 
12 
S.Bii 
C D . 5 1 
V a r i e t i e s (V) 
VI AlC 11353 R 
V2 IR 46 R 
V3 Madhu VA / IR 15324 R 
V4 IR 54752 A / 
V5 IR 54752 A / 
V6 U< 5 4 7 5 2 A / 
V7 V 20 B 
V8 hS 18 B 
S.Bn+ 
C.V. 5 \ 
I n t e r a c t i o n (T x V) 
10 VI 

V2 
V3 
V4 
V5 
V6 
V7 
V8 

1 1 VI 
V2 
V3 
V4 
V5 
VG 
V7 
Vd 

12 VI 
V2 
V3 
V4 
V5 
V6 
V7 
V8 

AlC 
IR 
IR 

11353 R 
54 R 
27315 R 

l o r c a n p a r l s o n of m e a n s 
V a t s a n e l e v e l of ' 
S.Bn+ 
C D 5 % 

r 

1 n l niniin o r c l l f f o r o i t 
b .Hi i t 
C D . 5 % 

10 = No t i l l e r 

l o v o l of V 

No . n( t U l n i r , 
r e c o v e r e d 1 r u n 
m o t h e r p l a n t 

-
9 . 9 

1 5 . 8 
0 . 0 2 
0 . 1 3 

1 2 . 6 
1 3 . 4 
1 4 . 4 
1 4 . 0 
1 4 . 1 
1 3 . 2 
1 0 . 1 
1 1 . 3 

Q . 0 3 
0 . 1 0 

-
-
-
-
-
-
-
-

9 . 8 
1 0 . 2 
1 0 . 7 
1 1 . 0 
1 1 . 5 

9 . 5 
7 . B 
9 . 2 

I S . 3 
1 6 . 6 
1 8 . 1 
1 7 . 0 
1 6 . 7 
1 7 . 0 
1 2 . 3 
1 3 . 4 

0 . 0 4 
0 . 1 3 

0 . 0 5 
0 . 1 6 

I ' In i i t 
l l i - lgh t 

( o n ) 

8 2 . 0 
8 2 . 7 
7 2 . 8 

0 . 1 4 
0 . 5 4 

8 4 . 6 
8 0 . 8 
7 9 . 5 
9 4 . 2 
8 9 . S 
8 7 . 1 
5 7 . 8 
5 9 . 9 

0 . 3 5 
1 .00 

8 6 . 4 
B2.B 
8 2 . 8 
9 7 . 2 
9 1 . 1 
8 9 . 9 
6 1 . 0 
6 5 . 0 

8 7 . 8 
8 2 . 6 
8 7 . 7 
9 6 . 4 
9 3 . 0 
9 0 . 8 
6 2 . 4 
6 6 . 0 

7 9 . 6 
7 7 . 1 
7 2 . 9 
8 9 . 0 
8 4 . 3 
8 0 . 6 
5 0 . 0 
4 8 . 6 

0 . 6 0 
1 .67 

0 . 5 8 
1 .65 

s e p a r a t i o n ; S e o d l i n g p l a n t e d c r o p 
1 1 = r i l l e r s e p a r a t i o n 50 d a y s 
T2 = T i l l e r Sep a r a t ; l on 70 d a y s 

a f t e r s o w i n g ; 
a f t e r s o w i n g ; 

51) d a y o l d 
7U d a y o l d 

No, 11 r 
t l H e i s / 

p l a n t 

1 2 . 6 
1 2 . 8 
1 0 . 0 

0 . 0 7 
0 . 2 7 

1 1 . 1 
1 0 . 6 
1 3 . 3 
1 2 . 0 
1 1 . 0 
1 2 . 9 
1 1 . 8 
1 1 . 4 

0 . 0 6 
0 . 2 0 

1 1 . 3 
1 2 . 0 
1 4 . 5 
1 2 . 7 
1 1 . 2 
1 3 . B 
1 2 . 4 
1 2 . 5 

1 1 . 2 
1 2 . 1 
1 4 . 8 
1 2 . 4 
1 1 . 4 
1 4 . 2 
1 3 . 6 
1 3 . 0 

1 0 . 8 
7 . 6 

1 0 . 8 
1 1 . 1 
1 0 . 5 
1 0 . 7 

9 . 4 
8 . 8 

0 . 1 1 
0 . 3 0 

0 . 1 2 
0 . 3 8 

t i l l e r 
t i l l e r 

I'l o h i c t Ivit 
t l l l e i s / 

p l a n t 

1 1 . 9 
1 2 . 6 

9 . 5 
0 . 1 8 
0 . 7 2 

1 0 . 9 
1 0 . 5 
1 3 . 1 
1 1 . 7 
1 0 . 7 
1 2 . 7 
1 1 . 3 

9 . 3 
0 . 1 2 
0 . 3 4 

1 1 . 2 
1 1 . 8 
1 4 . 2 
1 2 . 4 
1 1 . 0 
1 3 . 8 
1 2 . 4 

8 . 0 

1 1 . 2 
1 2 . 0 
1 4 . 8 
1 2 . 2 
1 1 . 2 
1 4 . 2 
1 2 . b 
1 2 . 0 

1 0 . 4 
7 . 6 

1 0 . 2 
1 0 . 6 
1 0 . 0 
1 0 . 2 

9 . 0 
8 . 0 

0 . 2 1 
0 . 5 9 

0 . 2 7 
0 . 8 9 

I ' m i l i l n 
l o n g tti 

(cm) 

2 1 . 9 
2 2 . 0 
1 9 . 6 

0 . 1 3 
0 . 5 1 

1 9 . 8 
2 0 . 4 
2 2 . 7 
2 4 . 1 
2 4 . 1 
2 3 . 7 
1 7 . 1 
1 7 . 3 

0 . 0 9 
0 . 2 5 

2 0 . 4 
2 0 . 6 
2 4 . 0 
2 5 . 0 
2 4 . 9 
2 4 . 8 
1 7 . 5 
1 8 . 1 

2 0 . 5 
2 0 . 6 
2 3 . 9 
2 5 . 1 
2 5 . 0 
2 5 . 0 
1 7 . 7 
1 0 . 3 

1 8 . 6 
2 0 . 0 
2 0 . 3 
2 2 . 2 
2 2 . 4 
2 1 . 2 
1 6 . 1 
1 5 . 6 

0 . 1 6 
0 . 4 4 

0 . 2 0 
0 . 6 5 
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4.6.6 Percentage of filled spikelet 

1 lio data on percentage ot tilled splkolets are 

presented in Table 45. Filled spikelet percentage differed 

8 ignii lean t ly due to tlie age of tillers. Ttie tiller planted 

crop, 11 (85.6%) recorded the highest percentage and seedling 

planted crop TO and T2 recorded B3.9 and 66.9 per cent 

respect ively. 

Varieties differed significantly irrespective of age of 

tillers planted in per cent filled spikelets. The lowest 

filling was found in V7 (69.1%). The interaction between 

tiller age and varieties was significant. 

4.6.7 Grain yield per plant 

The data on yield per plant as influenced by tiller age 

and interaction effects are presented in Table 45. 

Significant differnces were noticed between the age ot 

tiller in 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 T2 (10.9g). 

Irrespective of tiller age, varieties diffefered 

significantly. V6 recorded the highest grain yield (23.7 g) 

per plant followed in order by V4 (22.0 g) and VI (19.Og ) . 

The lowest yield per plant was given by VB (11.2 g ) . 

Interaction effects were significant in all tiller age groups 

and varieties. 
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4.b.8 Grain yield per hectare 

I rrespecii ive of varieties, yield per hectare basis 

ditlerod signitlcantiy between tiller age gruu[)s (lable 

45). Tiller crop Tl ' ecorderi the hjgnest grain yield ci 17 .48 

t/ha) as compared to seedling planted crop TO (b.b3 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.b8 

t/ha) followed by VI (7.12 t/ha). Ihe lowest 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 Tl recorded the highest (20.89g) 

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

Test weight also varied significantly among the 

varieties. V6 registered the highest test weight (22.04 g) 

followed by V5 (21.51 g) and V7 (2i.21g). Ihe 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 differed s igiii f lean t ly due to tiller age and 
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l i u a l i i i o n t ! 

Age of t i l l e r (Tp 
10 
I I 
T2 
S.Bn+ 
C D . 5 \ 
V a r i e t i e s (V) 

AIC 11353 R 
IK 46 B 
Madlnj V\A / U< 15324 R 
IH 54752 A / ARC 11353 R 
IK S47S2 A / IR 54 R 
IR 54752 Oi ; IR 27315 R 
V 20 B 
ES 18 B 

VI 
V2 
V3 
V4 
V5 
V6 
V7 
Vil 
S. Hn*^ 
i : .D. 5 % 
I n t e r a c t i o n (T x V) 
lU VI 

V2 
V3 
V4 
V5 
V6 
V7 
V() 

11 VI 
V2 
V3 
V4 
V5 
V6 
V7 
V8 

•12 VI 
V2 
V3 
V4 
V5 
Vb 
V7 
V8 

' • l lU t l YloItJ/ Ylt 'lll/ IKiys to 
s p l k o l e t p l a n t l i ec t a re * l e s t weight m a t u r i t y 

1%) Ig) U ) (g) a f t e r 

83 
8S 
66 
0 
0 

9 
6 
7 
16 
63 

80 .8 
76.9 
02.U 
85.3 
76.0 
86 .5 
69 .1 
72 .2 

0.50 
1.40 

85.2 
80 .4 
86.9 
88.8 
81.2 
90.2 
78.4 
80.0 

88 
82 
90 
91 
60 
89 
80 .0 
6 2 . 1 

68.6 
68 .3 
71 .4 
75 .8 
66.6 
79 .6 
48.9 

20.4 
21 .3 
10.9 
0 .06 
0 .23 

19.0 
16.0 
18.9 
22.0 
16 
23, 
12, 
11 
0 

7 
7 
4 
2 
19 

0 .53 

19.8 
18.0 
22.6 
25 .1 
20.4 
27.0 
15.2 
14.2 

20, 
20, 
2 4 . 0 

54 .4 

26. 
20 . 
27 . 
10. 
14. 

16, 
8, 

10. 
14, 

8 
17 
5, 
4, 

b .03 
7 .48 
4.07 
0.02 
0 .06 

12 
06 
05 
68 
80 
94 
70 
67 
03 

0 .07 

7.64 
6.79 
7.87 
8.05 
7.72 
7.87 
4.32 
4.40 

18 
67 

8.64 
9.12 
8.36 
8.49 
4.78 
4 .63 

5.55 
3.73 
4 .63 
3.89 
4 .31 
4.47 
2 .01 
1.99 

20.05 
20.89 
19.08 

0 . 0 1 
0 .03 

19.13 
19.63 
19.70 
20.65 
21 .51 
22.04 
21 .21 
18.39 
0 .02 
0 .05 

19.23 
20 .00 
20.54 
21.66 
22.72 
22 .63 
21 .46 
18.84 

19 .2 
20 .03 
20.50 
21.59 
22 .71 
22.62 
21 .52 
18.89 

18.95 
18 .86 
18.09 
18.72 
19.10 
20.00 
20.64 
17.43 

1U4.0 
99 .8 
80 .5 

0 .24 
1.00 

104 .1 
103.3 

97 .0 
101.0 
95 .0 
98 .3 
64 .3 
65.7 
0 .40 
1.10 

115.3 
117.0 
J l l . O 
J16.0 
108.0 
115.0 
7 4 . 0 
76 .0 

104.0 
101.0 
94 .0 
99 .0 
92 .0 
97 .0 
62.0 
61.0 

93 .0 
92 .0 
86 .0 
88 .0 
85 .0 
03 .0 
57 .0 
60.0 

f o r CQuparlson of means 
V a t Effljie l eve l o i T 
S. B11+ 
U D 5 % 

1 a t saine o r d i f f e r e n t l eve l of V 
S.Hn+ 
C D . 5 % 

0.87 
2 .40 

0 .83 
2 .32 

* 
10 
11 
12 

0 .33 
0 . 9 1 

0 .31 
0 .88 

0 .04 
0.12 

0 .04 
0 .13 

Determined frcnr p l o t y i e l d 
Seedl ing p l a n t e d crop; No t i l l e r s e p a r a t i o n 
50 day old t i l l e r ; T i l l e r s e p a r a t i o n SO days a f t e r so\vin8 
70 day o ld t i l l e r ; T i l l e r s e p a r a t i o n 70 days a f t e r sowing 

0 . 0 3 
0 .07 

0.03 
0 .07 

0.68 
1.88 

0 .68 
2 .00 
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v a r i u t i e s . Sc j t jd l ing p l a n t e d c r o p t o u k t l i e inaxiinum n u m b e r o l 

d a y s ( 1 0 4 . 0 d a y s ) f o l l o w e d by T l ( 9 9 . 8 d a y s ) a n d T2 ( 8 0 . 5 

d a y s ) . 

Among the varieties, VI 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 4bR (Gl) 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). In both 

the genotypes test weight decreased from Tl to TIU. First 

tiller recorded the highest test weight (20.93 g). 

followed by in order T2 (20.90g) and T3 ( 20 . 88g ) . In terac t ion 

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 oarly tlllorb (11 to 

T4). Interaction between genotype and tiller was 

s ignif ican t . 

4.7.3 Initial vigour index 

Vigour index of the IR 4bR (2725) was on par with that 

of ARC 11353R (2803) as shown in Table 46. In all genotypes 

under study, seeds from early formed tillers recorded higher 

vigour index than late tillers (T5 to TIO). Tlie tillers Tl 

to T4 were all on par . Interaction between genotype and 

tiller was found to be non-significant ior 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 4fa R (35.3%) as shown in Table 45. Seeds from early 

tillers differed from late tillers for their response to 

ageing. Early formed tillers (Tl to T4) 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 s ignif icant . 
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4.8 Seed Production Through Stubble Cropped Parents and 
Field Performance of Stubble Planted Hybrids 

The results of the experiment conducted during 1991) 

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 tor 'A'lines and 1U.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 Table 48. 

Genotypes differed significantly for this character. Among 

the hybrids, Madhu ViiA/lR 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/lR3b R (8.3). Except Gl and G2, all genotypes were 

on par. 



P l a t e 5 : Regenerdted s t u b b l e s ( s l i o s l 
reco»/ered from a h i l l for ^ ^' f^^S^erated s t u b b l e s ( s l i p s ) ol 
s t ubb l e p l a n t i n g in IR 54752A/ Madhu M / IR 46 R prepared fo r 
ARC 11353R p l a n t i n g 

- -A^ 

Plate 7: Stand of stubble (slips) planted hybrid rice crop of 
IR 54752A / ARC 11353 R 
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4.8.2 Field establishment of stubbles. 

I ho rosnlts on per c:«nit lield CB t nhl i KIUIKHI I KtubhloH 

in A and B lines are presented in Table 47 and Fig. 23. V2UA 

and IR54752A 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. 

yij'nificant differences were observed among the genotypes. 

The high establishment was recorded in the hybrid Madhu WA/ 

IR 46 (8G.7%); IRb4752 A/ARC 11353 R (83.8) and varieties ARC 

11353 R (84.8) The establishment was very poor in Rasi 

variety (ti3.8%) . 

4 .8 .3 Plant height 

The observations pertaining to plant height ol A and B 

stubble crops were furnished in 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.U cm in 

A lines and 59.3 to 81.3 cm in B lines. 

Signit leant differences were noticed among tlie hybrids 

and varieties due to plant height (Table 48). The highest 

plant height was seen in hybrid IR 54752A/ ARC 11353R (93.2 

cm) followed by Madhu VvA/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 

1 lie data on number ot tiliors per plant in A and t> 

lines are presented in Table 47. Significant differences were 

noticed between and among parental lines. Among A lines, V2U 

A produced the maximum tillers (26.4) and V20 B did so (22.6) 

among B lines. The lowest number of tillers was in IR 

54752B ( 17 .8) . 

The results on number of tillers per plant in hybrids 

and varieties are given in Table 48. The entries Madhu VVA/ 

IR 15324R (23.6), Madhu VvA /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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Slgiiit leant ditterences were noticed among tlie liybrids 

and varieties in respect of productive tillers per plant 

(Table 48). The hybrid Madhu WA/IR 15324R recorded the 

highest productive tillers (21.5) closely followed by IK 

b4752A /ARC 11353R (21.4), Madhu VvA / IR 4bR (19.2) 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 lines 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 (l.OOt) which was on par with IR54752 A 

(0.95t), and HS 18 A recorded the lowest seed yield ot 0.62 

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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Ĉ l 
• r-\ 

c^ 

rji 

CN) 
tN 

to 

O 
to 

rH 

O 
in 

in 
CO 

rH 

CO 

•51' 

o 
• CO 

rH 

rH 

05 
H 

(M 

in 
U3 

CM 

CO 
in 

o 
o 
r-i 

tn 

in 

o 
• fO 

c>) 

00 

•<* 
tN 

in 

cs 
CO 

•<i< 

CN 
C--

CO 
O 

C>J 

r^ 

CO 

O 
• C^ 

TH 

CO 

00 
rH 

tn 

in 

r̂  

o 
CO 
CO 

rH 
CO 

rH 

CO 

in 

in 
• O) 

rH 

•<4< 

rH 
C^ 

CO 

•xf 
to 

<y) 

CO 
CO 

^ 
o 
o 

CN 
in 

o 

00 
C--
• o 

•̂  
CD 

O 

rH 
C^ 

O 

00 
v* 

CN 

r-i 
rH 

O 

CO 
in 

rH 

CO 
CO 
• CM 

^ 
00 

IN 

C^ 
rH 

IN 

'̂  
in 

o 

i n 

o 

CM 

o 

o 
C<1 

CO 

i n 
t> 
• ^ 

i n 

CO 

r H 

Csl 

i n 

i n 

CO CO 

• ^ 

CO 

o 
rH 

03 

S S 

< 
00 

i 3 
B 

a:, PC {fi 
l - H •—I U] 

en e c 
W t-H l-H 

CO O O 

CM 

d P 

+ | i n 

S (9 Q 
^ t " U 



FIELD E8TABLl8HMeNT{%) 

100 r 

80 

6 0 

40 

20 

68.6 

48.6 

1/IJUJ^ 

74.3 
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- ' ' ^ t • — — - T — —Y*-" - - 7 — ' - - p ^ . . L ^ ™ . _ . . - ^ ^ ^ . . j . _ 
V 20 A V SO B m 64762 Ain 64762 B E8 18 A ES 16 B I.MUTANT AI.MUTANT B 

PARENTS 

SEED YIELD (l/hft) 

1.2 

1 -

0.8 

0 . 6 -

0.4 -

0.2 

VL 

0.76 

Ic. 

0.86 

„ ^ 

0.62 

V 20 A/a in 64762 A/B E8 IB A/B 

PARENTS 

1 

./ 7\ 

! b-̂ -̂  7 
(.MUTANT A/B 

FIG 23. FIELD ESTABLISHMENT AND SEED 
YIELD IN SEED PRODUCTION (A/B) THROUGH 

STUBBLE PLANTING 
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4 .0 .7 Grain yield 

The data on grain yield per plant are presented in 

lable 48. Significant differences were observed among 

entries. The hybrid IR 54752A/ARC 11353R recorded the 

maximum yield (15.Og) which differed significantly from Madhu 

V»A/IR 46R (11.4g), Madhu VvA/IR 15324R (10.2g), V 20 A/IR36R 

O . l g ) , ARC 11353R (9.0g), Rasi (8.4g) and IR 20 (6.6g). Ihe 

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 

VvA /IR 4b R (4.94 t) and Madhu VvA / IR 15324R (3.93 t). The 

lowest grain yield was noticed in Rasi (2.B8 t ) . 

EXPERIMENT -9 

4.9 Performance of Stubble Crop as Influenced by Time of 
Mother Crop Harvest 

The results of the experiment involving a poor 

ratooner, good ratooner and a hybrid variety to assess 

stubble crop performance as influenced by time of harvesting 

ot main crop are presented in Tables 49 and 50 and big. 24. 

4.9.1 Per cent regeneration 

Per cent regenerated hills in ratoon crop differed 

significantly (Table 49 and Fig. 24) due lo time of 

harvesting of main crop. Harvesting main crop at 

pliysiological maturity (HI) recorded the highest number of 

regnerated hills (84.1 %) per plot which was on par with H2: 
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hnrvoRtiiiR one week after ptiy s i ol OR 1 ca 1 mntiirity (HU.l'Vi). 

llurvosling main crop two vjoeks alter 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 

(91.U%) which was on par with ARC 11353R (9U.9 %) Pushpa 

showed the minimum (55.1%). 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 (iable 49). Regenerated tillers per plant ranged 

from 10.1 (H3) to 10.6 (HI). 

Significant differences were also observed among the 

varieties for regenerated tillers per plant. VI 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). HI recorded the highest (95.4%) followed by 

H2 (91.0%) and the lowest in H3 (84.4%). 
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Significant differences were observed among the 

varieties duo to lleld es t ubl 1 stiinun I ul stiibbloB. VJ 

registered the highest (97.6%) followed by VI (88.8%) and V2 

(84.b%). 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 varieties 

differed significantly in plant height of stubble crop. V3 

(86.1 cm) was on par with VI (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 

t ime. 

4.9.5 Total tillers per plant 

The number of total tillers per plant In stubble crop 

differed significantly duo to harvesting time of mother crop 

(Table 49). H2 recorded the highest number of tillers 

(15.7) which was on par with HI (15.6); significantly 

differing from H3 (15.3). Varieties also differed 

significantly for total tillers per plant. V3 registered 

the highest (16.9) followed by VI (16.0). V2 recorded the 

lowest (13.8) number of tillers. The interaction eftects 

between the harvesting time of main crop and tlie varieties 

were significant. 
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4.9.6 Productive tillers per plant 

I'ruductlvo tillors per plant ot stubblo crup dllliirud 

significantly due to harvesting time of mother crop (Table 

49). HI (12.3) registered the highest number followed by H2 

(12.1) and H3 (11.9). Varieties also differed significantly 

in respect this character. V3 recorded the maximum number of 

productive tillers (13.1) closely followed by Vl(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. HI (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. V3 (22.1 cm) registered 

the highest followed by VI (19.7 cm) 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 of main crop (fable bO). 

HI recorded the highest number (112.1) closely followed by H2 

(110.3); but HI differed significantly from H3 (108.0). 

bignificant differences were observed among the varieties 

too for spikelet number. V3 (130.0) recorded the highest 

number followed by VI (116.0) and V2 (84.5). In general in 
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lable 49 . KtgaietBtol h i l l s per plot, rtgoierated t i l l e r per plai t and their lield 
establidiiHit, growth aixi yield caijxnmts of stubble plmted crqj as inf luaioaJ ty 
liaivestiiig tiiie ol riialn crtp 

TreatiiHit 

Harvesting t ine (H) 
HI 
H2 
H3 
S.Bn + 
CJD. 5 

Varie t ies (V) 
VI 

V2 

V3 

S.ttm-
C.D.5% 

Interact icn (HxV) 
HlVl 
HIV2 
H1V3 
H2V1 
H2V2 
H2V3 
H3VL 
H3V2 
H3V3 

V a t saiB l a / e l ot H 
S.Biw-
C D . 5 % 

H a t sane/different 
l e / e l of V 

S.HiH-
CJD.5% 

Regmerated 

H i l l s / 
p lo t 

84.1 
80.1 
72.8 

1.76 
4.95 

90.9 

55.1 

91.0 

1.53 
4.74 

96.6 
60.4 
95.4 
91.4 
56.9 
91.9 
84.8 
47.9 
85.6 

2.66 
NS 

2.80 
NS 

l i l l e r s / 
p l a i t 

10.6 
10.5 
10.1 
0.13 
NS 

12.4 

7.7 

11.2 

0.07 
0.22 

12.6 
8.0 

11.2 
12.5 
7.8 

11.3 
12.0 
7.2 

11.0 

0.12 
NS 

0.16 
NS 

H e l d 
e s t ab l iS i -
mait (%) 

95.4 
91.0 
84.4 
0.57 
2.22 

88.8 

84.6 

97.6 

0,45 
1.38 

95.4 
92.6 
98.3 
yu.3 
85.7 
97.1 
80.3 
75.3 
97.3 

0.78 
2.40 

0.85 
2.90 

P l a i t 
heigtit 

(oiO 

78.6 
78.8 
78.5 
0.57 
NS 

84.5 
(86.1) 
65.3 

(67.2) 
86.1 

(86.2) 
0.72 
2.21 

84.5 
65.2 
86.2 
84.3 
65.8 
86.2 
84.7 
64.9 
85.9 

1.24 
NS 

1.16 
NS 

l o t a l 
t i l l e r s / 
p l a i t 

15.6 
15.7 
15.3 
0.05 
O.IB 

16.0 
(17.2) 
13.8 

(15.1) 
16.9 

(18.6) 
0.U7 
0.21 

16.1 
14.0 
16.8 
lU.O 
14.1 
17.1 
15.9 
13.2 
16.8 

0.12 
0.36 

0.11 
0.34 

Prodict ive 
t i l l e r s / 

p l a i t 

12.3 
12.1 
11.9 
0.04 
0.14 

12.1 
(12.6) 
11.1 

(13.1) 
13.1 

(14.7) 
0.05 
0.14 

12.2 
11.3 
13.3 
12.1 
11.1 
13.1 
11.8 
11.0 
12.9 

0.U6 
NS 

0.08 
NS 

Pa i i c l e 
loigth 

(an) 

20.2 
20.0 
19,9 
0.03 
0.11 

19.7 
(19.9) 
18.3 

(lfl.7) 
22.1 

(22.1) 
0.03 
U.IO 

19.8 
18.6 
22.2 
19.7 
18.3 
22.1 
19.6 
18.1 
22.0 

0.05 
0.17 

0.05 
0.17 

HI = fteivesting at ptysiolqgical maturity VI = MC 11353 H (gocd ratocner) 
H2 = Harvesting at one week after plrysiolqgical maturity V2 = Puslpa (poor ratocneF) 
H3 = Harvesting at two week after ptysiological maturity V3 = IR 54752 A/AFC 11353 R (H/brid) 
NS = Not slgnif icait; Figures in paraitheses are results of r-espective seedling plaited varieties 
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nil thf) varieties, main crop recorded more iiumhor of 

spikelets than respective stubble crop. Interaction eltects 

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 (HI) registered the 

highest filled spikelets (103.1) which was on par with H2 

(100.8) and differed significantly fromH3 (97.8). 

Significant differences were noticed among the 

varieties for filled spikelets. V3 (119.0 ) showed the 

highest number and differed significantly from VI (10b.0) and 

V2 (76.8). 

4.9.10 Per cent filled spikelets 

Percentage filled spikelets differed significantly due 

to harvesting time of main crop (Table 50). HI registered the 

highest (91.9%) which was on par with H2 (91.4%) and 

significantly differing 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 VI and V2 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 

(.mill yield oi stubble crop did not Viiry H ign 1 1 icun I ly 

due to time harvesting of main crop (Table 50). However, 

harvest at physiological maturity registered the highest 

grain yield (21.6g) tollowed in numerical order by H2 (21.2 

g) and H3 (20 .ig) . 

Varieties differed significantly for grain yield per 

plant. V3 recorded the highest grain yield (24.6g) per plant 

tollowed by VI (22.Ig) and lowest by V2 (16.5g). Main crop 

grain yield was more in VI and V2, but low in V3 . llie 

interactions between time of harvesting and varieties was not 

s ignitleant. 

4.9.12 Grain yield per hectare 

'Ihe data on grain yield per hectare are presented in 

lable 50. Significant differences were noticed due to 

harvesting time of main crop on grain yield of stubble 

crop. HI recorded the highest yield (6.96 t/ha), 

significantly differing irom H2 (6.69 t/ha) and H3 (6.19 

t/ha). Varieties too differed for grain yield. V3 

registered the highest yield (8.68 t/ha) closely tollowed 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 VI and V2 and less in 

V3 as compared to the respective stubble crops. Interaction 

effect between harvesting time and variety as reflected in 

grain yield was significant. 



Table 50. Yield and yield attributes of 
time of harvesting of main crop 

stubble crop as 
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influenced by 

1 l ' ( ) l l l l l l l } l l l 

H a r v e s t i n g t i m e 
HI 
H2 
H3 
S.Bn + 
C D . 5 % 

V a r i e t i e s (V) 
VI 

V2 

V3 

S.Bn+ 
C D . 5 % 

I n t e r a c t i o n (H :x 
HlVl 
H1V2 
H1V3 
H2V1 
H2V2 
H2V3 
H3V1 
H3V2 
H3V3 

V a t same l e v e l 
S.Bn+ 
C D . 5 % 

(H) 

: V) 

of H 

H a t s a m e / d i f f e r e n t 
l e v e l of V 

S.Bn+ 
C D . 5 % 

Hfi ikolotR/ 
p a n i c l e 

1 1 2 . 1 
1 1 0 . 3 
1 0 8 . 0 

0 . 6 0 
2 . 3 5 

1 1 6 . 0 
( 1 2 3 . 0 ) 

8 4 . 5 
( 9 2 . 0 ) 
1 3 0 . 0 

( 1 3 5 . 0 ) 
0 . 7 6 
2 . 3 4 

1 2 0 . 0 
8 7 . 3 

1 2 9 . 1 
1 1 6 . 0 

8 4 . 4 
1 3 0 . 5 
1 1 2 . 0 

8 1 . 6 
1 3 0 . 4 

1 .32 
4 . 0 6 

1 .23 
4 . 0 4 

F i l l e d 

p u r 
p a n i c l e 

1 0 3 . 1 
1 0 0 . 8 

9 7 . 8 
0 . 9 0 
3 . 4 0 

1 0 6 . 0 
( 1 1 6 . 0 ) 

7 6 . 8 
( 8 8 . 0 ) 

1 1 9 . 0 
( 9 9 . 0 ) 

0 . 7 1 
2 . 2 0 

1 1 0 . 0 
8 0 . 3 

1 1 9 . 1 
1 0 2 . 0 

7 9 . 3 
1 2 1 . 1 
1 0 6 . 0 

7 0 . 7 
1 1 6 . 8 

1 .23 
3 . 8 0 

1 .33 
4 . 5 7 

s p i k e l e t s 

pci- col l i 

9 1 . 9 
9 1 . 4 
9 0 . 3 

0 . 4 0 
1 .58 

9 1 . 4 
( 9 5 . 3 ) 
9 0 . 8 

( 9 6 . 0 ) 
9 1 . 5 

( 7 3 . 2 ) 
0 . 5 4 

NS 

9 1 . 7 
9 2 . 0 
9 2 . 2 
8 7 . 9 
9 3 . 8 
9 2 . 7 
9 4 . 6 
8 6 . 6 
8 9 . 6 

0 . 9 5 
2 . 9 2 

0 . 8 7 
2 . 8 4 

G r a i n ; 

I ' l i i i i l 

l 8 ) 

2 1 . 6 
2 1 . 2 
2 0 . 4 

0 . 4 4 
NS 

2 2 . 1 
( 2 4 . 8 0 ) 
1 6 . 5 

( 1 9 . 8 0 ) 
2 4 . 6 

( 2 1 . 0 ) 
0 . 4 6 
1 .42 

2 2 . 1 
1 7 . 3 
2 5 . 4 
2 2 . 2 
1 6 . 9 
2 4 . 6 
2 1 . 9 
1 5 . 4 
2 3 . 8 

0 . 8 0 
NS 

0 . 7 9 
NS 

/ l e l d p e r 

l l o c t a r o 
( t ) 

6 . 9 6 
6 . 6 9 
6 . 1 9 
0 . 0 2 
0 .U8 

7 . 7 2 
( 9 . 1 0 ) 

3 . 4 4 
( 4 . 5 1 ) 
8 . 6 8 

( 6 . 1 0 ) 
0 . 0 1 4 
U .043 

8 . 3 1 
3 . 7 7 
8 . 8 0 
7 . 8 6 
3 . 4 8 
8 . 7 4 
7 . 0 0 
3 . 0 8 
8 . 5 1 

0 . 0 2 
0 . 0 8 

0 . 0 3 
0 . 1 0 

•|«!Kt 
w e i g h t 

(8 ) 

2 0 . 0 5 
1 9 . 8 6 
1 9 . 6 8 

0 . 0 1 
0 . 0 4 

1 9 . 1 4 
( 1 9 . 1 6 ) 

1 8 . 2 2 
( 1 8 . 2 8 ) 

2 2 . 2 2 
( 2 2 . 3 6 ) 

0.0U7 
0 . 0 2 

1 9 . 1 7 
1 8 . 4 5 
2 2 . 5 3 
1 9 . 1 2 
1 8 . 1 2 
2 2 . 3 2 
1 9 . 1 3 
1 8 . 0 8 
2 1 . 8 2 

0 . 0 1 2 
0 . 0 4 

0 . 0 1 4 
0 . 0 5 

HI = Harvesting at physiological maturity 
H2 = Harvesting at one week after physiological maturity 
H3 = Harvesting at two week after physiological maturity 
VI = ARC 11353 R (good ratooner) 
V2 = Puslipa (poor ratooner) 
V3 = IR 54752 A/ARC 11353 R (Ifybrid) 
NS = Not significant; Figures in parentheses are results of respective seedling 

planted varieties 
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4.9 .13 Test weight 

lOKt weight of Btubblo cro|) dillorod s 1 nn 1 1 Icnii I ly duo 

to harvesting time of main crop (Table 5U). Harvest at 

physiological maturity - HI registered the highest test 

weight (2U.05g) followed by H2 (19.86g) and H3 (19.68). 

Varieties also differed signifleant1ty for test weight. V3 

(22.22g) recorded the highest weight followed by VI (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 54752A/IR4GR as influenced by 
1 

root dipping of stubbles in chemicals are presented in Table 

51. 

4 . 1 0 . 1 F i e l d e s t a b l i s h m e n t 

F i e l d e s t a b l i s h m e n t p e r c e n t a g e v a r i e d s i g n i f i c a n t l y 

among t h e t r e a t m e n t s ( T a b l e 5 1 and F i g . 2 5 ) . S t u b b l e s d i p p e d 

i n R o g a r + DAP ( T 5 ) r e g i s t e r e d t l i e h i g l i e s t f i e l d 

e s t a b l i s h m e n t ( 9 4 . 2 % ) f o l l o w e d by R o g a r + E m i s s a n ( 9 4 . 0 % ) . 

I h e t r e a t m e n t T5 d i f f e r e d s i g n i f i c a n t l y f rom o t l i e r t r e a t m e n t s 

v i z . , T 3 : 9 2 . 6 0 % ; T 2 : 9 3 . 2 % ; T l : 9 1 . 8 % a n d t h e l o w e s t i n 

c o n t r o l : 8 7 . 0 % . S e e d l i n g p l a n t e d c h e c k r e c o r d e d 9 5 . 0 p e r 

c e n t of f i e l d e s t a b l i s h m e n t b e i n g on p a r w i t h T 5 . 
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4.10.2 Plant height 

Significant ditierences were observed in pJant lieight 

due to treatment over the control (Table 51). The stvibblos 

in 15 recorded the highest plant height (72.1cm) tollowed by 

T4 and Tl (71.3 cm). The lowest height was noticed in the T7 

(70.3 cm). 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 in productive tillers (Table 51). 1 he maximum 

number (15.2) was observed in T5 (root dipping in Rogar + 

DAP) followed by Emissan + Rogar (15.0) and the minimum was 

observed in the control (13.7). The tratments Tl, T2, T3, 

T4, T5 and TG were all on par. Ihe seedling planted hybrid 

recorded numerically more productive tillers (15.8) was on 

par with T5. 

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 T5. 

The treatments Tl and T3, T4 and T5 and 18 were on par. 
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4.10.5 Per cent filled spikelets 

'H\e data on per cent tilled 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 followed 

by hmissan + Rogar (92.5%) and Emissan + Rogar + UAP (92.4%). 

The lowest filled spikelet percentage was recorded in the 

control (82.0%). Seedling planted hybrid registered 85.2 

per cent. The treatments. Tl, T2, T3, T4, T5 and T6 were all 

on par. 

4 .10.6 Grain yield 

The grain yield of stubble planted hybrid IR 54752A/1R 

46R based on 5 plants and on hectare basis are given in Table 

51 and Fig. 25. Significant differences were noticed among 

the various treaments for grian yield.. 

Based on five plants observation, the treatment 

involving Rogar + DAF recorded the liighest grain yield (75.5 

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 lowest yield was registered in control (5.75 t). 
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S e e d l i n g p l a n t e d h y b r i d r e c o r d e d 6 . 8 0 t o n n e s g r a i n y i e l d p e r 

h(ic t a r o . 

EXFERIMIiNT -11 

4.11 Optimum Planting Ratio for Parental and Hybrid Seed 
Produc t ion 

4.11,1 Planting ratio in IR 62829 A/B seed production 

The results pertaining to the ettcct ol 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 ditternces among the 

planting ratios in number of productive (seed bearing) 

tillers per plant (Table 52). The treatment 2B:4A (T5) 

recorded the maximum productive tillers (14.B) closely 

followed by 2:6 (14.8). The minimum tillers (11.b) 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 from 19.5 to 19.3 cm 

irrespective of planting ratios. 

4.11.1.3 S p i k e l e t s p e r p a n i c l e 

T o t a l n u m b e r of s p i k e l e t s p e r p a n i c l e ( T a b l e 5 2 ) w h i c h 

r a n g e d f rom 1 5 2 . 0 t o 1 3 9 . 0 d i d n o t v a r y s i g n i f i c a n t l y among 

t h e p l a n t i n g r a t i o s . 

4 .11 .1 .3a Days to 50 per cent flowring 

IH 62:̂ 29A took 103 days a id IR 6282yB '..ook 99 days to r 50 p e r 

ceat flo'ivering. 
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'1 . I I . 1 .'I I'lllud sjjikolots pur paniclo 

Filled spikelets per panicle differed significantly 

among tlie planting ratios ("lable 52). 1 he filled spikelets 

were high in the ratio of 1:2, 2:4 and 2:6 (23.U, 22.U 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 

(lb.9%) which was on par with 1:2 (lb.b%), 2:b (14.3%) and 

1:3 (14.1%). The lowest seed set vvas observed in 2:10 (9.7%) 

tol lowed by 1:5 (9.8%). 

4 .11.1.7 Seed yield 

The data pertaining to seed yield per plant nnd ticctoro 

basis are furnished in Table 52. Significant differences 

were noticed among the ratios for seed yield per plant. The 

maximum yield was recorded in 1:2 (5.b g/plant ) ratio 

followed by 2:4 (5.2 g/plant) and 2:b (5.0 g/plant) which was 

on par with 2:8 (4.7g/plant) . The minimum seed yield per 

plant was observed in 2:10 (2.9 g/plantj and in l:b (3.0 

g/plant) . 

Per hectare yield also showed significant differences 

among the ratios studied (lable 52) but It was ditterent from 

the above trend. The ratio 2:6 recorded the highest seed 
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Pla te 8: Th, cp. in™ planting r a t i o (2-.6) tor m 62829A/B 
5eed production 
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' . ' 4 ! r -
''^mf'fy* 

Pla te 9: Field view - ii/aluation of planting r a t i o s during 
seel production of IR 62829A/IR g761-19-lR 
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yield tl.57 t/ha) which on par with 1:3 (1.5U t/ha). Tlie 

lowi.'st sued yield was glvon by 2 : lU ratlu (U.'Jb t/liuj. 

4.11.2 Planting ratio in IR 62829 A/IR 9761-19-lR hybrid 
seed production 

The results pertaining to hybrid seed yield and yield 

attributing characters on IR B2B29 A/ IR 9761-19-lR 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 (iable b3) 

4.11.2.2 Spikelets per panicle 

Significant differences were not observed due to total 

spikelets per panicle and ranged from 130 to 14U (Table 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:bJ 

recorded 8 .1) filled spikelets per panicle and were on par 

with 1:3 (7.U), 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 96 days and fesnale 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 seed set percentage. The 

highest seed set was observed in 1:2 (5.8%) closely followed 
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2:8 
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FIG 26. SEED SET AND SEED YIELD AS 
INFLUENCED BY PLANTING RATIO IN 

IR 62829A/IR 9761 R HYBRig) §^£1? PRQDU^JTIQH 
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by 2:6 (5.7%), 1:3 (5.7%) and 2:4 (5.b%). The minimum seed 

liul wus ubuurvud in 2:iU (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:lU ratio (1.16 g ) . Per hectare hybrid seed 

yield also differed significantly. The ratio 2:6 recorded 

the maximum seed yield (U.8U t) which was on par with 1:3 

(U.76 t). The lowest yield was observed in 2:lU (U.43 t) 

followed by 1:5 (0.45 t ) . 

EXFKRIMENT -12 

4.12 Synchronization of Flowering of parents in seed 
production of Hybrids 

4.12.1 Synchronization in IR 62829A/B seed Production 

llie 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 107 days and its 

maintainor took 103 days for 50 per cent flowering. Better 

synchrony was achieved in sowing b four days after female 

sowing (T2). Continuous pollens could be supplied by giving 

one more staggering on 8 th day after female sowing as in T8 . 
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4.12.1.2 Producltve tillers per plant 

r I I K I I I c I I v ( t I 1 1 I ( H I . | i n i ' | ) I n i l I d I I I i< i ( i d i. I K •> i I I ( . i i i i I I y 

among the treatments (Table 54). Sowing oi male 4 and 8 days 

later to female (T8) recorded the highest productive tillers 

(14.B) per plant whicli was on par with lb (14.2). 17 (14.1), 

15 (14.0) and T4 registered the lowest tillers (11.0) 

followed by Tl (11.9) . 

4.12.1.3 Filled spikelets per panicle 

Significant differences were observed for filled 

spikelets per panicle of female parent (Table 54). 1 he 

treatment 18 recorded the highest number of tilled spikelets 

(2U.U) followed by T6 (10.0) and T2(lb.O). 

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). The highest seed set was recorded in 

T8 (18.71%) followed by T6 (12.68%). The lowest seed set was 

registered in Tl (4.38%). 

4 .12 .1.5 Seed yield 

Significant differences were observed in seed yield 

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 T6 (4.80 g) and T2 

(4.31g). Ihe lowest yield was registered by T4 (1.41 g). 
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l a b l e 5 4 . Setxi y i e l d con t r i t x i t l ng 1 a c t o r s and y i e l d a s i n l luonced by 
synchron iza t ion of flovi/ering in p a r e n t seed p roduc t ion 
of IR 62829 A/B 

Male 
s t a g g e r i n g 

DAI'S 

2 

4 

6 

8 

2, 8 

4 . 6 

6, 8 

4, 8 

Mean 
S . L1I1+ 

C D 5 % 

Productive 
t i l l e r s / 
plant 

11.9 

14.0 

13.6 

11.0 

14.0 

14.2 

14.1 

14.8 

13.45 
U.34 
1.04 

Filled 
spikelets 

/ panicle 

6.0 

16.0 

7 .0 

6.0 

11.0 

18.0 

15.0 

26.0 

13.1 
1.71 
5.20 

Seed 
set 

/panicl 

4.38 

11.15 

4.78 

4.38 

7.55 

12.68 

9.97 

18.71 

9.20 
1.36 
4.10 

Seed y: 

Plant 
e (%) 

1.61 

4.31 

1.97 

1.41 

3.02 

4.80 

4.03 

6.83 

3.49 
0.28 
0.86 

ield per 

Hectare* 
C t ) 

0.38 

0 .88 

0 .45 

0.29 

0 .71 

1.07 

0 .94 

1.49 

0 .78 
0.024 
0.07 

Flowering 
Bhaviour 

(%) 
A 

50 

50 

50 

bO 

50 

50 

50 

50 

Bl 

78 

49 

31 

09 

80 

48 

33 

49 

B2 

-

-

-

-

8 

34 

10 

10 

DAFS = Days a f t e r f ana l e sowing 
NS = Not significant 
Bl and B2 = Staggered first and second rows in a set 
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I h e s e e d y i e l d of t e m a l e p a r e n t p e r h e c t a r e b a s i s 

f o l l o w e d t h e same t r e n d a s a b o v e ( T a b l e 5 f) ) . I r o a t m e n t 1 M 

r e c o r d e d t h e h i g h e s t s e e d y i e l d ( 1 . 4 9 t / h a ) f o l l o w e d by Tb 

( 1 . U 7 t / t i a ) . The l o w e s t y i e l d w a s o b s e r v e d i n T4 ( 0 . 2 9 t / h a j 

t o l l o w e d by T l ( U . 3 8 t / h a ) . 

4 . 1 2 . 2 S y n c h o r i n i z a t i o n i n IR 6 2 8 2 9 A/ IR 9 7 6 1 - 1 9 - l R l i y b r l d 
s e e d p r o d u c t i o n 

D a t a on s e e d y i e l d a s i n f l u e n c e d by s y n c h r o n i z a t i o n of 

f e m a l e : IR 62829A a n d m a l e : IR 9 7 6 1 - 1 9 - l R a r e p r e s e n t e d i n 

I a b 1 e 5 5 . 

4.12.2.1 Days to 50 per cent flowering 

The female parent IR 62829A took 1U8 days wlicreas male 

took 99 days for 5(J per cent flowering (Table 55) . There was a 

perfect synciirony of flowering between male and temale vi/hen 

male was sown nine days later to female. Sowing male parent 

9 and 13 days after 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 (Table 55). Sowing mule [jnrent 9 

and 13 days later to female (T8) recorded the maximum 

productive tillers (14.6) followed by T7 (sowing male, 9 and 

II days later to female) i.e., 14.U tillers. Treatment T4 

recorded the minimum tillers (9.8) followed by Tl (ID.9). 
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4.12.2.3 Filled splkelets per panicle 

Sif'iill leant d i t 1 oruiicus woru rucurdud 1 ur llllud 

splkelets on female parent due to different staggered sowing 

ot male (Table 55). Sowing male parent 9 and 13 days alter 

temale sowing registered the highest number ot filled 

splkelets (21.0) followed by T6 (18.U) and T4 recorded tlie 

lowest (5.3) tilled splkelets. 

4.12.2.4 Seed set percentage 

Signiticant difterences were noticed tor seed set 

percentage due to various staggered sowing of male parent 

(Table 55 and big. 27). Sowing male 9 and 13 days alter 

sowing of female recorded the liighest 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 (2.5b%) 

was recorded on female by single sowing of male parent 13 

days alter temale. 

4.12.2.5 Hybrid seed yield 

The highest seed yield per plant was recorded (Table 55 

and !• Ig 27) in T7 (6.42g) tollowed by TU (b.29g). T4 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 (U.22 t/ha). 
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Table 55. Hybrid seed yield and yield attributes as iniluenced by 
synchronization of flowering in IR 62B29 A/ IR 9761-19-1 R 
seed production 

Male 
s t agge r ing 

DAI'S 

7 

9 

11 

13 

7 , 9 

9 , 11 

9, 13 

1 1 , 13 

Mean 
S.lin+ 
C D 5 % 

P r o d u c t i v e 
t i l l e r s / 
p l a n t 

10.9 

12.9 

11.0 

9 .8 

12 .6 

14.0 

14 .6 

12 .3 

12.26 
0 .41 
1.24 

F i l l e d Seed 
s p i k e l e t s s e t 
/ p a n i c l e (%) 

7 .0 

12.0 

8.0 

5 ,3 

13.0 

18.0 

21.0 

14.0 

12.29 
0 .76 
2 .31 

4 .72 

7.45 

5.26 

2 .56 

8.72 

12.33 

13.72 

8.80 

7.94 
0.52 
1.57 

Seed 

P l a n t 
(g) 

1.60 

3.08 

1.84 

0 .74 

3.42 

5.29 

6.42 

3 .61 

3.25 
0 .08 
0 .24 

y i e l d p e r 

Hec ta re * 
( t ) 

0 .43 

0 .86 

0.59 

0.22 

0.98 

1.61 

1.86 

1.01 

0.95 
0.05 
0 .16 

I'l ovjering 

A 

50 

50 

50 

50 

50 

50 

50 

50 

(%) 
Rl 

71 

52 

39 

29 

70 

52 

50 

41 

R2 

-

-

-

-

51 

41 

29 

28 

DAFS = Days after female sowing 
Rl and R2 = Staggered first and second rows in a set 
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EXPERIMENT - 1 3 

A . \ .\ l U l o c t of I ' o l l l o r S p r n y on Soud S o l tirnJ booil Y l o l U 

T h e r e s u l t s p e r t a i n i n g t o t h e g r o w t h , o u t c r o s s i n g and 

s e e d y i e l d on (JMS ( IK 5 4 7 b 2 A / B) l i n e a s i n t l u e n c e d by 

f o l i a r c h e m i c a l s p r a y a r e p r e s e n t e d i n T a b l e s 5 13 and 57 and 

M g . 2 8 . 

B e h a v i o u r of IR 5 4 7 5 2 A 

4 . 1 3 . 1 P l a n t h e i g h t 

T h e r e w e r e s i g n i f i c a n t d i f f e r e n c e s among t h e d i f f e r e n t 

t r e a t m e n t s f o r p l a n t h e i g h t ( T a b l e 5 6 ) . The t r e a t m e n t w i t h 

GA (bUppm) recoixjed ^"^^ maximum p l a n t h e i g h t ( 9 4 . 7 c m J 

c l o s e l y f o l l o w e d by u r e a s p r a y , 1 . 5 p e r c e n t (92 . ( Jem) and 

u r e a , 2 . 0 p e r c e n t ( 9 1 . 8 c m ) . The p l a n t h e i g h t w a s minimum 

( 8 9 . 6 c m ) i n b o r i c a c i d (U.5H5) t r e a t m e n t . 

4 . 1 3 . 2 Number of p r o d u c t i v e t i l l e r s 

S t a t i s t i c a l a n a l y s i s r e v e a l e d s i g n i f i c a n t d i f f e r e n c e s 

i n t i l l e r s d u e t o t r e a t m e n t s ( T a b l e 5 b ) . The maximum n u m b e r 

of p r o d u c t i v e t i l l e r s ( 1 U . 8 ) w e r e r e c o r d e d by GA s p r a y 
<3 

(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 KNO followed by 1,0 per 

cent. The treatments T2,T7 and T8 wore on par with each 

other differed significantly from T6, 15, 14 and 13 which on 

par with each other. 
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4 . 1 3 . 3 P a n i c l e e x s e r t l o n 

I ' c r c u n t p a n i c l e e x s e r t i u n d i l f o r e c l s i g n l 1 l e a n t ly d u e 

t o v a r i o u s f o l i a r s p r a y s ( T a b l e 5 6 ) . b p r a y i n g u t GA r e c o r d e d 

t l io inaxiiiium e x s e r t l o n ( 7 2 . 1 % ) f o l l o w e d by u r e a 2.0 p e r c e n t 

( 6 8 . 9 % ) . T h e t r e a t m e n t s T 4 , T 5 , T 6 , T7 a n d T8 w e r e on p a r . 

4 . 1 3 . 4 P a n i c l e l e g n t h 

The panicle length differed significantly due to 

sprays (Table 56). The maximum panicle length of 25.6 cm was 

recorded in treatment with Buric acid (1.0% closely followed 

by GA, , 60 ppm (25.5 cm). The treatment T5, Tfa and T7 were 

on par. 

4.13.5 tilled splkelets per plant 

Filled splkelets per plant differed significantly due 

to treatments (Table 56). Spraying of 60 ppm ^A o recorded 

the maximum number of filled splkelets (69.0) luliowed 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 

Table 56 and Fig. 28. Statistical analysis revealed 

significant differences for this character due to treatments. 

The highest seed set (6.95%) was in the treatment with Ĉ A-̂ , 

closely followed by Boric acid 1.0 per cent spray (6.78%). 

the control recorded the lowest (4.64 %) seed set and 

differed significantly from the rest. 
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Table 513 . Growth and yield coiiponents of lU 54752 A as iiitluoiicod by l o l i a r 
chonical spray in seed production of IR 54752 A / B 

Plant Productive Panicle Panicle t i l l e d Seed 
Treatments height t i l l e r / exsert ion length sp ike le t s se t 

(an) plant {%) (an) / plant (%) 

T l 

T2 

T3 

T4 

T5 

Tb 

T7 

T8 

- Cont ro l 

- GA (60 ppm) 
3 

- Urea (1 .5 %] 

- Uvea (2.U "b) 

- KNO (1 .0 %) 
3 

- KNU (1 .5 %) 
3 

- Bor ic Acid 
(0 .5 %) 

- Bor ic Acid 
(1 .0 %) 

90 .8 

94.7 

92.0 

91.0 

89.9 

90 .3 

89 .6 

90.7 

10 .4 

10.8 

9 . 4 

9 . 2 

9 . 2 

9 . 0 

10 .6 

10.8 

64.5 

7 2 . 1 

6 7 . 1 

68.9 

67.9 

68.5 

68.7 

2 4 . 1 

25.5 

25 .3 

25.5 

25.4 

25.4 

25.4 

39.0 

69.0 

50 .2 

59 .4 

49 .2 

57 .0 

53 .0 

4.64 

6.95 

6.29 

b .21 

6.14 

6.73 

6.01 

68.6 25 .6 62.0 6.78 

Ml 

5 
C 

•an 
.t:i-n+ 
. D . 5 % 

9 1 
0, 
1, 

.2 

.45 

.64 

9 
0 
0 

.9 

.09 

.27 

68 
0, 
1 

. 3 

.49 

.48 

25 
0 
0 

. 3 

. 03 

.09 

54, 
0 
0, 

.8 

.30 

.90 

6 
0, 
0 

.22 

.04 

.12 
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4 . 1 3 . 7 S e e d y i e l d 

!> i K>> i I i c a n t (11 1 i () ro l l r e s w o t o ii o t 1 e n d i n IMMKI y i n Id d u o 

t o t r e a t m e n t s ( T a b l e 57 and F i g . 2 8 ) . The maximum seed y i e l d 

p e r p l a n t ( 1 . 4 9 g) was r e c o r d e d in t h e t r e a t m e n t of GA, 
o 

iollovved in order by Boric acid (1.32 g), urea 2 per cen i 

(i.25g), KNU J 1.5 per cent (1.24 g). Boric acid U.5 per cent 

(1.14 g), urea 1.5 per cent (l.UBgJ and KNU 1 .U per cent 

(l.UGg). The lowest seed yield was recorded by the control 

(0.80 g). 

Seed yield per hectare computed, based on |)lot yield 

also followed the same trend. Ihe highest seed yield per 

hectare was recorded by GA (0.45t), closely followed by 

Boric acid 1.0 per cent (0.40t). Ihe lowest seed yield was 

noticed in tlie control (0.25t). Iho treatments lb tuid TV, 14 

and 17, T3 and T7, T2 and T8 were on par with each other. 

4 ,13.8 Test weight 

The data on test weight of IH 54752 A seed are 

presented in Table 57. The maximum test weight was recorded 

by GA3(21,68g) closely followed by Boric acid 1.U per cent 

(21.bBg). The minimum value was registered by the control 

(21.42g). The treatments T2. T4 and T8, T5 and TC, 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 of CMS 

line are presented in Tables 58. 



4 . 1 4 . 1 S e e d g e r m i n a t i o n 

R e s u l t s i n d i c a t e d n e g l i g i b l e d i t f e r e n c e s d u e t o 

I r(;n tiiien t i n s e e d g e r m i n a t i o n ( l a b l o b b ) . A l l t l io t r o a tiiien t s 

l o c o r i U i d t i i g ' ' s e e d g Grmlna t i o n o s coi i iporud l o c o n t r o l 

( 9 5 . 5 % ) . T h e maximum g e r m i n a t i o n ( 9 8 . 8 % ) w a s i n t r e a t m e n t 

GAg (60 ppm) f o l l o w e d by B o r i c a c i d 0 . 5 p e r c e n t ( 9 8 . 3 % ) and 

kNU l . U p e r c e n t ( 9 8 . 3 % ) . 

4.14.2 Field emergence 

The observations pertaining to per cent 1 ield emergence 

are furnished in Table 58. The treatments differed 

significantly for this character. 1 he maximum field 

emergence was recorded by GA (97.3%) followed in order by 

KNO3 l.U per cent (96.4 %) and KNO3 1.5 per cent (96.4%). 

The minimum was rigistered by the control (93.3%). 

4.14.3 Shoot length 

Shout lengtti varied with troatmenls s ign 11 lean t ly 

(Table 58). Maximum shoot length (15.3cm) was recorded in 

the treatment of GA^ and Boric acid (U.5%) closely followed 

by KNO3 1.0 per cent (15.3 cm) which wer on par with each 

otlier. 1 lie lowest shoot lengtti (12.9 cm) was registered by 

con trol . 

4.14.4 Root length' 

All the treatments differed significantly over the 

control for root length (Table 58). The maximum root length 

was observed in the GA, (14.2 cm), closely followed by KNU^ 

1.0 per cent (14.2cm). The minimum root length was noticed 
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in the control (13.8 cm). The troatments 12 and I'A, 14 and 

T5, T5 and T7 , T7 and T8 and T4 and TO were on par. 

4 . 1 4 . 5 V i g o u r i n d e x 

llie observations pertaining to vigour index are 

presented in Table 50. All the treatments recorded 

significantly higher vigour index over control (2554). The 

maximum vigour index was registered by the treatment boric 

and l.U per cent (2078) which was on par with KNU^ 1.0 per 

cent (2073) and GA3 60 ppm 60 ppm (2860). the treatments 

T7 and T8, T5 and T6, T2 and T3 and T2 and Tb were on par. 

4.14.6 Seedling dry weight 

T h e r e w e r e s i g n i f i c a n t d i f f e r e n c e s among t h e t r e a t m e n t s 

f o r s e e d l i n g d r y w e i g h t ( T a b l e 5 0 ) . T h e maximum s e e d l i n g d r y 

w e i g h t w a s r e g i s t e r e d by t h e t r e a t m e n t KNOy 1 . 0 p e r c e n t 

( 1 2 2 . 7 mg) a n d w a s on p a r w i t h (JA^ ( 1 2 2 . 5 n i g ) . The minimum 

v a l u e was r e c o r d e d by t l i e c o n t r o l ( 1 1 0 . 0 mg) f o l l o w e d by 

u r e a 1 .5 p e r c e n t ( 1 1 9 . 2 m g ) . The t r e a t m e n t s T5 a n d T b , T5 

a n d r 7 , Tfa a n d T7 a n d T6 a n d TO w e r e on p a r . 

4.14.7 Ageing response 

Seeds obtained from GAj recorded lower germinabi1ity 

(U3.0) as compared to Boric acid O.b per cent (09.0%). 

higher concentration of KNO^, urea and Boric acid also 

registered lower germinabi1ity and were on par (Table 50). 
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DISCUSSION 



V. DISCUSSION 

1 ho successful development of hybrid maize in the 

193Us provided an impetus for breeders of other crops 

includinR 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 !• ĵ  

rice hybrids to exploit heterosis commercially have been 

made by rice scientists in India (Richharia, 1962; 

Mahadevappa, 1973), China (Yuan, 1966), U.S. (Carnahan e_t 

al ., 1972) and IRRI (Athwal and Vlrmanl, 1972). But China 

happened to be the first country to exploit heterosis in 

developing hybrid rice. 

China's commercial hybrids yield about 2U 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 have 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 and susceptible to major pests and 

diseases. Led by IRRI, work on production of suitable male 

sterile lines and b^ combinations of A/R lines was 
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reinitiated in India, Indonesia, Republic of Korea, Thailand 

and Japan. Preliminary trials showed 2{) per cent yield 

advantage due to heterosis. However, the natural outcrossing 

rate in rice cultivare is low and hybrid seed production, 

using male sterility has been posing ditficulties limiting 

immediate commercialisation of hybrids. 

In 1973, when seed production of promising hybrids 

started in China, F̂^ seed yields were less than U.i t/ha. 

Now, techniques for hybrid seed production have been improved 

and standardised, consequently seed yields have increased 

substantially. In 1982, U.15 m.ha area earlier devoted to 

hybrid seed production was reduced to U.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 flowurlng and pJrintlng 

ratio between male and female parents. It is not uncommon in 

China to get 2.0 to 2.5 tonnes of hybrid seed per liectare. 

The highest hybrid seed yield in China was 6.1 t/ha for 

hybrid Wei You 64 in Xu-Fu country, China during 1985 summer 

(Yuan et^ aj. ., 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 ctiemical for 

the same to make hybrid rice commercially viable. 
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Considering the existence of exploitable level of 

heterosis in 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 is non-synchrony of flowering between parental lines 

during the main crop season. Tiller 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 integral 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 by 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 as 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 yielded 

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 is a complex phenomenon comprehensing 

genitical, physical, physiological and biochemical aspects ot 

seed behaviour. Seed viability, vigour and longevity are 

predominen t ly determined by the genotype (. Kurdikeri , 1991), 

production location (Vanagmudi and Karvaratharju, 1985), 

motlier plant nutrition (Nandistia . and Maliadevappa, 

1984)weather during seed development and maturity (Odiemah, 

1988) and season (Venkata Reddy et al., 1990). 

Results of the present study have revealed 

significant variation in 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 soed characters viz., test weight, seed 

volume and seed density causing for differences in seed 

quality parameters such as germination, speed of germination, 

i lold omergenco, seedling longtli, vigour index, electrical 

conductivity of seed leachate and accelerated ageing test 

response. 

The test weight differed sign 11 leantly among the 

genotypes. V 20B recorded significantly more test weight 

(25.928) 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 (1991) 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 Shivappa (1988) and 

Deshpande (1988) strongly support the present finding. 

Irrespective of production location and season, 

genotypes differed significantly for seed quality parameters. 

V 2UB recorded the highest germination (96.Uj%) cldsely 

followed by Pushpa (95.7%) andMangala (95.5%). Superiority 

of these genotypes was attributed to their genetic potential, 
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seed weight and density (Maranvllle and Clegg, 1977). On 

ttio contrary, seeds of Mangala and Puslipa whlcli have 

comparatively lower test weight, showed better germination, 

but IR 54752B (93.3%) with higher seed weight registered 

marginal decrease in germination. 

Seedling length of the genotypes under the study 

differed significantly and ranged from 20.2 cm (Intan 

mutant) 27.3 (V 2U). 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). The 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 in 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 £_t ^ . , 1980). The 

present results are consistant with those of Linhares (1980) 

and Mathur £_t £j^. (1982) who observed higher germinabi 11 ty 

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 in the 

four rice cultlvars. Field emergence of the genotypes was 
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also in tune with vigour index of V 20 B, being superior to 

tho rost. ihis superiority was attributed to lil̂ b soodling 

vigour. But the emergence values were lower tlian germination 

values which could be due to environmental stresses, as 

germination test was conducted under favourable laboratory 

condi t ions. 

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 yu mhos/cm) and Intan mutant (lb9 

p mhos/cm) recorded high EC. Ihe differences in EC could be 

ascribed to variation in integrity of membrane permeability. 

More electrolytes leaked by Pragathi could be due to its 

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 valid 

for Pragathi and it is also reflected in accelerated ageing 

test proving its better quality by maintaining higher 

germinability (B3.7%) even after ageing. Similarly higher 

germination was observed in tlie 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 lower seed quality by registering poor 

germination alter ageing test. The inferior quality is a 

consequence of seed deterioration i.e., summation ol all 

physical, physiological and biochemical changes occurring in 

the seed vaiich 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 germlnabi1ity after AA among the genotypes 

studied. Such varietal differences were also observed by 

Murugesan e_t ai_l . (1989), Krishnasamy and Seshu (1990). 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 is found to 

differ greatly due to locations. The significant differences 

noticed due to locations for test vifeight are worth discussing 

here. Irrespective of genotypes, seed produced at Mandya 

recorded higher test weight (22.9 g) closely followed by that 

produced at Bangalore (22.7g), Shimoga (22,.Og) and 

Mudigere (21.Ig). Higher test weight of Mandya seeds can 

be attributed to favourable conditions provided to mother 

crop during its growth, seed development and maturity. The 
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piescml rtisults ore in agreLniieiit with lliosu ul Yumjeslia 

(lyyi) who also observfid higher test weiglit In seeds of 

Mandya and Bangalore conditions and lower seed woight in 

Mudlgere seeds. The present findings also support the 

reports >of Dighe and Fatil (198b) who observed ettcct of 

environment on seed size, resulting in small seeds under 

less favourable conditions. Such variations among the 

locations tor test weight are also reported by Tripathi and 

Laxman Singh (1979), DRR (1990) and Kurdikeri (1991). 

Similarly, the seed volume and density too followed the 

same trend as that of test v̂ eight . Seeds produced at Mandya 

followed those produced at Bangalore and Shimoga recording 

higher values, Mudigere seed recorded low values for the 

above seed characteristics. The present results are strongly 

supported by DRR (1990), wherein different grade size rice 

varieties were distinctly different at ditterent locations 

(Hyderabad, Maruteru, Chinsurah and Mandya). Inferior 

quality of seeds produced at Mudigere can be attrituted to 

rain damage at seed development and maturity (Hegde eĵ  a 1 . , 

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 germinabi1ity 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 Mandya and bangalore are classified as 

dry zones receiving more solar radiation than Shiinoga and 

Mudigere. Mudigere situated at hilly region receives the 

lovvest solar radiation in addition to having lower 

temperature than other locations. Shlmoga comes under 

transitional zone receiving lower radiation than bangalore 

and Mandya due to cloudy weather. Hence,it may be concluded 

that higher intensity of solar radiation, heat sum and 

sunshine hours at Mandya and bangalore could be the causes 

for better growth and yield (Yogeesha, 1991) resulting in 

better quality seed . Such variations tor germinabi1ity of 

seeds produced at different locations are also reported by 

Burris (1977) in maize, Berezkin and Guida 1198U) in wheat, 

Maeda and Sawazaki (1982) as well as Vanagmudi and 

Karivaratharaju (1985) in Sorghum and Thiagarajan (1990) in 

rice. On the contrary, Umamaheshwar (1983) in rice and 

Morgapuram (1989) in maize reported negligible variation 

among the 1 ocations fbrseed germination. 

With regard to seedling length,signifleant differences 

were noticed due to locations. Seed produced at Mandya 

recorded the maximum seedling 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 
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devolopnient end maturation at Mandya, bangalore and less 

Invourable environment ui Mudlgere. The present results are 

in agreement with the results of Burris (1977) but in 

contrast to the statement made by Umamaheshwar (1983) and 

Vangamudi and Karivaratharaju (19B5) 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 is expected since 

vigour index is the multiplication of seedling 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 liigticr 

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). Un 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 good health 

and natural robustness in the seods whlcii, upon planting, 

permit germination to proceed repidly under a wide range of 

field conditions which is otherwise defined as seedling 

vigour. The present results are in agreement with those of 

kurdikeri (1991) who also observed variation in tield 

emergence accross the locations. 

Superiority of seed quality v/as again reflected in 

significantly lower EC values of seeds 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 e_t^ aj... 1992) 

and high humidity (Sessouma, 1987). 

Results on accelerated ageing test indicated 

significant difference due to locations. Mandya followed by 

Bangalore produced seeds proved their superiority for seed 

quality over the rest of the locations by maintaining 

higher germinability. Poor seed quality of seeds produced 

from Shlmoga might be due to higher incidence of 

discolouration which was clear indication of fungal attack. 

5.1.3 Effect of season oh seed quality 

Climatic factors which have a prpfound 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. 

Vvith regard to seed characters, small difterences were 

noticed for test weight. Seed produced during dry season 

registered significatly higtier density (1.38g/cc) than wet 

season seeds (1.34g/cc), irrespective of genotype and 

production location. The present findings on some of the 

seed characters are in agreement with the results of 

Padmajarao (198b) who found high density grains more from 

summer crop than from Kharif crop. On the contrary, 

Palanisamy et^ a^. (1986) recorded higher test weight from 

Kharif sown crop in Bhendi. Yogeesha (1991) did not notice 

significant difference 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 (3U.3) higher seedling length 

(24.1 cm) and lower EC (153u mhos/cm) than wet season seeds. 

Uotter quality of seeds produced during dry season was due 

to favourable climatic conditions the crop could 

experience throughout its growth, seed development and 

maturation. Naraslngarao (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. Kamalain Joseph e_t_ 

£j..(1988), in their rice experiment also recorded the 

influence of specific weather elements such as average 

temperature, rainfall, sunshine hours, wind velocity at 

various growth stages on crop growth, yield and quality in 

rice. Similar results pertaining to supofiurlly of dry 

season seed for germination were also reported by Fernandas 

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 Gl and li3 produced 

at Mandya and Bangalore during dry season showed higher test 

weight, but it was not'so with regard to seed volume. Seeds 

of Gl 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 Sliimoga and 

M'jiligorc during both ttie seasons recorded inlerlur sued 

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 GbLl, CilLl, GiL2, 

G1L3 and G6L1. In interactioa between genotype and 

season,G1S2 registered higher seed density followed by G6S2, 

GlSl and G3S2. Thus, seed characters do have specific 

influence when a genotype interacts with a particular 

environment. Slmlarly the interaction betvî een genotype and 

location was significant with respect to germination. G1L2 

recorded the highest followed by GlLl. Interaction between 

genotype and season was significant. GlSl, G2S2, GuS2 and 

G8S2 recorded higher germinabi1ity than 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 length, Gl, G8 and G5 recorded higher seedling 

length and G4 and G7 lower seedling length In all the 

locations but they showed varied performance. Ihe genotypes 

Gl, G8 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 maxlriium in Mandya and Bansalore locations and minimum in 

Mudigere. This superiority can be attributed to more 

germinabi1ity and seedling length of seeds produced at 

favourable weather conditions of dry season. 

With regard to speed of germination, the genotypes Gl, 

G8, G5 and G2 have shown better performance in all the four 

locations and two seasons proving the superiority of strong 

genetic potential. The seedling vigour has caused for higher 

field emergence in Gl, G5, G2 and G8 genotypes in all 

environments. Such differences in seed quality under varied 

environments are also reported by Funk et^ £^. (1962), 

Banumurthy and Gupta (1981), Kant e_t ^ 1 . (1983) and 

Dharmalingam (pers. Comm.). The differences in seed quality 

due to seasonal variation are also reported by Saini e_t a 1 . 

(iy8U) and Fernandes ^ £j,. (198U). 

Leaching of metabolites is one of the important 

characteristics for assessing the quality (Ching, 1972; 

Pollock and Roos, 1972). The genotypes Gl, 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, 

1970) was shown to be associated with the vigour and 

viability. There is inverse relationship between seed 

quality and hC values. 



253 

More quantity of electrolytes leached t rom tlie 

genotypes G3, G4 and G7 produced in all the four locations 

thereby indicating poor seed quality (Abdul-Baki and 

Anderson, 1972) and 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 (Uelouche and Baskin, 1973) 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 

study, the genotypes produced at tour environments and two 

seasons significantly varied for their response towards 

ORciriH test proving tlieir superiority or i n f nrl (iri ty . 1 lin 

results of ageing test revealed the superiority of seeds of 

G8, Gl, 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 germinabi1ity and 

seedling vigour after AA test indicating that higher KG is 

not entirely due to lack of membrane integri ty but also due 

f.o 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 seuds together witli increased surface area (Mullat, 

1979), rather than loss of membrane integrity. In general, 

the genotypes Gl, G8, G5, G2 and G6 produced during dry 

season 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, vigour 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 

differ 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 Fushpa 

B (95.7-84.7%), Madhu (95.2-84.2%) V20B (96.0-84.1%), Mangala 

b (95.5-84.1%) and Pragathi B (94.6-82.9%) 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 e_t aj. . (1986), Juiiano _̂t aj. . (1990) 

and Hubhakar (1992). 

The seedling length was tound to differ significantly 

among the rice genotypes. The reduction in seedling length 

Vi/as less in the seeds of genotypes V20B (27 .(J-25 . 1cm) , 

Pragathi B (25 . 3-23.bcm), Pushpa b (25 .5-23/2cm) , Mangala B 

(24.0-22.2) and Madhu B (23 .4-22.4cm) as compared to lK547b2 

B, Improved sona B and Intanmutant B. The present findings 

are inagreement with that Deshpande £_t a_l.(1991), Kurdikeri 

(1991) and Ramegowda _ (1992). Another aspect of closely 

related to seed deterioration is vigour. Abdul-Baki and 

Anderson (1973) assessed vigour by multiplying 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 signl1 leant ly 

in all the tested genotypes with the increase in storage 

period (2263 - 1806) but interestingly, the extent ot 

reduction varied with the genotype. Eventhough V 20 B (2120) 

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 seed 

quality (Gomez et^ aJ. • 1986) end prestorage history (Delouche, 
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199U). The genotypes IK 54752 B, Intan mutant B and Improved 

sons 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 vigour also recorded higher field emergence. The 

seeds of genotypes V 2U B, Fragatlii 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 different 

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 cultlvar, storage conditions and other 

Icicturs like seed moisture and the status of the seed at tlie 

time of storage (Dharaml ingam, 1970; Agrawal, 1979; Gliose 

e t al ., 1981 Tomar and Singh, 1906). 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 loss of viability and vigour during storage is 

attributed to hygroscopic nature ot the seeds. During 

ambient storage conditions, seed moisture content fluctuates 

with concomitant changes in atmospheric relative humidity and 

temperature (loole, 1950 and Saibabu £_t £j. . , 1983) . In the 
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present study also significant fluctuations in seed moisture 

content (9.75-11.91%) were noticed In all ttie inonttis ot 

storage. This variation in seed moisture depends on 

liy g lOKcop i c nature of particular genotype, tempeiuture and 

relative humidity of storage. The genotypes which have 

naintained better viability and vigour did not show much 

tluctuation 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 (1976), Nagarajan and 

Karlvaratharaju (197b), Khanna and Yadav (1979, Tomar and 

bingh (1986) and Kurdikeri (1991). 

As de tpr iora t ion progroBRns durlnp Kt()rrip,('. f:nllnliif 

membranes lose their selective permeability, permitting the 

cytoplasmic metabolites leach into the intercellular spaces. 

Membrane degradation occurs due to ,both hydrolysis of 

phospholipids by phosphol ipase and phospholipid autcoxlda t ion ; 

therefore, in the strict sence, it might be considered as a 

result of ageing rather than a cause (Copeland, 19bB). 

Berjak and Villiers (1972) opined the membrane damage in 

general, as the symptom of mitochandrial damage first to 

appear and theretore, it may be considered as most critical 

one to play a major role in seed deterioration. it 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 loss in viability ((Jhing and Schoulcralt 196B and 

Sen,1977). The leachate exudates as measured by electrical 

conductivity (Bradnok and Muthews,i97U) was shown to be 

associated with the loss of vigour and viability. Increased 

leachate was related to low metabolic activity ot 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 ju mhos/cm at the 

end ot storage. The genotype V 2UB (146.U-2U2.7 u mhos/cm), 

although recorded lower EC, it has leached more than 

pragathi (165.0 to 208. u mhos/cm). The other genotypes 

which have leaked out lower quantity of exudates were Madhu B 

(152.0 - 209.2 JU mhos/cm) , Mangala B (147.0-212 yu mhos/cm) 

and Pushpa B (148.0-213.5 u mhos/cm). EC values are 

inversly proportional to quality. Ihus, the seed viability 

and vigour of the above genotypes were superior throughout 

the Htorago period, hcjnce, the statemcont holdR truo. The 

genotypes IR 54752 B, Improved sona B and Intan mutant B have 

recorded higher EC values which has clearly reflected in 

poor viability and vigour during storage. The above results 

are in agreement with the tindings of Abdul-Baki and 

Anderson (1972) and Chose et al. (1981). 
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5.2.2 Effect of provenance on seed quality during 

s torage 

It has been stated tnat the advantages of producing 

seed in areas especially suited to seed production are 

increased yield and quality, since the weather conditions 

sucli as temperature, relative humidity, pho to{)eriod, vulnd 

velocity, soil type may vary from location to location 

resulting in difterential seed quality. Therefore, the 

selection of the best provenance tor seed production 

becomes an integral part of production programmes. The 

present investigation aims to find out the effect of 

production location on storability of eiglit rice genotypes. 

All the seeds produced at Mandya followed by Bangalore 

mainatained significantly very high germination, seedling 

length, vigour index and lower electrical conductivity. 

These quality parameters induced vigorous field emergence 

throughout the storage period. Ihe superiority ot these two 

locations for producing quality seeds of was attributed to 

higlily 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 differences in seed characters due to different 

environments were also noticed by Austin (1972), Kant e_t 

a_l.(1983). Superiority of production location for quality 

seeds of various crops have been also reported by Burris 

(1977), Kristan and Skala (1980), Banumurlhy and Gupta 
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(1981), Maeda and Sawazaki (1982). Kant e^ Ĵ. . (1983), 

Vanagmudi and Karivaratharaju (1985), Kovav (1988) and 

Thiagarajan (1990). 

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 vigour 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. Tlie present 

findings are also in agreement with the findings of Prakash 

and Kuraw (1983) and Sutahakar (1992) . Loss of vigour 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 ej^ al ., 1970) , 

increased activity of lipase and oxidase enzyme (Dhaliwal ̂ t^ 

^^.,1991), free radical damage (Pammen ter £^ a_l . , 1974) and 

chromosome aberrations (Rao _̂t aJL̂ ., 1987). 

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 e_t aj, • . 199U) and storage 

pests (Sukprakarn, 1985; Uttam^_t aj^,, 1905; bauphanor, 
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198D). The loss of viability, vigour and weight have been 

reported by Frakash and Kuraw (1983), Glrish ej_ aj, . (1975 J, 

I'uvvni- ul^ OJL^. ( I ' J U B ) , nnd S l ion i in cĤ  JĴ J_ . ll'.HJU) . I nipor ltiuc(.' 

of Bepd treatment ogoinst pathogens has also been ivell 

documented by Asokan e_t £_! . (lyBU), Anahosur and hegde 

(1980), Sathyanarayan Rao and Hanganathaiah (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 germinabi 1 ity (94.3 

- 85.8 %) retaining the seed certification standards (8U.%) 

even after 19 months of storage as against untreated seeds 

(94.U - 78.2%). Treated seeds significantly differed from 

the control throughout storage period. Ihe gap between these 

two in maintaining viability was narrow initially and widened 

later (Ueshpande, 1988). This sliows tiie superiority ol soud 

dressing f ung icide-Thiram, in protecting tlie seeds from 

hazards of storage fungi and maintaining the viability 

against seed deterioration. Such decline in viability due to 

storage fungi vi/as also reported by Neelakanta (1982) and 

harmful effects of storage pests were also noted by Uttam 

e_t aJ.. (1985), Nigam^aJ,. (1987), Subhakar (1992). The 

beneficial effect of fungicide treatment was also observed 

by Sivaprakasam £_t aj^ . (197b) in Sorghum, Vyas and Nome 

(1975) and Asokan et al. (198U). 
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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 

Reeds maintained its seedling vigour by producing lengtiiior 

seedlings in all the months of storage than untreated seeds. 

This was in confirmity witli the findings of Fawar ej^ B^i^. 

(1985) and Gora ^ ^ 1 - (1987). Seedling vigour 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 interactions between 

hygroscopic nature of seed and fungal activity, which inturn 

lead to development of heat and moisture. 

Higher viability and vigour of treated seeds reflected 

in higher field emergence (89.2 -77.1%) ttian untreated (88.8-

72.5%) seeds. Similar findings have been reported by Kulik 

(1977) and Deshpande (1988), Electrical conductivty of seed 

leachate of treated seeds was lower (155.2-199.8 u mhos/cm) 

than untreated seeds (157.2-234.4 u mtios/cin) during 19 months 

of storage period. Increase leakage of exudates during seed 

deterioration might be due to reduced metabolic activity of 
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untreated seeds (Agrawal, 1979) which was preceded by low 

enzyinic activity (Kalpana Sur and Basu, 198(3] decreased ATF 

production (Nagashima and Ota, 1986), accumulation of free 

radicals (Tappel, 1973) and toxic substances like coumarin 

and ferulic acid and lead to loss of gerininabi 1 i ty 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 ttian certification standards 

compared to Shimoga and Mudigere, suggesting the superiority 

of Mandya and Bangalore over other locations. Further seeds 

of these two locations also registered greater seedling 

length, lower seed moisture, lower electrical condctivity 

and liigh field emergence in all the months of storage. The 

genotypes V 20, Madhu, Pushpa, Mangala and Pragathi produced 

at Shimoga also maintained germination more than 80 per cent, 

but seeds of all the genotypes produced at Mudigere failed 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 viabi1ity { 80.0 %) before 17 months. 

This loss in viability resulted from increased leach'ate, 

sharp reduction in seedling length concomitant fluctuation 

in seed moisture content and fungi activity. 



264 

Seeds produced in all the loations wlien treated with 

tungicide could maintain germlnabi11ty and vigour 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, 

Mudhu, I'ragatlii, Mangala nnd Hushpa whon trealetl, could 

maintain higher vigour 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 untreated seeds resulted in loss of vigour and 

viability during storage. This cuuld be ascribed to harmfull 

effects of insect and fungal activity on untreated seeds 

during storage. 

5.3 Hybrid Seed Production Through Main and Katoon Crops 

5.3.1 Hybrid seed production through main crop 

Rice being a strictly sell pollinated crop, natural 

outcrossing rate is very poor. Nevertheless, outcrossing in 

this crop is influenced by agromorphological characters of 

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 (Farmar e^ 

Ĵ. . , 1979), anther size, anther exsertion and pollen shedding 

(HHT, 1981), stigma 'size and exsertion (Virmani ej^ • al . . 

1980b), Flowering time and stigma receptivity (Virmani and 

Tan, 1982). bvon planting direction and ratio (Shanbhogue 
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and Mahadevappa, 1991) influence the seed setting and seed 

yield. hurther, these traits are controlled by weatlier and 

seasonal variations (Mallaiah, 1985). 

In the present study, the rice parental lines of some 

liybrid combinations showed significant diilerence tor plant 

height. Similar genotypic differences were also reported by 

Hamachandra (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 

heigli seed set also supported by Rutgcr and Carnhan (1981). 

They opined that the tall paternal plant type is desirable 

tor windblown pollen dispersal on semidwart temale parents. 

According to Virmani and Edwards (198J) Cliineso rusearchors 

also use the restorer lines that are 1U-2U cm taller than 

CMS 1ines . 

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 lead to higher number of filled spikelets. Higlier 

seed set was also attributed to better panicle exsertion of 

female parent (Virmani ^ a.i • • 198(Ja). Cumulative eftnct of all 

these yield attributes resulted in better f* liybrid yield 
1 

of IR 54752A/ARC 11353R (4.90 g/plant and 1.49 t/ha). The 



hybrid H2 (IR 54752A/1R 54R) took second place with regards to 

seoti yield . 

Further in hybrid seed production of IR 54752A/IR 46R, 

male took four more days to flower as compared to female. 

So this improper synchrony resulted in lower seed set on 

female and lower seed yield. 

Between the two CMS lines selected tor study, IR 54752A 

recorded higher seed set which is due to its better floral 

characters and agronomic traits (Ramachandra, 1989) Higher 

F seed yield in HI is also attributed to better agronomic 
1 

perforniance of the restorer line ARC il353R which is taller, 

besides, having good floral characters with high pollen load. 

Intan mutant A in combination with either IR 27315R or 

IR 15324R failed to record better performance due to poor 

synchrony between parents (Hamacliandra, lyU9J. Such 

difierences in performance among the various female parents 

with restorers were also noticed by Ujeacoumar (1988). 

Dharmarajan (1990) and Shanbhogue and Mahadevappa (1991). 

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 

tlio existence of exploitable level oi huturosis in rice and 
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the inherent problems associated with seed production, 

research has been initiated to study tlie ieasibility of 

vegetative propagation to aid in economising seed production. 

It is revealed that besides cost factor and saving on tresh 

seed requirement, the other advantages of vegetative 

propagation are : ij reduction in total duration, and 11) 

minimization of cost of production. Further, by effective 

roguing in the main crop season, the problem ot rogues and 

pollen shedders in hybrid seed production 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 (liarvested) depending on 

differences in days to 50 per cent flowering, to achieve 

synchrony between parents in ratoon crops. In the present 

study 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 IShanbhogue, 1988). Further 

it was also reported that despite inherent ratoonabi11ty, the 

growth, yield and maturity of ratoon crop depends on growth 

duration of respective main crop (Plucknett _̂t ai^., 1978 and 

Mahadevappa, 1979), cutting height (Bahar and Dedatta, 1977), 

state of maturity at vyhlch main crop was cut (Haque, 197b ) , 

nodes from which ratoon tiller originated, C:N ratio in the 

stubble I ISO, 1954) . 



268 
In the present study, it was possible to achieve 

synchrony in all the five hybrids in ratoon crop. However 

the ratoon seed yields varied among the parents. But in 

case ol Intant mutant A/IK 27315H (U.42t/ha) and Intoii inutfint 

A/IR 15324R ( 0.41 t/ha), the F̂  ratoon yields realised were 

iiioro tliQi) the respective main crop. 'Ihis variation could bo 

attributed to perfect synchrony of flowering in rato(jn 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 e_t a_l . (1991). Similar attempts to produce 

hybrids or multiplication of parents were also made by 

Chauhan (1988) and Shanbhogue (1988) and Mahadevappa e_t a 1 . 

( 1989) . 

5.3.2 Quality of seeds harvested from main and ratoon crops 

With the understanding of importance of quality 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 feeed production. Also witli the advent 

of hybrids in rice, there is considerable scope to utilize 

ratoons for parental and h\ seed production. Vvheather or not 
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ratuoning ability can be utilized for the maintenance ot 

parents and multiplication ot send is determined by the 

quality of the seed it produces. Very meagre research has 

k)een carried out on the aspect of evHluatin^ the seed quality 

of ratoon rice and comparing it with its main crop seeds. 

Hence, research on this potentially important yubject was 

taken up. The very low cost ot 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. 

Witli this background, the results ot the laboratory 

studies conducted to evaluate the seed quality of both the 

main and ratoon crops of F hybrid seeds of five 

experimental hybrids are discussed hereunder. 

Test weigiit of all the F hybrids t rom main crop was 

more than the respective ratoon crop. Such reports are also 

stated by Rao and Damodaran (1972) in Sorghum and Webb et^ a 1 . 

(1975) in rice which revealed that the seeds of 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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yigniticant ly higher mean lUUU-seed volume was recorded 

t roin 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 ditlerences couplod with 

the dependance of seed volume on its test v/eight are 

nttrlbutcd to these differences. Vasudev (19B9) 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 v^ithin and between the methods of 

propagation along with interactions for seed density. hxcept 

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 

weiglit and volume, tho ol)servod vorlotlons in Kood dunsity 

are attributed to the variations in these parameters 

(Vasudev, 1989) . 

Further the results of standard germination test and 

speed of germination indicated not only the differences 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 findingc of Tseng and 

Lin (1962) who noticed delayed germination of rice from light 

seeds. Vasudev (1989) also observed poor pertormance of 

ratoon seeds and reported that the variations were due to 
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liigh protein content of ratoon seeds, which is negatively 

curielated with viability (Khairwai and Tomer. 19U1). 

However, The physioiogical and biochemicai means for such 

losses in the viability of the ratoon crop seeds ore to be 

p rolled into. 

in general, the seeds produced from seedling planted 

maincrop recorded significantly longer roots (15.2 cmj and 

shoots (11.6 cm). Vvlth regard to root length, the hybrids IR 

54752A/ARC 11353R (16.2 cm) followed by IR 54752A/1R 46K 

(14.2 cm) produced longer roots and Intan mutant A/IR 15324R 

(13.2 cm) shorter roots, irrespective of the uietliod of 

propagation. The hybrid IR 54752A/ARC li353R and IR 

54752A/1R 54R also showed longer shoot length. Present 

findings are also inconformity with those of Vasudev (1989) 

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, bindings of Vasudev 

(1989) strongly support the present results with respect to 

superiority of main crop seeds. Amaral and Dos (1979), Cicero 

e t al . (1978) and Vasudev (1989) also observed very higli 

root-shoot lengths from 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 liave caused highly significant variations 

between the main and ratoon crop seeds in all the hybrids. 

This result is strongly supported by Nagaraj (1984), who 

noticed higher vigour index in the main 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, 1964). 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 1rom seedling planted main crop 

exhibited lower EC values than ratoon seeds. The hybrid 

soccis also varied between them for KC vfiluoB in lioth the miiin 

and ratoon crops. These results revealed the superiority of 

membrane integrity of main crop seeds and varietal 

differences for membrane permeability. These results are 

in agreement with the work ot Vasudev (1989). Hovuever, why 

such differences exist among the varieties between main and 

ratoon crop seeds are still to be understood through 

biochemical end physiological investigations. 
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5.4 Vegetative Propagation through Tiller and Stubble 
P Ian t ing 

5.4.1 Evaluation of some male sterile lines, raaintainer, 
restorer lines, hybrids and varieties for vegetative 
propagation through tiller separation 

Ihe 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 life 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 lull 

tiller presumably depending on the environmental conditions 

prevailing at the time of its formation. Profusod 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 under normal cultural and 

environmental conditions. Ihey also suggested that 

vegetative propagation would probably acts as a trigger 

iiiuchanlsm in activating the dormant buds thereby increasing 

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 vjirieties 

produced more number of fresli tillers than other parental 

lines which may be attributed to genotypic effect. • Among 

the male sterile lines, Pragatiii /\, IK b4'/62A and ES 18A; 

among maintainer lines, Madhu B, Fragathi B and Pushpa B 

recorded more number of tillers. IR 46R. IR 54R and IR 

15324R among the restorers; IR 54752A/ARC 11353R, IR 

54752A/IR 27315 R and IR 54752A/IR 46R among the hybrids and 

Jaya among the varieties recorded more tillers as planting 

material. Such genotypic variation for recovery of tillers 

was also observed by Richharia et_ a\^. (1964), Sateesha Babu 

(1986) and Sharma e_t aj, . (1987). 

In general maintainer lines exhibited lower percentage 

of field establishment as compared to male sterile lines. 

Restorers, liybrids and varieties established better than 

sterile lines. There was considerable genotypic variation 

among different parent lines, hybrids and varieties for field 

es tablishmen t. 

With regard to growth, plant height differed 

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 _̂t o\^. (1964) wlio ubsorvud 

increase in plant height of some vegetatively propagated 
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genotypes. Contrary to tiiis they also observed indifferent 

ic!Kponsi) oi Boino genotypes to this lor,l\ni(iuo ui [) topuKu t Ion . 

Genotypic variation in respect of plant height is also 

reported by Sateesha Babu (1984), and Sharina ei^ «i_1 • (1^07). 

Number ot productive tillers diltered signi1icantly 

among the genotypes studied. Similar genotypic variation for 

productive tillers was also noticed by Richharia e t' 

^.(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 e^t^ a_l . (1964) who observed comparatively low number 

of effective 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; Sliarma _̂t aj^. 1987) . 

There were a considerable genotypic differences for 

panicle length. 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 significantly more 

panicle length than seedling planted crop. Similar results 

were also explained by Richharia e_t aj^. ( 1964) . Interaction 

between genotype and method of propagation revealed that 

only some of the genotypes could respond to tiller separation 

and planting (Richharia e_t £2 • • 1964). 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 lor total and 

tilled spikelets. Mean number of spikelets and filled 

spikolcts in vugotativoly |)ro|)ugutod tlllor c:ro[) did not 

differ significantly as compared to seedling planted main 

crop. Some of the vegetatively propagated genotypes (IR 

54752B and Intan mutant B; IR 4b, ARC 11353R and IR 15324R; 

Intan mutant A / ARC 11353R, IR 54752A / ARC 11353R; Jays and 

CTH 1) recorded more number of filled spikelets as that of 

tlieir respective main crop. Similar diflerential response 

for this technique of tiller separation in many genotypes 

was also noticed by Richharia et^ aJL̂ . (19b4). 

Significant yield differences noticed among the 

parental lines, hybrids and varieties may be attributed to 

genotypic differences. Yield did not difier significantly 

due to method of propagation except in case of maintainer 

lines. Besides significant differences, marginal increase 

in test weight observed in some ot the vegetatively 

propagated tiller crop might have contributed tov\(ards 

marginal increase in yields of the same genotypes. The 

present findings with respect to test weight and yield are 

in accordance with iCiccharia et_ £_1 . (1964J and Fadmaja Rao 

(lyyu). 
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5.4.2 Field performance of tiller crop as influenced by age 

of tiller 

1o understand the potentiality of some of the 

genotypes for tiller propagation it is important to know 

nboiil recovery ot number ut tlllors by a slngiu mottier 

plant. This is more relavent when there is 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. liller separation at bU days alter sowing 

resulted in low recovery (9.9) ot 1 resli tillers as compared 

to tiller separation at 7U days after sowing which recorded 

15.5 tillers per mother plant. 

Varieties also differed in their capacity to produce 

tillers. In the present study. Ihe recovery oi tillers was 

also influenced by duration of motlier crop. Sliort duration 

varieties like ES 18 (ll.Zfa) and V 20 IIU.5) produced 

comparatively less number of tillers. Similar variation in 

tiller number was also reported by Ramachandra (1989). 

Tillers separated from mother plant at early stage (Tl) put 

up better growth like fresti seedling planted crop, while 

tillers separated at later stages (T2) exhibited stunted 

growth V. i th low number ot tillers. 

Luxurient growth of vegetatively propagated (11) 

tiller crop recorded better yield components like more 

number of productive tillers, more panicle length, filled 
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splkelets per plant (Richharia, 1961), higher lOUO-grain 

weight IFadmaja Rao, 1991)) which resulted in higher yield 

{7.48/ha) as compared to seedling planted crop (6.83 t/ha). 

lliis may be attributed to better pho tosyn the t ic efticiency 

and propagated crop (Tl), as also reported by Richharia ^ 

a 1 . (1964). Jagannathan and banerjee (1982) 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 like aged seedlings with uneven flowering and 

maturity. f-urther, the planting material consisted of 

primary, secondary and tertiary tillers that adding to 

variation in floviiering. It is well documented that 

performance ol 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) followed in order by ARC 

11353 a restorer line ( 7.12 t/ha), Madhu V.A /IR 15324 (7.U5 

t/ha). Similar varietal variation with respect to field 

performance in vegetatively propagaed crop was also noted by 

Richharia ej. aj,. (1964) and Sateesha Babu (1986). 

Interaction effects showed that tiller separation at 5U days 

after sowing exhibited better field performance as tliat of 

seedling planted crop. 
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With regard to maturity, tiller planted crof) attained 

maturity as early as seedling planted crop in all genotypes. 

Similar tinding was reported by Richharia e_t ̂ . (19b4). The 

superiority of vegetative propagation through tiller crop was 

{IIKO rnpurted by Jaganiiathun and linnorjuu (lUMii), bulcushu 

Babu (198fa), Fadmaja Rao (1990) and NSC (1990). Unly one 

coil t ijid Ic t ory report is by Sharma ĵ_t £1.. (19(57). 

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, its position on plant (Ovcharov e_t a]^. , 1978), type 

of tiller (Selvaraj and Subramanian, 19B9) and rachi within 

the panicle of rice crop (krishnasamy and Kempuchetty, 

1989) play an important role. Ihe results obtained from 

evaluation of seed quality ot seeds obtainnd 1 rum various 

tiller types have been discussed lierein. 

Test weight diflered significantly among the genotypes. 

ARC 11353 recorded the higher seed weight than IR 46. Test 

weight also varied significantly among different tiller types 

(Tl to TIO), early termed 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 1ormed primary and 

secondary tillers was also reported by Sateesha Batxi (1986), 

Fadmaja Rao (1988) and selvaraj and Subramanian (1989) for 

test weight. 
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Seeds obtained from early tlowered iirst tour tillers 

111-14) registered higher germinabi1ity and vigour index, 

these results are in agreement with those of Petrov e^ al. 

(I'JUl), Sateosha Babu (1904), Merwade ^ aj,. (19119) and 

Selvaraj and Subramanian (1989) who noticed increased 

germinabi1ity and vigour of seeds developed 1rom either 

primary or secondary tillers over subsidary tillers. 

Even as per ageing test, the seeds developed on the 

Iirst 4 tillers registered higher germinabi1ity and vigour 

and differed significantly from the seeds produced on 

subsequently flowered tillers (T5 to TIU). Ihis 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 (1989). 

Sood vigour and storability oro ulso 1 ii I 1 uonc.tjd by sood 

position on rachi within the panicle in rice (Krishnasamy and 

Kempuchetty, 1989). 

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 advantage in vegetative propagation is that 

only confirmed 'true to type' plants can be allowed to grow, 

there by eliminating the rogues. Ihe use ot vegetative 

propagation either in seed production or for commercial 
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production oi rice is primarily intiuenced 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. Of 

llie difterent vegetative propagation metliods, 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 ^la^L** 1989). The results obtained on 

stubble planting of A/B lines and 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 tour CMS lines recorded higher 

number of regenerating tillers per mother plant as compared 

to respective 'B' lines. This can be uttributod to hlghcir 

amount of carbohydrates left in the stubble and roots after 

main crop harvest. Because, the cytosterile lines have not 

utilized all its 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 es tabl isluneh t of stubbles is mainly dependent on 

their survival capacity and genetic vigour (Yogeesha and 

Mahadevappa, 1987). Intan mutant A followed by V 2UA and 
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IR 54752A showed better field establishment as compared to ES 

18A , Inpeneral cytosterlle lines showed better field 

establishment than their counter parts. these results are 

in agreement with those ot 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 lines recorded 

lower plant height and more number of total tillers per plant 

than their counterparts (Sharma _̂t a_l. 1987). Ihese 

difterences appear to be genetic hence, is advantageous in 

seed production. Higher plant height of 'B' lines helps in 

better pollen dispersal on 'A' lines during anthesis and is 

an advantage during supplementary pollination too (Rutger 

and Larnlian, 1981; Virmani and hdwards, 1983). iurtlier, 

potentiality for high tillering within a very short period 

in vegetatively propagated rice was also noticed by 

Jagannathan and Banerjee (1982). 

Seed yield per plant differed significantly among the 

cytosterile lines, as synchronization of flowering between 

parental lines plays a major role (Djeacoumar, 1988; 

Ramachandra, 1989; Dharmarajan, 1990; bhanbhougue and 

Mahadevappa, 1991) and better floral traits ot A lino 

(Virmani and Tan. 1982; Ramachandra, 1989; Shankaramurthy, 

1991) and anther size, exsertion and pollen shedding ot male 

parent (HRl, 1981). Comparatively higher yield ot IK 54752A 

(b.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) 

inspitc ot comparatively low number of productive tillers. 

But yield per hectare of IR 54752A was sliglitly lower than 

Intan mutant A which was due to better t ield establishment 

of Intan parents and more number of productive tillers, 

l.owor seed yield realised on liS lUA could bo attributed to 

uneven flovi/ering of parents (Mahadevappa et^ aj^., 1986) lack 

of synchrony (Ramachandra, 1989) resulting in low seed set on 

A line (Azzini and Rutger, 1982) 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 (1987), bhanbhogue (1988) and UAS 

(1989) 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 h\ hybrid seeds wherever possible 

(Mahadevappa £l a_L«. 1989). 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 genetic 

potential to respond to this practice (NSC, 199U). 
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In the present study, the number of regenerating 

tillors obtained permothor plant ranged I roin B.3 to 15.0 in 

b'^ hybrids and 9.7 to 11.5 in varieties. Madhu WA/ IR 46R 

recorded the highest regrovvth (15.(J) followed by IR 

54752A/ARC 11353R (11.2). The genotypic diiterences and 

superiority of F hybrids over varieties regenerating more 

number of tillers after ratooning was also reported by 

Mahadevappa £i. aj. • (19B9). 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). In the present study, Madhu V.A/IR 4bR 

and IR 54752A/ARC 11353R recorded the maximum field 

establishment among the hybrids, while ARC 11353 (84.8%) and 

IR 20 (83.8%) showed the highest establishment among the 

varieties. I'oor establishment of V 20A/1K 3(iU nnd Knsi were 

also noted. These differences were mainly attributed to 

genetic potential. It may be mentioned here that Das and 

Ahmed (1989) observed similar performance of 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 

e_t ^ . . 1989). In general stubble crop of F 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, 

whicli iiiuy bo due to shorter panicles (Uictihariu, lUbl) and 

uneven maturity (Mahadevappa et^ aj. . 1989) . The panicles that 

matured early were damaged by birds and were subjected to 

shattering loss 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 

e t ^ ĵ . (1989) and Rodhakrishno (1992) also got oncouraglng 

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), Fushpa (poor ratooner) and IR 54752 A/ 

ARC 11353 R (hybrid) were harvested at their physiological 

maturity, one week after 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 

disr.vissod horounder. 

btage of main crop harvest affects ratoonabl1ity 

(Haque, 1975). Among the three harvesting stages in the 

[)ri)Keiit study, cutting the crop at physiolog ICH 1 maturity 

proved to be the best to get higher percentage of 

ratoonabi1ity (84.1%). Delayed harvesting registered least 

number of regenerated hills per plot (72.8%). This 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^ a 1 . . 

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, lUOU-

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 

tlial rLMiiain viable (Nalr and baliadovan, lyui). llms, It is 

important to harvest at physiological maturity. Harvesting 

the crop at its senescence may result in poor ratoonabi1ity 

resulting in reduction of C:N ratio in their stubbles. The 

dolcine in growtli and yield perforniance of crop liarvested lU 

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 genetic potential tor 

ratoonabllity, while Pushpa proving itself as a poor 

ratooner. The hybrid IR 54752A/ARC 11353R recorded higher 

number of productive tillers, longer panicles, more number 

of filled splkelets 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 il353R 

and the variety ARC 11353 and inferiority of Pushpa as a 

stubble crop could be ascribed to their genetic potential and 

hybrid vigour. Plucknett £l ^ • (1978) also stated that 

ratoonabllity is a inherent genetic factor ailecting its 
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pertonnance, further it depends on thickness of culms 

lUuevas-Ferez, ItiaU). llilck culms may store more 

carbohydrates than thin culms (Pushpa), and probably would 

bo reflected in ratoon potential and yield. Similar varietal 

differences with respect to ratoonabi1ity and performance 

hiiVG been reported by Volkovn and Smetanin (1!J71). 

Superiority of hybrid over pure lines as stubble crop has 

also been reported by Mahadevappa e_t ^ . (1989) and 

Radhakriahna ( 1992) . 

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 HlV3 

and HlVl. This v;as followed by harvesting the crop one week 

late. btubblo crop from much delayed main crop harvest 

exhibited poor growth and yield. Thus tlie investigation has 

clearly indicated adverse effects of delayed harvesting of 

ma in crop . 

5.4.4.4 Field performance of stubble crop as influenced by 
root dipping in chemicals 

Poor field establishment ol vegetatively propagated 

stubble crop needs greater attention. It depends both on 

genotype and agronomic practices. Root dipping in 

insecticides and nutrients helps the stubbles tor quick and 

better establishment preventing early infection. An effort 

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 d ipp ing . 

As brought out under results root dipping in Rogar + 

DAP showed improvement in field establishment (94.2%). 

Better vegetative growth in this treatment resulted in 

increased principal yield components viz., productive 

tillers and filled spikelet percentage ultimately 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 Rogar + DAP. Rogar might have 

helped in early establishment of stubble by protecting the 

root zone and warding off hazards in rhizosphere. The 

present results confirm the findings of Balasubrarmanium 

and Palanisamy (1983) who got better pertormance witti 

carbofuran (0.2%) as a root dip chemical against root 

nematodes in wet land rice and Prabhakarrao e_t^ a_\^. (198B) who 

observed the beneficial effects of Diammonium phosphate 

nutrient. It may be mentioned here that the above authors 

reported higher uptake of nitrogen, phosphorus and potash 

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 (Tl to Y3). Similar findings with bther 

nutrients have been reported by Zia £_t aj. . ( 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 2:1U. The 

increased seed set rate at narrow male to female ratio 

(Satato and Sukamandi, 1989) 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 £_t _̂1̂ . 11972) and 

Fatil (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 line by planting them in alternate rows with 

pollinators. These results are also different from the 

findings of Sahai £l ^ . (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 

tol lowed by 1:3 (1.5U t/ha) as compared to low yield ot 

narrow ratio like 1:2 (1.37 t/ha) and wider ratio 1:5 (1.02 

t/l\a). The planting ratios 1:3 and 2:U recorded liigher seed 

yield which could be ascribed to optimum plant population of 

female 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 like 2:10 and 1:5, too low seed yield is 

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/ IR9761-19-1 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 of Djeacoumar (19U8), 

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 Sychroniza t ion of 
Flowering of Parents 

Importance of synchronization of flowering of parents 

in parental seed multiplication (A/B) and F seed 

production (A/R) in Vice needs no emphasis. It can be 

accomplished by staggered sowing of male parent where the 

differences in flowering between the two parents is more than 
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3 - 4 days. Since the standardization of synchrony is a 

basic need for further seed production technology, yn attempt 

was made to determine optimum planting synchrony in seed 

multiplication of IR 6282yA/B and F̂, seed production of IR 

b2B29A/ IR 9761-19-lR. 

The results revealed that optimum synchrony can be 

achieved by delayed sowing of 'B' line, 4 days after female 

sowing in IR b2B29 A/B production. By this, we can 

synchronise 50 per cent flowering of both the parents. Male 

takes 99 days, while female takes 103 days to reach 50 per 

cent flowering. Earliness of malntainer in flowering as 

compared to their respective 'A' line was also observed by 

Meghachandra Singh 11986). 

Besides, the perfect synchrony, there is also a need 

for continuous supply of pollens to obtain high seed set and 

yield (Liu ^ aj."» 1^84). 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 ( 1.49 t/ha) than the rest of the treatments. 

Duo to better synchrony between parents in hybrid seed 

production, higher seed set and yield were also obtained by 

Virmani e_t ^ . (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 IH b2U2yA/lU y7til-iy-ll( . Tlie 

results revealed that male is earlier (96 days) to temale 

( 1U5 days) for days to 5U per cent flowering and hence, 

sowing of male, 9 days after female sowing resulted in better 

synchrony. Still higlier seed yield (1.U6 t/ho) was obtained 

by late sowing of male seeds, 9 and 13 days 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 ol filled 

spikelets and productive tillers per plant in this treatment 

5.5.3 Effect of foliar spray on seed set and yield 

The growth regulator GA , extensively used in tiybrid 

rice seed production for better panicle exsertion of CMS 

lines is a costly input. Hence, a search was made to 

lindout suitable substitutes. The effectiveness ol clH^aper 

chemicals like urea, boric acid, potasium nitrate (KNO ) in 
3 

increasing outcrossing and yield in sorghum, pearlmillet and 

rice have been vi/ell documented by the earlier researchers 

(Joshi, 1976; Sureshnath, 1981; Prasad e_t aj. ., 1988). 

In the present study the increased height of both the 

parents due to GA^ was observed as compared to other 

chemicals and contiol. Similar reports have been also 

published by Kalina (1963), Vasundhara (1987) and Prasad _̂t 

al. (1988). GAg also enhanced panicle exsertion more 
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visibly, followed in order by urea and boric acid. 

Siiiiilnr increased panicle exsertion by UA spray vi/as also 

observed by Uharmarajan (1990). 

The treatment involving spraying ot (JÂ. recorded 

maximum seed yield of 0.45 t/ha accounting for 72.2 per cent 

increase over the control but it v;as on par with 1 .0 per cent 

boric acid (0.40 t/ha). The increased seed yield with GA^ 

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, GA^ is 

also known to influence favourabley the glume characters like 

angle and duration of glume opening (Dharmarajan, 1990). It 

also helped to induce synchronized flowering between primary 

and secondary tillers (prasad et^ ^'t 1988). UA^ in its 

eflcct was followed by boric acid (1.0%) spray which 

accounted for b5.6 per cent more yield than tlie control and 

just 9.7 per cent lower yield as compared to GAq treatment. 

Effectiveness of GAj in increasing outcrossing and seed 

yield in hybrid rice production have been well documented by 

Lin and Yuan (1980), Sahai £l a_l • (1988) and Duan and Ma 

(1992). On the contrary, Vasundhara (1987) reported that 

application of 60 ppm UA was not effective. 

Superiority of boric acid in increasing outcrossing and 

seed yield could be ascribed to increase in availability ol 

viable pollen to the receptive stigma tor a longer period 
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(Joshi, 1976), increased pollen tube growtli (Sureshnath, 

1981) and fertilizing capacity (Garg e_t^ a±., 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 

production was aiso reported by Joshi (1976) in sorghum and 

Prasad e_t_ £_1 . (1988) in rice. On the whole, boric acid 

(1.5%) or urea (2.0 %) sprayed at booting stage was not as 

effective as ^JA^ . 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. 

However, GA^ recorded numerically 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 effect and also liigher seed weight 

(Takeda, 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 differ significantly, shoot length was 
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highest and similar in both GA, treatment and U.5 per cent 
o 

boric acid. Higher root snool length coupled witli 

gennination increased vigour index and dry matter of 

seedlings in the treatments of boric acid U.5 per cent 

tollowed by GA„. However, other tretments like KNU and urea 

recorded higher values for all the seed quality attributes as 

compared to the control. Similar beneficial effects 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 from OA, treatment 

recorded lower germinabi1ity (83.0%) and was almost equal to 

treatment of boric acid (l.UU%) tollowed by KNU, (U.5%) and 

KNO (1.0%). Like-wise results also revealed the adverse 

effect of high concentration of boric acid indicating poor 

storability of these seeds. Similar deleterious effect of 

GAn 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 v̂ ell 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 2U B, Madhu B, Fushpa B, 

Mangala B and Fragathi 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- is a possibility of production of F liybrids 
1 

through ratooning of parents, provided both cytosterile 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 un the main differences in days to 50 

per cent flowering. 

7. Potential hybrids, CMS lines, maintainers and 

restorers can respond better to vBgototivo propagullon 

through tiller separation. 
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8. Tiller separation at 5Uth day after sowing may 

be followed to obtain opinium number of fresh planting 

material and better field performance of tiller crop. 

9. Seeds obtained from early developed tillers are 

preferable for better seed quality. 

i. 

lU. In case of scarcity, parent seeds (A/B) can be 

multiplied through stubble planting. 

11. Vvhen there is a derth of hybrid. beeds, stubbles from 

previous season lof proven hybrid) can be wisely utilized to 

cover more areci 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 physiological maturity can 

yield more number of ratoon tillers for further vegetative 

propagation as stubble crop jnd improve field es t abl isfimen t . 

13. Root dipping of stubbles in Rogar+DAP can be practised 

lor better field establishment and performance. 

14. In IR 62829 A/B seed production, daggered seeding of 

'B' line, 4 and 8 days after sowing of A can be practices 

for better sychronization, higher seed set and seed yield. 
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15. For hybrid seed production of IH62829 A/IH 9761- 19-lR, 

staggered sowing of male parent on the 9th and 13th day 

alter sowing 'A', can produce maximun liybrid seed yield. 

16. Planting ratio of 2:6 or 1:3 (male to female) can be 

adopted for both the parental I IK 62829 A/B) and hybrid (IR 

62829 A/IR 9761-19-lR) seed production to get better seed set 

and yield. 

17. Foliar chemical spray of boric acid ll.U%) and urea 

{2.u%) during boot leaf stage and two per crnt flowering can be 

practiced in hybrid rice seed production. 

FUTURE LlNt; 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 Fl hybrids from different production 
environments covering longer period. 

3. Effect of season and some more seed treatment with 
chemicals on storability of parents and Fl hybrids 
under ambient conditions.various combinations of 
relative humidity and temperature are to be studied. 

4. Identification of best storage placus for ambient 
storage is felt very much necessary. 

5. Study on comparison of field performance between 
various parents during "Seed production througli main 
crop" and " ratoon crop" has to be studied in both the 
seasons. Further, tlieir seed quality and storability 
are to be further assessed. 
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b. Feasibility of tiller separation in various iiewl\ 
di'velopod A,B,H lines and Fl hybrids needs lo be 
tes ted . 

7. It is necessary to study the seasonal effect on "tiller 
separation and planting" and evaluation of their field 
performance. 

8. Effect of repeated tiller separation (splitting) within 
a season and their performance in different A,b,R lines 
and Fl hybrids needs a detailed study. 

9. More efficient planting designs are to be tailered 
for hybrid seed production in rice. 

10. Since GA3 is costly, other cheaper chemicals to 
substitute GAS, in hybrid rice seed production are to 
be found out. Further these seeds have to be tested for 
their storability. 



SUMMARY 



VI SUMhdARY 

Ihe study included live.- laboratory Hiid nine tield 

experiments carried out during 1989-1992 at tlie University of 

Agricultural sciences, Bangalore to understand the "Effect of 

provenance, method ol propagation and teclinique of 

seed production on seed yield and quality of hybrid rice 

(Oryza Satlva J;^)". The salient findings of the various 

experiments are summarised here. 

Seeds of 8 rice genotypes (maintainer lines) produced 

at 4 locations (Bangalore, Mandya, Shimoga and Mudigere) 

during two seasons (1989 VkS and 1990 DS) were evaluated 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, s{)e<id ot germination, 

field emergence, seedling length, vigour index, electrical 

conductivity of seed leachate and accelerated ageing test 

response also varied significantly among the genotypes. 

The genotypes V20B, IR54752 B, Mangala B and Pragathi B 

were found to be superior in various seed characters vi/hile 

V2UB, Fushpa B, Pragathi B, Mangala B, and Madhu B were 

superior in various seed quality attributes studied. The 

rest of the genotypes, Fushpa B, Pragathi B, M&ngala B, and 

V20B recorded better germinabi1ity even after accelerated 
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OM(?iiiR tost revealing their superiority. Tlie rest ol the 

K (<ii() lypi's I \< bA'ib'Z B, Intaii inutunt H DHU liiipruvod boiiu U were 

inferior in one or other seed quality parameters. 

UuI of the 4 production locutions, seods produced at 

Mandya recorded the highest seed quality followed by,those 

producing at Bangalore and Shimoga. Mudigere location was 

found to be inferior to all other locations. 

Between the two seasons, seeds produced during dry 

season registered significantly higher density but on par in 

respect of seed volume. However, the test weight did not 

differ betvveen the two seasons. Dry season seed crop 

recorded significantly higher germination, speed of 

germination and lower EC but field emergence, seedling 

length, vigour 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 19 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 d ropped gradually 

and EC increased 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 diftered significantly for all the seed 

quality parameters including fluctuation of seed moisture 

content during the storage period. Ihe genotypes V 2UB, 

Huslipa B, Pragatfii B, Mangala B and Madhu were proved to be 

better storers, maintaining more than 8U per cent viability 

until the end of storage period. The rest of the genotypes 

Intan mutant B, IR 54752B and Improved B sona were poor 

s t orers. 

Seeds produced at Mandyii followed by those of Bangalore 

and Shimoga recorded better storability while Mudigere seeds 

exhibited poor storability and could be stored only up to lb 

111 on ths. 

Ireated seeds registered significantly higher 

germinabi1ity, vigour and lower EC and moisture content 

throughout the storage period. 

Ireated seeds of V 20, Fushpa, Pragathi, Mangala, Mbdliu 

produced at Mandya followed by Bangalore were found to be 

sueprior to those of Shimoga and Mudigere seeds. 

The results of hybrid seed production experiments 

revealed that the CMS line IR b4752A performed relatively 

better than Intan mutant A exhibiting better growth, floral 

traits ^seed set and yield. Out of the 5 restorers, ARC 

11353R followed in order by IR 54R, IR 46R and IR 15324 R 

performed better. The maximum seed yield uere obtaihed in 
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the combination of IR 54752A/AKC 11353K ioliowed by IR 

b47b2A/ IR 54 and IR 54752 A / IR 46R as compared to intan 

mutant A/ IR 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 / IK 15324R due to better 

synchrony as that of its respective main crop. 

Vvitti regards to seed qualityfthe ratoon hi liybrid seeds 

recorded relatively lower quality as that ot seeds produced 

through seedling planted main crop. Hovifever, IR 

54752A/ARC 11353R registered better seed quality compared to 

the other Fĵ  s . 

1o understand the eifect ot days to tiller separation 

on recovery of fresh tillers and their field performance, 

eight genotypes were, tiller separated at two stages. It 

was observed that tiller separated at earlier stage (5U DAS) 

performed better than seedling planted crop. The initial 

recovery of number of tillers for further planting \nas 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 

VvA/ IR 15 324 R, IR 5 4752 A/IR 27315 R and IR b4752A/lK 54R 

hybrids perlormed better. Short duration genotypes V 2U and 

Eb 18 also responded well to this technique. Vegetatively 

propagated tilier 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-T4J could 

exhibit higher test weight, better germinabi1ity evenafter 

ageing test. A linear declint; in seed quality was observed 

in "later tillers" (14 - TIU). Ihe restorer line ARC 11353 R 

recorded better seed quality as compared to IR 4b R, 

suggesting the existence of genotypic differences. 

Another Innovative approach in vegetative propagation 

is stubble planting. Experimental results showed that it is 

possible to maintain the CMS lines ttirough stubble planting 

in cases of inadequacy of parental seeds. IR 54752A/b and 

Intan mutant A/B responded better for this purpose. 

In an another study, commercial cultivation of V^ 

hybrids through stubble planting was also found feasible. Two 

hybrids IR 54752 A/ ARC 11353 R and Medhu VvA / IR 46R and 

restorer (ARC 11353 R) responded v»ell lor vegetative 

propagation . 
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I'ho cxperimont carried out during 1990 VvS, ruveoled 

that harvesting the mother crop at piiysiolog ical 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 

significantly from later harvests. Plant height was not 

affected by harvesting time. Yield components and yield 

differed significantly due to harvesting time. The hybrid 

IR b4752A/ARC 11353R recorded high yields ioUowed in order 

by ARC 11353, and Pushpa was much inferior. 

Stubble root dipping in Rogar (0.1%) + DAP (3%) for 2b 

minutes established better stubble crop and exhibited 

better field performance than other treatments as well as 

seedling planted check. Significant improvement in field 

establishment, growth resulted in higher grain yield in this 

t rea tmen t. 

Among the eight planting ratios studied IR b2829 A / 

B seed multiplication and IR 62829A / IR 9761-19-lR F̂  

hybrid seed production, 2 male to b 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 heiglier seed yield due to 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, l:b, 2:0 and 2:1U) did not record liiglier seud yield 

due to poor seed set. 

Studies were also carried out to optimise tlie 

synchronization of flowering between the parents during 

parental seed multiplication of IK b2829A/B and l-j hybrid 

seed production of IH 62829A/1K 97bl-19/lR (1992-DSj. It was 

found that sowing of IR b2b29 B line 4 days later than 'A' 

resulted in better synchrony. To supply continous pollen, 

another set ot sowing of 'B', 8 days later was also 

necessary. 

During F hybrid seed production (IR b282yA/lH 9761-19-

IK) sowing of male (IR 9761-19-lR) 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 found 

necessary to assure continuous pollen supply. 

The experiment conducted with eight treatments to tind 

out cheaper chemicals to substitute for GA in IR 54752A/B 
3 

parent seed production (1990 V*S) indicated that it was not 

possible to substitute GA3 cent-per cent by any other 

chemical. However, Boric acid (l.U%) spray at booting and 

two per cent flowering stage to both the parents can improve 

seed set to get yield which is about 90.3 per cent" the 

yield of GA.. . Urea (2.0%) spray registered 87.1 per cent 
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f) I GAj yield. (JA 3 not only increased the plant height but 

also tlie panicle exsertion. Neitlior 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, 

GAg, KNO^ (1.0%) improved field emergence, root shoot,' 

grijwtli and boric acid improved the vigour index. Ihe adverse 

effect of GA^ spray during seed production also evident 

f rom AA test. 
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API'lvNIJlX 1 

A c t u a l wea the r d a t a d u r i n g t h e c rop g r o w t h p e r i o d r e c o r d e d a t 

t h e M c t e o r o l o p l e a l O b s e r v a t o r y , MRS, H e b b a l , B e n p a l o r e . 

Mon t h / ' i e a r 

1989 
Ju l y 
Au g u s t 
S e p t e m b e r 
O c t o b e r 
N o v e m b e r 
U e c em b e r 

1990 
J a n u a r y 
F e b r u a r y 
M a r c h 
A p r i l 
May 
J u n e 
J u l y 
A u g u s t 
S e p t e m b e r 
O c t o b e r 
November 
D e c e m b e r 

1 9 9 1 
J a n u a r y 
F e b ru a ry 
M a r c h 
A p r i l 
May 
J u n e 
J u l y 

1992 
J a n u a r y 
F e b r u a r y 
March 
A p r i l 
May 
J u n e 
J u l y 

R a i n f a l l 
(mm) 

1 8 2 . 2 
47 .6 

2 1 5 . 0 
2 5 3 ^ 6 

9 0 » 0 
OiO 

8 . 2 
0 . 0 
2 . 6 
8 . 8 

67^6 
2 9 . 7 
1 7 . 7 
6 9 . 4 
7 2 . 7 
5 3 . 7 
1 6 . 4 

5 . 0 

0 ^ 0 
6 . 0 
0 . 0 
6^0 
9^0 
9 . 0 

4 7 ^ 7 

0 ^ 0 
0 ^ 0 
0 . 0 
2 .8 

1 4 2 . 9 
154f .8 
1 1 8 . 7 

T e a m p e r a 

Maximum 

2 8 . 0 
2 8 . 3 
2 8 . 7 
2 8 . 9 
2 7 . 1 
26^5 

2 7 . 6 
3 0 . 7 
3 2 . 7 
3 4 . 9 
3 1 . 7 
3 0 ^ 2 
2 9 . 1 
2 7 . 7 
3 1 . 3 
2 8 . 7 
2 7 ^ 1 
2 6 . 7 

2 8 . 9 
3 0 . 7 
3 3 . 3 
3 2 . 6 
3 4 . 1 
2 9 . 2 
2 8 . 1 

2 6 . 4 
30 , .3 
3 3 . 2 
3 4 . 0 
3 3 . 2 

. 2 9 . 6 
28 . 3 

t u r e ( ° C ) 

Minimum 

1 9 . 9 
1 9 . 4 
19, .5 
1 8 . 6 
1 6 . 0 
1 6 . 1 

1 2 . 4 
1 5 . 0 
2 0 . 1 
2 2 . 3 
2 1 . 3 
2 0 . 1 
1 9 . 5 
1 9 - 7 
1 9 . 9 
1 9 . 5 
1 7 . 4 
1 5 . 6 

1 5 . 7 
1 5 . 5 
19^.9 
2 1 . 4 
2 1 . 8 
2 1 . 0 
1 9 ^ 8 

1 2 . 1 
1 6 , 4 
1 4 . 1 
19, .9 
2 1 . 1 
2 0 . 3 
1 9 . 2 

R e l a t i v e 
h u m l d i t y 

(%) 

9 6 
9 6 ' 
95 
9f . 
94 
9 6 

9 3 
9 0 . 
82 
82 
92 
9 3 
9 5 
95 
90 
92 
94 
95 

95 
89 

. 79 
84 
83 
9 1 
9 0 

92 
9 1 
80 
8 1 
85 
9 1 
9 1 

91 
66 
63 
55 
5 1 J 
54 

35 
38 
3 6 
34 
54 
57 
59 
68 
56 
62 
57 
5 1 

42 
34 
29 
35 
42 
67 
64 

38 
43 
25 
32 
45 
61 
63 

S u n s h i n e 
hou r s 

p e r d a y 

5 , 5 
5 .9 
6 . 7 
6 . 0 
8*.2 
8 . 1 

8 . 9 
1 0 . 2 

9 . 6 
9 . 4 
7 . 4 
6 , . l 
4 . 9 
4 . 2 
6 . 9 
6 , 0 
6^4 
8 . 3 

9 . 3 
1 0 . 2 
1 0 . 0 

9 . 0 
9 . 2 
4 . 7 
3 . 8 

8 . 4 
8 . 9 

1 0 . 0 
1 9 . 4 

8 . 1 
5. . 8 
4 . 7 



APPENDIX II 

(ieographycal d i s t r i bu t ion , annual r a i n f a l l s so i l lype of d i t f e r en t experimental 
s i t e s 

Altlturif. Annual 
b i t e Zone Soil type L I Latitude Longitude r a i n t a l l 

^ ' (nm) 

flebbul fciastern dry Sandy clay loem 899 
s l igh t ly ac id ic 

Mandya Southern Sandy clay loam 7 64 
dry 

Honnavile Transi- Sandy clay loam 600 
(Shimoga) t ional to clay loam 

Mudigere Hilly Sandy clay loam 800 - 900 13"17'N 7b°21E 2461.0 

13 °N 

12.5°N 
30" h 

13°53 ' 
30"N 

77'^-57fc; 

7 6^49' 

75^40' 

83U.U 

763.0 

800.0 
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Mean m o n t h l y m e t e o r o l o g i c a l d a t e of d i f f c r n t l o c a t i o n s ( H e b b a l , 
Mnndya, I l o n n a v l l e and M u d l g e r e ) d u r i n g t h e c r o p g r o w t h p e r i o d . 

M o t h / Y e a r 

HEBBAL 
June 1989 
J u l y 
August 
Sep tonber 
O c t o b e r 
November 
IJecaiiber 
J anua ry 1990 
February 
March 
A p r i l 
May 
June 
MANDYA 
J u n e 1989 
J u l y 
A u g u s t 
S e p t e m b e r 
O c t o b e r 
N o v e m b e r 
D e c e m b e r 
J a n u a r y 1990 
F e b r u a r y 
M a r c h 
A p r i 1 
May 
J u n e 
HONNAVILE 
June 1989 
Ju ly 
August 
September 
October 
Nov Briber 
December 
January 1990 
Februa ry 
March 
A p r i l 
Mpy 
MUUIGERE 
J u n e 1 9 8 9 
J u l y 
Augu S t 
Sep t e m b e r 
Oc t o b e r 
N o v e m b e r 
December 
January 1990 
February 
March 
A p r i l 
May 

T e m p e r a t u r e ( ° C ) 

Maximum Min imum 

3 0 , 3 
28 .0 
2 8 . 3 
28 ,7 
28 .9 
2 7 . 1 
2 6 . 5 
2 7 . 6 
30 ,7 
3 2 . 7 
34^9 
31.7 
3 0 . 2 

? i . 5 
2 8 i 3 
28^1 
29 .8 
3 0 . 0 
29 .0 
2 8 . 1 
28 ^7 
31^2 
32 .30 
34^3 
3 1 . 3 
23.0 

29 .7 
26 .0 
25^1 
27*3 
26w8 
25 .7 
26 ,.9 
33 .8 
3 1 , 3 
3 4 . 0 
32^6 
35^6 

2 3 . 9 
2 3 , 0 
2 3 . 0 
2 4 . 8 
27 .4 . 
27 ..9 
2 7 . 4 
2 9 . 0 
3 0 . 2 
31 .7 
33-2 
28 .9 

20 .0 
1 9 . 9 
1 9 . 4 
1 9 . 5 
1 8 . 6 
1 6 . 0 
1 6 K 1 

1 2 . 4 
1 5 . 0 
2 0 . 1 
22^3 
2 1 . 3 
2 0 . 1 

19 .1 
19 .5 
20^1 
18 .9 
1 9 . 3 
1 8 . 0 
1 5 . 1 
15 .4 
1 4 . 5 
1 9 . 1 
21^5 
1 9 . 8 
19 .5 

2 1 . 5 
22 .4 
2 1 . 9 
2 2 . 0 
21 .7 
2 1 . 5 
22 .4 
17v l 
17^2 
1 8 . 6 
23 .7 
2 1 . 2 

1 8 ^ 1 
1 8 . 0 
1 7 . 7 
17 . 7 
1 7 . 1 
16 .5 
1 4 . 6 
1 3 . 0 
1 3 . 6 
1 5 . 4 
1 8 . 3 ' 
18 .7 

R e l a t i v e 
h u m i d i t y 

(%) 

93 .57 
9 6 , 7 1 
9 6 . 6 6 
95 .63 
9 5 . 5 5 
94^51 
9 6 . 5 4 
9 3 . 3 5 
90 .38 
8 2 . 3 6 
82 .34 
90 .54 
93 .57 

91^00 
88^00 
87 .00 
88^00 
88 .00 
85^00 
84 .00 
8 3 . 0 0 
86 .00 
8 4 . 0 0 
8 0 . 0 0 
8 7 . 0 0 
0 6.00 

69 .00 
02 .00 
86^00 
76 .00 
7 6 .00 
7 6^00 
7 8 . 0 0 
60 .00 
6 3 . 0 0 
66^00 
84 .00 
8 8 . 0 0 

8 8 . 0 0 
9 1 . 0 0 
90 c 00 
8 4 . 0 0 
81 .00 
67 .00 
69.00 
60 .00 
63 .00 
65 .00 
67.00 
7 9 . 0 

R a i n f a l l 
Irrm) 

51 .5 
182 .2 

4 7 . 1 
2 1 5 . 6 
253 .6 

9 .0 
OfO 
8.2 
0 . 0 
2^6 
8^8 

67.6 
29.7 

31.9 
190^9 

29.2 
88 .8 

176fO 
12 ,.4 

uo 
1.8 

-
8^6 
3 .6 

110.B 
-

00 .6 
231.5 
141^9 

26 .6 
18.2 
40 .3 

-
-
-
-
-
-

3 3 9 . 4 
6 3 8 . 8 
2 5 9 . 0 
118 .8 
3 0 8 . 6 

1 1 . 0 
3 3 . 0 
1 9 . 2 

-
-
•46J) 
165 .4 

Sunsh ine 
( h o u r s ) 

6*. 6 
5 .5 
5^9 
6.7 
6 .0 
8.2 
8 .2 
8 .9 

10^2 
9 . 6 
9 .4 
7 . 4 
6 .1 

9K7 

7 . 6 
8 . 0 
7 . 9 
7 . 9 
9 .7 
9^1 

1 0 . 1 
9 . 9 

10.3 
9 . 5 
8 . 6 
6 . i : 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
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o, Mean temperature ( C) and relative humidity (X) recorded at 
Laboratoy, Seed Technology Department, University of 
Agricultural Sciences, GKVK, Bangalore from January 1990 to 
July 1991 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Temperatur 

22.5 

23.8 

25.3 

27.8 

25.7 

25.8 

25.3 

25.0 

25.9 

25.0 

23.8 

21.3 

1990 

e °C Re 
hui 

1ative 
midity 

36 

35 

34 

36 

48 

54 

55 

62 

54 

54 

56 

49 

Temperature 

24.5 

26.2 

29.5 

28.5 

25.5 

24.5 

23.3 

1991 

°C Relative 
humidity 

46 

38 

33 

42 

45 

56 

52 
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