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Chapter – I 
INTRODUCTION 

 
Rice is the most important cereal food crop of the world providing major 

source of the food energy for more than half of the human population. Rice is 
grown in 114 countries across the world on an area about 150 million hectares 
with annual production of over 525 million tonnes, constituting nearly 11 per 
cent of the world’s cultivated land (Rai, 2006). More than 90 per cent of the 
world’s rice is produced and consumed in Asia where it is an integral part of 
culture and tradition.  

Rice occupies a pivotal place in Indian agriculture and it is contributes 
to 15 per cent of annual GDP and provides 43 per cent calorie requirement for 
more than 70 per cent of Indians. In India, it is cultivated on an area of 43.08 
million hectares which is maximum among all rice growing countries, annual 
production of about 89.50 million tonnes with productivity of 2086 kg per 
hectare (Anonymous, 2006). It is accounts for about 42 per cent of total food 
grain production and 55 per cent of cereal production in the country. The 
slogan “Rice is life” is most appropriate for India as this crop play’s a vital role 
in our national food security and is a means of livelihood for millions of rural 
household.  

Rice production and productivity was significantly enhanced with the 
introduction and cultivation of semi-dwarf, fertilizer responsive and non-
lodging high yielding varieties in the early seventies leading to the “Green 
Revolution”. The yield level of high yielding varieties is plateauing in recent 
year. To meet the demand of increasing population and maintain this self 
sufficiency the present production level need to be increased up to 140 million 
tonnes by 2025 which can be achieved only by increasing the rice production 
by over 2 million tonnes per year in coming decade (Anonymous, 2005). This 
has to be done against the backdrop of declining natural resource base such as 
land, water, labour and other inputs and without adversely affecting the quality 
of environment.  

There is an urgent need to adopt some innovative technologies to break 
the yield ceiling in rice. Among the available technological options to enhance 



 2

rice production and productivity, hybrid rice is the most practically feasible and 
readily adoptable technology. Potential of this technology in boosting rice 
production has been well demonstrated in the peoples’ Republic of China 
during last three decades. In 1976 first rice hybrid was released for general 
cultivation in China.  In China hybrid rice cultivated about 55 per cent of rice 
growing area with 66 per cent of the total rice grain production.  

Recognizing the potential of hybrid rice to break the yield ceiling in rice, 
the Indian council of Agricultural Research (ICAR) initiated a goal oriented 
project on hybrid rice during 1989. This programme was implemented as a 
national network comprising 12 funded centres, 8 voluntary centres and 
another 20 seed company in both public and private sectors. Directorate of Rice 
Research (DRR), Hyderabad took the lead in coordinating this programme. 
This systemic approach which involved all the stakeholders right from the 
beginning has helped India to enter into an era of hybrid rice just after China. 
Hybrid vigour in rice is profitably used to increase its productivity by 14-28 per 
cent over the available best varieties in India (Siddiq, 1993).  

As a result of concerted, goal oriented, time bound and coordinated 
efforts, four public bred rice hybrids (‘APHR 1’, ‘APHR 2’, MGR 1’ and 
‘KRH 1’) were released for the first time in the country for commercial 
cultivation during 1994. By now a total of 25 hybrids have been released for 
commercial cultivation. Among these 20 have  been developed by public sector 
while the remaining five viz. ‘PHB 71’, ‘PA 6201’, ‘PA 6444’ ‘RH 204’ and 
‘Suruchi 5401’ have been developed by private sector. Among the five private 
bred hybrid, ‘PHB 71’ was first hybrid released by private sector for 
commercial cultivation during 1997 for the states of Haryana, Uttar Pradesh 
and Tamil Nadu. This hybrid matures in 130-135 days with a potential yield of 
up to 10 tones per hectare.  

These hybrids have a convincing yield advantage of at least one tonnes 
per hectare more than the highest yielding inbred cultivars with similar 
maturity duration. In India, it is estimated that area under hybrid rice has 
increased from 10,000 hectares in 1995 to more than one million hectares in 
2006 (Viraktamath et al., 2006). The major hybrid rice growing states are Uttar 
Pradesh, Jharkhand, Chhattisgarh, Punjab, Haryana, Karnataka, Maharashtra 
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and Goa. To realize the maximum possible benefits of hetrosis and to obtained 
higher yield, it is essential to adopt recommended package of practices for 
successful cultivation of rice hybrids. As a result of agronomic trials conducted 
over decades, in multi locations, a package has been optimized for cultivation 
of hybrids. Appropriate agronomic management is a pre-requisite to exploit the 
full potential of a hybrid. For different location and regions, some times even 
for different hybrids, specific package of practices need to be developed to 
realize the full genetic potential. Among the various cultural practices date of 
planting, plant geometry and seedlings rate are most important for yield 
maximization.  

Time of planting is the most important factor in influencing the yield of 
the crop. Performance of a genotype entirely depends upon the time of 
planting. Delay in planting generally results in yield reduction which can not be 
compensated by any other means. Hybrids have relatively higher degree of 
thermo sensitivity during flowering and grain filling stages as compared to high 
yielding varieties. Too high or too low temperature may cause damage on 
flowering and prevent pollen shedding  leading to increased infertility and 
production of chaffy grains. In order to ensure normal flowering, fertilization 
and avoid damage due to high or low temperature, it is necessary to properly 
organize the date of nursery sowing and transplanting of hybrids rice.  

Timely transplanting of rice results in earlier harvest and allows timely 
planting of the next wheat or other crops. The rice-wheat system productivity 
was nearly 12 tonnes per hectare when about 25 days old rice seedlings were 
transplanted before end of June. The total system productivity is reduced by 
more than 40 per cent when field were planted after 15 August (Rai, 2006). 
Timely transplanting of rice crop is also found to increase the rain water use 
efficiency as compared to the delayed planting.  

The cost of hybrid rice seed is expensive and hence there is a need to use 
the seed rationally without affecting the yield. However, ideal plant geometry 
has also to be adopted for getting optimum plant stand in the field which results 
in higher yield. The yield potential is not fully exploited mainly due to 
inadequate plant population. Plant geometry play an important role in yield 
maximization of rice (Siddiqui et al., 1999).  
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A planting density that can bring down the seed requirement without 
sacrificing productivity would go a long way in popularizing the hybrid rice 
cultivation. Profuse tillering of the hybrid rice may compensate the yield due to 
reduction in plant population (Srinivasalu et al., 1999a). Optimum plant 
geometry depends on various factors such as plant type, season, fertility level, 
age of seedlings and date of transplanting.   

Number of seedlings per hill also plays an important role in realization 
of maximum yield. If less seedlings per hill used, the potential yield con not be 
realize if more seedlings is used it might not be cost effective. It becomes 
imperative therefore to find out the optimum number of seedlings required per 
hill for producing more shoots, number of fertile grains and ultimately 
maximum yield. It is more important in hybrid rice cultivation since seed is the 
most costly input as only F1 generation seeds are utilized and farmers are 
required to purchase every year new fresh seed.  

Keeping in view the above facts, the present investigation entitled 
“Studies on the effect of dates of planting, plant geometry and number of 
seedlings per hill in hybrid rice (Oryza sativa L.)” has been planned and was 
carried out at the Student’s Instructional Farm, Chandra Shekhar Azad 
University of Agriculture & Technology, Kanpur (U.P.) during Kharif  2005 
and 2006 with the following objectives: 

1. To find out the production potential of hybrid rice by varying plant 
geometry. 

2. To work out the suitable plant geometry under varying dates of planting.  

3. To find out the contribution of number of seedlings under different dates 
of planting.  

4. To work out the contribution of plant geometry and number of seedlings 
in the production of hybrid rice under different dates of planting.  

5. To test the economic feasibility of different treatments.  



Chapter – II  

REVIEW OF LITERATURE  

 Rice being an important food crop of world has been studied by number 
of research workers for different inputs and agro-techniques in various parts of 
India and abroad. The present field trial was designed to find out the effect of 
dates of planting, plant geometry and number of seedlings per hill on hybrid 
rice under agro-ecological situation of Kanpur (U.P.). In this chapter an attempt 
has been made to critically review the research works carried out within the 
country and abroad on the context stated above.  

2.1 EFFECT OF DATES OF PLANTING: 

2.1.1 Effect of dates of planting on growth characters:  

 Escuro (1961) reported that for each of the planting dates, plant height 
was correlated positively and significantly with number of days required to 
heading and the best time of transplanting of rice crop for balanced vegetative, 
reproductive growth and maximum seed production appear to be earliest part of 
the season. Koyamma et al. (1973) found that plant height and number of tillers 
declined with delay in transplanting. Leaf area index generally decreases with 
delay in transplanting (Mandal et al., 1984). Ghadekar et al., (1988) observed 
that the rice transplanting on 9 July recoded highest dry matter accumulation 
(18.22 g/plant) than the transplanting on 25 July. Kumar and Subramaniam 
(1991) reported that gradual decrease in LAI with delay in planting beyond 15 
July in coastal Andhra Pradesh.  

Reddy and Reddy (1992) found that the productive tillers per m2 and 
productive tillers per hill were significantly more when the crop was 
transplanted on 29 August than that of the crop transplanted on 14 August and 
30 July.  

Reddy and Reddy (1994) reported that maximum dry matter 
accumulation per m2 and per hill was recorded when planting was done on 29 
August which was significantly higher than that of the crop planted on 30 July 
and 14 August.  
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Sahu (1994) conducted a field trial with rice cv. ‘Mahalaxmi’ observed 
that plant height and leaf area index was significantly higher at all the growth 
stages under 12 July planting among all the planting dates (12 and 22 July, 1 
and 11 August).  

Dhiman et al. (1995). observed that higher plant height and dry matter 
accumulation per plant in earlier planting on 15 July than in delayed planting 
on 25 July and 5 August. Paliwal et al. (1996) found that early transplanting on 
25 July produced significantly higher plant height (107.4 cm) than delayed 
transplanting on 10 and 25 August.  

 Parihar (1995) conducted a field experiment at Bilaspur revealed that 
higher plant height 84.63 cm and 83.75 cm in 1991 and 1992, respectively and 
significantly more number of effective tillers of 15 July planting as compared 
to both early (30 June) and late planting (30 July). 

 Samdhia (1996) found from an experiment conducted at Bhubaneswar 
taking rice hybrid ‘PA 6201’ and cv. ‘Lalat’, that LAI declined gradually as the 
planting was delayed beyond 15 July and maximum LAI of 4.64 was recorded 
at 60 DAP. Singh et al. (1996) reported that total tillers per plant of the crop 
transplanted on 16 May and 31 May was significantly more than that of the 
crop transplanted on 16 June.  

 Om et al. (1997) found, in an experiment with rice hybrids ‘PHB 71’, 
‘PMS2A/IR 31802’, ‘PMS10A/PR 106’ and ‘HKR 126’, that the plant height, 
productive tillers per m2 and dry matter accumulation were highest in the crop 
transplanted on 25 June fallowed by 5 July, 15 July and 25 July. 

 Singh et al. (1997) conducted a field experiment at Kanpur found that 
plant height, total tiller and dry matter accumulation of the crop transplanted on 
5 July was more than that of the crop transplanted on 20 July and 4 August.  

Kumar et al., (1998) reported that productive tillers per m2 significantly 
decreased due to delay in transplanting from 25 July to 15 August in hybrid 
rice (‘PA 103’, ‘APHR 2’ and ‘DRRH 1’). 
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 Naher et al. (1999) observed in an year round rice transplanting 
experiment in Bangladesh, that the transplanting dates showed significant 
differences in plant height. May to August planting showed taller plants 
whereas October and November planting produced smaller plant.  

 Patel (1999) recorded maximum number of total tillers (482 per m2) 
when the crop was transplanted on 15 July, which decreased significantly with  
delayed planting on 30 July and 14 August.  

 Pandey et al.  (2001) noted that rice hybrid ‘PA 6201’ gave significantly 
higher productive tillers per hill and dry matter accumulation per plant of the 
crop transplanted on 20 July and 4 August than that the crop  transplanted on 
20 August.  

 Nayak et al. (2003) conducted a field experiment on hybrid rice ‘PA 
6201’, reported that early planting of 16 July exhibited the maximum total and 
effective tillers per clump, LAI and dry matter accumulation than that planting 
on 31 July and 16 August. One month delay in planting from 16 July reduced 
total tillers number, LAI and dry matter accumulation by 38, 13 and 18 per 
cent, respectively. Dixit et al. (2004) observed that rice crop planting on 25 
June showed significantly more number of leaves at 60 DAS than that crop 
planting on 5, 10 and 15 June.  

2.1.2 Effect of dates of planting on yield and yield contributing characters:  

 Mazid and Ahmad (1975) observed that higher number of panicle per 
hill, number of grain per panicle and grain yield were found with transplanting 
of crop on 16 June. Significantly higher  yield (8.07 t/ha) were found when 
crop planted on 30 June whereas delay in planting the yield decreased linearly 
to the lowest level of 3 t/ha (Trivedi and Kwatra, 1983).  

Akram et al. (1985) conducted a field experiment at Kashmir valley 
with rice cv. Basmati revealed that 8 June planting gave significant higher yield 
than that planting on 24 May, 24 June and 8 July. Decrease in number of fertile 
spiklet per panicle and yield due to late planting has been reported by various 
workers (Dhaliwal et al. 1886 and Roy, 1987)  
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Om et al. (1987) observed that there was gradual decrease in grain yield 
with successive delay in transplanting from 25 June to 4 August.  

Ghadeker et al. (1988) reported that transplanting on 9 July recorded 
highest yield (51.02 q/ha) than that transplanting on 25 June. Asraf et al. (1989) 
observed that the effect of transplanting dates on rice cv. Basmati 385. They 
were recorded  highest yield 5.3 t/ha with transplanting on 15 June than the 
transplanting on 1 June, 16 July and 15 August.  

Li et al. (1989) studied photosynthetic characteristics of the plant 
population of rice hybrid Shanyou   63, they were reported that early planting 
received more amount of light and yield was closely correlated with amount of 
light received. Reddy and Ghosh (1989) reported that delay in planting beyond 
13 July resulted in decreased panicle length and grain yield. 

 Gangwar and Ahamedi (1990) recommended planting of rice with in 
June or latest by first week of July when yield attributes and grain yield 
increased, and delay in planting after first week of July decreased drastically 
the number of grains per panicle, 1000 grain weight and grain yield.  

 Experiment conducted at DRR, Hyderabad (1990) on traditional scented 
rice varieties in different dates of planting showed that time of planting 
significantly influenced the grain yield, 2 July planting produced significantly 
higher grain yield of 3.30 t/ha. The reduction in grain yield of 16.0, 22.2 and 
34.5 per cent were recorded under 16 July, 31 July and 5 August planting as 
compared to the yield levels reported under 2 July planting (AICRIP, 1991).  

 Bali et al. (1995) studied the effect of transplanting dates on rice and 
observed that delay in transplanting decreased grain yield significantly. These 
results were also supported by Dhiman et al. (1995).  

 Bali and Uppal (1995) from a field experiment with Basmati rice, 
reported earlier transplanting on 10 July gave higher grain yield of 5 and 8.6 
per cent in 1989 and 1991, respectively as compared  to 30 July transplanting.  
The results of experiments conducted at DRR, Hyderabad during Kharif 1995 
indicated that planting on 25 July registered significantly higher grain yield 
(5510 kg /ha) than planting on 5 and 15 August (DRR, 1995a). Similar study 
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conducted at Pantnagar showed higher grain yield (6230 kg/ha) of rice hybrids 
(DRRH  1, APHR  2, PA 103 and CRH 1) with 15 July planting.  

 Parihar et al. (1995) reported that higher grain yield produced on 15 July 
planting as compared to both early and late planting on 30 June and 30 July. In 
a field experiment at Waraseoni (MP), Paliwal et al. (1996) found that 
significant reduction in panicle length and grain yield due to delay in 
transplanting beyond 25 July. On other hand Singh et al. (1996) in 4-year field 
study at Ludhiana taking cv. ‘PR 106’, found no effect of different dates of 
transplanting (16, 31 May and 16 June) on the ear length of rice. A field 
experiment conducted at CRRI, Cuttack in 1996-97 showed that rice hybrids 
‘PA 103,’ ‘VRH 4’, ‘KMRH 2’, and DRRH 1, planted on 22 July recorded 
significantly more grain yield of 3.78 t/ha than that planted on 1 August (3.33 
t/ha) and 11 August (3.27 t/ha) (CRRI, 1997).  

 The result of a field experiment conducted by Om et al. (1997) at Kaul 
in Kharif season 1993 and 1994 with hybrids ‘ORI 161’ (PHB 71), ‘PMS 2A/ 
IR 31802’ and ‘PMS 10A/PR 106’ revealed that higher panicle weight and 
grain yield were recorded on 25 June transplanting. They were reported that 10, 
3 and 43 per cent, and 11, 5 and 78 per cent increased in grain yield with 25 
June transplanting over 15 June, 5 and 25 July in 1993 and 1994, respectively. 
Singh et al. (1997) observed that rice planted on 15 June gave 20.5 per cent 
higher grain yield than planted on 29 June (27.37 q/ha) owing to 17.8 per cent 
more productive tillers per m2, 20 per cent filled grain per panicle and 29 per 
cent grain weight per panicle. 

Experiment conducted at CSAUA&T, Kanpur on traditional scented rice 
varieties in different dates of planting showed that time of planting 
significantly influenced the grain yield and 5 July planting produced 
significantly higher grain yield of 36.97 q/ha. The per cent reduction in grain 
yield of 4.86 and 16.20 were recorded under 20 July and 4 August planting as 
compared to the yield levels reported under 5 July planting (Singh et al., 1997). 

 Kumar et al. (1998) from a 2-year field study with rice hybrids ‘PA 
103’, ‘APHR 2’ ‘DRRH1’ reported significantly higher grain yield (5.1 t/ha) 
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due to early planting on 25 July than the delayed planting on 5 and 15 August 
during both the year of study.  

 Mahal et al. (1999) from a field study at Ludhiana reported that planting 
on 19 July gave significantly higher grain yield as compared to planting on 5 
July and 2 August.  

 An year round experiment conducted by Naher et al. (1999) in 
Bangladesh with cv ‘BR 11’ and ‘BR 14’ revealed that the transplanting dates 
showed significant differences in grain yield. July planted crop produced 
higher grain yield than the crop planted in August and September. Patel (1999) 
found significantly more grain yield with early planting on 15 July than with 
delayed planting on 30 July and 14 August. Pandey et al. (2001) observed that 
early planting on 20 July resulted in significantly higher grain yield than with 
delayed planting on 5 and 20 August. Reddy (2002) reported that highest grain 
yield were recorded on 16 August transplanting and which was significantly 
superior to 1 and 16 September transplanting.     

 Nayak et al. (2003) conducted a field experiment at Bhubaneshwar 
during wet season of 1999 and 2000 to find out the response of hybrid rice ‘PA 
6201’ to dates of planting (16, 31 July and 16 August) and reported that a 
fortnight delay in planting from 16 July reduced the grain yield by 7.6 and 4.5 
per cent during first year and second year, respectively. One month delay in 
planting from 16 July reduced the grain yield by 24.3 per cent. The result 
confirm the findings of Gohain and Saikia (1996) and Kumar et al. (1998).  

 Dixit et al. (2004) conduced a experiment on rice hybrid ‘Sahyadri’ at 
Maharashtra and observed that 25 June planting showed significantly highest 
grain yield (53.22 q/ha) than that planting on 5, 10 and 15 June.  

 Singh et al. (2004) carried out a field experiment on hybrid rice ‘PRH 
10’ at New Delhi and reported that delay on transplanting significant reduction 
in yield and yield attributes, timely transplanting on 3 July led to 8.4 and 19.1 
per cent higher grain yield than transplanting on 10 and 17 July, respectively. 
Verma et al. (2004) studied the response of hybrid rice ‘PA 6201’  to date of 
planting and found that early planting on 20 July produced significantly higher 
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grain yield than late planting on 5 and 20 August. Dongarwar et al. (2005) 
reported that early transplanting on 15 and 30 July resulted significantly higher 
grain yield 31.29 and 32.61 q/ha, respectively than late transplanting on 15 
August (28.40 q/ha). 

2.1.3 Effect of dates of planting on quality: 

The protein content of rice was studied on cv. Kashmir Basmati, crop 
was transplanted on 24 May, 8 June and 24 June or 8 July did not affect the 
protein content of grain (Akram et al. 1985). Dhaliwal et al.(1986) reported 
that late transplanting reduced head rice recovery and grain length breath ratio. 
It was further observed that crude protein content in grain was not affected by 
transplanting dates but was increased by late transplanting. In experiment 
reports under All India Coordinated Rice Improvement Programme on scented 
rice (1991) and showed that the hulling and milling per cent were more with 
the early planting on 15 July, however, the head recovery, was maximum 
(38.8%) with late planting on 4 August (AICRIP, 1991).  

Singh et al. (1997) conducted an experiment at Kanpur and observed 
that 20 July planting gave significantly higher rice recovery by 0.85 and 0.30 
per cent than crop planting on 5 July on 4 August, respectively. They were 
further observed that protein content of the grain was significantly decreased 
with subsequent delay in planting by 1.62 and 1.05 per cent from 5 July to 20 
July and 20 July to 4 August planting, respectively.  

Ghosh et al. (2004) studied the response of planting date to quality of 
aromatic rice and reported that delayed planting significantly reduce amylose 
content by 0.5 per cent.  

2.1.4 Effect of dates of planting on Economics:  

 Singh et al. (1997) carried out an investigation at Kanpur and found that 
crop planted on 5 July gave higher net profit (15 157.34 Rs/ha) than the crop 
planted on 20 July (13 639.75 Rs/ha) and 4 August (10 305.48 Rs/ha). 
However, return per rupee was decreased from 2.17 to 1.80 with subsequent 
delay in planting from 5 July to 4 August.  
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2.2 EFFECT OF PLANT GEOMETRY: 

2.2.1 Effect of plant geometry on growth characters:  

Raju et al. (1984) observed  that dry matter production per clump 
decreased with closer spacing. Wider spacing of 20 × 15 cm recorded 98.2 g 
dry matter per clump as against 87.2 g per clump with closer spacing of 10 × 
10 cm. Reddy and Reddy (1986) noted that more plant height under closer 
spacing of 10 × 10 cm than under wider spacing. According to Budhar et al. 
(1989), Leaf area index increased with higher plant density. They were found 
that 500 plants per m2 recorded LAI of 7.4 at flowering stage whereas 200 
plants per m2 recorded LAI of 3.6 at that stage.  

  Kabayashi et al. (1989) observed that dry matter production increased 
with higher plant population per unit area. Ikarashi et al. (1990) noted greater 
LAI with more dense planting under agro-ecological condition of Japan.  

 Srinivasan (1990) studied the effect of plant spacing on rice cv. 
‘Bhavani’ at Madurai and reported that closer spacing of 15 × 10 cm produced 
significantly higher productive tillers per m2 and dry matter accumulation per 
clump than the wider spacing of 20 × 10 and 25 × 10 cm. Balasubramaniyan 
and Palaniappan (1991a) found increased LAI with higher plant population due 
to more number of leaves produced per unit area. Cai et al. (1991) also 
concluded that closer spacing of 13.3 × 13.3 cm resulted in higher leaf area 
index at booting stage than wider spacing of 26.6 × 13.3 cm. 

Result of experiments  conducted at Directorate of Rice Research 
(DRR), Hyderabad revealed that rice crop planted with  closer spacing of 15 × 
15 cm produced more number of tillers per m2 and leaf area index than the crop 
planted with wider spacing (DRR, 1991). Similar results were also reported 
from the central Rice Research Institute (CRRI ), Cuttack (CRRI, 1998). 
According to miller (1991), final above ground vegetative biomass and tillers 
number increased with increasing plant population. 

Shah et al. (1991) found that maximum plant height (90.2 cm) of rice 
cv. ‘K 39’ with closer spacing of 10 × 10 cm and minimum plant height (83.9 
cm) with under spacing of 20 × 20 cm. They were also reported that more 
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tillers per m2 produced with closer spacing of 10 × 10 cm than with wider 
spacing of 15 × 15 cm. Similar results was also recorded by Kanungo and Roul 
(1994).  

Om et al. (1993) conducted an experiments with rice cv. ‘Basmati 370’ 
at Rice Research Station, Kaul and noticed that closer spacing 15 × 15 cm 
produced maximum plant height (154.9 cm) than that wider spacing of 22.5 × 
15 cm (152.7 cm) and 30 × 15 cm (150.8 cm). 

Dhal and Mishra (1994) observed that maximum dry matter yield from 
closer spacing of 10 × 10 cm as against wider spacing of 20 × 10 and 20 × 20 
cm.  

Padmaja and Reddy (1998) from a field study at Hyderabad with hybrid 
rice ‘APHR 2’ and concluded that the crop transplanted at a closer of 15 × 15 
cm produced significantly higher dry matter (814 g/m2) than that transplanted 
with comparatively wider spacing of 20 × 15  cm at all the growth stages. It 
was further observed that significantly more panicles per m2 (248) with crop 
planted 15 × 15 cm spacing than the crop planted with 20 × 15 cm spacing. 
Geethadevi et al. (2000) studied the effect of spacing on hybrid rice and found 
that maximum plant height (87.2 cm) with crop planted at 20 × 10 cm than the 
crop planted with 15 × 10 cm spacing. Patra and Nayak (2001) worked at 
Orissa and found that rice crop planted with 20 × 10 cm spacing produced 
significantly more effective tillers per hill (8.95) than the crop planted with 15 
× 10 (7.41) and 10 × 10 cm (6.15) spacing. A field trial conducted by Kewat et 
al. (2002) on hybrid rice ‘PA 6201’ at  Jabalpur and noticed that more effective 
tillers per hill with 20 × 20 cm (9.5) than the crop planted with 20 × 15 (9.0), 
20 × (7.7) and 15 × 15 cm (8.7) plant geometry. The result was accordance 
with the findings of Padmavati et al.  (1998).  

The result of field study conducted by obulamma and Reddeppa (2002) 
on rice hybrids ‘DRRH 1’ and ‘APHR 2’ at southern agro climatic zone of 
Andhra Pradesh and showed that dry matter production, number of productive 
tillers per m2, plant stand and leaf area index were highest with 15 × 10  cm 
plant spacing as compared to other plant spacing (20 × 10,  15 × 15  and 20 × 
15 cm).  
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Verma et al. (2002) studied the effect of spacing on rice hybrid ‘PA 
6201’ and found that crop planted with 20 × 20 and 20 × 15 cm produced 
significantly more number of productive tillers per m2 than the crop planted 
with 20 × 10 cm. 

Nayak et al. (2003) conducted a field trial on hybrid rice ‘PA 6201’ at 
Bhubaneshwar and revealed that wider spacing of 20 × 15 cm recorded 
maximum plant height, total and effective tillers per hill and dry matter 
accumulation per clump than that closer spacing of 20 × 10 and 15 × 15 cm. 

Shivay and Singh (2003) observed from an experiment conducted on 
hybrid rice ‘PRH 10’ that plant geometry (20 × 15, 25 × 12 and 30 × 10 cm) 
did not influenced the plant height significantly at the harvesting stage of the 
crop. Zhang et al. (2004) worked on transplanting density of hybrid rice at 
China and found that transplanting density did not influenced plant height 
significantly.  

2.2.2 Effect of plant geometry on yield and yield contributing characters:  

Ferraris et al. (1973) worked on hybrid rice at Thailand and found that 
plant spacing (25 × 25, 25 × 12.5 and 25 × 6.25 cm) did not influenced grain 
yield significantly. Trivedi and Kwatra (1983) observed that length of panicle 
increased with wider spacing. Sukla et al. (1984) recorded more fertile grains 
per panicle and length of  panicle with wider spacing (30 × 10 cm) as compared 
to that with closer spacing. Similar result was also obtained by Verma et al. 
(1991). Venugopal and Singh (1985) on other hand observed that there was no 
significant differences in panicle length due to spacing of 15 × 15, 20  15 and 
20 × 20 cm in rice cv. ‘DR 92’. Wagh and Thorat (1987) reported significantly 
higher grain and straw yield with closer spacing (6.66 lakh hills /ha) than that 
with wider spacing (3.33 lakh hills /ha). They were further concluded that crop 
planted with 15 × 10 cm recorded significantly higher test weight than that with 
crop planted with 20 × 15 cm spacing.  

Shah et al. (1987) reported that closer spacing of 10 × 10 cm recorded 
higher grain and straw yield than the wider spacing of 15 × 15 cm. Similar 
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result were also noticed by various other workers. Verma et al. (1988) and  
Shah et al. (1991).  

Verma et al. (1988) found significantly higher (37.22) harvest index 
with lower plant density 27 hills per m2 (25 × 15 cm) than that with higher 
plant density of 44 hills per m2 (15 × 15 cm).  

Srinivasan (1990) studied the effect of plant spacing (15 × 10, 20 × 10 
and 25 × 10 cm) on ratooning ability of rice and revealed that closer spacing of 
15 × 10 cm produced significantly higher grain yield of the main crop but 
spacing had no significant influenced on ratoon yield. However, productive 
tillers per m2 were significantly higher with closer spacing both main and 
ratoon crop . Balasubramaniyan and Palaniappan (1991b) found higher grain  
and straw yield with closer spacing of 15 × 10 cm over the wider spacing of 20 
× 15 cm.  

Chaudhury (1991) worked at Bhubaneswar and found no significant 
effect of spacing on harvest index. The numerical highest harvest index 
(39.4%) was obtained with the wider spacing of 20 × 15 cm.  

Gupta and Sharma (1991) reported from Jabalpur that plant spacing of 
10 × 10 and 15 × 15 cm produced greater grain yield (2.86 and 2.82 t/ha, 
respectively) than the plant spacing of 15 × 10 and 20 × 10 cm (2.67 and 2.59 
t/ha, respectively). 

The result of experiments conducted at DRR, Hyderabad by Singh 
(1992) with two rice hybrids ‘TNH 1’ and ‘TNH 2’ and two varieties Rasi and 
Jaya revealed that planting densities between 3.3 and 5.0 lakh hills per hectare 
did not influenced the productivity significantly. Dhal and Mishra (1994) 
noticed that harvest index increased with lower plant density.  

According to Krishnan et al. (1994), more panicle length was found with 
wider spacing of 20 × 10 cm than the closer spacing of 15 × 10cm. The result 
of a field trial conducted by Reddy and Reddy (1994) showed that adoption of 
lower plant density gave significantly higher 1000 grain weight (23.39g).  
Similar result was also obtained by Kanungo and Roul (1994), Trivedi and 
Kwatra (1983) and Raju et al. (1984). Trials on different spacings (15 × 15, 20 
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× 15, 20 × 10 and 25 × 15 cm) conducted at Kapurthala, Karnal and Mandya 
with promising rice hybrids indicated no significant difference in yield due to 
spacing. However, 15 × 15 cm in Kapurthala, 20 × 15 cm in Karnal and 20 × 
10 cm in Mandya were found to be optimum (DRR, 1995a).  Pandey and 
Tripathi (1995) reported that closer spacing of 15 × 10 cm resulted more grain 
yield than the wider spacing of 20 × 10 cm. Srivastav and Tripathi (1995) 
carried out a trial with hybrid rice ‘PA 6201’ and observed that number of 
fertile grain per panicle was more with closer spacing of 15 × 10 cm than with 
wider spacing of 20 × 15 cm. 

 Samdhia (1996) in an experiment with rice hybrid ‘PA 6201’ and cv 
‘Lalta’ recorded no significant effect of spacing (20 × 10, 15 × 15 and 20 × 15 
cm) on harvest index. However, maximum harvest index (42 %) was obtained 
with wider spacing of 20 × 15 cm.  

 Liu et al. (1997) worked at agro climatic condition of China and found 
that 16.5 × 19.8 cm plant spacing was optimum for hybrid rice. Padmaja and 
Reddy (1998) conducted a field trial at Hyderabad on hybrid rice ‘APHR 2’ 
and recorded significantly higher grain yield (4.57 t/ha) with 15 × 15 cm 
spacing than that with 20 × 15 cm spacing. They were also found significantly 
more filled spikelets per panicle (102) with wider spacing of 20 × 15 cm as 
compared to that closer spacing of 15 × 15 cm. Similar result was also obtained 
from CRRI, Cuttack with hybrid rice ‘PA 6201’ (CRRI, 1998). Sanico et al. 
(1998) worked at IRRI, Philippines with rice hybrids ‘IR 6465H’, ‘IR 68284H’,  
‘IR 68877H,’ and ‘IR 72’ and concluded that plant spacing (20 × 20, 20 × 30, 
15 × 30 and 10 × 30 cm) gave no significant differences on yield. The  results 
of experiments conducted at Raipur by Shrivastava et al. (1999) with rice 
hybrid PA 6201 and local check ‘Krant’ revealed that more panicle length 
(24.97 cm), filled grains per panicle (100.77), 1000-grain weight (29.24g) and 
grain yield (3.98t/ha) was recorded with closer spacing of 15 × 10 cm as 
compared with wider spacing of 20 × 10 and 20 ×15 cm. Siddiqui et al. (1999)  
from a 2-year field study recorded significantly higher grain and straw yield 
with closer spacing of 10 × 10 cm over the wider spacing of 20 × 10 cm. 
Geethadevi et al.  (2000) carried out a trial with hybrid rice at Karnataka and 
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noticed that maximum grain yield (1536 kg/ha) was obtained with 20 × 10 cm 
spacing than that 15 × 10 cm spacing.  

 Patra and Nayak (2001) studied the effect of plant spacing on rice and 
found significantly higher panicle per m2 (615), grain yield (5734 kg/ha) and 
straw yield (6528 kg/ha) with closer spacing of 15 × 10 cm as compared to 
with wider spacing of 15 × 10 and 20 × 10 cm. However, panicle length, 
weight per panicle and 1000-grain weight did not influenced significantly by 
the spacing. The result confirm the findings of Gupta and Sharma (1991). 
Powar and Deshpande (2001) worked on hybrid rice ‘Sahyadri’ and found that 
closer spacing of 20 × 10 cm produced significantly more grain (63q/ha) and 
straw yield (162 q/ha) than the wider spacing 20 × 20 and 20 × 15 cm, but was 
at par with 15 × 15 cm.  

Dongarwar et al. (2002) conducted a field experiment with hybrid rice 
‘Sahyadri’ and reported that plant spacing (20 × 10, 20 ×15 and 20 × 20 cm) 
did not influenced grain yield significantly. Kumar et al. (2002) studied the 
effect of plant density on scented (‘PRH 10’) and non scented (‘PRH 6’) rice 
hybrids at IARI, New Delhi and found that plant density of 25 plants per m2 
was recorded 7.6 and 17.5 per cent higher grain yield over the 33 and 50 plants 
per m2, respectively.  

An investigation was conducted at JNKVV, Jabalpur by Kewat et al. 
(2002) with rice hybrid ‘PA 6201’ revealed that closer spacing of 20 × 10 cm 
and 15 × 15 cm produced significantly more grain yield 63 and 60 q/ha, 
respectively over the wider spacing of  20 × 20 (47 q/ha) and 20 ×15 cm (53 
q/ha). However, panicle length and test weight remained uneffected  due to 
different spacing. The results of investigation conducted at southern agro 
climatic zone of Andhra Pradesh with two rice hybrids ‘DRRH 1’ and ‘APHR 
2’ revealed that crop planted with 20 × 10 cm spacing recorded significantly 
higher grain yield than that crop planted with 15 × 15 and 20 × 15 cm spacing 
but there was no significant difference with 15 × 10 cm spacing (obulamma 
and Reddeppa, 2002).  

Verma et al. (2002) studied the effect of plant spacing (20 × 20, 20 × 15 
and 20 × 10 cm) on rice hybrid ‘PA 6201’ at Raipur and found that spacing 20 



 18

× 15 cm produced higher grain yield and harvest index over the 20 × 20 and 20 
× 10 cm spacing. A field experiment was conducted at Bhubaneshwar during 
1999 and 2000 by Nayak et al. (2003) with hybrid rice ‘PA 6201’ and noticed 
that different plant spacing (20 × 15, 20 × 10, 15 × 15 cm) did not influenced 
fertile spikelet per ear, 1000-grain weight, grain yield and harvest index 
significantly during 1999. However, closer plant spacing of 20 × 10 cm 
produced significantly more grain yield (42.83 q/ha) than the wider plant 
spacing of 20 × 15 cm (42.23 q/ha) during 2000. 

Rajesh and Thanunathan (2003) reported that crop planted with wider 
spacing of 20 × 15 cm recorded significantly higher grain yield as compared to 
crop planted with closer spicing of 20 × 10 and 15 × 15 cm. Rao and Moorthy 
(2003) observed that closer spacing of 15 × 15 cm gave higher grain yield than 
the wider spacing of 20 × 20 cm because of exposer of large number of plants 
and leaf area to sunlight during the growth period resulting in better 
photosynthesis and consequently higher yield. Shivay and Singh (2003) worked 
on hybrid rice ‘PRH 10’ and found that planting geometry of 20 × 15, 25 × 12 
and 30 × 10 cm did not influenced significantly number of panicle per hill, 
panicle length, filled grains per panicle, grain weight per panicle, 1000-grain 
weight, grain and straw yield. This might be due to equal area was provided in 
each planting geometry per hill. These results confirm the findings of Chopra 
and Chopra (2000). Zeng (2003) reported from china that higher number of 
panicle per hill and grain yield was recorded with transplanting density of 
330000 holes per hectare than the 250000 holes per hectare.  

Gunri et al. (2004) found that closer spacing of 15 × 15 cm gave 
maximum length of panicle, number of panicle per m2 number of filled grains 
per panicle and grain yield as compared to wider spacing of 20 × 15 cm.  

Chopra and Chopra (2004) studied the effect of row spacing on rice at 
Karnal and noticed that wider spacing of 20 × 15, 30 × 15 and paired row 20 : 
40 : 20 cm recorded significantly higher number of panicles per plant than the 
closer spacing of 15 × 15 cm. However, the seed yield was not affected due to 
different spacing.  
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According to Zhang et al. (2004), transplanting density of 363800 hills 
per hectare produced higher grain yield than that transplanting density of 
281300 hills per hectare in hybrid rice ‘III you 98’ under agro ecological 
situations of China.   

Pol et al. (2005) conducted a field experiment with ‘Sahyadri’ hybrid 
rice at Dapoli and reported that rice crop transplanted with 20 × 20 cm spacing 
produced significantly more number of panicle per hill (12.25) and weight of 
panicle per hill (34.13g)   than the 15 × 10, 20 × 15 and 20 × 10 cm spacing. 
Wider spacing of 20 × 20 cm recorded significantly higher grain yield to the 
tune of 11.86, 7.96, and 3.40 per cent over 15 × 10, 20 × 10 and 20 × 15 cm 
spacing, respectively. Similar findings were  reported by Chandraker  and 
Chandravanshi (1998) and Dongarwar et al. (2002).  

A field trail was carried out by Shinde et al. (2005) to studied the 
response of ‘Sahayadri’ hybrid rice on different spacing and concluded that 
wider spacing of 30 cm produced significantly higher grain (9.53 t/ha) straw 
yield (12.79 t/ha) of rice attributed mainly due to significantly higher value of 
number of panicle per m2 (292), length of panicle (25.78 cm) and 1000-grain 
weight (26.94g) over the closer spacing of 25 cm. Wider spacing recorded 5.77 
and 6.80 per cent higher grain and straw yield, respectively over the closer 
spacing. Similar findings were reported by Dhal and Mishra (1994).  

2.2.3 : Effect of plant geometry on quality:  

 Shivay and Singh (2003) reported that planting geometry (20 × 15, 25 × 
12  and 30 × 10 cm) did not significantly influence N recovery and protein 
content in grain. However, 20 × 15 cm plant geometry recorded higher N 
recovery (27.8%) than the other plant geometry.  

2.2.4 : Effect of plant geometry on economics:  

 Powar and Deshpande (2001) worked on hybrid rice ‘Sahyadri’ and 
found  that wider plant spacing of 20 × 20 cm resulted the highest net monetary 
return (Rs 23895) as compare to closer spacing of 20 × 10 and 20 × 15 cm. An 
investigation was conducted at Jabalpur by Kewat et al. (2002) with rice hybrid 
‘PA 6201’ and revealed that 20 × 10 cm spacing recorded maximum gross 
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(42750 Rs/ha) and net monetary return (27665 Rs/ha), as well as benefit : cost 
ratio (2.8) over the 15 × 15, 20 × 15 and 20 × 20 cm spacing.  

2.3 : EFFECT OF NUMBER OF SEEDLINGS: 

2.3.1 : Effect of number of seedlings on growth characters:  

 Swain (1981) found that decrease in number of seedlings per hill from 2 
with 50 hills per m2 to 1 with 100 hills per m2 had no significant effect on plant 
height. Reddy and Mitra (1984) observed that tillers number per m2 decreased 
with more than 2 seedlings per hill were planted. Baird et al. (1985) also 
reported that tillers density increased significantly with increasing seedling rate 
and established plant stand throughout the growing season. Raghuvanshi et al. 
(1986) noticed that there was no significant differences in number of functional 
leaves per hill and dry weight of leaves with transplanting of 3 or 5 seedlings 
per hill.  

 Pandey et al.(1987) reported that rice transplanted with 1, 2, 3 and 4 
seedlings per hill gave dry matter production of 6.23 , 8.58, 8.01 and 7.58 
tonnes per hectare, respectively. According to Shah et al. (1987) number of 
seedlings per hill markedly influenced the plant height of rice cv. ‘K 39’. 3 
seedlings per hill recorded more height (95.6 cm) than 6 seedlings per hill (92.6 
cm). Das et al. (1988) observed that increasing the number of seedlings per hill 
increased growth characters like pant height, dry matter production per hill, 
leaf area index and functional leaves per hill with 5 seedlings per hill.
 Siddhu et al. (1988) found that rice crop transplanted with 2 seedlings 
per hill produced higher number of tillers per hill, number of leaves per hill and 
dry matter production per m2 as compared to 1 seedling per hill.  

 Budhar et al. (1989) observed that there was no significant difference in 
plant height with 2 or 4 seedlings per hill. Zhang and Hung (1990) reported 
from China, that there was significant increase in the plant height due to 
increase in number of seedlings from  1 to 5 per hill. 5 seedlings per hill 
recorded significantly more plant height (84.4 cm) than the 1 (79.0cm), 2 (82.2 
cm), 3 (81.8 cm) and 4 (80.4cm) seedlings per hill.  
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 According to Cai et al. (1991), tillers number also increased with 
increased in seedlings number from 1 to 3 per hill. Caudhury (1991) conducted 
a field trial at Bhubaneswar and found that significantly maximum leaf area 
index (9.95) with 6 seedlings per hill followed by 4 seedlings per hill at 80 days 
after transplanting. However, 6 seedlings per hill recorded significant more dry 
matter accumulation over the 2 and 4 seedlings per hill at 20, 60 DAT and 
harvesting stages.  

 Shah et al. (1991) from a field experiment with cv ‘K 39’  using 3, 4, 5 
and 6 seedlings per hill found that plant height increased with decreased 
seedlings per hill, on the other hand they were also found that tillers number 
increased with increased number of seedlings per hill from 3 to  6. Mishra 
(1992) reported that maximum leaf area index (7.37) at flowering stage with 1 
seedling per  hill.  

 Gupta (1996) found that transplanting of 1 seedling per hill significantly 
increased plant height, than the higher number of seedlings per hill. Banik et al. 
(1997) reported that among the different number of seedlings per hill, 4 
seedlings per hill recorded maximum plant height, dry matter production, 
number of tillers per hill and leaf area index than the 2, 6 and 8 seedlings per 
hill. 

 Srinivasulu (1997) conducted a field experiment with two hybrids 
‘APHR 1’ and ‘APHR 2’ and one cv. ‘Chaitanya’ at Bapatla and Concluded 
that the crop transplanted with 2 seedlings per hill produced significantly 
higher productive tillers per m2 (292) than the crop transplanted with 1 seedling 
per hill. Channabasappa et al. (1998) reported from Karnataka that plant height 
was not affected significantly due to varying number of seedlings per hill but 
the tallest plants were recorded with 4-5 seedlings per hill as compared to 2-3 
and 6-7 seedlings per hill. 

A field experiment was conducted by Srivatav and Tripathi (1998) at 
Raipur with rice hybrid ‘PA 6201’ and cv. ‘R 320-300’ and revealed that crop 
transplanted with 2 seedlings per hill recorded significantly more effective 
tillers per m2 (316) as compared to transplanted with 1 (308) and 3 seedlings 
per hill (309).       
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Jati (1999) worked on rice hybrids ‘PA 6201’ and ‘NPH 4507’ at 
Bhubneswar and observed that number of seedlings per hill significantly 
influenced leaf area index at all growth stages. 2 seedlings per hill recorded 
significantly higher leaf area index than 1 seedlings per hill irrespective stages 
of growth. However,  there was no significant difference of number of 
seedlings per hill on total dry matter accumulation but numerically 2 seedlings 
pre hill recorded higher dry matter accumulation than 1 seedling per hill at all 
stages of growth. The results of filed trial conducted at Bapatla, Andhra 
Pradesh with rice hybrids ‘APHR 1’, ‘APHR 2’ and cv. Chaitanya and revealed 
that leaf area index were not affected significantly due to 1 or 2 seedlings per 
hill (Srinivasulu, et al. 1999b). Shrirame et al. (2000) found that 2 seedlings 
per hill gave significantly higher number of tillers per hill than the 1 and 3 
seedlings per hill. Plant height and leaf area index were not affected 
significantly by number of seedlings per hill. Molla (2001) conducted a field 
experiment at West Bengal with rice hybrids ‘PA 6201’ and ‘CNRH 3’, 
revealed that 2 seedlings per hill produced significantly more number of tillers 
per m2 as compared to 1 seedlings per hill. Dongarwar et al. (2002) studied the 
response of number of seedlings per hill on hybrid rice ‘Sahyadri’ and observed 
that transplanting of 1 seedling per hill was at par with transplanting of 2 
seedlings per hill in respect of plant height and total tillers per m2. The results 
of experiment conducted by obulamma and Reddeppa (2002) with rice hybrids 
‘DRRH 1’ and ‘APHR 2’ at southern agro-climatic zone of Andhra Pradesh 
and concluded  that planting of 3 seedlings per hill gave more dry mater 
production, leaf area index and leaf area density than the planting of 1 and 2 
seedlings per hill.  

 Verma et al.(2002) carried out an investigation at Raipur on hybrid rice 
‘PA 6201’ and stated that crop planted with 3 seedlings per hill produced 
higher number of productive tillers than those planted with 1 or 2 seedlings per 
hill. Nayak et al. (2003) laid down an experiment at Bhubaneshwar on hybrid 
rice ‘PA 6201’  and revealed that total tillers, effective tillers per hill, leaf area 
index and dry matter accumulation per clump were significantly more with 
planted 2  seedlings per hill than planted with 1 seedlings per hill.  Plant height 
recorded significantly more with 1 seedling per hill than the 2 seedlings per 
hill. Pariyani and Naik (2004) reported from Jabalpur, planting of 1 or 2 
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seedlings per hill did not showed significant difference on plant height with 
rice hybrids ‘PA 6201’ and ‘PAC 801’. Zhang et al. (2004) also found that 
plant height did not influenced significantly due to number of seedlings ( 1 and 
2 seedlings  per hill) in rice hybrid ‘III you 98’  under agro-ecological 
situations of China.  

An field investigation carried out by Chauhan (2005) at C.S.A.U.A&T., 
Kanpur and found that 3 seedlings per hill recorded maximum plant height 
(97.83 cm) and dry matter accumulation per hill (19.08g) as compared to 1 and 
2 seedlings per hill.  

2.3.2 : Effect of number of seedlings on yield and yield contributing 
characters: 

 Reddy and Mitra (1984) found that yield of rice was decreased when 
transplanted more than 2 seedlings per hill. Raghuvansi et al. (1986) reported 
that there was no significant differences in yield with transplanted 3 or 5 
seedlings  per hill. Pandey et al. (1987) reported that rice transplanted with 1, 2, 
3 and 4 seedlings per hill gave grain yield of 3.78, 5.09, 5.00 and 4.94 tonnes 
per hectare, respectively. Shah et al. (1987) observed that the number of 
seedlings per hill markedly influenced the number of grains per panicle. 
According to chandrakar and Chandravanshi (1988), transplanted 2 or 4 
seedlings per hill gave similar yield of grain.  

 Gupta (1996) noticed that rice crop planted with 4 seedlings per hill 
recorded significantly higher length of panicle, grains per panicle and 1000-
grain weight over the 2 and 6 seedlings per hill, the 4 seedlings per hill also 
recorded significantly higher grain yield (36.25 g/ha) over the 2 and 6 seedlings 
per hill, 4 seedlings per hill led to 14.4 and 23.5 per cent higher grain yield than 
the 2 and 6 seedlings per hill, respectively. Srinivasulu (1997) recorded equal 
number of filled grains per panicle (116) in hybrids ‘APHR 1’, ‘APHR 2’ and 
cv. ‘Chaitanya, raised with 1 and 2 seedlings per hill but 1 seedling per hill 
resulted in numerically higher test weight (21.39 g) than 2 seedlings per hill.  

 Sawa et al. (1988) noticed that rice transplanted with 2 seedlings per hill 
produced maximum grain yield than transplanted with 1 seedlings per hill. 
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Sidhhu et al. (1988) conducted a field experiment at P.A.U., Ludhiana and 
found that rice transplanted with 2 seedlings per hill produced maximum grain 
yield (10.6 t/ha) than the 1 seedlings per hill. Zhang and Hung (1990) reported 
from China, that there was significant decrease in number of panicles per plant, 
length of panicle, fertile spikelets per panicle and 1000-grain weight due to 
increase in number of seedlings per hill from 2 to 5. According to Chaudhury 
(1991), recorded significantly higher panicle length (28.98 cm) and number of 
fertile grains (90.77) with planting of 2 seedlings per hill as compared to 
planting of 4 and 6 seedlings per hill in cv. ‘Rambha’. 

 Shah et al. (1991) studied the effect of number of seedlings (3, 4, 5 and 
6 seedlings per hill) on rice cv. ‘K 39’ and revealed that 1000-grain weight and 
number of panicle per plant were highest with 3 seedlings per hill whereas 
grain yield was highest with transplanted 5 seedlings per hill.  

 Bali et al. (1995) worked at Jammu & Kashmir and found that number 
of grains per panicle, 1000-grain weight and straw yield were significantly 
higher with 3 seedlings per hill. However, grain yield did not significantly 
influenced due to 3 and 6 seedlings per hill but found an increase of 17.1 and 
13.4 per cent over the 9 seedlings per hill, respectively. The results of field 
trials conducted at three locations (Faizabad, Varanasi and Kaul) during Kharif 
1995, revealed that there was no appreciable grain yield difference the 
treatments receiving  1 or 2 seedlings per hill in hybrid rice (DRR, 1995b) 
Trials continued at Maruteru, Pantnagar, Faizabad, Varanasi and Kharagpur 
during 1995 on the other hand indicated that planting 2 seedlings per hill 
registered the highest grain yield at all the locations except Varanasi where 
yield differences were not significant (DRR, 1996). Banik et al. (1997) 
reported that rice transplanted with 4 seedlings per hill produced grain yield of 
42.16 quintal per hectare, which was 3.23, 4.49 and 19.91 per cent more than 
the grain yield obtained with 2, 6 and 8 seedlings per hill, respectively.  

 The field trials was conducted during Kharif 1997 with two rice hybrids 
at 10 locations and revealed that 2 seedlings per hill recorded significantly 
higher grain yield than the 1 seedling per hill at all locations (DRR, 1997). 
Experiment conducted at CRRI, Cuttack with hybrid rice ‘VRH 2’ and revealed 
that there was no significant difference in grain yield due to transplanting of 1 
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to 3 seedlings per hill (CRR1, 1997). Srinivashe (1997) also reported that 2 
seedlings per hill recorded significantly higher grain yield than the 1 seedling 
per hill with hybrid rice. 

 Channabasappa et al. (1998) studied the response of late transplanted 
rice to number of seedlings at Karnataka and concluded that under late planting 
condition rice yield increased with increase in  number of seedlings per hill. 
Rice transplanted with 4-5 or 6-7 seedling per hill produced higher grain yield 
than transplanted with 2-3 seedlings per hill further increase in number of 
seedlings beyond 4-5 had no significant effect on grain yield. Grains per 
panicle and length of panicle did not affect significantly due to different 
number of seedlings per hill.  

 The results of field trail conducted during Kharif 1998 with rice hybrids 
at 9 locations and observed that 2 seedlings per hill recorded higher grain yield 
than 1 seedling per hill at all locations except at Chiplima (DRR, 1998). Prasad 
et al. (1998) carried out field investigation at New Delhi with rice cv. ‘Pusa 
834’ and ‘Pusa HR3’ and noticed that crop planted with 3 seedlings per hill 
produced higher grain yield (5.6 t/ha) as compared to planted with 2 seedlings 
per hill (3.5 t/ha). 

 Srivastav and Tripathi (1998) studied the response of  rice hybrid ‘PA 
6201’ and cv. ‘R 320-300’ to number of seedlings at Raipur during Kharif 
1995. They were reported that crop transplanted with 2 seedlings per hill gave 
significantly higher grain yield (6.57 t/ha) as compare to crop transplanted with 
1 (6.24 t/ha) and 3 seedlings per hill (6.28 t/ha). There was no significant  
difference in weight per panicle and 1000-grain weight due to different number 
of seedlings per hill from 1 to 3. Jati (1999) reported that number of seedlings 
per hill had no significant effect on panicle length and harvest index in rice 
hybrids ‘PA 6201’ and ‘NPH 4507’. However, 1 seedling per hill recorded 
numerically higher length of panicle (32.2 cm) and harvest index  (44.2.%)  
than 2 seedlings per hill. 

 Rajarathinam and Balasubramaniyan (1999) worked on hybrid rice 
‘CORH 2’ at Madurai, Tamil Nadu and found that 1 or 2 seedlings per hill did 
not effect grain yield significantly. Srinivasulu (1999b) worked at Baptla, 
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Andhra Pradesh and concluded that significantly higher grain yield (6.11 t/ha) 
with 2 seedlings per hill than that with 1 seedling per hill in rice hybrids 
‘APHR 1’ ‘APHR 2’ and local check ‘Chaitanya’. On the other hand Rao et al. 
(1999) worked at Banglore and found that seedling densities (1 or 2 seedlings 
per hill) had no effect on grain yield in hybrid rice. Shrirame et al. (2000) 
reported that 2 seedlings per hill gave significantly higher grain and straw yield 
than the 1 and 3 seedlings per hill. However, 1 seedling per hill gave 
significantly higher harvest index than that with 2 and 3 seedlings per hill. 
Molla (2001) conducted an experiment at West Bengal and observed that 2 
seedlings per hill produced significantly more number of panicles per m2 and 
grain yield as compared to 1 seedling per hill with rice hybrids ‘PA 6201’, 
‘CNRH 3’ and high yielding variety ‘IET 4786’. 

 A field trial was conducted by Obulamma and Reddeppa (2002) on rice 
hybris ‘DRRH 1’ and ‘APHR 2’  at southern agro climatic zone of Andhra 
Pradesh and revealed that crop planted with 1 seedling per hill recorded 
significantly more grain yield than that planted with 2 and 3 seedlings per hill. 
Dongarwar et al. (2002) carried out a field investigation at Agricultural 
Research Station, Bhandara on rice hybrid ‘Sahyadrii’ and noticed that length 
of panicle, 1000-grain weight, grain and straw yield did not significantly differ 
due to transplanting  of 1 or 2 seedlings per hill. However, 1 seedling per hill 
recorded numerically more length of  panicle (33.0 cm), grain 31.32 (q/ha) and 
straw yield (47.40 g/ha) than the 2 seedlings per hill. The results of field 
experiment conducted at Raipur on rice hybrid ‘PA 6201’ at Raipur during 
Kharif  1999 indicated that crop planted with 3 seedlings per hill produced 
more grain yield and harvest index than those planted with 1 and 2 seedlings 
per hill (Verma et al., 2002).  

 Nayak et al. (2003) carried out a field investigation at Bubaneshwar 
during Kharif  1999 and 2000 on hybrid rice ‘PA 6201’ and revealed that grain 
and straw yield were significantly more under 2 seedlings per hill than planting 
of 1 seedling per hill. The increase in grain yield was 6.7 and 9.7 per cent and 
in straw yield was 6.0 and 9.5 per cent during the 1999 and 2000, respectively. 
However, fertile spikets per ear and 1000-grain weight did not showed 
significant difference due to number of seedlings per hill during both the year. 
Rao and Moorthy (2003) reported from Cuttack (Orrisa) that planting of 1 
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seedling per hill was good as compared to 2 seedlings per hill in term of grain 
yield indicating the scope to reduce the seed rate. 

 A field trial conducted by Pariyani and Naik (2004) at Jabalpur on rice 
hybrids ‘PA 6201’, ‘PHB 71’ and ‘PAC 801’ and reported that planting of 1 or 
2 seedlings per hill did not showed significant  variations  in yield attributes 
and yield. However, ‘PHB 71’ gave 20.6 and 10.3 per cent higher grain yield 
over ‘PA 6201’ and ‘PAC 801’,  respectively. Zhang et al. (2004) worked on 
hybrid rice ‘III You 98’ at China and found that crop planted with 2 seedlings 
per hill recorded significantly higher grain yield over the 1 seedling per hill, but 
differences in panicle length and 1000-grain weight were non-significant. They 
were also reported that crop transplanted of plant density 281300 hills per 
hectare with 2 seedlings per hill or plant density 365800 hills per hectare with 1 
seedlings per hill for obtaining yield more than 10.0 tonns per hectare.  

 An field investigation carried out by Chauhan (2005) at C.S.A.U.A&T., 
Kanpur and found that crop planted with 3 seedlings per hill produced higher 
length panicle (23.02 cm), number rachilae  per panicles (10.36), weight per 
panicle (2.76g) number of grains per panicle (108.74) and grain yield (45.65 
q/ha) than that planted with 1 and 2 seedlings per hill. 

2.3.3: Effect of number of seedlings on quality: 

 A field investigation carried out by Chauhan (2005) at C.S.A.U.A.&T., 
Kanpur and revealed that crop transplanted with 3 seedlings per hill gave 0.83 
and 0.31 per cent more rice recovery  than that with 1 and 2 seedlings per hill, 
respectively. However, 3 seedlings per hill also gave significantly higher 
protein content in grain than 1 and 2 seedlings per hill.  

2.3.4: Effect of number of seedlings on economics:  

 Dayal (1999) worked on rice hybrids ‘VRH 704’ and ‘HRI 129’ at 
Kanpur and concluded that maximum net income were found with 2 seedlings 
per hill (15035.70 Rs/ha) as compared to 1 seedling per hill (13492.47 Rs/ha). 
An field investigation carried out by Chauhan (2005) at C.S.A.U.A.&T., 
Kanpur and revealed that crop transplanted with 3 seedlings per hill recorded 
maximum net return (6765.70 Rs/ha) than the 1(3503.60 Rs/ha) and 2 seedlings 
per hill (5823.40 Rs/ha). However, 3 seedlings per hill also gave highest return 
per rupee (1.29) which was significantly higher Rs. 0.13 and 0.03 than 1 and 2 
seedlings per hill, respectively.    



Chapter – III  
MATERIALS AND METHODS 

 

The present investigation entitled “Studies on the effect of dates of 
planting, plant geometry and number seedlings per hill in hybrid rice 
(Oryza sativa L.)” was carried out at the Student’s Instructional Farm, Chandra 
Shekhar Azad University of Agriculture and Technology, Kanpur (U.P.) during 
Kharif season 2005 and 2006. The details of climatic conditions, materials used 
and methods employed during the course of investigation have been described 
in this chapter. 

3.1 : EXPERIMENTAL SITE:  

 The Student’s Instructional Farm of Chandra Shekhar Azad University 
of Agriculture and Technology, Kanpur is geographically located at 25.26 to 
26.58° N latitude and 79.31 to 80.34° E longitude at an altitude of 125.9 meters 
above from mean sea level. It lies in the alluvial belt of gangetic plain and is 
located in the central part of Uttar Pradesh. The experimental field had fairly 
leveled topography and good drainage system.  

3.2 : CLIMATE AND WEATHER CONDITIONS:  

 Uttar Pradesh enjoys a sub tropical region of the country. The climate is 
semi dry type with hot summer and cold winter. The mean annual rainfall is 
about 816 mm, most of which is received between July to end of September.  

 The data regarding weather conditions prevailing during the experiment 
period was obtained from the meteorological observatory of the university. The 
weekly meteorological data regarding distribution of rainfall, maximum and 
minimum temperature, relative humidity, wind speed and evaporation are 
presented  in Table 3.1A and 3.1B and depicted in the Fig. 1A and 1B. 

3.3 : SOIL CHARACTERISTICS:  

 The soil samples were collected randomly up to 0-15 cm depth from 
various plots in the experimental field and mixed properly for analyzed 
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physiochemical properties. The result of the soil analysis are presented in the 
Table   3.2A and 3.2B. 

Table 3.1A: Weekly weather data of Student’s Instructional Farm, 
CSAUA&T, Kanpur during crop season of  2005. 

Standard 
week 

Rainfall Temperature 
(°C) Relative 

Humidity 
(%) 

Wind 
Speed 

(km/hr) 

Evaporation 
rate 

(mm/day) Total 
(mm) 

Rainy 
days Max. Min. 

24 - - 42.9 28.9 45.7 8.6 10.6 

25 14.0 2 40.5 28.7 52.2 7.7 11.1 

26 26.5 2 35.0 26.2 72.6 6.4 5.1 

27 78.5 4 31.0 25.0 82.1 11.2 2.5 

28 196.0 6 30.5 25.3 88.9 6.7 3.5 

29 37.0 3 31.7 25.7 79.4 7.4 3.4 

30 17.0 2 33.0 25.7 77.8 5.4 5.7 

31 1.00 - 34.5 27.2 72.4 5.6 6.2 

32 17.6 2 33.7 25.8 69.9 9.2 7.5 

33 48.0 2 34.1 26.3 76.5 59.9 6.1 

34 61.6 2 32.7 24.8 78.3 6.2 4.9 

35 0.6 - 35.9 26.2 66.6 6.3 7.4 

36 51.8 2 33.9 25.9 84.9 5.2 5.5 

37 79.0 2 31.5 24.9 80.6 12.8 5.5 

38 4.40 1 32.4 25.0 71.1 6.9 6.0 

39 0.4 - 33.5 24.0 70.1 6.6 5.4 

40 15.2 1 33.6 21.9 65.9 2.5 4.6 

41 - - 33.8 20.4 68.4 1.5 3.5 

42 0.6 - 30.8 20.0 71.4 2.9 2.5 

43 - - 30.5 17.5 69.2 2.4 2.4 

44 - - 30.0 13.2 63.6 1.5 2.5 

45 - - 28.8 11.1 59.4 1.7 2.2 

46 - - 29.4 13.0 42.0 7.1 4.3 

47 - - 28.6 9.8 54.9 2.5 3.1 
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Table 3.1B: Weekly weather data of Student’s Instructional Farm, 
CSAUA&T, Kanpur during crop season of 2006. 

Standard 
week 

Rainfall Temperature 
(°C) Relative 

Humidity 
(%) 

Wind 
Speed 

(km/hr) 

Evaporation 
rate 

(mm/day) Total 
(mm) 

Rainy 
days Max. Min. 

24 0.2 - 40.5 28.6 34.7 7.1 9.9 
25 1.4 - 38.5 27.7 51.4 6.6 9.4 
26 30.7 2 33.9 26.3 78.1 6.3 4.3 
27 0.4 - 36.6 28.4 63.1 13.0 8.5 
28 95.9 5 30.9 25.7 85.2 8.5 3.7 
29 107.4 6 32.6 26.4 81.6 5.6 3.9 
30 100.9 4 31.9 26.2 86.0 6.3 4.1 
31 13.0 3 32.1 25.7 77.4 9.4 4.4 
32 - - 32.7 27.4 73.3 9.9 5.3 
33 0.5 - 34.7 26.6 71.0 9.0 7..1 
34 29.2 2 33.3 25.2 76.5 5.3 6.7 
35 15.3 1 31.6 25.4 79.4 10.1 3.3 
36 25.5 1 33.9 26.4 71.6 6.1 1.5 
37 - - 36.1 25.0 63.2 4.5 4.3 
38 4.6 1 34.8 22.4 68.7 4.3 4.6 
39 - - 35.1 23.2 62.6 4.5 4.5 
40 - - 36.4 21.8 61.5 4.4 5.0 
41 - - 36.1 21.8 51.1 4.9 5.3 
42 14.0 1 31.6 19.2 60.9 3.8 4.5 
43 22.0 1 30.3 17.1 69.1 3.2 1.7 
44 1.5 - 30.1 16.3 70.7 1.6 2.0 
45 - - 30.8 16.2 69.1 1.9 1.9 
46 - - 30.1 14.6 67.3 1.9 1.5 
47 - - 28.1 15.0 65.8 4.0 2.0 
48 - - 25.1 10.1 57.4 3.6 1.1 

 

Table  3.2A : Physical properties of experimental soil.  

Properties 2005 2006 Method employed 

Sand (%) 50.24 51.40 
International pipette Method  

(Piper, 1950) 
Silt (%) 25.74 24.98 

Clay (%) 23.63 23.57 

Texture  Sandy loam Sandy loam Triangular method (Lyon et al., 1952) 
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Table 3.2B : Chemical properties of experimental soil.  

Properties 2005 2006 Method employed 

pH(1:2 soil :water 

suspension) 

7.5 7.7 Glass electrode pH meter   

Organic carbon (%) 0.49 0.51 Walkley and Black method (Black, 1965)  

Total nitrogen (%) 0.048 0.047 Kjeldahl’s method (Jackson, 1967) 

Available phosphorus 

(kg/ha) 

18.56 17.93 Olsen’s method (Olsen et al., 1954) 

Available potassium 

(kg/ha) 

372 367 Flam photometer method (Jackson, 1967) 

 

3.4: CROPPING HISTORY OF THE EXPERIMENTAL FIELD:  

 The productive potential of the experimental field can be judged from its 
cropping history. The detail account of the cropping history of experimental 
field prior to the present experiment has been given in Table 3.3. 

Table  3.3 : Cropping history of the experimental field.  

Years Kharif Rabi 

2000-01 Paddy  Wheat  

2001-02 Paddy  Wheat 

2002-03 Paddy  Pea  

2003-04 Paddy  Wheat 

2004-05 Present experiment  Maize + Lentil + Pea 

2006-07 Present experiment  - 

3.5 : EXPERIMENTAL DETAILS: 

3.5.1 : Experimental design and treatments:  

 The experiment was laid out in split plot design with three replications 
having date of planting and plant geometry in main plots and number of 
seedlings per hill in sub plots. Treatments were allotted in each experimental 
plot randomly. The details of treatments are given in Table 3.4A and various 
treatments combination in Table 3.4B. 
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Table 3.4A : Details of the treatments. 

Treatments Symbol 
A. Main plots   
1. Dates of planting   
15 July D1 

30 July D2 
14 August  D3 
2. Plant geometry   
15 × 15 cm R1 

20 × 15 cm R2 
25 × 15 cm R3 
30 × 15 cm R4 
B. Sub plots   
1 seedling per hill S1 

2 seedlings per hill  S2 

 

Table 3.4B : Details of the treatments combination.  

S.No. Treatments 
combination 

Dates of 
planting 

Plant geometry 
(cm) 

Number of 
seedlings per 

hill 
1 D1R1S1 15 July 15 × 15 1 
2 D1R1S2 15 July 15 × 15 2 
3 D1R2S1 15 July 20 × 15 1 
4 D1R2S2 15 July 20 × 15 2 
5 D1R3S1 15 July 25 × 15 1 
6 D1R3S2 15 July 25 × 15 2 
7 D1R4S1 15 July 30 × 15 1 
8 D1R4S2 15 July 30 × 15 2 
9 D2R1S1 30 July 15 × 15 1 

10 D2R1S2 30 July 15 × 15 2 
11 D2R2S1 30 July 20 × 15 1 
12 D2R2S2 30 July 20 × 15 2 
13 D2R3S1 30 July 25 × 15 1 
14 D2R3S2 30 July 25 × 15 2 
15 D2R4S1 30 July 30 × 15 1 
16 D2R4S2 30 July 30 × 15 2 
17 D3R1S1 14 August 15 × 15 1 
18 D3R1S2 14 August 15 × 15 2 
19 D3R2S1 14 August 20 × 15 1 
20 D3R2S2 14 August 20 × 15 2 
21 D3R3S1 14 August 25 × 15 1 
22 D3R3S2 14 August 25 × 15 2 
23 D3R4S1 14 August 30 × 15 1 
24 D3R4S2 14 August 30 × 15 2 
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3.2.2 : Particular of experiment and layout:  

 The details of the layout are given in Table 3.5 and the plan of layout in 
Fig. 2. 

Table 3.5 : Details of the layout plan. 

Experimental design Split plot design 

Number of replications  3 

Treatments combination  24 

Total number of plots  72 

Gross plot size  6.0 × 3.0 m 

Net plot size  5 × 2.2 m 

Width of replication border  1.5 m  

Width of plot border  0.5 m 

Irrigation channel  1.5 m 

3.6 : CROP VARIETY UNDER STUDY:   

PHB-71:  

 It is first private sector hybrid released in 1997 for commercial 
cultivation by Pioneer Hybrid India Seeds Limited. Its maturity duration is 130-
135 days, long slender grain and tolerant to blast and brown plant hopper. It is 
widely adaptable and suitable for Haryana, Uttar Pradesh and  Tamil Nadu.  

3.7 : CULTURAL OPERATION:  

3.7.1 : Nursery raising :  

 The nursery plot was irrigated 12 days before of sowing seeds to hasten 
germination of Kharif annual weeds. After that nursery plot was ploughed first 
by soil turning plough followed by cross ploughing with cultivator. Seeds were 
soaked in water for 12 hours and stored in wet gunny bags in dark for 24 hours 
to hasten sprouting. The sprouted seeds were sown by broadcasting. The seed 
rate in nursery was @ 15 kg seed for transplanting of 1 ha area. 
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3.7.2 : Land preparation:  

 The   experimental field was ploughed by soil turning plough to expose 
the stubbles of previous crop, rhizomes of weeds and eggs of harmful insect 
pests. The cross ploughing was done by the cultivator before applying 
irrigation water for puddling. After setting the soil, field was dividing in to 
experimental plots as per layout plan.  

3.7.3 : Transplanting of seedlings:  

 The seedlings were uprooted from the nursery bed on the day of 
transplanting. Twenty two days old seedlings were transplanted in the 
experimental field on all three dates using the spacing and seedling rates as per 
the treatments.  

3.7.4 : Application of fertilizers:  

 Fertilizer with a uniform dose of 180 : 80 : 60 kg per hectare N, P and K 
through urea, DAP and MOP was applied in all the plots. Half dose of nitrogen 
and full dose phosphorus and potassium were applied as basal application just 
before transplanting. The remaining half dose of nitrogen was applied in two 
split doses at tillering and panicle initiation stages. Zinc was applied through 
zinc sulphate at the rate of 30 kg ZnSO4/ha as basal application before 
transplanting.  

3.7.5 : Irrigation :  

 A thin film of water was maintained at the time of transplanting. The 
plots were kept saturated condition for a week after transplanting. Four 
irrigation were given in both the year so as to maintain proper soil moisture 
condition throughout the growth period of crop. 

3.7.6 : Interculture:   

 The first manual weeding was done at suitable soil moisture condition 
just before first top dressing and second weeding was done before second top 
dressing to remove weeds from the field. 
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3.7.7 : Plant protection measure:   

 To protect the crop from attack of Khaira disease ZnSO4 was applied at 
the rate 30 kg per hectare both the year at the time before transplanting. 

Table 3.6A : Details of field operations during 2005. 

S.No. Particulars of operations 
Dates 

15th July 
planting (D1) 

30th July 
planting (D2) 

14th  August 
planting (D3) 

1. First ploughing for nursery 
bed preparation  

14.06.05 01.07.05 01.07.05 

2. Soaking of seeds for 
germination  

21.06.05 06.07.05 20.07.05 

3. Final nursery bed 
preparation, application of 
fertilizers and sowing of pre 
germinated seeds in the 
nursery bed.  

23.06.05 08.07.05 22.07.05 

4. First ploughing with soil 
turning plough for main 
field preparation. 

01.07.05 15.07.05 29.07.05 

5. Application of urea to 
nursery bed. 

08.07.05 22.07.05 06.08.05 

6. Final main field 
preparation, puddling and 
layout. 

14.07.05 29.07.05 13.08.05 

7. Uprooting of seedlings, 
application of fertilizers in 
the main field and 
transplanting.  

15.07.05 30.07.05 14.08.05 

8. First manual weeding and 
top dressing of ¼ N. 

25.08.05 10.09.05 21.09.05 

9. Roughing  22.09.05 05.10.05 20.10.05 
10. Second top dressing of ¼ N 23.09.05 08.10.05 20.10.05 
11. Harvesting  05.11.05 16.11.05 24.11.05 
12. Threshing  15.11.05 20.11.05 30.11.05 

3.7.8 : Harvesting:  

 Harvesting was done at physiological maturity, judged visually when 
about 95 per cent grains were turned into golden colour. First of all, the border 
rows were harvest quite close to the ground around the individual plot leaving 
only the net plot area. The two border rows from each side and 0.5 m on the 
two odd sides were removed as border and the remaining net plot area was 
harvested and kept separately for recording the yield. The produce after 
harvesting was allowed in the plots for sun drying.  
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3.7.9 : Threshing:  

 Sun dried produce tied in bundles, tagged and weighed for recording the 
biological yield per plot. The weighted material was threshed manually and the 
grain produce of individual plot was cleaned and grain yield per plot was 
recorded in kg. The produce of individual plot was converted in to q/ha by 
multiplying with factor 9.0909. Grain yield was subtracted from the biological 
yield to get straw yield kg per plot and multiplied with factor 9.0909 to record 
the straw yield in q/ha. The details of field operation are given in Tables 3.6A 
and 3.6B.  

Table 3.6B : Details of field operations during 2006. 

S.No. Particulars of 
operations 

Dates 
15th July 

planting (D1) 
30th July 

planting (D2) 
14th  August 
planting (D3) 

1. First ploughing for 
nursery bed preparation  

13.06.06 02.07.06 18.07.06 

2. Soaking of seeds for 
germination  

21.06.06 06.07.06 22.07.06 

3. Final nursery bed 
preparation, application 
of fertilizers and sowing 
of pre germinated seeds 
in the nursery bed.  

23.06.06 08.07.06 22.07.06 

4. First ploughing with soil 
turning plough for main 
field preparation. 

02.07.06 14.07.06 28.07.06 

5. Application of urea to 
nursery bed. 

07.07.06 21.07.06 08.08.06 

6. Final main field 
preparation, puddling and 
layout. 

14.07.06 29.07.06 13.08.06 

7. Uprooting of seedlings, 
application of fertilizers 
in the main field and 
transplanting.  

15.07.06 30.07.06 14.08.06 

8. First manual weeding  24.08.06 11.09.06 21.09.06 
9. First top dressing of ¼ N. 25.08.06 12.09.06 22.09.06 
10. Roughing  21.09.06 05.10.06 20.10.06 
11. Second top dressing of ¼ 

N 
23.09.06 07.10.06 24.10.06 

12. Harvesting  06.11.06 16.11.06 24.11.05 
13. Threshing  13.11.06 21.11.06 30.11.05 
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3.8 :OBSERVATIONS RECORDED: 

A-  PRE HARVEST STUDIES: 

3.8.1: Plant population per m2 after establishment  of seedlings, maximum 
tillering stage and panicle bearing shoots per m2:  

 Plant population just after establishment of seedlings, maximum tillering 
stage and panicle bearing shoots per m2 were counted at 10, 50, 80 days after 
transplanting of crop.  

3.8.2 Total, productive and unproductive tillers per m2 :  

 The number of total tillers per m2 was computed by deducting initial 
plant population from plant population at maximum tillering stage. The 
productive tillers per unit area were computed by deducting initial plant 
population from panicle bearing shoots. The unproductive tillers per unit area 
were computed by deducting panicle bearing shoots from plant population at 
maximum tillering stage of the crop.  

3.8.3: Plant height: 

 Plant height was recorded at maximum tillering, complete bearing and 
harvesting stage of crop in cm with the help of meter scale. For this observation 
five hills were tagged randomly in each plot for measuring the height. The 
height of plant measured from the ground level up to the auricle of fully open 
leaf till the emergence of panicle and up to the neck of panicle after emergence 
of panicle. 

3.8.4 : Fresh and dry weight per hill at maximum tillering, complete 
bearing and before harvest of crop:  

 Randomly selected three hills from each plot were removed from ground 
level and weighed for fresh weight. These samples were allowed firstly 
complete sun drying followed by oven drying at 70°C for 24 hours. The oven 
dried weight were recorded in g/hill and averaged.  
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3.8.5: Number of functioning leaves per hill: 

 Number of functioning leaves was recorded at maximum tillering and 
complete heading stage of the crop. Green leaves were counted randomly 
selected three hills from each plot and averaged for the number of functioning 
leaves per hill.  

3.8.6 : Leaf area index: 

 Leaves of three hills picked from each plot at maximum tillering and 
complete heading stage of crop was measured by the help of leaf area meter. It 
was averaged to find out leaf area per hill and then it was multiplied by the 
number of hills per m2 to get total leaf area per m2. The leaf area index (LAI) 
was calculated by using the following formula.  

                                           Total leaf area (cm2) 
Leaf area index (LAI) =   ___________________________________ 

                                           Unit land area (cm2) 
B- POST HARVEST STUDIES:  

 All the yield contributing characters were studied at maturity of crop. 
Three hill per plot were selected randomly for studies yield contributing 
characters.  

3.8.7 : Length of panicle:  

 Length of panicle were recorded by measuring all sampled panicle from 
base of panicle up to the end of terminal rachillae and average was calculated 
to get the mean length of panicle. 

3.8.8: Number of rachillae per panicle:  

 The sampled panicle were used for counting rachillae per panicle and 
averaged.  

3.8.9: Weight per panicle: 

 Sampled panicle was used for weight per panicle in grams and average 
for statistical analysis.  
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3.8.10 : Number of grains per panicle:  

 The grain received from the sampled panicle was counted separately and 
their average number was recorded. 

3.8.11 : Filled grain per panicle:  

 The total number of filled grains per panicle was separately counted 
from the sample, which was earlier used for recording the number of grains per 
panicle and average for statistical analysis.  

3.8.12: Grains weight per panicle: 

 Grain were separated from the panicle, after taking panicle weight for 
recording grain weight and averaged.  

3.8.13: 1000-grain weight: 

 Cleaned grains sample was taken from each plot and 1000-grain was 
counted from seed counter from each sample and weight in grams.  

3.8.14 : Biological yield:  

 The total produce of net plot was allowed to dry in the field for three 
days and after drying biological produce tied in to bundles and weighed by 
spring balance in kg and converted in to q/ha by multiplying with factor 
9.0909.  

3.8.15: Grain yield : 

 The grains obtained from each plot were weighed by pan balance in kg 
and converted in to q/ha by multiplying with factor 9.0909. 

3.8.16: Straw yield:  

 The grain yield was subtracted from the biological yield per plot to 
record the straw yield kg per plot, which was converted in to q/ha by 
multiplying with factor 9.0909.  
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3.8.17 : Harvest Index:  

 The harvest index was calculated by using the following formula and 
expressed in percentage.  

                             Grain yield per plot 
Harvest Index (H.I.) = ____________________________________  × 100 

                                Biological yield per plot 
C – QUALITY CHARACTERS:  

3.8.18 : Protein content:  

 Protein content of rice was determined in laboratory to ascertain N 
content by Kjeldahl method (AOAC, 1980). Protein content (%) was calculated 
by N content of the grain multiplying by the factor 6.25. 

3.8.14 : Rice recovery per cent:  

 A sample of 500 gm of paddy grains were taken from each plot and 
milled by small rice miller, recovered grain of rice were weighed and computed 
in percentage.  

3.8.20 : Husk per cent:  

The husk per cent were work out by subtracting recovery per cent from 100.   

3.9:  ECONOMICS :  

 To assess the economic suitability of each treatment, the detailed cost of 
cultivation, gross income, net profit per hectare as well as return per rupee 
invested were worked out.  

3.9.1: Cost of cultivation:  

 The detailed cost of cultivation for various inputs was worked out on 
existing rate of inputs.  

3.9.2 : Gross income:  

 The plot wise grain and straw yield of paddy were converted in to 
quintals per hectare were multiplied by using the sale price of grain and straw 
per quintal.  
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3.9.3 : Net profit:  

 The cost of cultivation of each treatment were subtracted from the gross 
income to get net profit in rupees per hectare.  

3.9.4: Return per rupee:  

 Gross income per hectare received from different treatments was divided 
by cost of cultivation to get return per rupee.  

3.10: STATISTICAL ANALYSIS: 

3.10.1 : Year-wise analysis:  

 All the biometric data recorded from crop during two consecutive years 
of investigation were complied in appropriate tables and analyzed statistically 
as per the procedure prescribed for split plot design (Panse and Sukhatme, 
1995) to obtained analysis of variance Table 3.7A. The analysis of variance 
Table given below:  

Table 3.7A: Analysis of variance for individual year data.  

Source of variation D.F. SS MSS Cal. F value 
Tab. F value 

at 5% at 1% 

Replication (r) 2    3.44 5.72 

Dates of planting (D) 2    3.44 5.72 

Plant geometry (R) 3    3.05 4.82 

D × R  6    2.55 3.76 

Error (a) 22      

Number of seedlings (S) 1    4.26 7.82 

D × S 2    3.40 5.61 

R × S  3    3.01 4.72 

D × R × S  6    2.51 3.67 

Error (b) 24      

Total  71      

If   the variance ratio (F test ) was found significant at 5% level of 
significance then standard error of mean ( SE±) and critical differences (C.D.) 
were calculated for further comparison by using following formulae: 
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1.  To compare the difference between two date of planting.  

                   Error (a) ms 
SEm ± =   ____________           

               r × R × S 
CD = SEm ± × √2 × t value at 5% (2.074) for error (a) d.f. 

2. To compare the difference between two spacing.  

                    Error (a) ms 
SEm ± =    _____________ 

                        r × D × S 
CD = SEm ± × √2 × t value at 5% (2.074) for error (a) d.f. 

3. To compare D × R interaction  

                                               Error (a) ms 
                       SEm ± =  ____________________ 
                                                      r × S  
CD = SEm ± × √2 × t value at 5% (2.074) for error (a) d.f. 

4. To compare the difference between two number of seedlings.  

                                      Error (b) ms 
            SEm ± =  ____________________ 
                                        r × D × R 
CD = SEm ± × √2 × t value at 5% (2.064) for error (b) d.f. 

5. To compare D × S interaction  

(a) To compare the difference between two number of seedlings means at 
the same date of planting.  

Error (b) ms 
SEm ± =  ____________________ 

    r  × R 
CD = SEm ± × √2 × t value at 5% (2.064) for error (b) d.f. 

(b) To compare the difference between two date of planting means at the 
same or different number of seedlings.  

                      √(T-1) E (d) + Ea 
SEm ± =  ____________________ 

      r  × R × S  
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CD = SEm ± × √2 × t value 

Where,  

(T – 1) Ea ta + Eb tb 
 t value =  _______________________________ 

    (T – 1) Ea + Eb 

6.  To compare R × S interaction: 

(a) To compare the difference between two number of seedlings at the 
same spacing.  

Error (b) ms 
SEm ± =  ____________________ 
           r  × R  

CD = SEm ± × √2 × t value at 5% (2.064) for error (b) d.f. 

(b) To compare the difference between two spacing means at same or 
different number of seedlings.  

                      √(T-1) Ea +  Eb 
SEm ± =  ____________________ 

   r  × D × S  
CD = SEm ± × √2 × t value 

Where,  

(T – 1) Ea ta + Eb tb 
 t value =  _______________________________ 

    (T – 1) Ea + Eb 
7. To compare D × R × S interaction:  

(a) To compare the difference between two number of seedlings means at 
same D × R interaction.  

√Error (b) ms 
SEm ± =  ____________________ 
       r   

CD = SEm ± × √2 × t value at 5% (2.064) for error (b) d.f. 
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(b) To compare the difference between two D × R interaction at the same 
or different number of seedlings.  

                      √(T-1) Ea +  Eb 
SEm ± =  ____________________ 
      r  × S  

CD = SEm ± × √2 × t value 

Where,  

(T – 1) Ea ta + Eb tb 
 t value =  _______________________________ 

    (T – 1) Ea + Eb 
3.10.2 Pooled analysis:  

 The year variance obtained for both years for different characters was 
tested for their homogeneity by ‘F’ test. Most of the variance for error were 
found to be homogenous. The pooling of data for all the characters done for the 
both years by the standard method suggested by Cochran  and Cox (1957). A 
Skeleton of the pooled analysis of variance has been given in Table 3.7B. 

Table 3.7B : Pooled analysis of variance.  

Source of variation D.F. SS MSS Cal. F value Tab. F value 
at 5% at 1% 

Replication (r) 4    2.52 3.65 
Year (y) 1    4.00 7.08 
Dates of planting (D) 2    3.15 4.98 
Plant geometry (R) 3    2.76 4.13 
Y × D 2    3.15 4.98 
Y × D  3    2.76 4.13 
D × R 6    2.25 3.12 
Y × D × R  6    2.25 3.12 
Pooled error (a) 44      
Number of seedlings (S) 1    3.84 6.64 
Y × S  1    3.84 6.64 
D × S 2    2.99 4.60 
R × S 3    2.60 3.78 
Y × D × S 2    2.99 4.60 
Y × R × S  3    2.60 3.78 
D × R × S  6    2.09 2.80 
Y × D × R × S  6    2.09 2.80 
Pooled error (a) 48      
Total  143      
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Standard error and critical differences for pooled analysis:  

In all above formulae addition of divider 2 (number of year) were used 
for calculation of pooled standard errors of main as well as interaction effects. 
The value of critical differences for pooled data were obtained by Table   value 
of ‘t’ multiplying with pooled standard error of different main and interaction 
effects.  

 



Chapter-IV  

EXPERIMENTAL FINDINGS 

 The present investigation entitled “Studies on the effect of dates of 
planting, plant geometry and number of seedlings per hill in hybrid rice” were 
carried out during Kharif seasons of 2005 and 2006 at Student’s Instructional 
Farm, C. S. Azad University of Agriculture and Technology, Kanpur. Two 
seedlings rate (1 and 2 seedlings per hill) were transplanted under three dates of 
planting (15th, 30th July and 14th August) with four plant geometry (15x15, 
20x15, 25x15 and 30x15 cm) in three replicated split plot design. The 
observations on important growth, yield contributing characters, yield and 
quality characters of the experimental crop were recorded at successive growth 
stages, subsequently at harvest and after threshing of produce. Individual years 
data for each character were averaged and tabulated for statistical analysis. The 
error variance of grain yield as well as other characters for both the years were 
tested for their homogeneity by ‘F’ test. Further if variance of the both years 
were found homogenous, the data were subjected to pooled analysis.  

The summarized data pertaining to main and combined effects of the 
experimental factors have been produced in this chapter. The pooled data 
pertaining experimental factors have also been presented in systematic order in 
the present chapter. The summarized Tables of pooled analysis of variance as 
well as individual years data and statements of cost and return have been 
included in Appendices. The significant results, where ever found to be 
necessary, have also been illustrated through bar and line diagrams in order to 
predict the effect of experimental factors. 

A: GROWTH  CHARACTERS: 

4.1 Initial plant population per m2 after planting: 

The initial plant population of paddy seedlings per m2   recorded after 
establishment of seedlings. The summarized results pertaining to main and 
combined effects on the basis of pooled analysis are presented in Table 4.1A 
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and 4.1B while the individual years data and the analysis of variance for 
individual years as well as pooled analysis are incorporated in App. Tables 1 
and 54, respectively. The results have also been depicted in Fig. 3. 

Table 4.1A:  Effect of dates of planting, plant geometry and number of 
seedlings per hill on initial plant population per m2. 

D x S R1 R2 R3 R4 Mean 
Over all mean 

for seedlings 

D1 S1 

S2 

44.55 

88.77 

33.33 

66.64 

26.66 

53.02 

22.24 

44.43 

31.70 

63.22 

31.63 

63.10 

Mean 66.66 49.99 39.84 33.33 47.46  

D2 S1 

S2 

44.37 

88.65 

33.31 

66.49 

26.69 

52.97 

22.28 

44.27 

31.66 

63.10 
 

Mean 66.51 49.90 39.83 33.28 47.38  

D3 S1 

S2 

44.32 

88.49 

33.30 

66.40 

26.35 

52.89 

22.20 

44.13 

31.54 

62.98 
 

Mean 66.40 49.85 39.83 33.28 47.38  

Over all mean for 

plant geometry 
66.52 49.91 39.76 33.26   

 

Factors D R S D x R S (D) D (S) S (R) R (S) D x R x S 

S E ± 0.312 0.361 0.344 0.625 0.595 0.524 0.687 0.605 1.191 

CD (P = 0.05) N.S 0.714 0.677 N.S N.S N.S 1.354 1.195 2.346 

4.1.1 Effect of dates of planting: 

It is clear from the data that initial plant population of paddy have not 
been influenced significantly due to different dates of planting. 

Table 4.1B: Combined effect of plant geometry x number of seedlings on 
initial plant population per m2. 

Number of seedlings 
Plant geometry Mean for 

seedlings 
R1 R2 R3 R4 

S1 
S2 

44.41 
88.64 

33.31 
66.51 

26.57 
52.96 

22.24 
44.28 61.63 

Mean for plant 
geometry 66.52 49.91 39.76 33.26 63.10 

Factors R S S (R) R (S)  
SE ± 0.361 0.344 0.687 0.605  

CD (P = 0.05) 0.714 0.677 1.354 1.195  
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4.1.2  Effect plant geometry:  

 From the point of view to provide ununiform space to each and every 
plant, the initial plant population per m2 was different in each and every plot. It 
is evident from the data given in Table 4.1A that the initial plant population 
was decreased linearly by 16.16, 10.02 and 6.5 plants per m2 or 24.96, 20.07 
and 16.34 per cent with increase in plant spacing from R1 to R2, R2 to R3 and R3 
to R4, respectively. 

4.1.3 Effect of number of seedlings: 

It is very imperative to note from the data given in Table 4.1A that 
initial plant population of paddy was influenced significantly due to number of 
seedlings per hill. 2 seedlings per hill showed significantly higher initial plants 
per m2 than 1 seedling per hill which may be worked out to be 99.49 per cent.   

4.1.4 Dates of planting x plant geometry: 

The initial plant population was not influenced significantly by 
combined effect of dates of planting x plant geometry. 

4.1.5 Dates of planting x number of seedlings: 

The combined effect of dates of planting x number of seedlings per hill 
did not affect initial plant population per m2 significantly. 

4.1.6 Plant geometry x number of seedlings: 

It is clear form the data given in Table 4.1B that initial plant population 
per m2 of paddy was significantly more with 2 seedlings per hill under each 
plant geometry than single seedling. Further, the initial plant population per m2 
decreased significantly with wider plant geometry. Significantly the maximum 
plants were observed in 15 x 15 cm plant geometry coupled with 2 seedlings 
per hill than the other combinations. 

4.1.7 Dates of planting x plant geometry x number of seedlings: 

The second order interaction clearly indicated from the data that 
15x15cm spacing and 2 seedlings per hill combined with all three dates of 



 49

planting gave significantly more initial plant populations per m2 than all other 
second order interaction. 

4.2 Plant population per m2 at maximum tillering stage: 

The summarized result pertaining to main effect of treatments as well as 
their combined effects have been presented in Table 4.2 and included in App. 
Table 37, while the individual year date and analysis of variance are presented 
in App. Tables 2 and 54. The result has also been illustrated in Fig. 4.  

Table 4.2: Effect of dates of planting, plant geometry and number of 
seedlings per hill on plant population at maximum tillering 
stage. 

D x S R1 R2 R3 R4 Mean 
Over all mean 

for seedlings 

D1 S1 

S2 

411.85 

466.63 

361.41 

407.13 

322.84 

366.87 

296.53 

335.32 

348.16 

393.99 

317.31 

365.02 

Mean 439.24 384.27 344.85 315.93 371.07  

D2 S1 

S2 

369.62 

438.52 

338.57 

383.89 

288.97 

343.23 

271.66 

309.11 

317.21 

368.70 
 

Mean 404.10 361.23 316.10 290.39 342.95  

D3 S1 

S2 

345.41 

399.07 

300.53 

347.63 

264.61 

308.10 

235.68 

274.67 

286.56 

332.37 
 

Mean 372.24 324.08 286.36 255.17 309.46  

Over all mean for plant 

geometry 
405.20 356.53 315.77 287.16 

  

 

Factors D R S D x R S (D) D (S) S (R) R (S) D x R x S 

S E ± 2.646 3.056 2.699 5.293 4.674 4.234 5.397 4.889 9.348 

CD (P = 0.05) 5.239 6.050 5.316 N.S. N.S. N.S. N.S. N.S. 18.416 

4.2.1 Effect of dates of planting: 

 It is very interesting to note from the data that plant population per m2 
recorded at maximum tillering stage of crop decreased significantly with 
successive delay in planting and thus a reduction of 28.12 and 33.49 plants per 
m2 recorded from 15th July to 30th July and 30th July to 14th August, 
respectively. It may also be expressed by computing per day reduction in plant 
population by 1.87 and 2.23 from 15th July to 30th July and 30th July to 14th 
August, respectively. 
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4.2.2 Effect of plant geometry: 

 It is evident from the data that plant population per m2 were significantly 
more at maximum tillering stage of crop with closer spacing of 15x15 cm. 
Significantly reduction of plant population with successive increase in plant 
geometry by 48.67, 40.76 and 28.61 plants per m2 from 15x115 to 20x15, 
20x15 to 25x15 and 25x15 to 30x15 cm spacing having 12.01 11.43 and 9.06 
per cent reduction, respectively. 

4.2.3 Effect of number of seedlings: 

 A perusal of the data available in Table 4.2 indicated that number of 
seedlings per hill significantly influenced the plant population per m2 at 
maximum tillering stage. 2 seedlings per hill produced 15.04 per cent more 
plant population per m2 than planting of 1 seedling per hill. 

4.2.4 Dates of planting x plant geometry: 

 The interaction effect of dates of planting and plant geometry on plant 
population per m2 at maximum tillering stage was not influenced significantly. 

4.2.5 Dates of planting x number of seedlings: 

 The plant population per m2 at maximum tillering stage was not 
influenced significantly by combined effect of dates of planting x number of 
seedlings. 

4.2.6 Plant geometry x number of seedlings: 

 The data clearly revealed that the plant population per m2 at maximum 
tillering stage was not influenced significantly by combined effect of plant 
geometry x number of seedlings per hill. 

4.2.7 Dates of planting x plant geometry x number of seedlings: 

 It is clear from the data given in Table 4.2 that plant population per m2 
at maximum tillering stage were significantly more in 15th July planted crop at 
15x15 cm plant geometry with 2 seedlings per hill than the all other 
combination. 
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4.3 Panicle bearing shoots per m2: 

The data on panicle bearing shoots per m2 were recorded prior to 
harvesting of crop and subjected to statistical analysis. The summarized results 
for pooled data are available in Table 4.3 and App. Table 37 while data for 
individual years as well as analysis of variance of data included in App. Tables 
3 and 55, respectively. The results have also been depicted in Fig. 5. 

Table 4.3: Effect of dates of planting, plant geometry and number of 
seedlings per hill on panicle bearing shoots per m2. 

D x S R1 R2 R3 R4 Mean Over all mean 
for seedlings 

D1 S1 
S2 

328.93 
376.68 

286.33 
325.35 

253.33 
289.94 

231.38 
262.24 

275.05 
313.56 

251.16 
289.63 

Mean 352.81 305.84 271.75 246.81 294.30  

D2 S1 
S2 

308.40 
356.78 

268.71 
308.39 

229.43 
271.75 

212.00 
240.47 

254.64 
294.20  

Mean 332.59 288.55 250.29 226.24 274.42  

D3 S1 
S2 

272.20 
318.25 

235.27 
274.20 

205.58 
239.57 

182.16 
212.53 

223.80 
261.14  

Mean 295.22 254.74 222.58 197.35 242.47  

Over all mean for 
plant geometry 326.87 283.04 248.20 223.47   

 

Factors D R S D x R S (D) D (S) S (R) R (S) D x R x S 

S E ± 5.200 6.005 4.610 10.401 7.985 7.676 9.220 8.864 15.970 

CD (P = 0.05) 10.297 11.890 9.082 N.S. N.S. N.S. N.S. N.S. N.S. 

4.3.1 Effect of dates of planting: 

 The number of panicle bearing shoots pre m2 decreased significantly 
with planting of crop on 14th August than the earlier plantings on 15th July and 
30th July by a margin of 51.83 and 31.95 shoots per m2, respectively, having a 
decrease of 21.37 and 13.18 per cent. 

4.3.2 Effect of plant geometry: 

 The number of panicle bearing shoots per m2 produced significantly 
with closer spacing of 15x15 cm than wider spacing. The rate of decrease from 
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15x15 to 20x15, 20x15 to 25x15 and 25x15 to 30x15 cm came out to be 43.83, 
34.84 and 24.73 shoots per m2, respectively. The decrease in panicle bearing 
shoots per m2 was worked out to be 13.41, 24.06 and 31.63 per cent with 
20x15, 25x15 and 30x15 cm over the 15x15cm, respectively. 

4.3.3 Effect of number of seedlings: 

It is very apparent from the data that 2 seedlings per hill produced 
significantly 38.47 more panicle bearing shoots per m2 than the 1 seedling per 
hill planting which came out  to be 15.32 per cent. 

4.3.4 Dates of planting x plant geometry: 

The interaction effect between dates of planting and plant geometry 
were found statistically at par for producing panicle bearing shoots per m2. 

4.3.5 Dates of planting x number of seedlings: 

No significant differences were established in the matter of panicle 
bearing shoots per m2 due to interaction effect of dates of planting x number of 
seedlings per hill. 

4.3.6 Plant geometry x number of seedlings: 

The data pertaining to combined effect of plant geometry x number of 
seedlings given in App. Table 37 clearly indicated that panicle bearing shoots 
per m2 was not influenced significantly by combined effect of plant geometry x 
number of seedlings per hill. 

4.3.7 Dates of planting x plant geometry x number of seedlings: 

The consideration of data pertaining to second order interaction clearly 
indicated that panicle bearing shoots per m2 were not influenced significantly 
by combined effect of dates of planting x plant geometry x number of seedlings 
per hill. 

4.4 Total tillers per m2: 

The data pertaining to total tillers production per m2 of main and 
combined effects on pooled basis have been presented in Table 4.4 and App. 
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Table 38 while the individual years data and analysis of variance for individual 
years as well as pooled analysis have been presented in App. Tables 4 and  55, 
respectively. The results have also been depicted in Fig. 6. 

Table 4.4: Effect of dates of planting, plant geometry and number of 
seedlings per hill on total tillers per m2. 

D x S R1 R2 R3 R4 Mean Over all mean 
for seedlings 

D1 S1 
S2 

367.03 
378.29 

328.09 
340.49 

291.18 
313.85 

274.37 
247.46 

315.17 
320.02 

286.79 
298.83 

Mean 372.66 334.29 302.51 260.91 317.59  

D2 S1 
S2 

341.94 
349.93 

305.26 
316.32 

264.14 
290.26 

249.44 
264.84 

290.20 
305.34  

Mean 345.93 310.79 277.20 257.14 297.77  

D3 S1 
S2 

301.15 
310.63 

267.23 
281.24 

238.21 
253.20 

213.48 
237.48 

255.02 
271.14  

Mean 305.89 274.24 246.70 225.48 263.08  

Over all mean for 
plant geometry 341.50 306.44 275.47 247.86   

 

Factors D R S D x R S (D) D (S) S (R) R (S) D x R x S 

S E ± 4.501 5.198 3.781 9.003 6.549 6.458 7.562 7.457 13.098 

CD (P = 0.05) 8.913 10.292 7.449 N.S. N.S. N.S. N.S. N.S. 25.80 

4.4.1 Effect of dates of planting: 

 It is evident from the data that there was drastic reduction in total tillers 
production with delay in planting. There was significant reduction by 19.82 and 
54.51 tillers per m2 at the rate of 1.32 and 1.82 tillers per day in 30th July and 
14th August as compared to 15th July planting, respectively. In other word there 
was reduction in total tillers by 6.24 and 11.64 per cent from 15th July to 30th 
July and 30th July to 14th August planting, respectively. 

4.4.2 Effect of plant geometry: 

 There was significant linear decrease in total tillers production per m2 
with increase in plant geometry up to the 30x15 cm. This decrease in total 
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tillers production was computed to be 35.06, 30.97 and 27.61 per m2 from 
15x15 to 20x15, 20x15 to 25x15 and 25x15 to 30x15 cm, respectively. 

4.4.3 Effect of number of seedlings: 

It is clear from the data that 2 seedlings per hill has given significantly 
12.04 more total tillers per m2 than single seedling which may worked out to be 
4.19 per cent. 

4.4.4 Dates of planting x plant geometry: 

 The data pertaining to combined effect of dates of planting x plant 
geometry did not significantly influence total tillers per m2. 

4.4.5 Dates of planting x number of seedlings: 

 The total tillers per m2 was not influenced significantly by combined 
effect of dates of planting x number of seedlings per hill. 

4.4.6 Plant geometry x number of seedlings: 

The combined effect of plant geometry x number of seedlings did not 
significantly influenced total tillers per m2. 

4.4.7  Dates of planting x plant geometry x number of seedlings: 

The interaction of three factors clearly indicated that early planting of 
15th July at 15x15 cm with 2 seedlings per hill produced significantly highest 
total tillers per m2 than all other three factors interaction but was statistically at 
par with 15th July planted at 15x15 cm with 1 seedling per hill. 

4.5 Productive tillers per m2: 

The results pertaining to pooled data on productive tillers per m2 has 
been presented in Table 4.5 and App. Table 38 while individual years data and 
analysis of variance has been presented in App. Tables 5 and 56. The results 
have also been illustrated by Fig. 7. 
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Table 4.5: Effect of dates of planting, plant geometry and number of 
seedlings per hill on productive tillers per m2. 

D x S R1 R2 R3 R4 Mean Over all mean 
for seedlings 

D1 S1 
S2 

284.47 
287.91 

253.01 
258.71 

226.89 
236.92 

209.14 
217.81 

243.38 
250.34 

219.55 
226.54 

Mean 286.19 255.86 231.19 213.48 246.86  

D2 S1 
S2 

264.03 
268.13 

235.40 
241.85 

202.94 
218.16 

189.62 
196.22 

222.99 
231.10  

Mean 266.08 238.65 210.55 192.92 227.05  

D3 S1 
S2 

227.94 
229.80 

201.98 
207.81 

179.18 
186.68 

159.96 
168.40 

192.27 
198.17  

Mean 228.87 204.89 182.93 164.18 195.22  

Over all mean for plant 
geometry 260.38 233.13 208.46 190.19   

 

Factors D R S D x R S (D) D (S) S (R) R (S) D x R x S 

S E ± 1.237 1.428 1.475 2.473 2.555 2.190 2.951 2.528 5.111 

CD (P = 0.05) 2.449 2.827 2.907 4.897 N.S. N.S. N.S. N.S. N.S. 

 

4.5.1  Effect of dates of planting: 

 It is very imperative to note from the data that drastic reduction in 
production of productive tillers per m2 was observed with subsequent delay in 
planting of hybrid rice. The reduction in production of productive tillers per m2 
was worked out to the magnitudes of 19.81 and 51.64 tillers per m2 or 8.03 and 
20.92 per cent from 15th July to 30th July and 14th August planting, 
respectively. 

4.5.2  Effect of plant geometry:  

 The number of productive tillers decreased significantly with increase in 
plant geometry from 15x15 to 30 × 15cm. This decrease in productive tillers 
came out to be 27.25, 24.67 and 18.27 tillers per m2 or 10.46, 10.58 and 8.76 
per cent from plant geometry of 15x15 to 20x15, 20x15 to 25x15 and 25x15 to 
30x15 cm, respectively. 
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4.5.3 Effect of number of seedlings: 

The data given in the Table 4.5 indicated that 2 seedlings per hill was 
observed significantly 6.99 tillers per m2 or 3.18 per cent more productive 
tillers per m2 than 1 seedling per hill. 

4.5.4 Dates of planting x plant geometry: 

The productive tillers per m2 were influenced significantly due to 
interaction effect between dates of planting x plant geometry. When three dates 
of planting were compared at same plant geometry, 15th July planting gave 
higher number of productive tillers per m2 than the planting on 30th July and 
14th August, but when different plant geometry for particular dates was 
compared, the significant linear decrease in productive tillers per m2 were 
recorded up to 30x15 cm plant geometry. 

4.5.5 Dates of planting x number of seedlings: 

The productive tillers per m2 was not influenced significantly by the 
combined effect of  dates of planting × seedlings number.  

4.5.6 Plant geometry x number of seedlings: 

The combined effect of plant geometry x number seedlings did not 
influenced productive tillers per m2 significantly. 

4.5.7 Dates of planting x plant geometry x number of seedlings: 

The consideration of interaction of three factors clearly indicated that 
productive tillers per m2 did not influence significantly. 

4.6 Unproductive tillers per m2: 

The summarized pooled results pertaining to unproductive tillers per m2 
have been presented in Table 4.6 and App. Table 39 while the individual years 
data and the analysis of variance for individual years as well as pooled analysis 
are given in App. Tables 6 and 56, respectively. The results have also been 
depicted by Fig. 8. 
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Table 4.6: Effect of dates of planting, plant geometry and number of 
seedlings per hill on unproductive tillers per m2. 

D x S R1 R2 R3 R4 Mean 
 

Over all mean 
for seedlings 

D1 S1 
S2 

82.56 
89.94 

75.08 
81.78 

68.89 
76.92 

65.15 
73.08 

72.92 
80.43 

67.62 
75.30 

Mean 86.25 78.43 72.91 69.11 76.68  

D2 S1 
S2 

77.88 
81.80 

69.86 
74.43 

61.20 
72.10 

59.82 
68.68 

67.19 
74.25  

Mean 79.84 72.15 66.65 64.25 70.72  

D3 S1 
S2 

73.21 
80.82 

65.25 
73.43 

59.03 
68.52 

53.51 
62.08 

62.75 
71.21  

Mean 77.02 69.34 63.77 57.80 66.98  

Over all mean for 
plant geometry 81.04 73.31 67.78 63.72   

 

Factors D R S D x R S (D) D (S) S (R) R (S) D x R x S 

S E ± 0.704 0.813 0.897 1.408 1.554 1.305 1.794 1.507 3.108 

CD (P = 0.05) 1.394 1.610 1.767 N.S. N.S. N.S. N.S. N.S. N.S. 

4.6.1 Effect of dates of planting: 

 The data clearly indicated that the number of unproductive tillers 
reduced significantly with subsequent delay in planting. The reduction of 
unproductive tillers per m2 was worked out to the magnitudes of 5.96 and 9.70 
tillers per m2 or 7.77 and 12.65 per cent from 15th July to 30th July and 14th 
August planting, respectively. 

4.6.2 Effect of plant geometry: 

 It is apparent from the data given in Table 4.6 that the number of 
unproductive tillers per m2 reduced significantly with wider plant geometry 
from 15x15 to 30x15cm. This reduction in unproductive tillers per m2 worked 
out to be margin of 7.73, 13.26 and 17.32 tillers per m2 or 9.54, 16.36 and 
21.37 per cent from plant geometry of 15x15 to 20x15, 25x15 and 30x15 cm. 

4.6.3 Effect of number of seedlings: 

 The production of unproductive tillers per m2 was significantly less in 1 
seedling per hill to the extent of 10.19 per cent than the 2 seedlings per hill. 
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4.6.4 Dates of planting x plant geometry: 

 The combined effect of dates of planting x plant geometry did not 
influenced unproductive tillers per m2 significantly. 

4.6.5 Dates of planting x number of seedlings:  

 The unproductive tillers per m2 was not affected significantly by 
combined effect of dates of planting x number of seedlings. 

4.6.6 Plant geometry x number of seedlings: 

It is very imperative to note from the data given in App. Table 39 that 
productive tillers per m2 was not influenced significantly by interaction effect 
of plant geometry x number of seedlings. 

4.6.7 Dates of planting x plant geometry x number of seedlings: 

It is clearly indicated from the data that unproductive tillers per m2 
could not be influenced significantly due to second order interaction of 
treatments. 

4.7 Fresh weight per hill (g) at maximum tillering stage: 

The summarized data pertaining to fresh weight per hill recorded at 
maximum tillering stage of crop have been presented in Table 4.7 and App. 
Table 41. The individual years data and analysis of variance for pooled and 
individual years has been included in App. Tables 7 and 57. 

4.7.1 Effect of dates of planting: 

The crop panted on 15th July has given significantly more fresh weight 
than crop planted on 30th July and 14th August. Further, crop planted on 30th 
July has also given significantly higher fresh weight per hill than crop planted 
on 14th August. 

4.7.2 Effect of plant geometry: 

The crop planted with 15x15 cm plant geometry was recorded 
significantly higher fresh weight per hill than crop planted with 25x15 and 
30x15 cm but remain statistically at par with 20x15 cm plant geometry. 



 59

Table 4.7: Effect of dates of planting, plant geometry and number of 
seedlings per hill on fresh weight per hill (g) at maximum 
tillering stage. 

D x S R1 R2 R3 R4 Mean Over all mean 
for seedlings 

D1 S1 
S2 

92.61 
104.66 

92.14 
102.99 

89.04 
100.10 

84.07 
94.13 

89.46 
100.47 

79.76 
89.42 

Mean 98.63 97.57 94.57 89.10 94.97  

D2 S1 
S2 

81.63 
90.61 

81.02 
89.64 

79.37 
88.29 

77.28 
86.92 

79.83 
88.86  

Mean 86.13 85.33 83.83 82.10 84.35  

D3 S1 
S2 

73.44 
82.50 

71.55 
81.22 

68.31 
77.42 

66.71 
74.54 

70.01 
78.92  

Mean 77.97 76.39 72.87 70.63 74.46  

Over all mean for 
plant geometry 

87.58 
 

86.43 83.76 80.61 
  

 

Factors D R S D x R S (D) D (S) S (R) R (S) D x R x S 

S E ± 0.526 0.607 0.645 1.051 1.118 0.949 1.291 1.096 2.236 

CD (P = 0.05) 1.041 1.202 1.27 N.S. N.S. N.S. N.S. N.S. N.S. 

4.7.3 Effect of number of seedlings: 

 It is very apparent from the data (Table 4.7) that crop planted with 2 
seedlings per hill was observed significantly 12.11 per cent more fresh weight 
per hill at maximum tillering stage than the crop planted with 1 seedling per 
hill. 

4.7.4 Dates of planting x plant geometry:  

 The interaction effect between dates of planting and plant geometry 
were found statistically at par for producing fresh weight per hill at maximum 
tillering stage. 

4.7.5 Dates of planting x number of seedlings: 

 The fresh weight per hill was not influenced significantly by the 
combined effect of dates of planting x number of seedlings. 
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4.7.6 Plant geometry x number of seedlings: 

The combined effect of plant geometry x number of seedlings did not 
influenced fresh weight per hill at maximum tillering stage. 

4.7.7 Dates of planting x plant geometry x number of seedlings: 

Fresh weight per hill was not influenced significantly by dates x spacing 
x seedlings number. 

4.8 Dry weight per hill (g) at maximum tillering stage: 

The data recorded for dry matter accumulation per hill at maximum 
tillering stage of crop were analysed statistically (App. Table 57) and the result 
has been presented in Table 4.8 and included in App. Tables 8. and 41. 

Table 4.8: Effect of dates of planting, plant geometry and number of 
seedlings per hill on dry weight per hill (g) at maximum 
tillering stage. 

D x S R1 R2 R3 R4 Mean Over all mean 
for seedlings 

D1 S1 
S2 

19.84 
22.55 

19.47 
21.89 

18.87 
21.10 

18.02 
20.30 

19.05 
21.46 

17.04 
19.06 

Mean 21.19 20.68 19.99 19.16 20.26  

D2 S1 
S2 

17.49 
19.15 

17.40 
18.85 

16.97 
18.65 

16.49 
18.40 

17.09 
18.77  

Mean 18.32 18.13 17.81 17.45 17.93  

D3 S1 
S2 

15.79 
17.57 

15.24 
17.44 

14.65 
16.51 

14.27 
16.26 

14.99 
16.94  

Mean 16.68 16.34 15.58 15.27 15.97  

Over all mean for 
plant geometry 18.73 18.38 17.79 17.29   

 

Factors D R S D x R S (D) D (S) S (R) R (S) D x R x S 

S E ± 0.125 0.144 0.150 0.249 0.260 0.222 0.301 0.257 0.520 

CD (P = 0.05) 0.247 0.285 0.296 N.S. N.S. N.S. N.S. N.S. N.S. 
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4.8.1 Effect of dates of planting:  

 A perusal of data given in Table 4.8 indicated that crop planted on 15th 
July recorded significantly 12.99 and 26.86 per cent higher dry weight 
accumulation per hill than crop planted on 30th July and 14th August, 
respectively. 

4.8.2 Effect of plant geometry: 

 It is clear from the data given in Table 4.8 that dry matter accumulation 
per hill decreased significantly with increase in plant spacing from 15x15 to 
30x15 cm. The magnitude of difference between 15x15 to 20x15, 20x15 to 
25x15 and 25x15 to 30x15 cm plant spacing was 1.87, 3.21 and 2.81 per cent, 
respectively. 

4.8.3 Effect of number of seedlings: 

It is evident from the data given in Table 4.8 that hybrid rice planted 
with 2 seedlings per hill yielded significantly 11.85 per cent more dry matter 
accumulation per hill than the 1 seedling per hill. 

4.8.4 Dates of planting x plant geometry: 

 The combined effect of dates of planting x plant geometry failed to 
influence the dry weight per hill significantly. 

4.8.5 Dates of planting x number of seedlings 

The dry weight per hill remained unaffected due to combined effect of 
dates of planting x number of seedlings per hill. 

4.8.6 Plant geometry x number of seedlings: 

 The dry weight per hill remained statistically at par due to interaction 
effect between plant geometry x number of seedlings per hill. 

4.8.7 Dates of planting x plant geometry x number of seedlings: 

 The second order interaction between dates x spacing x seedlings 
number were also found statistically at par in case of dry matter accumulation. 
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4.9 Fresh weight per hill (g) at complete bearing stage: 

The summarized data pertaining to fresh weight recorded at complete 
bearing stage of crop are presented in Table 4.9 and App. Table 42. The 
individual years data and analysis of variance for pooled as well as individual 
years has been included in App. Tables 9 and 58, respectively. 

Table 4.9: Effect of dates of planting, plant geometry and number of 
seedlings per hill on fresh weight per hill (g) at complete 
bearing stage. 

D x S R1 R2 R3 R4 Mean Over all mean 
for seedlings 

D1 S1 
S2 

130.37 
145.45 

131.14 
144.22 

126.08 
139.06 

119.22 
132.09 

126.71 
140.21 

112.50 
126.46 

Mean 137.91 137.68 132.57 125.66 133.46  

D2 S1 
S2 

116.58 
129.70 

114.61 
128.91 

111.10 
124.51 

108.00 
122.77 

112.57 
126.47  

Mean 123.14 121.76 117.80 115.39 119.52  

D3 S1 
S2 

103.66 
118.35 

100.18 
116.82 

96.23 
110.01 

92.80 
105.65 

98.22 
112.71  

Mean 111.01 108.50 103.12 99.23 105.47  

Over all mean for 
plant geometry 124.02 122.65 117.83 113.42   

 

Factors D R S D x R S (D) D (S) S (R) R (S) D x R x S 

S E ± 0.919 1.061 1.174 1.838 2.033 1.706 2.347 1.970 4.066 

CD (P = 0.05) 1.820 2.107 2.312 N.S. N.S. N.S. N.S. N.S. N.S. 

 

4.9.1 Effect of dates of planting: 

The data given in Table 4.9 clearly indicated that fresh weight reduced 
significantly with subsequent delay in planting. The reduction in fresh weight 
per hill was worked out to the extent of 10.45 and 11.76 per cent from 15th July 
to 30th July and 30th July to 14th August, respectively. 

4.9.2 Effect of plant geometry: 

 It is very imperative to note from the data (Table 4.9) that closer spacing 
of 15x15cm was observed significantly 4.99 and 8.54 per cent higher fresh 
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weight per hill than wider spacing of 25x15 and 30x15 cm, respectively. There 
was no significant difference between 15x15 and 20x15 cm plant geometry. 

4.9.3 Effect of number of seedlings: 

 A perusal of data given in Table 4.9 that hybrid rice planted with 2 
seedlings per hill was observed significantly 12.41 per cent more fresh weight 
per hill as compared to single seedling. 

4.9.4 Dates of planting x plant geometry: 

The fresh weight per hill at complete bearing stage of crop was not 
influenced significantly by combined effect of dates of planting x plant 
geometry. 

4.9.5 Dates of planting x number of seedlings: 

The fresh weight per hill was also not influenced significantly by 
combined effect of dates of planting x seedlings number. 

4.9.6 Plant geometry x number of seedlings: 

The combined effect of plant geometry x seedlings number failed to 
influence fresh weight per hill significantly. 

4.9.7 Dates of planting x plant geometry x number of seedlings: 

The second order interaction did not influence significantly the fresh 
weight per hill at complete bearing stage of crop. 

4.10 Dry weight per hill (g) at complete bearing stage: 

 The data recorded for dry matter accumulation per hill at complete 
bearing stage of crop was analysed statistically (App. Table 58) and the results 
have been presented in Table 4.10 and included in App. Tables 10 and 42. 

4.10.1 Effect of dates of planting: 

 It is evident from the data (Table 4.10) that there was significantly 
reduction in dry matter accumulation per hill with successive delay in planting. 
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There was reduction of dry weight per hill at the rate of 10.34 and 12.04 per 
cent from 15th July to 30th July and 30th July to 14th August, respectively. 

Table 4.10 : Effect of dates of planting, plant geometry and number of 
seedlings per hill on dry weight per hill (g) at complete 
bearing stage. 

D x S R1 R2 R3 R4 Mean Over all mean 
for seedlings 

D1 S1 
S2 

31.69 
35.07 

31.22 
34.76 

30.53 
33.78 

29.45 
32.57 

30.72 
34.05 

27.20 
30.60 

Mean 33.38 32.99 32.16 31.01 32.38  

D2 S1 
S2 

28.23 
31.52 

27.45 
31.13 

26.85 
30.04 

26.21 
29.38 

27.19 
30.52  

Mean 29.88 29.29 28.45 27.80 28.85  

D3 S1 
S2 

24.99 
28.64 

24.31 
27.80 

23.30 
26.62 

22.08 
25.86 

23.67 
27.23  

Mean 26.82 26.05 24.96 23.97 25.45  

Over all mean for 
plant geometry 30.03 29.45 28.52 27.59   

 

Factors D R S D x R S (D) D (S) S (R) R (S) D x R x S 

S E ± 0.240 0.277 0.274 0.480 0.475 0.413 0.548 0.477 0.950 

CD (P = 0.05) 0.476 0.549 0.540 N.S. N.S. N.S. N.S. N.S. N.S. 

4.10.2 Effect of plant geometry: 

 The data given in Table 4.10 clearly indicate that dry matter 
accumulation per hill decreased significantly with increase in plant geometry 
from 15x15 to 30x15 cm. There was decreased in dry weight per hill at the rate 
of 1.93, 3.15 and 3.26 per cent from 15x15 to 20x15, 20x15 to 25x15 and 
25x15 to 30x15 cm plant geometry, respectively. 

4.10.3 Effect of number of seedlings: 

The hybrid rice planted with 2 seedlings per hill was observed 
significantly 11.25 per cent more dry matter accumulation per hill than the 
single seedlings. 
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4.10.4 Dates of planting x plant geometry: 

 There was no significant difference with combined effect of dates of 
planting x plant geometry for producing dry weight per hill. 

4.10.5 Dates of planting x number of seedlings: 

It is clear from the data that dry weight per hill was not influenced 
significantly by the interaction effect of dates of planting x plant geometry. 

4.10.6 Plant geometry x number of seedlings: 

It is also clear from the data that dry weight per hill was not influenced 
significantly by the interaction effect of plant geometry x number of seedlings. 

4.10.7 Dates of planting x plant geometry x number of seedlings: 

 The second order interaction between dates x plant geometry x seedlings 
number was failed to influence the dry weight per hill significantly. 

4.11 Fresh weight per hill (g) at harvest stage: 

 The data pertaining to fresh weight per hill at harvest stage of crop 
presented in Table 4.11 and App. Table 43. The individual years data and 
analysis of variance have been included in the App. Tables 11 and 59, 
respectively. The results have also been illustrated in Fig. 9. 

4.11.1 Effect of dates of planting: 

 It is obvious from the data presented in the Table 4.11 that hybrid rice 
planted on 15th July was observed significantly more fresh weight per hill than 
delayed planting. The fresh weight per hill decreased from 15th July to 30th July 
and 30th July to 14th August at the rate of 10.64 and 11.92 per cent, 
respectively. 

4.11.2 Effect of plant geometry: 

 A perusal of the data furnished in Table 4.11 revealed that fresh weight 
per hill at harvest stage decreased significantly with increase in plant geometry. 
There was decrease in fresh weight from plant geometry of 15x15 to 20x15, 
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20x15 to 25x15 and 25x15 to 30x15 cm by margin of 1.82, 4.24 and 4.21 per 
hill, respectively, having decrease of 1.43, 3.39 and 3.49 per cent. 

Table 4.11: Effect of dates of planting, plant geometry and number of 
seedlings per hill on fresh weight per hill (g) at harvest stage. 

D x S R1 R2 R3 R4 Mean Over all mean 
for seedlings 

D1 S1 
S2 

134.18 
149.10 

132.34 
147.87 

130.16 
142.32 

122.56 
136.12 

129.81 
143.86 

115.32 
129.19 

Mean 141.64 140.10 136.24 129.34 136.83  

D2 S1 
S2 

119.56 
132.09 

117.56 
130.81 

114.35 
127.14 

111.01 
125.52 

115.62 
128.89  

Mean 125.83 124.19 120.75 118.27 122.26  

D3 S1 
S2 

105.46 
120.31 

102.73 
118.53 

98.61 
111.80 

95.32 
108.61 

100.53 
114.81  

Mean 112.89 110.63 105.21 101.96 107.67  

Over all mean for 
plant geometry 126.79 124.97 120.73 116.52   

 

Factors D R S D x R S (D) D (S) S (R) R (S) D x R x S 

S E ± 0.758 0.875 0.950 1.516 1.645 1.388 1.899 1.603 3.290 

CD (P = 0.05) 1.493 1.733 1.871 N.S. N.S. N.S. N.S. N.S. N.S. 

4.11.3 Effect of number of seedlings: 

It is very imperative to note from the data (Table 4.11) that hybrid rice 
planted with 2 seedlings per hill gave significantly higher fresh weight by 
margin of 13.87 g per hill or 12.03 per cent at harvest stage than the 1 seedling 
per hill. 

4.11.4 Dates of planting x plant geometry: 

 Fresh weight per hill was not influenced significantly by combined 
effect of dates of planting x plant geometry at harvest stage of crop. 

4.11.5 Dates of planting x number of seedlings: 

 The interaction effect of dates of planting x seedlings number failed to 
influenced significantly the fresh weight per hill at harvest stage of crop. 
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4.11.6 Plant geometry x number of seedlings: 

 It indicated from the data included in App. Table 43 that interaction 
effect of plant geometry x seedlings number was also not significantly 
influenced fresh weight per hill at harvest stage of crop.  

4.11.7 Dates of planting x plant geometry x number of seedlings: 

 The fresh weight per hill at harvest stage of crop remained unaffected 
due to combined effect of three factors under study. 

4.12 Dry weight per hill (g) at harvest stage: 

 The data recorded for dry weight per hill at harvest stage were analysed 
statistically included in App. Table 59 and the results have been presented in 
Table 4.12 and included in App. Tables 12 and 43. The results have also been 
illustrated in Fig. 10. 
 

Table 4.12 : Effect of dates of planting, plant geometry and number of 
seedlings per hill on dry weight per hill (g) at harvest stage. 

D x S R1 R2 R3 R4 Mean Over all mean 
for seedlings 

D1 S1 
S2 

34.19 
37.18 

33.40 
36.65 

32.66 
35.56 

30.83 
34.42 

32.77 
35.96 

29.20 
32.55 

Mean 35.69 35.02 34.11 32.63 34.36  

D2 S1 
S2 

29.98 
33.41 

29.60 
33.19 

28.93 
31.98 

28.21 
31.31 

29.18 
32.47  

Mean 31.69 31.40 30.45 29.76 30.83  

D3 S1 
S2 

26.86 
30.12 

26.47 
30.82 

25.05 
28.35 

24.22 
27.63 

25.65 
29.23  

Mean 28.49 28.65 26.70 25.92 27.44  

Over all mean for 
plant geometry 31.96 31.69 30.42 29.44   

 

Factors D R S D x R S (D) D (S) S (R) R (S) D x R x S 

S E ± 0.224 0.258 0.264 0.447 0.458 0.393 0.528 0.454 0.915 

CD (P = 0.05) 0.443 0.511 0.520 N.S. N.S. N.S. N.S. N.S. N.S. 
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4.12.1 Effects of dates of planting: 

 Dry weight per hill was significantly influenced by dates of planting at 
harvest stage. The crop planted on 15th July registered significantly higher dry 
weight per hill than 30th July and 14th August planting by the margin of 3.53g 
or 10.27 per cent 6.92 g or 25.21 per cent, respectively. Further, it was also 
observed that 30th July planting gave 3.39g or 11.16 per cent more dry weight 
per hill than crop planted on 14th August. 

4.12.2 Effect of plant geometry:  

 A perusal of the data furnished (Table 4.12) that hybrid rice planted with 
15x15 cm plant geometry was observed significantly more dry matter 
accumulation per hill than the hybrid rice planted with 25x15 and 30x15cm 
plant geometry by the margin of 1.54g or 4.82 per cent and 2.54g or 7.95 per 
cent, respectively. However, crop planted with 15x15 and 20x15 cm was not 
influenced significantly in dry matter accumulation per hill at harvest stage of 
crop. 

4.12.3 Effect of number of seedlings: 

It is clear from the data given in Table 4.12 that dry matter per hill was 
influenced significantly due to number of seedlings per hill. Two seedlings per 
hill gave significantly higher dry matter accumulation per hill than 1 seedling 
per hill by the margin of 3.35g or 11.47 per cent. 

4.12.4 Dates of planting x plant geometry: 

 The dry weight per hill was statistically at par due to interaction effect 
between dates of planting x plant geometry. 

4.12.5 Dates of planting x number of seedlings: 

 There was no significant difference established in the matter of dry 
weight per hill due to interaction effect of dates of planting x number of 
seedlings. 

4.12.6 Plant geometry x number of seedlings: 

 The dry weight per hill was also not influenced significantly by 
combined effect of plant geometry x number of seedlings. 
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4.12.7 Dates of planting x plant geometry x number of seedlings: 

 The combined effect of dates of planting x plant geometry x seedlings 
number failed to influence dry matter accumulation per hill. 

4.13 Plant height (cm) at maximum tillering stage: 

The summarized result regarding to plant height has been presented in 
Table 4.13 and App. Table 39 while the individual years data and the analysis 
of variance for individual years as well as pooled analysis has been included in 
App. Tables 13 and 60, respectively. 

Table 4.13 : Effect of dates of planting, plant geometry and number of 
seedlings per hill on plant height (cm) at maximum tillering 
stage. 

D x S R1 R2 R3 R4 Mean Over all mean 
for seedlings 

D1 S1 
S2 

86.85 
87.72 

87.19 
88.49 

87.10 
87.55 

86.00 
88.11 

86.78 
87.97 80.70 

Mean 87.28 87.84 87.32 87.05 87.38 81.49 

D2 S1 
S2 

81.17 
81.61 

81.55 
82.64 

81.71 
82.06 

82.06 
82.42 

81.62 
82.19  

Mean 81.39 82.10 81.88 82.24 81.90  

D3 S1 
S2 

73.06 
73.66 

73.38 
74.51 

74.16 
74.62 

74.20 
74.51 

73.70 
74.33  

Mean 73.36 73.95 74.39 74.35 74.01  

Over all mean for 
plant geometry 80.68 81.29 81.20 81.22   

 

Factors D R S D x R S (D) D (S) S (R) R (S) D x R x S 

S E ± 0.322 0.371 0.352 0.643 0.610 0.538 0.704 0.621 1.220 

CD (P = 0.05) 0.637 N.S. 0.694 N.S. N.S. N.S. N.S. N.S. N.S. 

4.13.1 Effect of dates of planting: 

 It is clear from the data (Table 4.13) that hybrid rice planted on 15th July 
was observed significantly 5.48 and 13.37 cm more plant height than hybrid 
rice planted on 30th July and 14th August, respectively. Further the crop planted 



 70

on 30th July was recorded significantly 7.89 cm or 9.63 per cent more plant 
height than the 14th August planting. 

4.13.2 Effect of plant geometry: 

 It is evident from the data (Table 4.13) that effect of plant geometry on 
plant height was non significant at maximum tillering stage of crop. However, 
plant height with 20x15 cm (81.29cm) was numerically more than that with 
closer spacing of 15x15 cm (80.68cm) and wider spacing of 25x15 (81.20 cm) 
and 30x15 cm (81.22 cm). 

4.13.3 Effect of number of seedlings: 

It is very imperative to note from the data Table 4.13 that planting of 2 
seedlings per hill was observed significantly 0.79cm or 0.98 per cent more 
plant height at maximum tillering stage of crop than planting of 1 seedling per 
hill. 

4.13.4 Dates of planting x plant geometry: 

 The interaction effect of dates of planting x plant geometry on plant 
height was non significant. 

4.13.5 Dates of planting x number of seedlings: 

 The plant height was not influenced significantly by combined effect of 
dates of planting x number of seedlings. 

4.13.6 Plant geometry x number of seedlings: 

 It is also indicated from the data included in App. Table 39 that plant 
height was not influenced significantly by combined effect of dates of planting 
x seedlings number. 

4.13.7 Dates of planting x plant geometry x number of seedlings: 

 The consideration of data pertaining to second order interaction clearly 
indicated that plant height was not influenced significantly by combined effect 
of dates x plant geometry x number of seedlings. 



 71

4.14 Plant height (cm) at complete bearing stage: 

 The results pertaining to plant height recorded at complete bearing stage 
of crop are presented in Table 4.14 and App. Table 40. The individual years 
data and the analysis of variance for individual years as well as pooled analysis 
has been put up in App. Tables 14 and 60, respectively.  

Table 4.14: Effect of dates of planting, plant geometry and number of 
seedlings per hill on plant height (cm) at complete bearing 
stage. 

D x S R1 R2 R3 R4 Mean Over all mean 
for seedlings 

D1 S1 
S2 

102.27 
103.26 

102.99 
104.32 

102.74 
103.63 

102.58 
103.47 

102.65 
103.67 

95.79 
96.98 

Mean 102.77 103.66 103.19 103.02 103.16  

D2 S1 
S2 

91.81 
97.26 

97.14 
98.18 

97.12 
97.67 

97.02 
98.23 

95.78 
97.84  

Mean 94.54 97.66 97.40 97.63 96.81  

D3 S1 
S2 

88.34 
89.01 

89.38 
89.55 

89.19 
89.64 

88.83 
89.54 

88.94 
89.44  

Mean 88.68 89.47 89.42 89.19 89.19  

Over all mean for 
plant geometry 95.33 96.93 96.67 96.61   

 

Factors D R S D x R S (D) D (S) S (R) R (S) D x R x S 

S E ± 0.502 0.580 0.478 1.005 0.829 0.772 0.957 0.891 1.657 

CD (P = 0.05) 0.995 1.148 0.943 N.S. N.S. N.S. N.S. N.S. 3.265 

 

4.14.1 Effect of dates of planting: 

 The data given in Table 4.14 that there was drastic reduction in plant 
height at complete bearing stage of crop with successive delay in planting. 
There was significant reduction in plant height by the margin of 6.35 cm or 
6.15 per cent and 7.62 or 7.87 per cent from 15th July to 30th July and 30th July 
to 14th August planting, respectively. 
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4.14.2 Effect of plant geometry: 

 It is obvious from the data (Table 4.14) that hybrid rice planted with 
20x15, 25x15 and 30x15 cm plant geometry was observed significantly more 
plant height to the magnitudes of 1.60, 1.34 and 1.28cm, respectively over the 
hybrid rice planted with 15x15cm. There was no significant difference 
observed between 20x15, 25x15 and 30x15 cm plant geometry. 

4.14.3 Effect of number of seedlings: 

 A perusal of the data furnished in Table 4.14 revealed that crop planted 
with 2 seedlings per hill was recorded significantly more plant height by the 
margin of 1.19cm or 1.24 per cent than the single seedling. 

4.14.4 Dates of planting x plant geometry: 

 The interaction effect between dates of planting x plant geometry was 
non significant on plant height. 

4.14.5 Dates of planting x number of seedlings: 

 The interaction effect between dates of planting x number of seedlings 
on plant height at complete bearing stage of crop were found statistically at par. 

4.14.6 Plant geometry x number of seedlings: 

 The combined effect of plant geometry x number of seedlings failed to 
influence plant height significantly. 

4.14.7 Dates of planting x plant geometry x number of seedlings: 

 The data pertaining to second order interaction that crop planted on 15th 
July at all four plant geometry with both seedlings rate were recorded 
significantly taller plants than all other second order interaction when crop 
planted on 30th July and 14th August. 

4.15 Plant height (cm) at harvest stage: 

 The summarized result regarding to plant height recorded at harvest 
stage of crop has been presented in Table 4.15 and App. Table 40 while 
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individual years data and analysis of variance for individual years as well as 
pooled analysis has been included in App. Tables 15 and 61, respectively. The 
results have also been depicted in Fig. 11. 

4.15.1 Effect of dates of planting: 

 It is very imperative to note from the data (Table 4.15) that crop planted 
on 15th July was recorded significantly taller plants by the margin of 7.26cm or 
7.36 per cent and 16.24cm or 18.14 per cent than crop planted on 30th July and 
14th  August, respectively. Further, the crop planted on 30th July also recorded 
significantly 8.89 cm or 10.03 per cent taller plant than that crop planted on 
14th August.  

Table 4.15 : Effect of dates of planting, plant geometry and number of 
seedlings per hill on plant height (cm) at harvest stage. 

D x S R1 R2 R3 R4 Mean Over all mean 
for seedlings 

D1 S1 
S2 

105.11 
105.72 

105.40 
106.69 

105.56 
106.04 

105.48 
106.04 

105.39 
106.15 

97.07 
98.80 

Mean 105.41 106.04 105.80 105.82 105.77  

D2 S1 
S2 

93.50 
99.22 

98.61 
99.70 

98.81 
99.54 

98.53 
99.34 

97.46 
99.55  

Mean 96.36 99.16 99.17 98.93 98.51  

D3 S1 
S2 

85.13 
89.96 

89.69 
90.84 

88.68 
91.00 

89.89 
90.00 

88.35 
90.70  

Mean 87.54 90.27 88.07 89.95 89.53  

Over all mean for 
plant geometry 97.03 98.49 97.68 97.61   

 

Factors D R S D x R S (D) D (S) S (R) R (S) D x R x S 

S E ± 0.279 0.323 0.394 0.559 0.683 0.558 0.788 0.644 1.366 

CD (P = 0.05) 0.553 0.636 0.777 1.107 N.S. N.S. N.S. N.S. 2.690 

4.15.2 Effect of plant geometry: 

 The data given in Table 4.15 showed that crop planted with 20x15 cm 
plant geometry was registered significantly taller plants than closer spacing of 
15x15 cm and wider spacing of 25x15 and 30x15 cm by margin of 1.46, 0.81 
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and 0.88 cm, respectively, having 1.50, 0.83 and 0.91 per cent. However, 
25x15 and 30x15 cm spacing effect on plant height were non significant. 

4.15.3 Effect of number of seedlings: 

  A perusal of the data given in Table 4.13 indicated that crop planted 
with 2 seeding per hill was registered significantly taller plant at harvest stage 
of crop by margin of 1.73 cm than that crop planted with single seedling. 

4.15.4 Dates of planting x plant geometry: 

 It is very apparent from the data presented in Table 4.15 that the 
interaction effect between dates of planning x plant geometry was significantly 
influenced the plant height. The crop planted on 15th July has given 
significantly more plant height at each plant geometry than that crop planted on 
30th July and 14th August but each plant geometry were found statistically at 
par when crop planted on 15th July and 14th August. However, crop planted on 
30th July with 15x15 cm plants geometry registered significantly less plant 
height than all other plant geometry at same planting date. 

4.15.5 Dates of planting x number of seeding:  

 The interaction effect of dates of planting x seeding number on plant 
height were found non significant. 

4.15.6 Plant geometry x number of seedlings: 

The plant height at harvest stage was not influenced significantly by interaction 
effect of plant geometry x number of seedlings. 

4.15.7 Dates of planting x plant geometry x number of seedlings: 

 The three factors interaction effect of dates of planting x plant geometry 
x seedlings number influenced plant height at harvest stage significantly. The 
crop planted on 15th July with each plant geometry and both number of 
seedlings found significantly more plant height than 30th July and 14th August 
planting. Similarly all interactions on 30th July planting produce significantly 
higher plant height than 14th August planting interaction. 
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4.16 Number of functioning leaves per hill at maximum tillering stage:  

 The results pertaining to number of functioning leaves per hill recorded 
at maximum tillering stage of the crop are given in Table 4.16 and App. Table 
44. The individual years date and the analysis of variance for individual years 
as well as pooled analysis have been included in App. Tables 16 and 61, 
respectively. 

Table 4.16 : Effect of dates of planting, plant geometry and number of 
seedlings per hill on number of functioning leaves per hill at 
maximum tillering stage. 

D x S R1 R2 R3 R4 Mean Over all mean 
for seedlings 

D1 S1 
S2 

91.06 
103.19 

95.55 
103.74 

91.99 
102.69 

90.59 
101.35 

92.30 
102.74 

76.10 
88.00 

Mean 97.13 99.65 97.34 95.97 97.52  

D2 S1 
S2 

74.03 
88.46 

75.63 
90.15 

72.03 
87.84 

72.50 
87.55 

73.55 
88.50  

Mean 81.25 82.89 79.93 80.03 81.03  

D3 S1 
S2 

62.40 
73.70 

62.32 
73.85 

64.79 
71.67 

62.26 
71.82 

62.45 
72.76  

Mean 68.05 68.08 68.23 67.04 67.60  

Over all mean for 
plant geometry 82.14 83.21 81.84 81.01   

 

Factors D R S D x R S (D) D (S) S (R) R (S) D x R x S 

S E ± 0.239 0.276 0.471 0.477 0.815 0.624 0.945 0.720 1.620 

CD (P = 0.05) 0.473 0.546 0.927 0.946 N.S. N.S. N.S. N.S. 3.211 

 

4.16.1 Effect of dates of planting: 

 It is clear form the data that number of functioning leaves decreased 
significantly with every delay in planting by 16.49 and 13.43 leaves per hill 
form 15th July to 30th July and 30th July to 14th August at maximum tillering 
stage of crop. The crop planted on 15th July has given significantly more 
number of functioning leaves per hill than crop planted on 14th August. 
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4.16.2 Effect of plant geometry: 

 It is very apparent form the data (Table 4.16) that crop planted with 
20x15 cm spacing was recorded significantly more number of functioning 
leaves per hill at maximum tillering stage of crop than the crop planted with 
15x15, 25x15 and 30x15 cm by the margin of 1.07, 1.37 and 2.20 leaves per 
hill, respectively. However, the crop planted with 15x15 and 25x15 cm were 
found statistically at par for producing number of leaves per hill.  

4.16.3 Effect of number of seedlings: 

 The data given in Table 4.16 indicated that number of functioning leaves 
was influenced significantly by number of seedlings per hill. Crop planted with 
2 seedlings per hill gave 11.90 leaves per hill or 15.63 per cent more 
functioning leaves than single seedling per hill at maximum tillering stage of 
crop. 

4.16.4 Dates of planting x plant geometry: 

 It is evident form the data given in Table 4.16 that crop planted on 15th 
July with each plant geometry registered significantly more number of 
functioning leaves than crop planted on 30th July and 14th August. The 
comparison of different plant geometry for same dates of planting clearly 
indicated that 20x15 cm gave significantly more functioning leaves per hill in 
15th July and 30th July panting. However, all combination of dates of planting x 
plant geometry failed to influence significantly the number of functioning 
leaves per hill at maximum tillering stage when crop planted on 14th August. 

4.16.5 Dates of planting x number of seedlings: 

 The number of functioning leaves have not been influenced significantly 
due to combined effect of dates of planting and number of seedlings.  

4.16.6 Plant geometry x number of seedlings: 

 The number of functioning leaves remained statistically  at par due to 
interaction effect between plant geometry and seedlings number. 
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4.16.7 Dates of planting x plant geometry x number of seedlings: 

 The data pertaining to second order interaction clearly indicated that 2 
seedlings per hill with each plant geometry registered significantly more 
number of seedlings per hill in same planting date. However, all combination 
of dates of planting x plant geometry x seedlings number on 15th July planting 
produced significantly more number of functioning leaves than all second order 
interaction on 14th August planting. 

4.17 Number of functioning leaves per hill at complete heading stage: 

 The data on number of functioning leaves per hill recorded at complete 
heading stage of crop and subjected to statistical analysis. The summarized 
results have been presented in Table 4.17 and App. Table 44 while individual 
year data and the analysis of variance have been included in App. Tables 17 
and 62. The results have also been depicted in Fig. 12. 

Table 4.17 : Effect of dates of planting, plant geometry and number of 
seedlings per hill on number of functioning leaves per hill at 
complete heading stage. 

D x S R1 R2 R3 R4 Mean Over all mean 
for seedlings 

D1 S1 
S2 

60.17 
67.51 

59.82 
69.59 

58.99 
68.75 

56.79 
66.65 

58.94 
68.13 

49.52 
58.42 

Mean 63.84 64.71 63.87 61.72 63.54  

D2 S1 
S2 

48.38 
56.50 

48.52 
58.21 

47.64 
56.97 

48.09 
57.75 

48.16 
57.36  

Mean 52.44 53.33 52.30 52.92 51.76  

D3 S1 
S2 

41.86 
49.40 

42.49 
51.57 

41.39 
49.08 

42.05 
49.02 

41.95 
49.77  

Mean 45.63 47.03 45.23 45.54 45.86  

Over all mean for 
plant geometry 53.74 55.03 53.61 53.39   

 

Factors D R S D x R S (D) D (S) S (R) R (S) D x R x S 

S E ± 0.278 0.321 0.304 0.557 0.527 0.465 0.609 0.537 1.054 

CD (P = 0.05) 0.551 0.636 0.599 1.102 N.S. N.S. N.S. N.S. N.S. 
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4.17.1 Effect of dates of planting: 

 The data given in Table 4.17 clearly showed that the number of 
functioning leaves per hill was significantly more in 15th July planting by 21.97 
and 38.55 per cent in comparison to 30th July and 14th August planting, 
respectively. Further, the number of functioning leaves per hill was also 
significantly more in 30th July planting by margin of 6.65 leaves per hill or 
14.50 per cent than crop planted on 14th August. 

4.17.2 Effect of plant geometry: 

 A perusal of the data given in Table 4.17 showed that crop planted with 
20x15 cm plant geometry was found significantly more number of functioning 
leaves per hill than the closer spacing of 15x15cm  and wider spacing of 25x15 
and 30x15cm. The plant geometry 15x15cm, 25x15 and 30x15 cm was 
statistically at par for number of functioning leaves per hill. 

4.17.3 Effect of number of seedlings: 

 The hybrid rice planted with 2 seedlings per hill has given significantly 
more functioning leaves per hill at complete heading stage of crop than single 
seedlings per hill by 17.97 per cent. 

4.17.4 Dates of planting x plant geometry: 

 The combined effect of dates of planting x plant geometry on number of 
functioning leaves per hill was influenced significantly. Crop planted on 15th 
July with 20x15 cm plant geometry produced significantly more number of 
functioning leaves per hill than all other interaction of dates of planting x plant 
geometry on 30th July and 14th August planting. However, crop planted on 15th 
July with wider spacing of 30x15cm produced significantly less number of 
functioning leaves than all other interaction of dates of planting x plant 
geometry on same planting date. 

4.17.5 Dates of planting x number of seedlings: 

The combined effect of dates of planting x seedlings number failed to influence 
number of functioning leaves per hill significantly. 
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4.17.6 Plant geometry x number of seedlings: 

 The interaction effect of plant geometry x seedlings number also failed 
to influence number of functioning leaves per hill up to level of significance.  

4.17.7 Dates of planting x plant geometry x number of seedlings: 

 The number of functioning leaves per hill was not influenced 
significantly by interaction effect of dates of plating x plant geometry x number 
of seedlings. 

4.18 Leaf area index at maximum tillering stage: 

The data pertaining to LAI recorded at maximum tillering stage of crop 
were tabulated and subjected to statistical analysis. The summarized data 
pertaining to main and combined effects have been presented in Table 4.18 and 
App. Table 45 while individual years data and the analysis of variance are 
included in App. Tables 18 and 62, respectively. 

Table 4.18 : Effect of dates of planting, plant geometry and number of 
seedlings per hill on LAI at maximum tillering stage. 

D x S R1 R2 R3 R4 Mean Over all mean 
for seedlings 

D1 S1 
S2 

4.01 
4.26 

3.75 
3.94 

3.54 
3.72 

3.35 
3.57 

3.67 
3.88 

3.40 
3.55 

Mean 4.14 3.85 3.63 3.46 3.77  

D2 S1 
S2 

3.67 
3.88 

3.43 
3.63 

3.20 
3.42 

3.11 
3.16 

3.35 
3.52  

Mean 3.78 3.53 3.31 3.14 3.44  

D3 S1 
S2 

3.35 
3.47 

3.32 
3.35 

3.19 
3.20 

2.85 
3.01 

3.18 
3.26  

Mean 3.41 3.34 3.20 2.93 3.23  

Over all mean for 
plant geometry 3.77 3.58 3.37 3.18   

 

Factors D R S D x R S (D) D (S) S (R) R (S) D x R x S 

S E ± 0.0245 0.0312 0.0221 0.049 0.0382 0.0365 0.0442 0.0422 0.0765 

CD (P = 0.05) 0.0485 0.0618 0.0435 N.S. N.S. N.S. N.S. N.S. 0.1507 
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4.18.1 Effect of dates of planting: 

 The data available in Table 4.18 clearly indicated that the LAI were 
decrease significantly with successive delay in planting with a decrease of 8.75 
and 6.44 per cent from 15th July to 30th July and 30th July to 14th August. Crop 
planted on 15th July also gave significantly higher LAI by 17.44 per cent than 
planting on 14th August.  

4.18.2 Effect of plant geometry: 

It is very imperative to note from the data (Table 4.18) that closer 
spacing of 15x15 cm resulted significantly more LAI at maximum tillering 
stage than the wider spacing. The rate of decrease from 15x15 to 20x15, 20x15 
to 25x15 and 25 × 15 to 30 × 15 cm came out to be 5.30, 5.60 and 5.63 per 
cent, respectively. 

4.18.3 Effect of number of seedlings: 

The LAI at maximum tillering stage was found significantly more with 2 
seedlings per hill than the single seedling. 

4.18.4 Dates of planting x plant geometry: 

 The interaction effect of dates of planting x plant geometry did not 
significantly influenced LAI at maximum tillering stage. 

4.18.5 Dates of planting x number of seedlings: 

 The LAI was not influenced significantly by the interaction effect of 
dates of planting x number of seedlings. 

4.18.6 Plant geometry x number of seedlings: 

 There was no significant difference observed in the matter of LAI due to 
interaction effect of plant geometry x number of seedlings. 

4.18.7 Dates of planting x plant geometry x number of seedlings: 

The data pertaining to second order interaction clearly indicated that 2 
seedlings per hill planted on 15th July with 15x15 cm plant geometry gave 
significantly higher LAI than all other second order combinations. 
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4.19 Leaf area index at complete bearing stage: 

 The summarized data based on pooled analysis of two years have been 
presented in Table 4.19 and App. Table 45 while individual years data and the 
analysis of variance for individual years as well as pooled analysis have been 
included in App. Tables 19 and 63, respectively. The results have also been 
illustrated by Fig. 13. 

4.19.1 Effect of dates of planting: 

 It is clear from the data (Table 4.19) that early planting on 15th July 
recorded significantly more LAI than the late planting on 30th July and 14th 
August by the margin of 8.22 and 13.75 per cent, respectively. However, LAI 
was not influenced significantly by the 30th July and 14th August planting at 
complete bearing stage of crop. 

4.19.2 Effect of plant geometry: 

 The data given in Table 4.19 showed that there was significant linear 
decrease in LAI with increase in plant geometry from 15x15 to 30x15cm. This 
decrease in LAI came out to be at 6.11, 7.10 and 7.01 per cent from 15x15 to 
20x15, 20x15 to 25x15 and 25x15 to 30x15 cm, respectively. 

4.19.3 Effect of number of seedlings: 

 The crop planted with 2 seedlings per hill has given significantly 0.20 
more LAI than single seedling which may be worked out to be 13.07 per cent. 

4.19.4 Dates of planting x plant geometry: 

 A perusal of the data available in Table 4.19 showed that interaction 
effect of dates of planting x plant geometry influenced LAI significantly. Crop 
planted on 15th July with 15x15 cm spacing was found significantly more LAI 
than other dates of planting x plant geometry interaction. The comparison of 
dates of planting at same plant geometry that LAI decreased significantly with 
subsequent delay in planting. The comparison of plant geometry at same 
planting date indicated that closer plant geometry of 15x15 was found 
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significantly higher LAI than the wider plant geometry in all three dates of 
planting.  

Table 4.19 : Effect of dates of planting, plant geometry and number of 
seedlings per hill on LAI at complete bearing stage. 

D x S R1 R2 R3 R4 Mean Over all mean 
for seedlings 

D1 S1 
S2 

1.84 
2.02 

1.68 
1.87 

1.53 
1.73 

1.40 
1.59 

1.61 
1.81 

1.54 
1.73 

Mean 1.93 1.78 1.63 1.50 1.71  

D2 S1 
S2 

1.66 
1.84 

1.54 
1.77 

1.41 
1.62 

1.33 
1.47 

1.49 
1.68  

Mean 1.75 1.66 1.52 1.40 1.58  

D3 S1 
S2 

1.63 
1.81 

1.55 
1.75 

1.43 
1.67 

1.38 
1.59 

1.50 
1.71  

Mean 1.72 1.65 1.55 1.49 1.60  

Over all mean for 
plant geometry 1.80 1.69 1.57 1.46   

 

Factors D R S D x R S (D) D (S) S (R) R (S) D x R x S 

S E ± 0.0085 0.0098 0.0103 0.017 0.0178 0.015 0.0206 0.0176 0.0357 

CD (P = 0.05) 0.0168 0.0195 0.0203 0.0337 N.S. N.S. N.S. N.S. N.S. 

 

4.19.5 Dates of planting x number of seedlings: 

 The LAI at complete bearing stage was not influenced significantly by 
combined effect of dates of planting x number of seedlings. 

4.19.6 Plant geometry x number of seedlings: 

 It is appear from the pooled data that LAI was not influenced 
significantly due to combined effect of plant geometry × seedlings number. 

4.19.7 Dates of planting x plant geometry x number of seedlings: 

 It is evident from the data that 2 seedlings per hill planted on 15th July 
with plant geometry of 15x15 cm gave significantly more LAI than all other 
interaction of dates of planting x plant geometry x seedlings number. 



 83

B: YIELD CONTRIBUTING CHARACTERS: 

4.20 Length of panicle (cm):  

 The result pertaining to length of panicle recorded at harvesting of crop 
summarized in Table 4.20 and App. Table 46. The individual years data and the 
analysis of variance for individual years and pooled analysis has been included 
in App. Tables 20 and 63, respectively. 

4.20.1 Effect of dates of planting: 

 The length of panicle decreased significantly from 15th July to 30th July 
and 30th July to 14th August by 1.12 and 1.14 per cent, respectively. However, 
15th July planting also gave significantly higher panicle length by 2.31 per cent 
than 14th August planting. 

4.20.2 Effect of plant geometry: 

 Length of panicle did not vary significantly due to different plant 
geometry. However, closer plant geometry of 15x 15cm was observed 
numerically longer panicles than the wider spacing of 20x15, 25x15 and 
30x15cm. 

Table 4.20 : Effect of dates of planting, plant geometry and number of 
seedlings per hill on length of panicle (cm). 

D × S R1 R2 R3 R4 Mean Over all mean 
for seedlings 

D1 S1 26.39 26.38 26.36 26.30 26.36 26.08 
S2 26.99 26.94 26.85 26.85 26.91 26.58 

Mean 26.69 26.66 26.61 26.58 26.63  
D2 S1 26.11 26.07 26.06 26.03 26.07  

S2 26.65 26.60 26.55 26.54 26.59  
Mean 26.38 26.33 26.30 26.29 26.33  
D3 S1 25.88 25.86 25.78 25.73 25.81  

S2 26.36 26.27 26.21 26.15 26.25  
Mean 26.12 26.07 25.99 25.94 26.03  

Over all mean for 
plant geometry 26.41 26.35 26.30 26.27   

 

Factors D R S D×R S(D) D(S) S(R) R(S) D×R×S 
SE ± 0.0512 0.0591 0.0483 0.102 0.118 0.098 0.136 0.113 0.236 

CD (P=0.05) 0.101 N.S. 0.0951 N.S. N.S. N.S. N.S. N.S. N.S.
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4.20.3 Effect of number of seedlings: 

 Hybrid rice planted with two seedlings per hill produced significantly 
longer panicles than single seedling. 

4.20.4 Dates of planting x plant geometry: 

 The difference in panicle length was statistically at par due to interaction 
effect of dates of planting x plant geometry. 

4.20.5 Dates of planting x number of seedlings: 

 Length of panicle remained unaffected due to combined effect of dates 
of planting x seedlings number. 

4.20.6 Plant geometry x number of seedlings: 

 The combined effect of plant geometry x number of seedlings failed to 
influence the length of panicle. 

4.20.7 Dates of planting x plant geometry x number of seedlings: 

 The second order interaction did not influence the length of panicle 
significantly. 

4.21 Number of rachillae per panicle: 

 The summarized data pertaining to main and combined effect of 
experimental factors have been presented in Table 4.21 and included in App. 
Table 46.The individual years data and analysis of variance for individual years 
as well as pooled analysis have been included in App. Tables 21 and 64, 
respectively. 

4.21.1 Effect of dates of planting: 

 It is obvious from the data (Table 4.21) that the number rachillae was 
significantly decreased by 3.62 and 4.32 per cent from 15th July to 30th July and 
30th July to 14th August, respectively. 
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Table 4.21 : Effect of dates of planting, plant geometry and number of 
seedlings per hill on number of rachillae per panicle. 

D × S R1 R2 R3 R4 Mean 
Over all 
mean for 
seedlings 

D1 S1 12.95 12.95 12.90 12.86 12.92 12.43 
S2 13.07 13.06 12.99 12.97 13.03 12.52 

Mean 13.01 13.01 12.95 12.92 12.97  
D2 S1 12.50 12.50 12.47 12.40 12.47  

S2 12.59 12.57 12.53 12.45 12.54  
Mean 12.55 12.54 12.5 12.42 12.50  
D3 S1 11.98 11.96 11.89 11.83 11.92  

S2 12.08 12.05 11.97 11.93 12.01  
Mean 12.03 12.01 11.93 11.88 11.96  

Over all mean for 
plant geometry 12.53 12.52 12.46 12.41   

 

Factors D R S D×R S(D) D(S) S(R) R(S) D×R×S 

SE ± 0.0191 0.0220 0.0300 0.0381 0.052 0.0414 0.0601 0.0479 0.104 

CD(P=0.05) 0.0378 0.0436 0.0592 N.S. N.S. N.S. N.S. N.S. N.S.

4.21.2 Effect of plant geometry: 

 It is evident from the data available in Table 4.21 that closer spacing of 
15x15cm gave significantly more number of rachillae per panicle than the 
wider spacing of 25x15 and 30x15cm by margin of 0.07 and 0.12 rachillae per 
panicle, respectively. The difference in number of rachillae per panicle was 
statistically at per between 15x15 and 20x15cm plant geometry. 

4.21.3 Effect of number of seedlings: 

 Two seedlings per hill produced significantly more rachillae per panicle 
than the single seedling. 

4.21.4 Dates of planting x plant geometry: 

 The combined effect of dates of planting x plant geometry on number of 
rachillae per panicle was not influenced significantly due to interaction effect 
of dates of planting x number of seedlings. 

4.21.5 Dates of planting x number of seedlings: 

 The number of rachillae per panicle was not influenced significantly due 
to interaction effect of dates of planting x number of seedlings. 
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4.21.6 Plant geometry x number of seedlings: 

 The number of rachillae per panicle was also not influenced 
significantly due to combined effect of plant geometry x number of seedlings. 

4.21.7 Dates of planting x plant geometry x number of seedlings: 

 The interaction effect of dates of planting x plant geometry x number of 
seedlings remained uninfluence on number of rachillae per panicle. 

4.22 Weight per panicle (g): 

 The summarized result pertaining to weight per panicle is available in 
Table 4.22 and App. Table 47 along with inclusion of individual years data and 
the analysis of variance for individual years as well as pooled analysis in App. 
Tables 22 and 64, respectively. 

Table 4.22 : Effect of dates of planting, plant geometry and number of 
seedlings per hill on weight per panicle (g). 

D × S R1 R2 R3 R4 Mean 
Over all 
mean for 
seedlings 

D1 S1 3.29 3.30 3.22 3.16 3.25 3.06 
S2 3.36 3.36 3.27 3.23 3.31 3.14 

Mean 3.33 3.33 3.24 3.20 3.28  
D2 S1 3.10 3.11 3.04 2.98 3.06  

S2 3.16 3.20 3.12 3.05 3.13  
Mean 3.13 3.16 3.08 3.01 3.10  
D3 S1 2.92 2.92 2.88 2.83 2.89  

S2 3.00 3.00 2.96 2.91 2.97  
Mean 2.96 2.96 2.92 2.87 2.93  

Over all mean for 
plant geometry 3.14 3.15 3.08 3.03   

 

Factors D R S D×R S(D) D(S) S(R) R(S) D×R×S 

SE ± 0.0117 0.0135 0.0134 0.0234 0.0233 0.0202 0.0269 0.0233 0.0466 

CD (P=0.05) 0.0231 0.0267 0.0265 N.S. N.S. N.S. N.S. N.S. N.S.

 

4.22.1 Effect of dates of planting: 

 It is very apparent from the data given in Table 4.22  that early planting 
on 15th July gave significantly more weight per panicle by them margin of 
0.18g or 5.81 per cent and 0.35g or 11.94 per cent than late planting on 30th 
July and 14th August. Further, crop planted on 30th July was also gave 



 87

significantly 0.17g higher weight per panicle than the crop planted on 14th 
August. 

4.22.2 Effect of plant geometry: 

 It is very interesting to note from the data furnished in Table 4.22 that 
hybrid rice planted with 20x15cm plant geometry registered significantly more 
weight per panicle by 0.07g or 2.27 per cent and 0.12g or 3.96 per cent than 
that hybrid rice planted with 25x15 and 30x15cm plant geometry, respectively. 
However, 15x15 and 20x15cm spacing were statistically at par. 

4.22.3 Effect of number of seedlings: 

 It is clear from the data given in Table 4.22 that two seedlings per hill 
recorded significantly 0.08g or 2.61 per cent higher per panicle weight than 
single seedling. 

4.22.4 Dates of planting x plant geometry: 

 Weight per panicle remained unaffected due to combined effect of dates 
of planting x plant geometry. 

4.22.5 Dates of planting x number of seedlings: 

 It is clear from the data that the difference in weight per panicle was 
statistically at per due to interaction effect of dates of planting x seedlings 
number. 

4.22.6 Plant geometry x number of seedling: 

 The weight per panicle was not influenced significantly due to 
interaction effect of plant geometry x seedling number. 

4.22.7 Dates of planting x plant geometry x number of seedlings: 

 The weight per panicle was also not influenced significantly due to 
second order interaction. 

4.23 Number of grains per panicle: 

 The summarized data depending on pooled analysis are presented in 
Table 4.24 and App. Table 47. The individual years data and the analysis of 
variance are included in App. Tables 23 and 65, respectively.  
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Table 4.23: Effect of dates of planting, plant geometry and number of 
seedlings per hill on number of grains per panicle. 

D × S R1 R2 R3 R4 Mean 

Over all 

mean for 

seedlings 

D1 S1 228.83 228.61 226.00 222.07 226.38 217.86 

S2 231.88 230.76 227.34 223.87 228.46 219.82 

Mean 230.36 229.69 226.67 222.97 227.42  

D2 S1 221.36 220.18 217.45 213.62 218.16  

S2 223.49 222.49 219.26 215.93 220.30  

Mean 222.43 221.34 218.36 214.78 219.23  

D3 S1 210.70 210.43 208.43 206.60 209.04  

S2 212.45 212.56 209.82 207.90 210.70  

Mean 211.58 211.49 209.15 207.25 209.87  

Over all mean for 

plant geometry 
221.45 220.84 218.06 215.00   

 

Factors D R S D×R S(D) D(S) S(R) R(S) D×R×S 

SE ± 0.580 0.670 0.719 1.160 1.245 1.055 1.438 1.218 2.491 

CD P=0.05) 1.148 1.326 1.417 N.S. N.S. N.S. N.S. N.S. N.S.

4.23.1 Effect of dates of planting: 

 It is clear from the data given in Table 4.23 that there was significant 
reduction in number of grains per panicle by 8.19 and 9.36 grains per panicle 
from D1 to D2 and D2 to D3. It was worked out to be 3.60 and 4.27 per cent, 
respectively. 

4.23.2 Effect of plant geometry: 

 The closer plant geometry of 15x15 cm produced significantly more 
grain per panicle than wider plant geometry of 25x15 and 30x15cm by 
magnitudes of 3.39 and 6.45 grains per panicle, having 1.55 and 3.00 per cent, 
respectively. The difference in number of grains per panicle was statistically at 
par between 15x15 and 20x15cm plant geometry. 

4.23.3 Effect of number of seedlings: 

 A perusal of the data clearly indicated that number of grains per panicle 
was significantly more with planting of two seedlings per hill than the single 
seedling which may be worked out to be 1.96 grains per panicle. 
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4.23.4 Dates of planting x plant geometry: 

 The interaction effect between dates of planting and plant geometry 
were found statistically at par for producing grains per panicle. 

4.23.5 Dates of planting x number of seedlings:  

Dates of planting x number of seedlings failed to influence grains per panicle 
significantly. 

4.23.6 Plant geometry x number of seedlings: 

 The number of grains per panicle remained statistically at par due to 
plant geometry x number of seedlings. 

4.23.7 Dates of planting x plant geometry x number of seedlings: 

 The data pertaining to second order interaction clearly indicated that 
number of grains per panicle was not influenced significantly due to dates of 
planting x plant geometry x number of seedlings. 

4.24 Number of filled grains per panicle: 

 From the point of view the enumerate the effect of different experiment 
factors on filled grains per panicle of the hybrid rice, the summarized data have 
been presented in Table 4.24 and App. Table 48. The individual years data and 
analysis of variance for individual years as well as pooled analysis have been 
included in App. Tables 24 and 65, respectively. The results have also been 
depicted in Fig. 14.  

4.24.1 Effect of dates of planting: 

 It is evident from the data presented in Table 4.24 that there was drastic 
reduction in filled grains per panicle with subsequent delay in planting. The 
reduction in filled grains per panicle was worked out to the magnitudes of 9.06 
and 26.38 grains per panicle or 4.68 and 15.81 per cent from D1 to D2 and D2 to 
D3, respectively. Further D1 observed significantly more number of filled 
grains per panicle than D3 by 35.44 grains per panicle or 21.23 per cent. 
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Table 4.24: Effect of dates of planting, plant geometry and number of 
seedlings per hill on filled grains per panicle. 

D × S R1 R2 R3 R4 Mean 

Over all 

mean for 

seedlings 

D1 S1 203.90 202.67 201.19 199.84 201.90 187.03 

S2 205.83 204.02 202.24 198.92 202.75 187.96 

Mean 204.87 203.35 201.72 199.38 202.33  

D2 S1 194.77 193.24 191.89 190.88 192.70  

S2 195.82 194.51 192.97 192.09 193.85  

Mean 195.29 193.87 192.43 191.49 193.27  

D3 S1 168.20 168.09 166.08 163.63 166.50  

S2 169.05 169.26 166.44 164.36 167.28  

Mean 168.62 168.68 166.26 164.00 166.89  

Over all mean for 

plant geometry 
189.59 188.63 186.80 184.96   

 

Factors D R S D×R S(D) D(S) S(R) R(S) D×R×S 

SE ± 0.614 0.709 0.669 1.229 1.158 1.024 1.337 1.182 2.316 

CD (P=0.05) 1.216 1.405 N.S. N.S. N.S. N.S. N.S. N.S. N.S.

4.24.2 Effect of plant geometry: 

 The number of filled grains per panicle found significantly more with R1 
than R3 and R4 by the margin of 2.79 and 4.63 grains per panicle or 1.49 and 
2.50 per cent, respectively. However, R3 was found significantly more grains 
per panicle than R4 by the margin of 1.84 grains per panicle but R1 and R2 were 
statistically at par. 

4.24.3 Effect of number of seedlings: 

 The data given in Table 4.24 indicated that the difference in number of 
filled grains per panicle between S1 and S2 was statistically at par. 

4.24.4 Dates of planting x plant geometry: 

 The difference between dates of planting x plant geometry was non 
significant. 

4.24.5 Dates of planting x number of seedlings: 

 The interaction effect between dates of planting and number of seedlings 
were found statistically at par. 
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4.24.6 Plant geometry x number of seedlings: 

 A perusal of the data included in App. Table 48 revealed that plant 
geometry x number of seedlings failed to influence number of filled grains per 
panicle. 

4.24.7 Dates of planting x plant geometry x number of seedling: 

 The number of filled grains per panicle was also not influenced 
significantly due to second order interaction. 

4.25 Grains weight per panicle (g): 

 On the basis of pooled data pertaining to grains weight per panicle 
presented in Table 4.25 and included in App. Table 48 while the individual 
years data and analysis of variance for individual years and pooled analysis 
have been included in App. Tables 25 and 66, respectively. The results have 
also been illustrated in Fig. 15. 

Table 4.25: Effect of dates of planting, plant geometry and number of 
seedlings per hill on grains weight (g) per panicle. 

D × S R1 R2 R3 R4 Mean 

Over all 

mean for 

seedlings 

D1 S1 3.08 3.10 3.01 2.94 3.03 2.85 

S2 3.16 3.15 3.08 3.02 3.11 2.93 

Mean 3.12 3.13 3.05 2.98 3.07  

D2 S1 2.90 2.91 2.85 2.76 2.86  

S2 2.97 2.99 2.91 2.82 2.92  

Mean 2.94 2.95 2.88 2.79 2.89  

D3 S1 2.72 2.70 2.66 2.61 2.67  

S2 2.79 2.79 2.74 2.68 2.75  

Mean 2.76 2.75 2.70 2.64 2.71  

Over all mean for 

plant geometry 
2.94 2.95 2.88 2.81   

 

Factors D R S D×R S(D) D(S) S(R) R(S) D×R×S 

SE ± 0.0097 0.0112 0.0118 0.0194 0.0205 0.0174 0.0236 0.0201 0.0409 

CD (P=0.05) 0.0192 0.0222 0.0233 N.S. N.S. N.S. N.S. N.S. N.S.
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4.25.1 Effect dates of planting: 

 The data given in Table 2.25 clearly showed that the grains weight per 
panicle decreased significantly with delay in planting. This decrease in grains 
weight per panicle was worked out to be 5.86 and 6.22 per cent from D1 to D2 
and D2 to D3, respectively. 

4.25.2 Effect of plant geometry: 

 It is very apparent from the data (Table 4.25) that the grains weight per 
panicle was significantly higher in R2 by 2.08 and 4.63 per cent over the R3 and 
R4, respectively. R2 was also gave significantly 6.76 per cent more grains 
weight per panicle than the R4. Significantly the lowest grains weight per 
panicle was recorded with R4 while R1 and R2 were statistically at par. 

4.25.3 Effect of number of seedlings: 

 The data clearly indicate that S2 gave significantly higher grains weight 
per panicle than S1. 

4.25.4 Dates of planting x plant geometry: 

 The difference in grains weight per panicle due to dates of planting x 
plant geometry failed to reach up to level of significance. 

4.25.5 Dates of planting x number of seedlings: 

 The grains weight per panicle was not influenced significantly by 
interaction effect of dates of planting and seedlings number. 

4.25.6 Plant geometry x number of seedlings: 

 The plant geometry x seedlings number failed to influence grains weight 
per panicle significantly. 

4.25.7 Dates of planting x plant geometry x number of seedlings: 

 The second order interaction was also failed to influence the grains 
weight per panicle significantly. 
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4.26 1000 – grain weight (g): 

 The data for 1000 – grain weight was subjected to tabulated and 
statistically analysis. The summarized data based on pooled analysis have been 
presented in Table 4.26 and included in App. Table 49. The individual years 
data and the analysis of variance for individual years as well as pooled analysis 
have been included in App. Tables 26 and 66, respectively. 

Table 4.26: Effect of dates of planting, plant geometry and number of 
seedlings per hill on 1000-grain weight (g). 

D × S R1 R2 R3 R4 Mean 
Over all 
mean for 
seedlings 

D1 S1 21.99 22.06 21.92 21.90 21.97 21.74 
S2 22.15 22.28 22.12 22.11 22.17 21.91 

Mean 22.07 22.17 22.02 22.01 22.07  
D2 S1 21.64 21.75 21.64 21.59 21.65  

S2 21.86 21.94 21.79 21.81 22.85  
Mean 21.75 21.85 21.71 21.70 21.75  
D3 S1 21.61 21.69 21.58 21.53 21.60  

S2 21.69 21.84 21.64 21.63 21.70  
Mean 21.65 21.77 21.61 21.58 21.65  

Over all mean for 
plant geometry 21.82 21.93 21.78 21.76   

 

Factors D R S D×R S(D) D(S) S(R) R(S) D×R×S 

SE ± 0.0207 0.0239 0.0288 0.0414 0.0499 0.0409 0.0576 0.0472 0.0998 

CD (P=0.05) 0.0409 0.0473 0.0567 N.S. N.S. N.S. N.S. N.S. N.S.

4.26.1 Effect of dates of planting: 

 It is clear from the data given Table 4.26 that hybrid rice planted on 15th 
July has given significantly higher 1000-grain weight by 1.47 and 1.94 per cent 
than hybrid rice planted on 30th July and 14th August, respectively. The hybrid 
rice planted on 30th July also gave significantly higher 1000-grain weight than 
14th August planting. 

4.26.2 Effect of plant geometry: 

 It is obvious from the data given in Table 4.26 that hybrid rice planted 
with 20x15cm plant geometry recorded significantly higher 1000-grain weight 
than closer spacing of 15x15cm and wider spacing of 25x15 and 30x15cm by 
the magnitudes of 0.11, 0.15 and 0.17g, respectively. However, plant spacing 
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of 25x15 and 30x15cm remained statistically at par for yielding 1000-grain 
weight. 

4.26.3 Effect of number of seedlings: 

 The hybrid rice planted with two seedlings per hill was produced 
significantly bolder seeds than the single seedling planting by 0.17g increase in 
1000-grain weight. 

4.26.4 Dates of planting x plant geometry: 

 The 1000-grain weight was not influenced significantly by dates of 
planting x plant geometry. 

4.26.5 Dates of planting x number of seedlings: 

 The 1000-grain weight was not influenced significantly due to combined 
effect of dates of planting x seedlings number. 

4.26.6 Plant geometry x number of seedlings: 

 The interaction effect of plant geometry x number of seedlings on 1000-
grain weight was non significant. 

4.26.7 Dates of planting x plant geometry x number of seedlings: 

 The 1000-grains weight was also not influenced significantly by 
combined effect of D x R x S. 

C: YIELDS: 

4.27 Biological yield (q/ha): 

 The total dry matter production was recorded prior to the threshing of 
produce in kilograms. The observed value were tabulated and statistically 
analysed. The per plot yield under main and interaction effects was converted 
in to quintal per hectare by multiplying with conversion factor. The 
summarized results have been presented in Table 4.27 and included in App. 
Table 49 while the individual years data and the analysis of variance are 
included in App. Tables 27 and 67, respectively. 
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4.27.1 Effect of dates of planting: 

 A significant reduction in total dry matter production recorded by 11.28 
and 29.37 quintal per hectare in 30th July and 14th August planting than 15th 
July planting which may worked out to be 7.69 and 20.03 per cent, 
respectively. Similarly a reduction of 18.01 quintal per hectare was also 
recorded in 14th August planted crop than 30th July planting which may worked 
out to be 13.31 per cent. 

Table 4.27 : Effect of dates of planting, plant geometry and number of 
seedlings per hill on biological yield (q/ha). 

D × S R1 R2 R3 R4 Mean 

Over all 

mean for 

seedlings 

D1 S1 147.18 144.36 144.73 136.82 143.27 130.08 

S2 156.36 150.91 150.00 143.64 150.00 136.05 

Mean 151.77 147.64 147.37 140.23 146.64  

D2 S1 136.09 135.00 132.00 126.09 132.26  

S2 143.99 139.18 137.36 132.91 138.36  

Mean 140.04 137.09 134.68 129.50 135.36  

D3 S1 119.00 116.36 114.18 108.73 114.55  

S2 125.09 12064 118.73 115.0 119.91  

Mean 122.05 118.50 116.46 111.87 117.27  

Over all mean for 

plant geometry 
137.99 134.45 132.64 127.18   

 

Factors D R S D×R S(D) D(S) S(R) R(S) D×R×S 

SE ± 0.999 1.154 1.167 1.998 2.021 1.743 2.334 2.014 4.043 

CD (P=0.05) 1.978 2.284 2.299 N.S. N.S. N.S. N.S. N.S. N.S.

4.27.2 Effect of plant geometry: 

 It is indicated from the data (Table 4.27) that the total dry matter 
production was decreased significantly with increase in plant geometry up to 
wider spacing of 30x15cm. The crop planted with closer spacing of 15x15cm 
recorded significantly more biological yield than wider spacing of 20x15, 
25x15 and 30x15cm by the margin of 3.54, 5.35 and 10.81 quintal per hectare 
having 2.63, 4.03 and 8.49 per cent, respectively. However, plant spacing 
25x15cm was produced significantly 5.46 quintal per hectare or 4.65 per cent 
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higher biological yield than 30x15cm plant spacing but biological yield at 
spacing of 20x15 and 25x15cm were statistically at par. 

4.27.3 Effect of number of seedlings: 

 The data given in Table 4.27 indicated that hybrid rice planted with two 
seedlings per hill produced significantly higher biological yield than single 
seedling by a margin of 5.97 quintal per hectare or 4.58 per cent. 

4.27.4 Dates of planting x plant geometry:  

 The combined effect of dates of planting x plant geometry was non 
significant in case of biological yield. 

4.27.5 Dates of planting x number of seedlings: 

 The interaction effect of dates of planting x seedlings number on 
biological yield was non significant. 

4.27.6 Plant geometry x number of seedlings: 

 The biological yield was also not influenced significantly by plant 
geometry x seedlings number. 

4.27.7 Dates of planting x plant geometry x number of seedlings: 

 The second order interaction of D x R x S failed to influence biological 
yield significantly. 

4.28 Grain yield (q/ha): 

 The data pertaining to grain yield based on pooled analysis have been 
presented in Table 4.28 and incorporated in App. Table 50. The individual 
years data and the analysis of variance for individual years and pooled data 
have been incorporated in App. Tables 28 and 67, respectively. The results 
have also been depicted in Fig. 16. 
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Table 4.28 : Effect of dates of planting, plant geometry and number of 
seedlings per hill on grain yield (q/ha). 

D × S R1 R2 R3 R4 Mean 
Over all 
mean for 
seedlings 

D1 S1 63.27 62.27 60.73 58.36 61.18 55.51 
S2 67.26 64.64 64.09 61.45 64.36 58.25 

Mean 65.26 63.45 62.41 59.91 62.82  
D2 S1 58.36 57.21 56.45 54.00 56.64  

S2 61.99 59.64 58.22 56.82 59.36  
Mean 60.18 58.43 57.34 55.41 57.99  
D3 S1 50.27 49.09 48.64 46.63 48.63  

S2 53.64 51.28 50.45 48.82 51.09  
Mean 51.96 50.19 49.55 47.73 49.86  

Over all mean for 
plant geometry 59.18 57.45 56.54 54.36   

 

Factors D R S D×R S(D) D(S) S(R) R(S) D×R×S 

SE ± 0.478 0.553 0.594 0.956 1.027 0.869 1.186 1.005 2.055 

CD(P=0.05) 0.946 1.094 1.158 N.S. N.S. N.S. N.S. N.S. N.S.

4.28.1 Effect of dates of planting: 

 It is evident from the data given in Table 4.28 that crop planted on 15th 
July produced significantly higher grain yield than subsequent delay in 
planting. There was significant reduction in grain yield by margin of 4.83 and 
8.13 quintal per hectare at the rate of 32.2 and 54.2 kg per day from 15th July to 
30th July to 30th July to 14th August, respectively. In other words there was 
reduction in grain yield from 15th July to 30th July and 30th July to 14th August 
by 7.68 and 14.02 per cent. Similarly a reduction of grain yield by 12.96 
quintal per hectare or 20.63 per cent was also recorded in 14th August than 15th 
July planting, which may worked out to be 43.20 kg per day. 

4.28.2 Effect of plant geometry: 

 It is clear from the result that hybrid rice planted with closer plant 
spacing of 15x15cm produced significantly higher grain yield by 1.73, 2.64, 
4.84 quintal per hectare over the wider spacing of 20x15, 25x15 and 30x15cm, 
respectively. In other words there was increase in grain yield by 3.01, 4.66 and 
8.90 per cent in 15x15cm than the 20x15, 25x15 and 30x15cm plant spacing. 
25x15cm spacing produced significantly more grain yield than 30x15cm 
spacing by 2.18 quintal per hectare or 4.01 per cent. Further, the difference in 
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grain yield due to 20x15 and 25x15cm spacing failed to reach level of 
significance. 

4.28.3 Effect of number of seedlings: 

 The crop planted with 2 seedlings per hill gave significantly 4.93 per 
cent higher grain yield than 1 seedling per hill. 

4.28.4 Dates of planting x plant geometry: 

 The combined effect of dates of planting x plant geometry on grain yield 
of rice found to be non significant. 

4.28.5 Dates of planting x number of seedlings: 

 The difference in grain yield due to interaction effect of dates of 
planting x number of seedlings was non significant. 

4.28.6 Plant geometry x number of seedlings: 

 The grain yield was not influenced significantly due to R x S. 

4.28.7 Dates of planting x plant geometry x number of seedlings: 

 The grain yield was also not influenced significantly by D x R x S. 

4.29 Straw yield (q/ha): 

 The summarized result after statistical analysis pertaining to straw yield 
of hybrid rice has been given in Table 4.29 and included in App. Table 50 
while individual years data and analysis of variance for individual years as well 
as pooled analysis have been incorporated in App. Tables 29 and 68, 
respectively. The results have also been illustrated in Fig. 17. 

4.29.1 Effect of dates of planting: 

 Similar to grain yield, the significant reduction in straw yield recorded 
with subsequent delay in planting of hybrid rice with highest achieved in 15th 
July planting. 
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Table 4.29: Effect of dates of planting, plant geometry and number of 
seedlings per hill on straw yield (q/ha). 

D × S R1 R2 R3 R4 Mean 

Over all 

mean for 

seedlings 

D1 S1 83.91 81.99 80.91 78.36 81.27 74.64 

S2 89.09 86.27 85.00 82.18 85.64 77.91 

Mean 86.50 84.13 82.96 80.27 83.45  

D2 S1 77.73 77.18 75.54 72.09 75.64  

S2 82.82 79.64 78.55 75.99 79.27  

Mean 80.28 78.41 77.05 74.04 77.46  

D3 S1 68.72 67.27 67.00 64.72 66.91  

S2 71.82 69.36 68.36 66.18 68.90  

Mean 70.27 68.32 67.68 65.45 67.91  

Over all mean for 

plant geometry 
78.99 77.00 75.91 73.27   

 

Factors D R S D×R S(D) D(S) S(R) R(S) D×R×S 

SE ± 0.674 0.778 0.668 1.347 1.157 1.059 1.336 1.223 2.315 

CD (P=0.05) 1.334 1.539 1.316 N.S. N.S. N.S. N.S. N.S. N.S.

4.29.2 Effect of plant geometry: 

 The straw yield decreased significantly with increase in plant geometry 
up to highest of 30x15cm. The straw yield produced significantly more in R1 
than R2 R3 and R4 but R2 and R3 remained statistically at par. 

4.29.3 Effect of number of seedlings: 

 Two seedlings per hill produced significantly higher straw yield over the 
single seedling per hill. 

4.29.4 Dates of planting x plant geometry: 

 The straw yield was not influenced significant due to interaction effect 
of D x R. 

4.29.5 Dates of planting x number of seedlings: 

 There was no significance difference in straw yield due to interaction 
effect of D x S. 
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4.29.6 Plant geometry x number of seedlings: 

 The difference in straw yield due to combined effect of R x S was non 
significant. 

4.29.7 Dates of planting x plant geometry x number of seedlings: 

 The second order interaction of D x R x S on straw yield was non 
significant. 

4.30 Harvest index: 

 The data pertaining to harvest index have been summarized in Table 
4.30 and App. Table 51. The individual years data and the analysis of variance 
have been incorporated in App. Tables 30 and 68, respectively. 

Table 4.30 : Effect of dates of planting, plant geometry and number of 
seedlings per hill on per cent harvest index.  

D × S R1 R2 R3 R4 Mean 

Over all 

mean for 

seedlings 

D1 S1 42.98 43.17 42.69 42.67 42.88 42.75 

S2 43.01 42.84 42.70 42.79 42.84 42.76 

Mean 43.00 43.01 42.70 42.73 42.86  

D2 S1 42.88 42.80 42.77 42.80 42.81  

S2 43.06 42.82 42.82 42.75 42.86  

Mean 42.97 42.81 42.80 42.78 42.84  

D3 S1 42.43 42.60 42.59 42.58 42.55  

S2 42.72 42.50 42.47 42.44 42.54  

Mean 42.58 42.55 42.53 42.51 42.54  

Over all mean for 

plant geometry 
42.85 42.79 42.67 42.66   

 

Factors D R S D×R S(D) D(S) S(R) R(S) D×R×S 

SE ± 0.0545 0.0629 0.038 0.109 0.0658 0.0716 0.0759 0.0827 0.132 

CD (P=0.05) 0.108 0.125 N.S. 0.216 N.S. N.S. N.S. N.S. 0.259 

4.30.1 Effect of dates of planting: 

 It is clear from the data given in Table 4.30 that crop planted on 14th 
August caused significant decrease in harvest index by 0.30 and 0.32 per cent 
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than 30th July and 15th July planting, respectively. However, crop planted on 
15th July and 30th July was statistically at par. 

4.30.2 Effect of plant geometry: 

 A perusal of the data available in Table 4.30 showed that closer spacing 
of 15x15cm was observed significantly higher harvest index over the wider 
spacing of 20x15, 25×15 and 30x15cm. The difference in harvest index was 
statistically at par between 20x15, 25x15 and 30x15cm plant geometry. 

4.30.3 Effect of number of seedlings: 

 The difference in harvest index due to S1 and S2 failed to reach up to the 
level of significance. 

4.30.4 Dates of planting x plant geometry: 

 It is very interesting to note from the data presented in Table 4.30 that 
the harvest index have also been influenced significantly by combined effect of 
dates of planting x plant geometry. The comparison of different dates of 
planting at same plant geometry indicated that plant geometry at 20x15cm on 
15th July planting has resulted in higher harvest index than 30th July and 14th 
August planting. The comparison of varying plant geometry at same date of 
planting indicate that crop planted on 15th July with 15x15cm plant geometry 
was observed highest harvest index than 20x15, 25x15 and 30x15cm plant 
geometry. Similar trend was also recorded with 30th July and 14th August 
planting. 

4.30.5 Dates of planting x number of seedlings: 

 The harvest index was not influence significantly due to interaction 
effect of dates of planting x number of seedlings. 

4.30.6 Plant geometry x number of seedlings: 

 There was also no significant difference found due to interaction effect 
of plant geometry x seedlings number. 
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4.30.7 Dates of planting x plant geometry x number of seedlings: 

 The data pertaining to second order interaction clearly indicated that 
plant geometry of 20x15cm planted on 15th July with one seedling per hill 
recorded significantly higher harvest index than all other combinations  of 
dates of planting × plant geometry × number of seedlings except to plant 
geometry 15x15cm planted on 15th July with one and two seedlings per hill. 

D: QUALITY CHARACTERS: 

 From the point of view to study the quality aspect of hybrid rice under 
different treatments, the samples of produced were collected at the time of 
threshing of produce of individual plot. Thus collected samples were utilized to 
study the protein content, rice recovery and husk percentage. 

4.31 Protein content percentage: 

 The protein content in grains of rice is an important quality characters. 
The data pertaining to per cent protein content were tabulated and subjected to 
statistical analysis. The summarized data pertaining to main and interaction 
effects have been presented in Table 4.31 and included in App. Table 51 while 
the individual years data and the analysis of variance have been included in 
App. Tables 31 and 69, respectively.  

4.31.1 Effect of dates of planting: 

 It is obvious from the data presented in Table 4.31 that crop planted on 
15th July was observed significantly more protein content of grains than 30th 
July and 14th August by margin of 0.04 and 0.05 or 0.49 and 0.62 per cent, 
respectively. However, the difference in protein content was statistically at par 
between 30th July and 14th August planting. 

4.31.2 Effect of plant geometry :  

It is very imperative to note from the data given in Table 4.31 indicated 
that the protein content in grain of hybrid rice was significantly increased with 
increase in plant geometry up to wider spacing of 30 × 15 cm at the rate of 
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0.04, 0.03 and 0.03 or 0.49, 0.37 and 0.36 per cent from R1 to R2, R2 to R3 and 
R3 to R4, respectively.  

Table 4.31 : Effect of dates of planting, plant geometry and number of 
seedlings per hill on per cent protein content.  

D × S R1 R2 R3 R4 Mean 

Over all 

mean for 

seedlings 

D1 S1 8.07 8.13 8.13 8.17 8.13 8.10 

S2 8.10 8.14 8.16 8.20 8.15 8.12 

Mean 8.09 8.13 8.15 8.19 8.14  

D2 S1 8.05 8.07 8.11 8.14 8.09  

S2 8.08 8.09 8.12 8.16 8.12  

Mean 8.06 8.08 8.12 8.15 8.10  

D3 S1 8.03 8.07 8.09 8.12 8.08  

S2 8.05 8.10 8.12 8.14 8.11  

Mean 8.04 8.09 8.11 8.13 8.09  

Over all mean for 

plant geometry 
8.06 8.10 8.13 8.16   

 

Factors D R S D×R S(D) D(S) S(R) R(S) D×R×S 

SE ± 0.0096 0.0112 0.0096 0.0193 0.0166 0.0152 0.0191 0.0175 0.0331 

CD (P=0.05) 0.0191 0.0221 N.S. N.S. N.S. N.S. N.S. N.S. N.S.
 

4.31.3 Effect of number of seedlings:  

 It is clear from the result that protein content in grains of hybrid rice was 
not influenced significantly due to S1 and S2.  

4.31.4  Dates of planting × plant geometry: 

 The protein content in grains of hybrid rice was not influenced 
significantly due to combined effects of dates of planting × plant geometry.  

4.31.5 Dates of planting × number of seedlings:  

 There was no significant difference in protein content of grains of 
hybrids rice due to dates of planting × number of seedlings. 
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4.31.6 Plant geometry × number of seedlings: 

 The interaction effect of plant geometry × seedlings number on protein 
content was non significant. 

4.31.7 Dates of planting × plant geometry × number of seedlings: 

 The protein content in grains of hybrid rice was not influenced 
significantly due to combined effect of dates of planting × plant geometry × 
number of seedlings.  

4.32  Rice Recovery percentage:  

 The recovery of rice was computed in percentage values. The data were 
analysed statistically (App. Table 69). The summarized result is given in Table 
4.32 and incorporated in App. Table  52 while the individual years data are 
included in App. Table  32. 

4.32.1  Effect of dates of planting:  

 It is very interesting to note from the data given in Table 4.32 that 
hybrid rice planted on 30th July has given significantly higher recovery of rice 
by 0.62 and 0.41 per cent than the hybrid rice planted on 15th July and 14th 
August, respectively. Similarly hybrid rice planted on 14th August has also 
given significantly higher rice recovery of rice than hybrid rice planted on 15th 
July.  

4.32.2  Effect of plant geometry: 

 It is evident from the data that plant geometry of 20 × 15 cm was 
recorded significantly higher recovery of rice by 0.12,  0.05 per cent than the 
25 × 15 and 30 × 15 cm plant geometry. Similarly hybrid rice planted with 30 × 

15 cm spacing was also observed significantly higher recovery of rice than 25 × 

15 cm spacing, while the difference among 15 × 15 and 20 × 15 cm plant 
spacing was statistically at par. 
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Table 4.32 : Effect of dates of planting, plant geometry and number of 
seedlings per hill on rice recovery percentage.  

D × S R1 R2 R3 R4 Mean 

Over all 

mean for 

seedlings 

D1 S1 78.10 78.14 78.03 77.95 78.06 78.30 

S2 78.22 78.26 78.11 78.03 78.16 78.39 

Mean 78.16 78.20 78.07 77.99 78.11  

D2 S1 78.62 78.62 78.55 78.56 78.59  

S2 78.74 78.74 78.64 78.39 78.62  

Mean 78.68 78.68 78.60 78.47 78.60  

D3 S1 78.27 78.26 78.21 78.25 78.25  

S2 78.39 78.41 78.31 78.28 78.35  

Mean 78.33 78.34 78.26 78.27 78.30  

Over all mean for 

plant geometry 
78.31 78.32 78.23 78.28   

 

Factors D R S D×R S(D) D(S) S(R) R(S) D×R×S 

SE ± 0.0089 0.0103 0.0141 0.0178 0.0244 0.0194 0.0282 0.0224 0.0488 

CD (P=0.05) 0.0176 0.0204 0.0277 0.0353 N.S. N.S. N.S. N.S. N.S. 

4.32.3  Effect of number of seedlings:  

 The data clearly indicated that rice recovery was significantly more in 
two seedlings than the single seedling per hill by 0.21 per cent. 

4.32.4 Dates of planting × plant geometry: 

 The rice recovery was significantly influenced due to combined effect of 
dates of planting × plant geometry. The hybrid rice planted on 30th July with 20 
× 15 cm plant geometry recorded significantly higher rice recovery than all 
other combinations of dates of planting × plant geometry.  

4.32.5 Dates of planting × number of seedlings:  

 The rice recovery percentage was not influenced significantly by dates 
of planting × number of seedlings interaction. 

4.32.6  Plant geometry × number of seedlings:  

 The interaction effect of plant geometry × seedlings number failed to 
influence rice recovery percentage up to level of significance. 
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4.32.7 Dates of plating × plant geometry × number of seedlings: 

 The recovery percentage of rice was not influenced significantly due to 
second order interaction of dates of planting × plant geometry × seedlings 
number. 

4.33  Husk percentage:  

 The consideration of husk percentage is important from the point of 
view to recovery of rice. The summarized pooled data are presented in Table 
4.33 and incorporated in App. Table 4.33 while the individual years data and 
the analysis of variance for individual years as well as pooled analysis are 
included in App. Tables 33 and  70, respectively.  

Table 4.33 : Effect of dates of planting, plant geometry and number of 
seedlings per hill on husk percentage.  

D × S R1 R2 R3 R4 Mean 

Over all 

mean for 

seedlings 

D1 S1 21.89 21.85 21.96 22.04 21.94 21.71 

S2 21.78 21.74 21.87 21.96 21.84 21.60 

Mean 21.84 21.80 21.92 22.00 21.89  

D2 S1 21.38 21.38 21.45 21.49 21.42  

S2 21.26 21.26 21.36 21.39 21.32  

Mean 21.32 21.32 21.41 21.44 21.37  

D3 S1 21.72 21.73 21.78 21.82 21.77  

S2 21.60 21.58 21.68 21.73 21.65  

Mean 21.6 21.65 21.73 21.77 21.71  

Over all mean for 

plant geometry 
21.61 21.59 21.69 21.74   

 

Factors D R S D×R S(D) D(S) S(R) R(S) D×R×S 

SE ± 0.0091 0.020 0.0142 0.0347 0.0245 0.0196 0.0283 0.0226 0.0490 

CD (P=0.05) 0.018 0.0396 0.0279 N.S. N.S. N.S. N.S. N.S. N.S.

 

4.33.1 Effect of dates of planting:  

 The data given in Table 4.33 indicated that significantly lower husk per 
cent was recorded by 2.37 and 1.56 per cent in hybrid rice planted on 30th July 
than the 15th July and 14th August planting, respectively. Hybrid rice planted on 
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14th August also gave significantly lower husk percentage than hybrid rice 
planted on 15th July.  

4.33.2 Effect of plant geometry: 

 It is very apparent from the data (Table 4.33) that significantly lower 
husk percentage recorded at the rate of 0.46 and 0.69 per cent in R2 than the R3 
and R4, respectively. R3 also gave significantly lower husk percentage than the 
R4 but R1 and R2 remained  statistically at par. 

4.33.3 Effect of number of seedlings: 

 It is clear from the data that husk percentage was 0.51 per cent more in 
one seedling than the 2 seedlings per hill planting.  

4.33.4 Dates of planting × plant geometry: 

 The interaction effect between dates of planting × plant geometry on 
husk percentage was non significant.  

4.33.5 Dates of planting × number of seedlings: 

 There was no significant difference in husk percentage due to interaction 
effect of dates of planting × seedlings number. 

4.33.6 Plant geometry × number of seedlings:  

 The husk percentage was not influenced significantly by combined 
effect of plant geometry × seedlings number.  

4.33.7 Dates of planting × plant geometry × number of seedlings:  

 The husk percentage was also not influenced significantly by second 
order interaction.  

E: ECONOMIC ANALYSIS:   

It is general, social tendency of human being to choose economic one 
for sustaining their successful life along with his family members. In 
agriculture, it is pre-determined that the adoption of any new technique, variety 
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or any level of input will depend on their economic feasibility. Therefore, 
before making any final recommendation for commercial cultivation, it is 
essential to have idea about the cost involved, total out turn and net income 
from the same. Keeping these point in view, economic consideration of results 
achieved, so for, in the present study has been given in detail. The common 
cost of cultivation of hybrid rice on commercial basis has been given in App. 
Table 72 which includes total expenditure incurred on land preparation, 
application of fertilizers, irrigation, inter culture operation, harvesting, lifting, 
threshing, winnowing, repair to dead stock, rented value of land and interest on 
working capital. The cost of seedlings in different plant geometry with one or 
two seedlings was also calculated as per treatment which includes cost of 
seedling, cost of transplanting and interest on working capital (App. Table 73). 
For the calculation of total cost of different treatments, the different treatment 
cast added in the common cost of cultivation. 

The total income was taken as sum total income received from the grain 
and straw yield of rice as per prevailing market rates. The net profit for 
different treatments was worked out by subtracting the total cost of cultivation 
from the total gross income received from different treatments. The details of 
the total cost, total gross income, net profit and return per rupee for individual 
years as well as pooled are incorporated in App. Tables  75, 76 and 77. The 
combined effect of the level of the experimental factors on total cost of 
cultivation total gross income net profit and return per rupee based on pooled 
analysis have been presented here under: 

4.34 Total cost of cultivation:  

 The total amount of money needed for raising hybrid rice on different 
dates of planting, plant geometry and seedlings number has been given in Table 
4.34 and included in App. Table  53. 

4.34.1 Effect of dates of planting:  

 The data available in Table 4.34 clearly indicate that cost of cultivation 
of hybrid rice in different dates of planting was uniform for all treatments.  
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Table 4.34: Effect of dates of planting, plant geometry and number of 
seedlings per hill on cost of cultivation (Rs/ha).  

D × S R1 R2 R3 R4 Mean 

Over all 

mean for 

seedlings 

D1 S1 29335.00 27115.00 25785.00 24900.00 26784.00 26784.00 

S2 34605.00 31065.00 28945.00 27535.00 30488.00 30488.00 

Mean 31970.00 29090.00 27365.00 26218.00 28636.00  

D2 S1 29335.00 27115.00 25785.0 24900.00 26784.00  

S2 34605.00 31065.00 28945.00 27535.00 30488.00  

Mean 31970.00 29090.00 27365.00 26218.00 28636.00  

D3 S1 29335.00 27115.00 25785.00 24900.00 26784.00  

S2 34605.00 31065.00 28945.00 27535.00 30488.00  

Mean 31970.00 29090.00 27365.00 26218.00 28636.00  

Over all mean 

for plant 

geometry 

31970.00 29090.00 27365.00 26218.00   

4.34.2 Effect of plant geometry:  

 On the basis of data available in Table 4.34 clearly showed that the cost 
of cultivation was decreased linearly with increase in plant geometry up to 
wider spacing of 30 × 15 cm. There was decrease in cost of cultivation by Rs 
2880.00, 1725.00 and 1147.00 per hectare from R1 to R2, R2 to R3 and R3 to R4, 
respectively.  

4.34.3 Effect of number of seedlings:  

 It is also evident from the data given in Table 4.34 that hybrid rice 
planted with two seedlings per hill needed an extra investment of Rs 3704.00 
per hectare than single seedlings planting. 

 It is also clear from the data that the investment on raising hybrid rice 
was also decreased with increase in plant geometry and increased with increase 
in seedlings number either applied alone or in combinations thereof and highest 
expenditure of Rs. 34605.00 per hectare was incurred with crop planted at 15 × 
15 cm plant geometry with two seedlings per hill on all dates of planting. 
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4.35 Gross income (Rs/ha):  

 The summarized data pertaining to total gross income based on pooled 
analysis have been presented in Table 4.35 and incorporated in App. Table  53 
while the individual years data and the analysis of variance for individual years 
as well as pooled analysis have been included in App. Tables  35 and 70, 
respectively. The results have also been depicted in Fig. 18. 

4.35.1 Effect of dates of planting:  

 A perusal of the data available in Table 4.36 clearly indicated that there 
was significant reduction in total gross income by Rs 3530.00 and 9645.00 per 
hectare in 30th July and 14th August than 15th July planting, respectively. It is to 
be noted from the data that reduction in gross income after 30th July planting 
was seen much more pronounced (16.36%) that the reduction in gross income 
up to 30th July planting (8.11%). 

Table 4.35: Effect of dates of planting, plant geometry and number of 
seedlings per hill on gross income (Rs/ha).  

D × S R1 R2 R3 R4 Mean 

Over all 

mean for 

seedlings 

D1 S1 47417.00 46685.00 45562.00 43834.00 45874.00 41643.00 

S2 50429.00 48520.00 47744.00 46137.00 48207.00 43631.00 

Mean 48923.00 47623.00 46653.00 44986.00 47041.00  

D2 S1 43795.00 43359.00 42369.00 40514.00 42509.00  

S2 46537.00 44735.00 44126.00 42659.00 44514.00  

Mean 45166.00 44047.00 43247.00 41586.00 43511.00  

D3 S1 37789.00 36914.00 36412.00 35071.00 36546.00  

S2 39999.00 38071.00 37922.00 36705.00 38174.00  

Mean 38894.00 37492.00 37167.00 35888.00 37360.00  

Over all mean for 

plant geometry 
44327.00 43047.00 42355.00 40820.00   

 

Factors D R S D×R S(D) D(S) S(R) R(S) D×R×S 

SE ± 142.65 164.71 1778.90 285.29 2215.10 1572.80 2557.80 1816.10 4430.20 

CD (P=0.05) 282.44 326.13 2519.40 N.S. N.S. N.S. N.S. N.S. N.S. 
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4.35.2 Effect of plant geometry:  

 It is very apparent from the data that the gross income was significantly 
decreased with increase in plant geometry from closer spacing of 15 × 15 cm 

up to wider spacing 30× 15 cm. The gross income was decreased by margin of 
Rs 1280.00, 692.00 and 1535.00 per hectare which was worked out to be 2.88, 
1.61 and 3.15 per cent from 15 × 15 to 20 × 15, 20 × 15 to 25 × 15 and 25 × 15 

to 30 × 15 cm plant geometry, respectively. Further, 15 × 15 cm plant geometry 
gave significantly more gross income by Rs 1972.00 and 3507.00 per hectare 
or 4.44 and 7.91 per cent than the crop planted with 25 × 15 and 30 × 15 cm, 
respectively.  

4.35.3 Effect of number of seedlings:  

The data clearly indicate that crop planted with two seedlings per hill has given 
significantly higher gross income by Rs 1988.00 per hectare or 4.77per cent 
than crop planted with single seedlings per hill.  

4.35.4 Dates of planting × plant geometry: 

 The total gross income was not influenced significantly by interaction 
effect of dates of planting × plant geometry.  

4.35.5 Dates of planting × number of seedlings:  

 The combined effect of dates of planting × plant geometry on gross 
income was not influenced significantly. 

4.35.6 Plant geometry × number of seedlings: 

 The interaction effect of plant geometry × seedlings number on gross 
income was non significant. 

4.35.7 Dates of planting × plant geometry × number of seedlings:  

 The data pertaining to second order interaction on gross income was also 
non significant. 
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4.36 Net profit (Rs/ha): 

 Net profit is the key point which provide for the economic variability of 
treatments. The summarized data is available in Table 4.36 A and 4.36B. The 
individual year data and the analysis of variance are incorporated in App. 
Tables  36 and 71, respectively. The results have also been illustrated in Fig. 
19. 

Table 4.36 A: Effect of dates of planting, plant geometry and number of 
seedlings per hill on net profit (Rs/ha).  

D × S R1 R2 R3 R4 Mean 

Over all 

mean for 

seedlings 

D1 S1 18048.00 19570.00 19777.00 18934.00 19082.00 14854.00 

S2 15824.00 17455.00 18799.00 18802.00 17720.00 13138.00 

Mean 16936.00 18513.00 19288.00 18868.00 18401.00  

D2 S1 14426.00 16244.00 16584.00 15614.00 15717.00  

S2 11865.00 13670.00 15181.00 15319.00 14008.00  

Mean 13146.00 14957.00 15822.00 15466.00 14863.00  

D3 S1 8454.00 9799.00 10627.00 10171.00 9762.00  

S2 5394.00 7005.00 8977.00 9370.00 7686.00  

Mean 6924.00 8402.00 9802.00 9770.00 8724.00  

Over all mean for 

plant geometry 
12335.00 13957.00 14990.00 14701.00   

 

Factors D R S D×R S(D) D(S) S(R) R(S) D×R×S 

SE ± 135.50 155.40 182.60 269.10 316.20 260.90 365.10 301.30 632.40 

CD (P=0.05) 266.40 307.60 359.60 N.S. N.S. N.S. 719.30 595.10 1245.90 

Table 4.36 B :Combined effect of plant geometry × number of seedlings 
per hill on net profit (Rs/ha).  

Number of Seedlings Plant geometry Mean for 

seedlings R1 R2 R3 R4 

S1 13643.00 15204.00 15662.00 14906.00 14854.00 

S2 11028.00 12710.00 14319.00 14497.00 13138.00 

Mean for plant 

geometry 
12335.00 13957.00 14990.00 14701.00  

Factors R S S(R) R(S)  

SE ± 155.40 182.60 365.10 301.30  

CD (P=0.05) 307.60 359.60 719.30 595.10  
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4.36.1 Effect of dates of planting:  

 It is clear from the data presented in Table 4.36 A that the hybrid rice 
planted on 15th July gave significantly higher net profit by Rs 3538.00 and 
9677.00 per hectare than 30th July and 14th August, respectively. Further, 30th 
July planting also gave significantly higher net profit than 14th August planting 
by Rs 6139.00 per hectare or 70.36 per cent. 

4.36.2 Effect of plant geometry: 

 It is very interesting to note from the data that hybrid rice planted with 
25 × 15 cm plant geometry gave significantly higher net profit than closer plant 

geometry of 15 × 15 and 20 × 15 cm by magnitudes of Rs 2665.00 and 10 
33.00 per hectare which was computed at to be 21.60 and 7.40 per cent, 
respectively. Further, plant geometry of 20 × 15 cm also recorded significantly 

higher net profit of Rs 1622.00 or 13.14 per cent than the 15 × 15 cm plant 

geometry but difference in net profit was statistically at par between 25 × 15  

and 30 × 15 cm plant geometry.  

4.36.3 Effect of number of seedlings: 

 The data presented in Table 4.36A clearly indicate that single seedling 
has given significantly higher net profit of Rs 1716.00 per hectare than the two 
seedlings per hill planting. 

4.36.4 Dates of planting × plant geometry:   

 The interaction effect of dates of planting × plant geometry on net profit 
was non significant. 

4.36.5 Dates of planting × number of seedlings:  

 The net profit was also not influenced significantly due to dates of 
planting × number of seedlings. 

4.36.6 Plant geometry × number of seedlings:  

 It is very imperative to note from the data available in Table 4.36B that 
combined effect of plant geometry × number of seedlings was influenced 

significantly net profit. Hybrid rice planted at 25 × 15 cm with one seedlings 
per hill has given significantly higher net profit than all other combinations 
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except 20 × 15 cm plant geometry with one seedling. The comparison of 
seedlings number at same plant geometry indicate that single seedling recorded 
significantly higher net profit than two seedlings in each plant geometry. The 
comparison of plant geometry at same number of seedlings showed that single 
seedling planted with 25 × 15 cm was gave significantly more net profit than 

other interaction but remained  at par with 20 × 15 cm, however, two seedlings 

planted with 25 × 15 cm. Similar trend was also observed with two seedlings.  

4.36.7 Dates of planting ×  plant geometry × number of seedlings: 

 The consideration of data pertaining to second order interaction clearly 
indicated that hybrid rice planted on 14th August at 15 × 15 cm plant geometry 
with two seedlings per hill was recorded significantly lower net profit than all 
other combinations.  

4.37 Return per rupee: 

 Return per rupee is the share of profit per rupee spend on raising hybrid 
rice. The summarized data pertaining to return per rupee are presented in Table 
4.37A and 4.37B. The individual years data and the analysis of variance for 
individual years as well as pooled analysis are included in App. Tables 37 and 
71, respectively. The results have also been depicted in Fig. 20. 

4.37.1 Effect of dates of planting:  

 A perusal of data available in Table 4.37A indicated that the return per 
rupee decreased significantly with subsequent delay in planting by 7.83 and 
14.38 per cent from D1 to D2 and D2 to D3, respectively.  

4.37.2 Effect of plant geometry: 

 The data given in Table 4.38A showed that return per rupee increased 
significantly with increase in plant geometry up to 25 × 15 cm by 9.92 and 4.72 

per cent than the 15 × 15 and 20 × 15 cm spacing, respectively. The plant 

geometry of 25 × 15 and 30 × 15 cm failed to influence return per rupee 
significantly.  
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Table 4.37 A : Effect of dates of planting, plant geometry and number of 
seedlings per hill on return per rupee.  

D × S R1 R2 R3 R4 Mean 

Over all 

mean for 

seedlings 

D1 S1 1.62 1.74 1.77 1.76 1.72 1.56 

S2 1.55 1.54 1.65 1.69 1.61 1.44 

Mean 1.58 1.64 1.71 1.72 1.66  

D2 S1 1.50 1.60 1.64 1.63 1.59  

S2 1.35 1.44 1.52 1.56 1.47  

Mean 1.42 1.52 1.58 1.60 1.53  

D3 S1 1.29 1.36 1.41 1.40 1.37  

S2 1.16 1.23 1.31 1.34 1.26  

Mean 1.22 1.29 1.36 1.36 1.31  

Over all mean for 

plant geometry 
1.41 1.48 1.55 1.55   

 

Factors D R S D×R S(D) D(S) S(R) R(S) D×R×S 

SE ± 0.0068 0.0078 0.0079 0.0136 0.0137 0.0118 0.0158 0.0137 0.0274 

CD(P=0.05) 0.0135 0.0155 0.0156 N.S. N.S. N.S. 0.0312 0.0270 0.0540 

Table 4.37 B : Combined effect  of  plant geometry × number of seedlings 
per hill on return per rupee.  

Number of 

Seedlings 

Plant geometry Mean for 

seedlings R1 R2 R3 R4 

S1 1.47 1.57 1.61 1.60 1.56 

S2 1.35 1.40 1.49 1.53 1.44 

Mean for plant 

geometry 
1.41 1.48 1.55 1.56  

Factors R S S(R) R(S)  

SE ± 0.0078 0.0079 0.016 0.014  

CD (P=0.05) 0.015 0.016 0.031 0.027  

 

4.37.3 Effect of number of seedlings:  

 The hybrid rice planted with one seedling per hill gave significantly 
higher return per rupee than two seedlings per hill by 8.33 per cent.  

4.37.4 Dates of planting × plant geometry:  

 The return per rupee was not influenced significantly by combined 
effect of dates of planting × plant geometry.  
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4.37.5 Dates of planting ×  number of seedling:  

 The interaction effect of dates of planting × number of seedlings on 
return per rupee was statistically at par. 

4.37.6 Plant geometry × number of seedlings:  

 It is very apparent from the data given in Table 4.37 B that return per 
rupee was influenced significantly by plant geometry × number of seedlings. 
The comparison of plant geometry at same number of seedlings indicated that 
return per rupee increased significantly with increases in plant geometry up to 
25 × 15 cm with single  seedlings, similar tend was also found in two seedlings 
per hill. The comparison of number of seedlings with same plant geometry 
indicated that crop planted with single seedling gave significantly higher return 
per rupee than crop planted with two seedlings per hill at each plant geometry. 
Plant geometry of 15 × 15 cm with two seedlings per hill gave significantly 
lower return per rupee than all other combinations.  

4.37.7 Dates of planting × plant geometry ×  number of seedlings:  

 It is clear from the data given in Table 4.37 A that crop planted on 14th 
August at 15 × 15 cm plant geometry with two seedlings per has given 
significantly lower return per rupee than the all other combinations of three 
factors. 



Chapter - V  

DISCUSSION  

 The present investigation entitled “Studies on the effect of dates of 
planting, plant geometry and number of seedlings per hill in hybrid rice” was 
conducted at Student’s Instructional Farm, C.S.Azad University of Agriculture 
and Technology, Kanpur during the Kharif  seasons of 2005 and 2006.  

 The results of the experiment presented in the preceding chapter have 
been discussed and elucidated in this chapter with the help of suitable reasons 
and evidences based on the principle of Agronomy, related branches and 
literature available on the topic of investigation. In order to make the things 
more illustrative, the factors and possible reasons of variation obtained due to 
treatment differences have been discussed in this chapter according to the 
objectives of the present investigation.  

5.1: Effect of dates of planting: 

 There is vital role of time of planting in paddy crop  because of the fact 
that variation in the duration, photosensitiveness, thermosenstiveness and 
vegetative lag period of the variety. A variety of short duration may suit better 
from early planting to late planting because of the fact that such varieties 
completed their life cycle with in short period with less effect of photoperiod 
and  temperature. In case of longer duration varieties photo and thermo 
sensitive varieties may not be perform better under late planting condition 
while varieties photo and thermo insensitive may perform better under normal 
to late planting condition with limited effect on yield of crop. In case of rice 
hybrids, they are mostly photo and thermo insensitive which are mainly 
affected by photo and thermo period and their growth (tillers production, plant 
height, number of functioning leaves, leaves size and reproductive phases of 
the crop) are influence adversely, resulting reduction in yield.  

 In the present investigation the initial plant population per m2 under each 
dates of planting was statistically uniform which might be due to fact that 
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under each dates uniform number of seedlings per plot were planted (c.f. Table 
4.1A). The plant population per m2 at maximum tillering stage, ear bearing 
shoots, total tillers, productive tillers and unproductive tillers per m2 were 
significantly more in 15th July planted crop by 8.19 and 19.91, 7.24 and 21.37, 
6.65 and 20.72, 8.72 and 26.45 and 8.24 and 14.48 per cent than planting on 
30th July and 14 August, respectively (c.f. Tables 4.2, 4.3, 4.4, 4.5 and 4.6). The 
higher plant population and total tillers per m2 in 15th July planted crop might 
be due to availability of more time for the growth period with optimum 
photoperiod as well as optimum temperature for the growth of crop plant which 
may result in more nitrogen absorption by the roots for the synthesis of 
protoplasm responsible for rapid cell division which may increase plant shape 
and size, ultimately the production of tillers may be more. The findings have 
also been supported by Singh et al. (1996), Singh et al. (1997) and Patel 
(1999). The higher number of ear bearing shoots might be due to better 
development of early form tillers up to the stage of earing due to better 
photosynthesis activities of the plant in the optimum photoperiod at optimum 
temperature to supply energy in term of photosynthate for their proper 
development. The productive tillers significantly may be higher in early 
planting due to the fact that better development of early form tillers up to 
reproductive phase of the crop while in case of late planting the production of 
tillers may take place but due to unavailability of sufficient amount of 
photosynthates as source of energy may result in the mortality of tillers and 
number of productive tillers may reduced. The mortality of tillers might be 
higher due to more competition for water, nutrient, air and light in late planting. 
Reddy and Reddy (1992), Om et al. (1997), Kumar et al. (1998), Pandey et al. 
(2001) and Nayak et al. (2003) also reported significant reduction in total tillers 
production with delay in planting.  

 The fresh weight per hill recorded at maximum tillering, complete 
bearing and harvest stage of crop was significantly higher in 15th July planted 
crop than the 30th July and 14th August planted crop by 12.59 and 27.54, 11.66 
and 26.53 and 11.91 and 27.08 per cent, respectively (c.f. Tables 4.7, 4.9 and 
4.11). Likewise fresh weight per hill, the dry weight per hill was also 
significantly higher in 15th July planted crop than the 30th July and 14th August 
planted crop at maximum tillering, complete bearing and harvest stage (c.f. 
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Tables 4.8, 4.10 and 4.12). The higher fresh and dry weight per hill might be 
due to availability of more vegetative growth period for development of more 
tillers as well as number of leaves per hill and more plant height. Similar 
results have also been recorded by Ghadekar et al. (1988), Reddy and Reddy 
(1994) and Dhiman et al. (1995).  The plant height recorded at maximum 
tillering, complete bearing and harvest stage of crop was significantly higher in 
15th July planting by 6.69 and 18.06, 6.55 and 16.23 and 7.36 and 18.13 per 
cent than the crop planted in 30th July and 14th August, respectively (c.f. Tables 
4.13, 4.14 and 4.15 ). The taller plant in early planting might be due to 
availability of more time for growth period with optimum photoperiod and 
temperature for the growth of the crop plants which may result in more 
nitrogen absorption for the synthesis of protoplasm responsible for rapid cell 
division which may increase the plant in shape and size. Similar findings have 
also been reported by Sahu (1994), Parihar et al. (1995) and Paliwal et al. 
(1996). The number of functioning leaves per hill (c.f. Tables 4.16 and 4.17) 
recorded at maximum tillering and complete heading stage of crop was also 
significantly higher in 15th July planted crop than the late planting of 30th July 
and 14th August by 20.35 and 44.26 and 22.75 and 38.55 per cent, respectively. 
The reason may be same as explained earlier. The early planted crop on 15th 
July was recorded significantly higher LAI (c.f. Tables 4.18 and 4.19) at 
maximum tillering and complete bearing stage of crop than the late planting on 
30th July and 14th August. The higher LAI recorded at two stages of crop might 
be due to more leaves number and size. The more LAI in early planting crop 
have also been reported by Kumar and Subramaniam (1991), Sahu (1994), 
Samdhia (1996) and Nayak et al. (2003). 

 Length of panicle, number of rachillae per panicle, weight per panicle, 
number of grains per panicle, filled grains per panicle, grains weight per 
panicle and 1000-grain weight  were significantly higher in 15th July planted 
crop than the 30th July and 14th August planted crop which might be due to 
availability of more time for better development of plant parts which may result 
in the better development of yield attributing characters (c.f. Tables 4.20, 4.21, 
4.22, 4.23, 4.24, 4.25 and 4.27). Similar result have also been reported by 
Mazid and Ahmad (1975), Reddy and Ghosh (1989), Gangwar and Ahmadi 
(1990), Paliwal et al. (1996) and Singh et al. (2004). 
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 The total biological yield was significantly decreased by 11.28 and 
29.37 quintal per hectare or 7.69 and 20.03 per cent in 30th July and 14th August 
planted crop than the crop planted on 15th July, respectively  (c.f. Table 4.27). 
The higher production of biological yield in earlier planted crop might be due 
to higher total tillers production more ear bearing shoot per m2, more number 
of leaves per hill and higher fresh and dry weight per hill (c.f. Tables 4.4, 4.3 
and 4.16, 4.17, 4.7, 4.9 and 4.11) and better development of yield attributes 
than the paddy planted on later dates. Ghadekar et al. (1988), Dhiman et al. 
(1995), Singh et al. (1996), Singh et al. (1997), Patel (1999) and Nayak et al. 
(2003) have also reported the same result. The grain yield was significantly 
increased by 4.83 and 12.96 quintal per hectare which may be worked out to be 
8.32 and 25.99 per cent in 15th July planted crop than 30th July and 14th August, 
respectively (c.f. Table 4.28) which might be due to significant increase in 
panicle bearing shoots per m2 as well as number of grains per panicle and 
1000-grain weight (c.f. Tables 4.3, 4.23 and 4.26). Late planting on 14th August 
might have exposed the crop to relatively more adverse environmental 
condition in term of water stagnation at the tillering phase, low temperature at 
the reproductive phase and more infestation of insect pests and disease which 
might have pulled down the yield as compared to earlier planting on 15th July. 
Earlier planting on 15th July also favours better rooting density and better 
uptake of N, P and K and thereby increase growth and yield attributing 
characters and ultimately yield than delayed  planting on 30th July and 14th 
August.  The results are also confirmed the findings of Akram et al. (1985), 
Asraf et al. (1989), Gangwar and Ahmadi (1990), Bali and Uppal  (1995), 
Parihar et al. (1995), Om et al. (1997), Singh et al. (1997), Mahal et al. (1999), 
Nayak et al. (2003) and Verma et al. (2004). Early planting on 15th July has 
given significantly higher straw yield by 5.99 and 15.84 quintal per yield in 
comparison to late planting on 30th July and 14th August, respectively (c.f. 
Table 4.29). The higher straw yield in early planted crop might be due to higher 
fresh and dry weight per hill at harvesting stage, more number of functioning 
leaves per hill as well as higher total tillers production per m2 and more taller 
plant in 15th July planted crop than the 30th July and 14th August planting (c.f. 
Tables 4.11, 4.12, 4.17, 4.18, 4.4, 4.13, 4.14 and 4.15). The harvest index was 
significantly increased in 15th July planting by 0.79 per cent than the 14th 
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August planting but was comparable to 30th July planting (c.f. Table 4.30) 
which might be due to higher mortality per cent of tillers in late planted crop 
than the early planted crop which may result reduced in grain ratio total 
biological yield. Nayak et al. (2003) also observed reduction in harvest index 
due to delay in planting.  

 The per cent protein content in grain was significantly decreased with 
delay in planting of paddy from 15th July to 14th August by 0.61 per cent (c.f. 
Table 4.31) which might be due to optimum photoperiod and temperature for 
the growth of the crop plants which may result  more nitrogen absorption by 
the roots of the plant which may increase the protein content because of 
nitrogen is primary constituent of protein. Similar findings have also been 
reported by Singh et al. (1997). The per cent recovery of rice was significantly 
more in 30th July planted crop as compared to 15th July and 14th August planted 
crop (c.f. Table 4.32). Similar results have also been observed by AICRIP, 
(1991) and Singh et al. (1997). 

 The total investment on the cultivation of paddy was uniform under each 
dates of planting (c.f. Table 4.34) but significantly higher total income (c.f. 
Table 4.36), net profit (c.f. Table 4.36A) and return per rupee (c.f. Table 4.37A) 
of Rs 3530.00 and 9681.00, 3538.00 and 9677.00 per hectare and 0.13 and 0.35 
per rupee were recorded in 15th July planted crop than the 30th July and 14th 
August planted crop, respectively. The higher total income as well as net profit 
per hectare and return per rupee were estimated in 15th July planted crop which 
might be due to higher yield of paddy crop. These findings are in align with 
those of Singh et al. (1997). 

5.2 Effect of plant geometry:  

Proper plant geometry is one of the important factor to obtain higher 
yield in rice. Optimum plant geometry depends on several factors such as the 
plant type, season, fertility level, age of seedlings and date of transplanting. 
The plant geometry should be wider in wet season than in dry season, wider in 
high fertility level than poor fertility conditions, wider for high tillering 
varieties than low tillering varieties, wider for lodging susceptible varieties 
than lodging tolerant varieties and wider for normal seedlings than for over 
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aged seedlings. In case of rice hybrids, the growth habit of hybrid plant are 
distinct from those of inbred varieties particularly during early growth stage 
owing to hybrid vigour (Siddiq, 1993). So there are chances that the available 
information on suitable plant spacing for inbred varieties may or may not be 
suitable for these newly released hybrids. Plant density required for maximum 
grain yield need to be standardized, as the seed of hybrid rice is very costly. A 
planting density that can bring down the seed requirement without sacrificing 
productivity would go a long way in popularizing the hybrid rice cultivation. 
Profuse tillering of the hybrid rice may compensate the yield due to reduction 
in plant population. 

The initial plant population per m2 was significantly influenced by plant 
geometry (c.f. Table 4.1A). The closer plant geometry of 15 × 15 was recorded 
significantly higher initial plant population than wider plant geometry. Initial 
plant population in different plant geometry worked out to be 100, 75.04, 59.77 
and 50.00 per cent which might be due to variation in plant geometry under 
different treatments. At maximum tillering stage (c.f. Table 4.2) closer spacing 
of 15 × 15 cm also gave significantly higher plant population per m2 than the 
R2, R3 and R4, respectively, which may be worked out to be 100, 87.98, 77.92 
and 70.86 per cent which clearly indicate that increase in plant geometry 
increased the tillers production in hybrid rice by 17.94, 18.15 and 20.86 per 
cent than the initial plant population but increase in tillering at wider plant 
geometry could not be meet out the plant population due to decrease in initial 
plant population at the time of planting. The ear bearing shoot per m2 were also 
significantly higher at closer spacing of 15 × 15 cm than R2, R3 and R4, 
respectively (c.f. Table 4.3). Although R2, R3 and R4 contributed 86.59, 75.93 
and 68.33 per cent to that of closer spacing of 15 × 15 cm thus an increase in 
ear bearing shoots per m2 also recorded by 11.55, 16.16 and 18.33 per cent 
higher in R2, R3 and R4, respectively than closer spacing of 15 × 15 cm but per 
cent increase in ear bearing shoots per m2 failed to meet out the loss in ear 
bearing shoots due to initial plant population. Thus, the closer spacing of 15 × 
15 cm proved to be significantly superior than the wider plant geometry. The 
total tillers production per m2 were also recorded significantly higher at closer 
plant geometry of 15 × 15 cm by 11.44, 23.96 and 37.77 per cent higher than 
R2, R3 and R4, respectively (c.f. Table 4.4). The considering the tillers 
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production per plant on the basis of initial plant population under different 
plant geometry came out to be 5.13, 6.14, 6.93 and 7.45 tillers per plant which 
clearly indicate that total tillers production per plant increased with increase in 
row spacing but increase in tillers production failed to meet out total tillers per 
m2 due to reduction in initial plant population. The same results have also been 
reported by DRR (1991), Shah et al. (1991) and Nayak et al. (2003). The 
number of productive tillers per m2 were also recorded significantly higher in 
15 × 15 cm plant spacing than the R2, R3 and R4, respectively by 11.68, 24.90 
and 36.90 per cent (c.f. Table 4.5). The productive tillers per plant worked out 
to be 3.91, 4.69, 5.24 and 5.71 which clearly indicate that the per plant 
productive tillers increased linearly with increase in plant geometry but the 
increase may not be maintain the number of productive tillers per unit area due 
to reduction in initial plant population per m2 due to variation in plant 
geometry. Findings are confirmed by the results of Srinivasan (1990), Patra and 
Nayak (2001), Kewat et al. (2002), Obulamma and Reddeppa (2002) and 
Nayak et al. (2003). The unproductive tillers per m2 were also significantly 
higher at closer row spacing of 15 × 15 cm than R2, R3 and R4, respectively by 
11.03, 19.56 and 27.18 per cent (c.f. Table 4.6). The per plant mortality of 
tillers worked out to be 1.22, 1.47, 1.70 and 1.91 plants which clearly indicate 
that per plant mortality at wider row spacing increased than closer row spacing 
which might be due to higher tillers production per plant in wider spacing than 
closer spacing but the total mortality of tillers per m2 was higher in closer 
spacing due to higher initial plant population, plant population at maximum 
tillering stage as well as total tillers production per m2 (c.f. Table 4.1A, 4.2 and 
4.4). The mortality of tillers at higher plant population might be due to more 
under and above ground competition for soil space, plant nutrient, water, air 
and light for performing normal physiological activities of the plant. 

The fresh weight per hill recorded at maximum tillering and complete 
bearing stage of the crop was significantly higher in R1 and  
R2 than R3 and R4, while fresh weigh per hill before harvest stage was 
significantly higher in R1 than R2, R3 and R4 (c.f. Tables 4.7, 4.9  and 4.11). 
The higher fresh weight per hill at closer spacing might be due to less tillers 
production per hill which may developed better than higher tillers per hill. The 
significantly reduction of fresh weight with increase in plant geometry might 
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be due to higher mortality of tillers per hill. The dry weight per hill at 
maximum tillering and complete bearing stage was recorded significantly 
higher at R1 than R2, R3 and R4, while dry weight per hill at harvest stage 
produced significantly more in R1 than R3 and R4 but was comparable to R2 
(c.f. Tables 4.8, 4.10 and 4.12). The reason may be same as explained earlier. 
The results were accordance with the findings of Kabayashi et al. (1989), Dhal 
and Mishra (1994), Padmaja and Reddy (1998), Obulamma and Reddeppa 
(2002) and Nayak et al. (2003).  

Plant height at maximum tillering stage was not influenced significantly 
due to different plant geometry but plant geometry of 20 × 15 cm recorded 
significantly higher plant height than closer spacing of 15 × 15 cm and wider 
spacing of 25 × 15 and 30 × 15 cm at complete bearing and harvest stage of 
crop (c.f. Tables 4.13,  4.14 and 4.15)  which might be due to over crowded in 
closer spacing of 15 × 15 cm plant lead to competition for soil space plant 
nutrient, water, air and light while wider produced higher tillers per hill which 
may be result weaker plants. Similar result have also been reported by 
Geethadevi et al. (2000), Verma et al. (2002) and Nayak et al. (2003). 
Likewise plant height the number of functioning leaves per hill was also 
recorded significantly higher in 20 × 15 cm plant spacing than the closer 
spacing of 15 × 15 cm and wider spacing of 25 × 15 and 30 × 15 cm at 
maximum tillering and complete heading stage of crop (c.f. Tables 4.16 and 
4.17), which may justified by the explanation given above. LAI was 
significantly higher at closer plant geometry of 15 × 15 cm than the wider plant 
geometry of 20 × 15,  25 × 15 and 30 × 15 cm recorded at maximum tillering 
and complete heading stage of the crop (c.f. Tables 4.18 and 4.19). The higher 
LAI in closer plant geometry might be due to more number of leaves produced 
per unit area. The results agree with those  of Budhar et al. (1991), Cai et al. 
(1991) and Nayak et al. (2003). 

The results showed that all the yield attributes except panicle length 
varied significantly due to plant geometry. The number of rachillae per panicle, 
weight per panicle, number of grains per panicle, filled grains per panicle and 
grains weight per panicle (c.f. Tables 4.21, 4.22, 4.23, 4.24 and 4.25) were 
significantly higher in closer spacing of 15 × 15 and 20 × 15 cm than the wider 
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spacing of 25 × 15 and 30 × 15cm. The 1000-grain weight was significantly 
higher in R2 than R3 and R4 but R2 and R1 remained statistically at par. The 
higher yield attributes in closer spacing of 15 × 15 and 20 × 15 cm might be 
due to fact that closer spacing produced less tillers per hill which may 
developed better and more stronger resulting better development of yield 
attributes. Venugopal and Singh (1985), Shah et al. (1987), Krishnan et al. 
(1995), Srivastav and Tripathi (1995), Shrivastava et al. (1999), Patra and 
Nayak (2001), Nayak et al. (2003), Gunri et al. (2004) and Chopra and Chopra 
(2004) have also reported the same results. 1000-grain weight (c.f. Table 4.26) 
was significantly lower in R4 than R1, R2 and R3. The reason may be same as 
explained earlier. The results confirm the findings of Shrivastava et al. (1999). 

The biological yield decreased significantly with increase in plant 
geometry (c.f. Table 4.27). The biological yield was significantly higher in 
closer plant geometry of 15 × 15 cm by 3.54, 5.35 and 10.81 quintal per hectare 
which may worked out to be 2.63, 4.03 and 8.49 per cent than the R2, R3 and R4 
, respectively, which might be due to higher fresh and dry weight per hill, 
higher total tillers, more ear bearing shoot per m2 and more number of 
functioning leaves per hill (c.f. Tables 4.11, 4.12, 4.4, 4.3, 4.16 and 4.17) as 
well as better development of yield attributes. The grain yield was significantly 
higher at closer spacing of 15 × 15 cm by 1.73. 2.64 and 4.84 quintal per 
hectare or 3.01, 4.66 and 8.90 per cent than the wider spacing of 20 × 15, 25 × 
15 and 30 × 15 cm, respectively (c.f. Table 4.28). The higher yield in closer 
plant geometry might be due to higher panicle bearing shoot per m2, number of 
grains per panicle, filled grains per panicle and 1000-grain weight (c.f. Tables 
4.3, 4.23, 4.24 and 4.26). The same findings have also been obtained by Wagh 
and Thorat (1987), Balasubhramaniyan and Palaniappan (1991), Gupta and 
Sharma (1991), Padmaja and Reddy (1998), Patra and Nayak (2001), Powar 
and Deshpande (2001), Kewat et al. (2002), Verma et al. (2002) and Rao and 
Moorthy (2003). Likewise grain yield, straw yield (c.f. Table 4.29) also 
decreased significantly with increase in plant geometry. The reason may be 
same as explained earlier. Harvest index was significantly higher at closer 
spacing of 15 × 15 and 20 × 15 cm than the wider spacing of 25 × 15 and 30 × 
15 cm (c.f. Table 4.30) which might be due to higher mortality of tillers per hill 
in wider spacing which may reduced grain ratio in total biological yield. 
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Similar results have also been obtained by Samdhia (1996) and Verma et al. 
(2002).  

The protein content per cent (c.f. Table 4.31) was significantly increased 
with increase in plant geometry which might be due to fact that at wider 
spacing there may be more availability of nitrogen per unit area to the plants 
which may synthesis more protein because nitrogen is main constituent of the 
protein. Significantly higher recovery of rice was recorded with closer plant 
geometry of 15 × 15 and 20 × 15 cm than the wider plant geometry (c.f. Table 
4.32) which might be due to better development of grain.  

Cost of cultivation was decreased linearly with increase in plant 
geometry (c.f. Table 4.34) which might be due to decreased expenditure on cost 
of seedling and cost of transplanting under wider plant geometry. The total 
gross income (c.f. Table 4.35) was recorded significantly higher in closer plant 
geometry of 15 × 15 cm by Rs 1280.00, 1972.00 and 3507.00 per hectare than 
the wider plant geometry of 20 × 15, 25 × 15 and 30 × 15 cm, respectively, 
which was mainly due to higher grain and straw yield of crop. These findings 
are in align with those of Kewat et al. (2002). The net profit (c.f. Table 4.36A) 
was increased significantly with increase in plant geometry up to 25 × 15 cm. 
Plant spacing of 25 × 15 cm gave significantly higher net profit than closer 
spacing 15 × 15 and 20 × 15 cm by Rs 2665.00 and 1033.00 per hectare which 
was computed to be 21.60 and 7.40 per cent, respectively. The higher net profit 
in wider spacing of 25 × 15 cm was mainly due to decrease expenditure on cost 
of seedling and cost of transplanting, however, the grain yield was higher with 
closer plant geometry but the increase in grain yield may not be meet out the 
cost involved on cultivation of rice at closer plant geometry. Likewise net  
profit, the return per rupee was also significantly higher with wider plant 
spacing of 25 × 15 and 30 × 15 cm than the closer plant spacing of 15 × 15 and 
20 × 15 cm which might be due reduced cost of cultivation at wider spacing 
(c.f. Table 4.37A). The results agree with those of Powar and Deshpande 
(2002). 
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5.3 : Effect of number of seedlings:  

 Plant growth is considerable governed by planting density of the crop 
under varying agro-climatic and edaphic conditions. The competitiveness of the 
plant in a community varies greatly and depending upon plant stand per unit 
area. Over crowded plant stand in general leads to greater plant competition for 
soil space, plant nutrient, water, air and light, which   adversely affected the 
yield. On the other hand sub optimal plant stand give high yield per plant but 
lower yield per unit area due to which fails to compensate the yield obtained in 
optimum plant stand. In case of hybrid rice cultivation, seed is the most costly 
input therefore, it become imperative to find out the optimum number of 
seedlings per hill for producing more shoots and number of fertile grains, 
ultimately maximum yield. Planting of single seedling per hill was as good as 
two seedlings per hill in term of grain yield indicating the scope to reduce the 
seed rate which might be due to fact that hybrid rice has got better tillering 
potential and single seedling per hill was good enough to produce optimum 
panicle number per unit area.  

 In the present study two seedling rates (1 and 2 seedlings per hill) were 
evaluated at four plant geometry (15 × 15, 20 × 15, 25 ×15 and 30 ×15 cm) and 
three dates of planting (15th, 30th July and 14th August). The initial plant 
population per m2 was significantly influenced by number of seedlings per hill 
(c.f. Table 4.1A). Planting of 2 seedlings per hill recorded significantly higher 
initial plant population per m2 than single seedling per hill. It might be due to 
planting of experiment as per treatment. The initial plant population per m2 in 
both 2 and 1 seedlings worked out to be 100 and 50.12 per cent which was 
mainly due to variation in seedlings rate at the time of transplanting. Plant 
population per m2 recorded at maximum tillering stage of crop (c.f. Table 4.2)  
was significantly higher at 2 seedlings planting than single seedling by 15.04 
per cent which may be worked out to be 100 and 86.92 per cent which clearly 
indicate that single seedling per hill was recorded 36.80 per cent. increase in 
plants than the initial plant population but increase in tillering at single seedling 
could not be meet out the plant population decrease in initial stage at the time 
of planting. It is because of that significantly 15.32 per cent more number of 
panicle bearing shoots per m2 was obtained in planting of two seedlings (c.f. 
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Table 4.3) which had significantly more number of total tillers by 4.19 per cent 
(c.f. Table 4.4) and productive tillers 3.18 per cent (c.f. Table 4.5) than the 
single seedling planting. The results are in agreement with Siddhu et al. (1988), 
Shah et al. (1991), Srinivasulu (1997) Srivastav and Tripathi (1998), Shrirame 
et al. (2000), Molla (2001) and Nayak et al. (2003). The unproductive tillers 
per m2 were also significantly 11.35 per cent more in 2 seedling per hill 
planting than single seedling planting (c.f. Table 4.6). The mortality of the 
tillers was more in 2 seedlings per hill might be due to more under and above 
ground competition for soil space, plant nutrient, air and light for performing 
normal physiological activities of the plant. The crop planted with 2 seedlings 
per hill has also given significantly more fresh and dry weight per hill at 
maximum tillering stage by 12.11 and 11.85 (c.f. Tables 4.7 and 4.8), at 
complete bearing stage by 12.40 and 12.86 (c.f. Tables 4.9 and 4.10) and at 
harvest stage by 12.02 and 11.47 per cent (c.f. Tables 4.11 and 4.12), 
respectively than the crop planted with single seedling per hill. It may on 
account of higher number of shoots per m2 and taller plant in 2 seedlings 
resulted in more fresh and dry weight of plant. Siddhu  et al. (1988), 
Obulamma and Reddeppa (2002), Nayak et al. (2003) and Chauhan (2005) 
obtained similar results. The plant height recorded at maximum tillering, 
complete bearing and harvest stage of crop was also significantly higher at 2 
seedlings per hill planting by 0.97, 1.24 and 1.78 per cent than the single 
seedling per hill planting (c.f. Table 4.13, 4.14 and 4.15). The higher plant 
height in 2 seedlings might be due to exposure of large number of plants and 
leaf area to sunlight during the growth period resulting in better photosynthesis 
and consequently resulting in higher plant height. Similar results have also 
been reported by Das et al. (1988), Hung (1990) and Srinivasulu (1997).  

 The number of  functioning leaves per hill recorded at maximum 
tillering and complete heading stage (c.f. Tables 4.16 and 4.17) was also more 
under two seedlings pre hill than the single seedlings per hill. The reason may 
be same as explained earlier. These results are in close conformity with Das et 
al. (1988). The LAI recorded at maximum tillering stage and complete heading 
stage (c.f. Table 4.18 and 4.19) was also significantly higher at crop planted 
with 2 seedlings than single seedlings which might be due to fact that more 
number of leaves under 2 seedlings per hill. Similar findings have also been 
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reported by Banik et al. (1997), Jati (1999), Obulamma and Reddeppa (2002) 
and Nayak et al. (2003).  

 All the yield contributing characters except number of filled grains per 
panicle significantly influenced by number of seedlings. Length of panicle, 
number of rachillae per panicle, weight per panicle, number of grains per 
panicle, grains weight per panicle and 1000-grain weight (c.f. Tables 4.20, 
4.21, 4.22, 4.23, 4.25 and 4.26) were significantly higher in 2 seedlings per hill 
than the single seedlings. This was probably due to proper utilization of all the 
available and terrestrial growth resources which may be better translocation of 
photosynthates from source to sink which may result higher yield attributes 
under 2 seedlings per hill planting. The results confirms the findings of Pandey 
et al. (1987), Bali et al. ( 1995) and Nayak et al. (2003). 

 Crop planted with 2 seedlings per hill has given significantly 4.58, 4.93 
and 4.38 per cent higher biological, grain and straw yield than crop planted  
with 1 seedling per hill, respectively (c.f. Tables 4.27, 4.28  and 4.29). The 
higher biological, grain and straw yield might be due to higher number of ear 
bearing shoots per m2, productive tillers per m2, more grain weight per panicle 
(c.f. Tables 4.3, 4.5 and 4.25) along with other yield contributing characters. 
The results have also been supported by results of Pandey (1987), Sawa et al. 
(1988), Siddhu et al. (1988), Srinivashe (1997), Srivastav and Tripathi (1998), 
Srinivasulu (1999b), Nayak et al. (2003) and Zhang et al. (2004). Harvest 
index was not influenced significantly by number of seedlings (c.f. Table 4.30).  

 The per cent protein content (c.f. Table 4.31) in grain was not influenced 
significantly by seedlings rate while recovery per cent of rice was significantly 
higher under planting of 2 seedlings per hill than the 1 seedling (c.f. Table 
4.32) which might be due to better development of yield contributing 
characters. The results are in conformity with Chauhan (2005). 

 The cost of cultivation was higher with 2 seedlings per hill than the 
single seedling per hill which was mainly due to more expenditure on cost of 
seedlings and cost of transplanting under 2 seedling per hill planting (c.f. Table 
4.34). The two seedlings per hill has given significantly higher total gross 
income by Rs 1988.00 than the planting of 1 seedling per hill (c.f. Table 4.35) 
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which was mainly due to higher grain and straw  yield under 2 seedlings 
planting. The results confirm the findings of Dayal (1999) and Chauhan (2005). 
The net profit was recorded significantly higher by Rs 1716.00 with single 
seedling than two seedlings per hill planting (c.f. Table 4.36A) which was 
mainly due to less expenditure incurred on cost of seedlings and cost of 
transplanting under single seedling. Likewise net profit, the return per rupee 
was also significantly higher with single seedlings than two seedling per hill 
planting (c.f. Table 4.37A). The  reason may be same as explained earlier.  

5.4 : Effect of dates of planting × plant geometry:  

The initial plant population, plant population at maximum tillering 
stage, panicle bearing shoots and total tillers per m2 have not been influenced 
significantly due to combined effect of dates of planting and plant geometry 
(c.f. Tables 4.1A, 4.2, 4.3 and 4.4) which might be due to independent effect of 
dates of planting and plant geometry.  The number of productive tillers per m2 
were significantly influenced by combined effect of dates of planting × plant 
geometry (c.f. Table 4.5) which clearly indicate that the reduction in productive 
tillers per m2 was reduced with increase in plant geometry under each dates of 
planting but this reduction in productive tillers decreased significantly with 
delay in planting. The unproductive tillers (c.f. Table 4.6) have also not been 
influenced significantly due to interaction effect of dates of planting × plant 
geometry. The fresh and dry weight per hill recorded at maximum tillering, 
complete bearing and maturity stage of crop (c.f. Tables 4.7, 4.8, 4.9, 4.10, 4.11 
and 4.12) remained uninfluenced due to interaction effect of dates of planting 
and plant geometry. The plant height recorded at maximum tillering and 
complete bearing stage remained unaffected due to dates of planting × plant 
geometry (c.f. Tables 4.13 and 4.14) while plant height recorded at the time of 
harvesting (c.f. Table 4.15) clearly indicate that under D1, the plant height of 
different plant geometry remained  statistically at par while under D2, the wider 
plant geometry of 20 × 15, 25 × 15 and 30 × 15 cm have given significantly 
more plant height than the closer plant geometry of 15 × 15 cm. In case of D3 
plant height under different plant geometry again not influenced markedly. 

The number of functioning leaves per hill at maximum tillering stage 
(c.f. Table 4.16) was significantly higher on 15th and 30th July planted crop  
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with 20 × 15 cm plant geometry while in case of 14th August planted crop all 
the plant geometry given equal number of functioning leaves per hill. At 
complete heading stage all three dates of planting have given higher number of 
functioning leaves per hill with 20 × 15 cm plant geometry than the all other 
combinations. It is also to explain here under each plant geometry number of 
functioning leaves decreased significantly with subsequent delay in planting 
which might be due to higher tillers production with early dates of planting. 
The LAI recorded at maximum tillering stage (c.f. Table 4.18) have not been 
influenced significantly due to interaction effect but at complete heading stage 
(c.f. Table 4.19) the maximum LAI worked out with closer spacing under D1, 
there was significantly reduction with each plant geometry form D1 to D2 but 
D3 gave statistically equal LAI up to 20 × 15 cm plant geometry to D2 and 
higher LAI with 25 × 15 and 30 × 15 cm plant geometry than D2. 

It is further observed that yield attributing characters like length of 
panicle, number of rachillae per panicle, weight per panicle, number of grains 
per panicle, filled grains per panicle, grains weight per panicle and 1000-grain 
weight (c.f. Tables 4.20, 4.21, 4.22, 4.23, 4.24, 4.25 and 4.26) did not vary 
significantly due to combined effect of dates of planting and plant geometry. 
Likewise yield attributes, biological, grain and straw yield (c.f. Tables 4.27, 
4.28 and 4.29)  was not influenced significantly due to interaction effect of 
dates of   planting and plant geometry which might be due to independent 
effect of dates of planting and plant geometry on yield and yield attributes. 
Harvest index (c.f. Table 4.30) was significantly influenced due to dates of 
planting × plant geometry. The significantly higher harvest index was recorded  
with R1 and R2 than R3 and R4 under 15th July planting while under 30th July 
and 14th August planting different plant geometry remained statistically at par. 

Protein content per cent in grain (c.f. Table 4.31) remained unaffected 
by interaction effect of dates of planting and plant geometry while rice 
recovery per cent (c.f. Table 4.32) was influenced significantly by dates of 
planting × plant geometry. Rice recovery per cent in R2 was significantly 
higher under D1 than R1, R3 and R4 but R1 and R2 remained statistically at par 
under D2 and D3. Highest rice recovery was recorded under D2 with R2 which 
might be due to development of bolder seed.  
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The total gross income, net profit Rs per hectare and return per rupee 
have also not been influenced significantly due to interaction effect of dates of 
planting and plant geometry (c.f. Tables 4.35, 4.36A and 4.37A) which might 
be due independent effect of dates of planting and plant geometry on grain and 
straw yield. 

5.5 : Effect of dates of planting × number of seedlings: 

 The results indicated that all the growth characters did not influenced 
significantly due to interaction effect of dates of planting and number of 
seedlings. The initial plant population, plant population at maximum tillering 
stage, panicle bearing shoots, total tillers, productive tillers and unproductive 
tillers  per m2 (c.f. Tables 4.1A, 4.2, 4.3, 4.4, 4.5 and 4.6) was not influenced 
significantly by dates of planting  × number of seedlings per hill. Fresh weight, 
dry weight and plant height recorded at maximum tillering, complete bearing 
and harvest stage of crop have also not been affected due to interaction effect 
of dates of planting and number of seedlings (c.f. Tables 4.7, 4.8, 4.9, 4.10, 
4.11, 4.12, 4.13, 4.14 and 4.15) which might be due to independent effect of 
dates of planting and plant geometry. The number of functioning leaves per hill 
and LAI at maximum tillering, complete heading stage have also not been 
influenced significantly due to combined effect of dates of planting and number 
of seedlings (c.f. Tables 4.16, 4.17, 4.18 and 4.19). 

 The consideration of yield attributing characters clearly indicate that 
length of panicle, number of rachillae per panicle, weight per panicle, total 
number of grains per panicle, filled grains per panicle, grains weight per 
panicle and 1000-grain weight (c.f. Tables 4.20, 4.21, 4.22, 4.23, 4.24, 4.25 and 
4.26) have not been influenced significantly due to interaction effect of dates of 
planting and number of seedlings. Likewise yield attributes, biological yield, 
grain yield, straw yield and harvest index (c.f. Tables 4.27, 4.28, 4.29 and 4.30) 
have also not been affected significantly due to dates of planting and number of 
seedlings.  

 The protein content in grain, recovery of rice and husk per cent was not 
influenced significantly due to interaction effect of dates of planting and 
number of seedlings (c.f. Tables 4.31, 4.32 and 4.33). Likewise quality 
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characters, gross income (Rs/ha), net profit (Rs/ha) and return per rupee was 
also not influenced significantly by dates of planting × number of seedlings 
(c.f. Tables 4.35, 4.36A and 4.37A) which might be due to grain and straw 
yield was not influenced significantly due to interaction effect of dates of 
planting and number of seedlings. However, numerically higher gross income, 
net profit and return per rupee was observed with D1×S2, D1×S1 and D1×S1, 
respectively. 

5.6: Effect of plant geometry × number of seedlings: 

 The initial plant population per m2 (c.f. Table 4.1B) has been influenced 
significantly due to combined effect of plant geometry × number of seedlings. 
Two seedlings per hill was recorded significantly higher initial plant population 
per m2 under each plant geometry than single seedling. The initial plant 
population per m2 was decreased significantly with increase in plant geometry 
under both seedlings which was mainly due to planting of seedlings as per 
treatment. The plant population at maximum tillering stage, panicle bearing 
shoots, total tillers, productive tillers and unproductive tillers per m2 (c.f. App. 
Tables 37,38 and 39) have not been influenced significantly due to interaction 
effect of plant geometry and number seedlings. The fresh weight, dry weight 
and plant height recorded at maximum tillering, complete bearing and harvest 
stage of crop was not influenced significantly by interaction effect of both 
factors (c.f. App. Tables 39,40,41,42 and 43). The number of functioning 
leaves per hill and LAI recorded at maximum tillering and complete heading 
stage of crop have also not been influenced significantly due to combined 
effect of plant geometry and number of seedlings (c.f. App. Table 44 and 45) 
which might be due to independent effect of both factors on growth characters. 

 All the yield attributes like length of panicle, number of rachillae per 
panicle, weight per panicle, number of grains per panicle, filled grains per 
panicle, grains weight per panicle and 1000-grain weight have not been 
affected significantly due to interaction effect of both factors (c.f. App. Table 
46, 47, 48 and 49). Likewise yield attributes, biological, grain and straw yield 
as well as harvest index have also not been influenced significantly by 
combined effect of plant geometry and number of seedlings (c.f. App. Tables 
49, 50 and 51) which might be due to independent effect of plant geometry and 
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number of seedlings on yield and yield contributing characters. Protein content 
in grain, recovery of rice and husk per cent remained unaffected by interaction 
effect of plant geometry and number of seedlings (c.f. App. Table 51 and 52) 
which might be due to independent effect of both the factors.  

 The total gross income (c.f. App. Table 53) was not influenced 
significantly due to combined effect of plant geometry and number of seedlings 
while net profit and return per rupee was influenced significantly by plant 
geometry and number of seedlings (c.f. Tables 4.36B and 4.37B). The net profit 
increased with increase in plant geometry up to 25 × 15 cm under single 
seedling while under 2 seedlings net profit increased with increase in plant 
geometry highest of 30 × 15 cm. The net profit was significantly higher with 
single seedling per hill than two seedlings per hill under each plant geometry. 
Single seedling per hill planted with 25 × 15 cm plant geometry has given 
significantly higher net profit than all other combinations which might be due 
to less expenditure on cost of seedling and cost of transplanting. Similar trend 
have also been recorded in return pr rupee. 

5.7: Effect of dates of planting × plant geometry × number of seedlings:  

 The  initial plant population, plant population at maximum tillering 
stage and total tillers per m2 have been influenced significant due to second 
order interaction (c.f. Tables 4.1A, 4.2 and 4.4). The initial plant population  
per m2 was significantly higher at 15 × 15 cm plant geometry with 2 seedlings 
per hill under each dates of planting. The plant population per m2 at maximum 
tillering stage of crop were significantly higher in 15th July planted crop at 15 × 
15 cm plant geometry with 2 seedlings per hill than the all other combinations 
which might be due to availability of sufficient time for growth  higher 
temperature which may result maximum tillering. Similar trend have also been 
recorded in total tillers per m2. The panicle bearing shoots, productive tillers 
and unproductive tillers per m2 have not been influenced significantly due to 
interaction effect of dates of planting × plant geometry × number of seedlings 
(c.f. Tables 4.3, 4.5 and 4.6). The fresh and dry weight per hill recorded at 
maximum tillering, complete bearing and harvest stage have also not been 
influenced significantly due to second order interaction (c.f. Tables 4.7, 4.8, 
4.9, 4.10, 4.11 and 4.12) which might be due to independent effect of dates of 
planting, plant geometry and number of seedlings. 
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 The plant height (c.f. Table 4.13) at maximum tillering stage have not 
been influenced significantly due to dates of planting × plant geometry × 
number of seedlings while plant height at complete bearing stage (c.f. Table 
4.14) and harvest stage (c.f. Table 4.15) crop at each plant geometry with both 
seedlings under 15th July planted gave significantly taller plant than D2 and D3. 
The number of functioning leaves and LAI at maximum tillering stage have 
been influenced significantly by combined effect of second order interaction ( 
c.f. Tables 4.16 and 4.18). The functioning leaves at maximum tillering stage in 
each plant geometry were maximized under first date of planting with 2 
seedlings. The LAI at maximum tillering stage was significantly higher under 
15 × 15 cm plant geometry with 2 seedlings on 15th July planted crop than all 
other combinations. The number of functioning leaves and LAI at complete 
heading stage have not been influenced significantly by second order 
interaction (c.f. Tables 4.17 and 4.19). 

 The yield attributes like length of panicle, number of rachillae per 
panicle, weight per panicle, number of grains per panicle, filled grains per 
panicle, grains weight per panicle and 1000-grain weight have not been 
influenced significantly due to interaction effect of dates of planting × plant 
geometry × number of seedlings (c.f. Tables 4.20, 4.21, 4.22, 4.23, 4.24, 4.25 
and 4.26). Biological, grain and straw yield (c.f. Tables 4.27, 4.28 and 4.29) 
have also not been influenced significantly due to second order interaction. 
Harvest index (c.f. Table 4.30) was significantly higher except D1×R1×S1 and  
D1×R1×S2 under 20 × 15 cm with 1 seedlings planted on 15th July than all other 
combinations. Protein content, rice recovery and husk per cent remained 
unaffected due to combined effect of D × R × S (c.f. Tables 4.31, 4.32 and 
4.33). 

 The gross income (c.f. Tables 4.34) have not been influenced 
significantly due to interaction effect of D×R×S. The net profit (c.f. Tables 
4.36A) was significantly higher in 25 × 15 cm plant geometry with single 
seedlings under first date of planting except D1×R4×S1 than the all other 
combinations. The return per rupee (c.f. Table 4.37A) have been recorded 
significantly more in 25 × 15 cm plant geometry with single seedlings under 
15th July planted crop than the all other three factors combinations.  



Chapter VI 

SUMMARY AND CONCLUSION  

 

The present investigation was carried out to study the effect of dates of 
planting, plant geometry and number of seedlings in hybrid rice for two 
consecutive Kharif  seasons of 2005 and 2006 at Student’s Instructional Farm, 
Chandra Shekhar Azad University of Agriculture and Technology, Kanpur. 
Three  dates of planting (15th July, 30th July and 14th August), four plant 
geometry (15 × 15, 20 × 15, 25 × 15 and 30 × 15 cm) and two seedlings rate (1 
and 2 seedlings per hill) were tested in three replicated split plot design 
assigning dates of planting and plant geometry in main plots and number of 
seedlings in sub plots. The soil of experimental field was sandy loam in texture, 
total nitrogen 0.048 per cent, available phosphorus of 18.25 kg per hectare and 
available potassium of 370.00 kg per hectare having soil pH of 7.6. The 
experimental crop prevailed favourable weather conditions in both the years of 
experimentation. The crop was fertilized with a uniform dose of 180 kg N, 80 
kg P2O5, 60kg K2O and 30 kg ZnSO4 per hectare. The crop was irrigated four 
times during both the years. All other agronomic practices were adapted as per 
normal recommendations. 

The observations on important growth characters, yield attributes, yield 
and quality characters were recorded in both the years and thus the data 
collected so for, averaged and tabulated for statistical analysis for individual 
years. Further, homogeneity of the data for both the years was tested and If the 
data was found homogenous the pooling was done. The results based on pooled 
analysis of homogenous data have been described and discussed in previous 
two chapters. The salient results of present investigation on different growth 
characters, yield attributes, yield and quality aspects are summarized here 
under:  

1. The initial plant population per m2 have not been influenced 
significantly due to different dates of planting. However, plant 
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population at maximum tillering stage and number of panicle bearing 
shoots per m2 were significantly higher by 8.19 and 19.91, 7.24 and 
21.37 per cent in 15th July planting than the 30th July and 14th august 
planting, respectively.  

2. The crop planted on 15th July has given significantly higher total, 
productive and unproductive tillers per m2 by margin of 19.82 and 
54.51, 19.81 and 51.64 and 5.95 and 9.70 tillers per m2, respectively 
than the crop planted on 30th July and 14th August.  

3. The fresh and dry weight per hill recorded at maximum tillering, 
complete bearing and harvest stage of crop was significantly more in D1 
than D2 and D3.  

4. The plant height recorded at maximum tillering, complete bearing and 
harvest stage was also significantly higher in D1 than D2 and D3.  

5. The crop planted on 15th July has given significantly more number of 
functioning leaves and LAI recorded at maximum tillering and complete 
heading stage of crop than the crop planted on 30th   July and 14th 
August.  

6. The length of panicle, number rachillae per panicle, weight per panicle, 
number of gains per panicle, filled grains per panicle, grains weight per 
panicle and 1000-grain weight decreased significantly with delay in 
planting from 15th July to 30th July and 14th August.  

7. The biological, grain and straw yield were significantly higher by 11.28 
and 29.37, 4.83 and 12.96 and 5.99 and 15.84 quintal per hectare or 8.33 
and 25.04, 8.32 and 25.99 and 7.73 and 23.32 per cent in 15th July 
planting than 30th July and 14th August, respectively. Similarly crop 
planted on 30th July has also given higher biological, grain and straw 
yield by 18.09, 8.13 and 9.55 quintal per hectare or 15.42, 16.30 and 
14.06 per cent than 14th August planting. 

8. Harvest index in D1 increased significantly by 0.75 per cent than D3 but 
remained statistically at par with D2.  
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9. The crop planted on 15th July has given significantly higher protein 
content in grain than crop planted on 14th August, while rice recovery 
per cent was significantly more in D2 than D1 and D3. 

10. The total gross income, net profit and return per rupee were increased 
significantly in 15th July planting by Rs 3530.00 and 9681.00, 3538.00 
and 9677.00 per hectare with higher per rupee return by 0.13 and 0.35 
than 30th July and 14th August planting, respectively.  

11. The initial plant population, plant population at maximum tillering stage 
and panicle bearing shoots per m2 decreased significantly by 16.61, 
10.15 and 6.50, 48.67, 40.76 and 28.61 and 43.83, 34.84 and 24.73 
plants per m2 with increase in plant geometry from R1 to R2 , R2 to R3 
and R3 to R4 , respectively. 

12. The total, productive and unproductive tillers per m2 also decreased 
significantly with  increase in plant geometry from 15 × 15 to 20 × 15, 
20 × 15 to 25 × 15 and 25 × 15 to 30 ×15 cm , respectively which may 
be worked out to be 35.06, 30.97 and 27.61, 27.25, 24.67 and 18.27 and 
7.73, 5.53 and 4.06 tillers per m2. 

13. The fresh weight per hill recorded at maximum tillering and complete 
bearing stage was significantly higher in R1 and R2 than R3 and R4, 
while R1 has given significantly higher fresh weight than R2, R3 and R4 
at harvest stage of crop.  

14. The closer plant geometry of 15 × 15 cm has given significantly higher 
dry weight per hill than wider spacing of 20 × 15, 25 × 15 and 30 × 15 
cm at maximum tillering and complete bearing stage, while dry weight 
at harvest stage was significantly higher with R1 than R3 and R4 but was 
comparable to R2.  

15. Plant height recorded at maximum tillering stage was not significantly 
influenced due to different plant geometry. However, plant geometry of 
20 × 15 produced significantly taller plant than closer spacing of 15 × 15 
cm and wider spacing of 25 × 15 and 30 × 15 cm at complete bearing 
and harvest stage of crop.  
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16. The number of functioning leaves per hill recorded at maximum tillering 
stage and complete heading stage was significantly higher with R2 than 
R1, R3 and R4.  

17. The closer plant geometry of 15 × 15 cm has given significantly higher 
LAI than wider plant geometry of 20 × 15, 25 × 15 and 30 × 15 cm at 
maximum tillering and complete heading stage.  

18. Length of panicle did not influenced significantly due to different plant 
geometry. 

19. The closer plant geometry of 15 × 15 cm has given significantly higher 
number of rachillae per panicle, number of grains per panicle and filled 
grain per panicle than the wider plant geometry of 25 × 15 and 30 × 15 
cm but was comparable to 20×15 cm plant geometry. However, weight 
per panicle, grains weight per panicle and 1000-grain weight was 
significantly higher with 20 × 15 cm than the 25 × 15, 30 × 15 cm but 15 
× 15 and 20 × 15 cm plant geometry remained statistically at par.  

20. The biological, grain and straw yield were significantly more in R1 than 
R2, R3 and R4 by 3.54, 5.35 and 10.81, 1.73, 2.64 and 4.84 and 1.99, 
3.08 and 5.72 quintal per hectare which may be worked out to be 2.63, 
4.03 and 8.49, 3.01, 4.66 and 8.90 and 2.58, 4.05 and 7.81 per cent, 
respectively.  

21. The closer pant geometry of 15 × 15 cm has given significantly higher 
harvest index than wider plant geometry of 25 × 15 and 30 × 15 cm but 
remained statistically at par with 20 × 15 cm. 

22. Per cent protein content in grain increased significantly with increase in 
plant geometry.  

23. The plant geometry at 20 × 15 cm gave significantly higher recovery per 
cent of rice than R3 and R4, but remained statistically at par with R1. 
Reverse trend found in case of husk percentage.     
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24. The cost of cultivation decreased linearly with increase in plant 
geometry by Rs 2880.00, 1725.00 and 1147.00 per hectare from R1 to 
R2, R2 to R3 and R3 to R4, respectively.  

25. The total gross income was significantly higher with R1 by Rs 1280.00, 
1972.00 and 3507.00 per hectare than R2 R3 and R4, respectively.  

26. The net profit and return per rupee increased significantly with increase 
in plant geometry up to 25 × 15 cm by Rs 2655.00 and 1033 per hectare  
and 0.14 and 0.07 return per rupee than the 15 × 15 and 20 × 15 cm 
plant geometry, respectively.  

27. The crop planted with 2 seedlings per hill has given significantly higher 
initial plant population, plant population at maximum tillering stage, 
panicle bearing shoots, total tillers, productive tillers and unproductive 
tillers per m2 by 99.49, 15.03, 15.31, 4.19, 3.18 and 11.35 per cent than 
single seedlings per hill.  

28. The fresh and dry weight per hill recorded at maximum tillering, 
complete  bearing and harvest stage was significantly higher with two 
seedlings than single seedlings per hill.  

29. The plant height recorded at maximum tillering, complete bearing and 
harvest stage of crop was also significantly more under planting of two 
seedlings per hill than the single seedlings.  

30. The planting of two seedlings per hill has given significantly higher 
number of functioning leaves per hill and LAI by 15.63 and 17.97 and 
4.41 and 12.33 per cent, respectively than single seedling per hill at 
maximum tillering and complete heading stage of crop.  

31. The length of panicle, number of rachillae per panicle, weight per 
panicle, number of grains per panicle, grain weight per panicle and 
1000-grain weight were significantly more in 2 seedlings than 1 seedling 
per hill while number of filled grains per panicle have not been 
influenced significantly due to seedlings rate.  
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32. The 2 seedlings has given significantly higher biological, grain and 
straw yield by 5.97, 2.74 and 3.27 quintal per hectare or 4.58, 4.93 and 
4.38 per cent than 1 seedling per hill, respectively.   

33. The harvest index has not been influenced significantly due to number 
of seedlings per hill. 

34. Protein content in grain was not affected significantly by seedlings rate 
but rice recovery was significantly more in 2 seedlings than 1 seedling 
while husk per cent was significantly more in 1 seedling per hill.  

35. The cost of cultivation was higher with 2 seedlings by Rs 3704.00 per 
hectare than the single seedling per hill.  

36. The crop planted with 2 seedlings per hill has given significantly higher 
gross income by Rs 1988.00 per hectare than 1 seedling but net  profit 
and return per rupee was significantly more in 1 seedling by Rs 1716.00 
per hectare and 0.12 per rupee than the 2 seedlings per hill, respectively.  

37. The initial plant population, plant population at maximum tillering 
stage, panicle bearing shoots, total tillers and unproductive tillers per m2 
was not influenced significantly due to combined effect of dates of 
planting × plant geometry but productive tillers per m2 was significantly 
higher at each plant geometry in D1 than D2 at R4 and D3 at R2, R3 and 
R4.  

38. The fresh weight, dry weight at maximum tillering, complete bearing 
and harvest stage  and plant height at maximum tillering and complete 
bearing stage have not been influenced significantly by dates of planting 
× plant geometry but plant height at harvest stage was significantly less 
at R1 under D3  than all other combinations.  

39. The number of functioning leaves at maximum tillering stage was 
significantly higher in R2 under D1 and D2 than R1, R3 and R4 but under 
D3 different plant geometry remained at par while at complete heading 
stage plant geometry 20 × 15 cm with 15th July produced significantly 
more number of leaves than all other combinations.   
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40. LAI recorded at maximum tillering stage was not influenced 
significantly due to combined effect of dates of planting × plant 
geometry but crop planted at 15 × 15 cm spacing under 15th July gave 
significantly higher LAI than all other combinations at complete heading 
stage of crop. 

41. All the yield attributes, biological, grain and straw yield have not been 
influenced significantly due to interaction effect of dates of planting × 
plant geometry but harvest index decreased with increase in plant 
geometry in D2 and D3  while in D1 higher harvest index found under R2.  

42. The per cent protein continent, husk per cent, gross income, net profit 
and return per rupee have also not been influenced by dates of planting 
× plant geometry, while rice recovery per cent was significantly higher 
with D1×R2 than all other combinations.  

43. All the growth characters, yield attributes, yield, quality characters and 
economics have not been influenced significantly by interaction effect of 
dates of planting and number of seedlings.  

44. All the growth characters except initial plant population per m2, yield 
attributes, yield and quality characters have also not been influenced 
significantly due to combined effect of plant geometry and number of 
seedlings while initial plant population per m2 was significantly more 
with S2 under each plant geometry than S1. 

45. The gross income have not been influenced significantly due to 
interaction effect of plant geometry and number of seedlings while net 
profit and return per rupee was significantly higher in  R3 × S1 than the 
all other combinations but remained statistically at par with R4 × S1.  

46. The initial plant population per m2 was significantly more at closer 
spacing of 15 × 15 cm with 2 seedlings in each dates of planting than R2, 
R3 and R4.  

47. The plant population at maximum tillering stage and total tillers per m2 
were significantly higher in D1×R1×S2 than all other combinations while 
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panicle bearing shoots, productive tillers and unproductive tillers per m2 
have not been influenced significantly due to D × R × S.  

48. Fresh weight, dry weight at maximum tillering, complete bearing  and 
harvest stage and plant height at maximum tillering stage have not been 
influenced significantly due to second order interaction but both 
seedlings with each plant geometry gave significantly taller plant in D1 
than D2 and D3 at complete bearing and harvest stage of crop.  

49. The number of functioning leaves per hill at maximum tillering stage 
with 2 seedlings were significantly more at each plant geometry in D1 
than all other combinations but number of functioning leaves per hill at 
complete heading stage remained unaffected due to interaction effect of 
dates of planting × plant geometry × number of seedlings.  

50. The LAI at maximum tillering stage was significantly more in D1×R1×S2 
than all other second order interaction but LAI at complete heading 
stage was not influenced significantly by D×R×S.  

51. All the yield attributes, biological yield, grain yield and  straw yield 
have not been influenced significantly due to D×R×S but harvest index 
was significantly more in D1×R2×S1 except D1×R1×S1 and D1×R1×S2 
than all other combination of three factors.  

52. The protein content in grain, rice recovery and husk per cent remained 
unaffected due to combined effect of dates of planting × plant geometry 
× seedlings number. 

53. The gross income have not been influenced significantly due to D×R×S 
but net profit and return per rupee were significantly less in 14th August 
planting at 15×15 cm plant geometry with 2 seedlings than all other 
combinations of three factors.  
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CONCLUSION  

On the basis of experimental findings and discussion of present 
investigation following conclusions may be drawn:   

1. The plant geometry of 15 × 15, 20 × 15, 25 × 15 and 30 × 15 cm 
contributed a yield of 59.18, 57.45, 56.56 and 54.36 quintal per hectare 
with a subsequent reduction of 1.73, 0.91 and 2.18 quintal per hectare 
with increase in plant geometry. 

2. Hybrid rice planted at plant geometry of 15 × 15 cm produced 
significantly higher grain yield with all the dates of planting.  

3. From yield point of view, hybrid rice planted with 2 seedlings per hill 
have given higher yield with each date of planting while economically 1 
seedling contributed higher net profit with each date of planting. 

4. The plant geometry of 15×15 cm with 2 seedlings per hill have 
contributed higher grain yield by 67.26, 61.99 and 53.64 quintal per 
hectare with planting of hybrid rice on 15th July, 30th July and 14th 
August, respectively.  

5. On the basis of economic analysis, hybrid rice planted on 15th July at 
plant geometry of 25×15 cm with 1 seedling per hill has given higher 
net profit of Rs 19777.00 per hectare. Similarly 25 × 15 cm plant 
geometry with 1 seedling per hill have also given higher net profit of Rs 
16584.00 on 30th July and Rs 10627.00 on 14th August planting.  
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