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EFFECT OF PRE-PLANTING HARDENING OF SEEDLING ON 

THE PERFORMANCE OF INBREED AND HYBRID AMAN RICE 

ABSTRACT 

'l'hc experiment was conducted with a view to investigate the pre-planting 

hardening of seedling on the performance of inbreed and hybrid aman rice at 

Sher-e-Bangla Agricultural University. Dhaka-1207. Bangladesh during aman 

season (July to December. 2013). The experiment was carried out with three 

varictics i.e. BRRI dhan53. BRRI hybriddhan4, and Pajam and five seedling 

hardening treatment methods viz, direct transplanting (Tt), storage in shade 

condition for three days (T2), storage in open field condition for three days (1)). 

storage in water condition for three days (F4) and storage in cool air condition 

for 24 hours (T5). This experiment was laid out in a randomized complete block 

design (factorial) with three rcpli cations. Results revealed that in open field 

condition. Pajam variety was significantly increased in plant height. number of 

effective tillers, leaf area index (LAI) and total dry matter (1DM) at 30DAT 

and 45DAT, respectively but later on BRRI hybriddhan4 showed the highest 

result. Yield attributing parameters, such as panicle length. grain number 

panicle* 1000 grain weight and yield were improved due to the treatments. 

The highest grain yield (7.26 t ha") was in BRRI hyhriddhan4 under open field 

storage condition. however. the lowest grain yield (2.31 1 had ) was found in 

BRRI dhan53 with direct transplanting combination. 
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Chapter 1 

INTRODUCTION 

Rice (Oryza sadva L.) is the most important staple food crop of Bangladesh 

and it covers about 9.985 million hectares. The rice crop occupies a place in 

almost 98% of the existing number of cropping patterns of the country. Rice is 

the most important human food consumed by more than half of the world's 

population every day. In Asia. where 90% of rice is consumed, ensuring there 

is enough affordable rice for everyone, or rice security, is equivalent to food 

security (IRRI, 2013). It is the grain with the second-highest worldwide 

production, after corn. Bangladesh is the fourth highest rice (O,yza saliva E.) 

producing country in the world (MO, 2013). 

Rice is grown on about 11.56 million hectares which has remained almost 

stable over the past three decades. About 76.71% of the total cropped area is 

planted to rice in the year 2012-13. Total rice production in Bangladesh was 

about 10.59 million tons in the year 1971 when the country's population was 

only about 70.88 millions. However, the country is now producing about 34.00 

million tons to feed her 149.69 million people (Mondal and Choudhury. 2014). 

In such situation, there is no other alternative rather than development and 

adoption of yield enhancing technologies. To get higher productivity, hybrid 

rice is an important portion and readily available way as it has 20-30% yield 

advantage over inbred varieties (Julfiquar ci al.. 2009). 

Rice is extensively grown in three seasons of Bangladesh viz.. aus. aman and 

boro. which covets 80% of the total cultivable area (AIS. 2011). Aman rice 

holds the major share of acreage. At present aman is the second largest crop in 

the country in respect of the volume of production and is highest as a single 

crop. Total area under aman crop of 2014-15 has been estimated at around 1.4 



crore acres in this fiscal year and no change in area under anian took place in 

2014 as regards to previous year and the total aman production of 2014-15 has 

been estimated at 14 million metric ton as compared to 13 million metric ton 

which is 1.3% higher than that of last year (BBS, 2014). Though the yield of 

rice in Bangladesh is generally has increased, it is still much lower than the 

genetic potential yield. However, the genetic potentiality may not be achieved 

due to various environmental and socio economic conditions. This unexpected 

environmental condition causes serious damage to the rice seedlings in the 

nursery beds and in the freshly transplanted fields. Under this situation, the rice 

seedlings may be saved by uprooting them !iom the nursery beds. Though 

aman rice production is increasing day by day but the demand of aman rice 

cannot satist' due to lack of high seedling vigority during uprooted rice 

seedling. 

Crop damage due to early or late flooded is very common in Bangladesh, in 

flood prone areas, farmers cannot retransplant the affected land due to 

unavailability of seedlings. In this case seedlings are olien stored under 

different conditions. In many reports storage in seedling under adverse 

condition showed higher vigority and yield performance under field condition. 

Seed and seedlings both are undergone this condition which are termed as 

priming and hardening, respectively. 

The term. hardening oft refers to the process of gradually exposing seedlings 

that have been raised in protective covering system to the climatic condition 

they will be grown in. This is done to reduce stress and subsequent growth 

check when seedlings are transplanted to the main garden (Better Vegetable 

Gardening, 2012). Although this methods are widely practiced in vegetables 

few studies have been conducted on the effect of seedling hardening on the 

performance of cereal crops like rice, wheat and maize. For example. Cold 

hardening treatments have some beneficial effects on metabolic and 

physiological processes of plant which improves the cold tolerance in different 



crops (Boese and I-tuner. 1990: Castonguay ci al. 1995; Rajshekar and Lalla, 

1996: Uemura and Stcponkus. 1997: Gogoi and Baruah. 1999). The underlying 

mechanism(s) how seedling hardening can enhance the growth and 

productivity of transplanted crops may be their cross-adaptation process. There 

are few hypotheses have been proposed to try to elucidate it; most are based on 

roles of 11202. auitioxidants (glu(athione and ascorbic acid and heat shock 

proteins (lISPs) Fisu and Kao 2007; Chao ci ci. 2009, 2010; Chao and Kao 

2010: Ferreira-Silva ci ci. 2011: Ao ci aL. 2012). Later on. Chao and Kao 

(2010) showed that heat-shock (45 °C. 3 h) induced accumulation in leaves 

induces stress tolerance. 1-Teat-shock induced stress-tolerance rice seedlings 

were also found to be associated with higher APX and GR activities (Chou ci 

at, 2012). Ferreira-Silva etal. (2011) showed that high temperature positively 

modulates oxidative protection in salt-stressed cashew (Anacardium 

occidenictie) plant by the activation of antioxidant enzymes such as SOD. APX. 

CAT as well as favorable changes in the ascorhate redox state. Seedlings that 

undenvent hardening increased their total sugar and a-arnylase activity and 

exhibited carlier initiation of protein. RNA. and DNA synthetic activity. 

Consequently. when the seedling is set out for establishment, cellular events 

are much advanced (Farooq ci al. 2005). Considering the above facts it is 

hypothesized that the short-term adverse condition of seedling Just heibre 

transplanting may induce the upregulation of defense mechanisms in plants 

which would be active during the subsequent episodes after transplantion to 

provide healthy plants with better productivity of rice (Oiyza saliva I..) 

seedlings. 

The population of Bangladesh is increasing day by day and that is why 

horizontal expansion of aman rice area is not possible due to high population 

pressure on land. Therefore, it is an urgent need of the time to inercase rice 

production through increasing the yield. Proper planting and management 

practices are the most elTective means for increasing yield of arnari rice at 

farmers level using inbred and hybrid varieties. (Alauddin. 2004). 

3 



Thus a detailed study with an inbreed and a hybrid variety with some pre 

planting hardening of seedling treatment were undertaken with the following 

objectives: 

To investigate the effect of seedling hardening on the performance of 

aman rice 

To find out a suitable hardening methods for rice seedlings 

To compare the relative performance of local, I-WV and hybrid rice 

under different hardening treatment. 

M 



Chapter 2 

REViEW OF LITERATURE 

In Bangladesh. Transplanted aman rice vown in the area where the depth of 

water does not usually exceed 0.5m. Very often the transplanting schedule of 

transplanting aman rice cannot he maintained in this country particularly in the 

low lying areas due to tidal inundation of flash flood caused by incessant 

rainfall. On the contrary. the scarcity of rice seedling or transplant aman after 

recession of flood water was also a common phenomenon for the last few 

years. Proper attention had not been given on the storage condition before 

transplanting due to unfavorable conditions in over country. Experimental 

evidences on these aspects are so rare both home and abroad. liowever, the 

available literature related to the storage condition hefbre transplanting of 

uprooted rice seedlings have been presented below. 

2.1 Effect of variety 

Debnath et oL (2012) observed that variety had significant effect on all the 

agronoinic parameters except number of effective tillers, ineffective tillers, 

total tillers, grain straw ratio and biological yield. BItRI hybrid dhan2 produced 

the highest dry grain yield (5.92 t haS') and the lowest straw yield (4.97 1 hi'). 

whereas. BRRI dhan29 produced the lowest grain yield (4.16 t hi') and the 

highest straw yield (6.70 1 ha1). 

Al-Mamun c/ al. (2011) carried out an experiment at the Agronomy Farm of 

Bangladesh Rice Research Institute, Gazipur, During December 2008 to June 

2009 in winter season on Surjamoni and BR.R1 dhan29 and observed that the 

highest grain yield (6.96 t hi') was obtained from Surjamoni when treated with 

Bouncer IOWP 	150g hi'. which was 49% higher than control. BRR1 

5 



dhan29 produced also the highest grain yield when treated with same treatment. 

which was 370/0 higher than control. 

l3huivan ci at (2011) conducted a field experiment to evaluate the performance 

of dilkrent weed management options regarding effective weed control, yield 

and yield contributing characters of three popular BRRI aman varieties having 

ditThrent growth duration (BRRI dhan39. BRRI dhan49 and BRI I) in 2008 and 

2009 at Bangladesh Rice Research Institute, regional station. Rajshahi and 

found that among the varieties. BRI I produced significantly higher yield (5.02 

ha'1 ) and lowest yield was recorded in BRRI dhan39 (3.58 t ha"), 

Rem etal. (2010) carried out an experiment at the Agronomy Field Laboratory. 

Bangladesh Agricultural University (RAU). Myniensingh, during the period 

from January to April 2008 and round that Pajam produced the higher grain 

yield (4.0 t hi') than BRRI dhan28 (239 t hi'). 

Obaidullah (2007) stated that variety significantly influenced paniele length, 

number of total grains panicle'. filled grains panielel, 1000 grains weight. 

grain yield and straw yield but not for effective tillers hill' and harvest index. 

The varietal effects on yield and other yield attributes where hybrid variety 

gave numerically maximum tillers hill'' (10.08). and significantly highest 

paniele length (27.36 cm), grains panicle" (196.75), jilted grains paniele" 

(156.84). 1000 grain weight (27.40 g) which eventually elevated the grain yield 

(5.58 t hi'). These parameters were 9.8. 25.17 cm. 112.83, 86.77. 20.09 g and 

3.88 t ha''. respectively as lowest measurements from inbred varieties. 

Main c/ at (2007) reported that there was no signifleant variation of effective 

tillers hilr', total grains panicle", tilled grains paniele. straw yield and harvest 

index observed between the two varieties but hybrid variety showed higher 

panielelength. grain weight and grain yield compared to inbred variety. The 

variety Sonarbangla-1 gave the longer panicle (26.40 cm) compared to that of 

6 



BRI I (25.66 cm). The higher weight of 1000 grains (28.32 g) was obtained 

from the hybrid variety and the lower (27.08 g) was obtained from the inbred 

variety. The higher grain yield (4.70 t ha1) was obtained from the hybrid 

variety Sonar hangla-1 and from inbred variety BR1 1(4.43 t ha"). Irrespective 

of variety clonal tillers showed the highest range of harvest index (48.52 to 

49.55%) that was statistically similar with nursery seedlings of inbred variety. 

Ashrafuzzaman (2006) observed that variety significantly influenced total 

spikelcis panieli t , grains paniele". 1000 grain weight, grain yield and harvest 

index. The higher number of spikelet's panicle" (178.04) was obtained from 

the inbred variety I3RRI dhan32 and the lower number of grains panicle" 

(155.49) was obtained from the hybrid variety sonarbangla- 1. The inbred 

variety showed 14.50% higher number of total spikelet's panicle" compared to 

hybrid variety. The higher number of grains panicte" (147.59) was counted in 

the inbred variety and the lower (111.98) number were counted in the hybrid 

variety. The higher weight of 1000 grains (27.12 g) was obtained from the 

hybrid variety and the lower (21.89 g) from the inbred variety. The higher grain 

yield (5.46 t ha") was obtained from the hybrid variety compared to that of 

inbred variety (4.45 t ha"). The grain yield was 20.26% higher in the hybrid 

variety than the inbred variety. The higher harvest index (47.53%) was found 

from the hybrid variety and the lowest harvest index (43.20%) was found in 

inbred variety. The harvest index was 10.07% higher in the hybrid variety 

compared to the inbred variety. Similar resutts were also reported by Cui ci at 

(2000). 

Akbar (2004) stated that variety, seedling age and their interaction exerted 

significant influence on almost all the studied crop characters of rice. Among 

the varieties, BRRI dhan4l performed the best in respect of number of bearing 

tillers hilr', paniele length, total spikelet's panicle". and number of grains 

panicle". BRRI dhan4l also produced the maximum grain and straw yietds. 

Sonarbangla-1 ranked first in respect of total tillers hill" and 1000 grain weight 

but produced the highest number of non-bearing tillers hill and sterile spikelet's 
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panicl&'. Grain, straw and biological yields were found highest in the 

combination of BRRJ dhan4l x 15 day-old seedlings. Thcrelbre. F3RRI dhan4l 

may be cultivated using 15 day-old seedlings in aman season following the SRI 

technique to better grain and straw yields. 

In a trial, varietal differences in harvest index and yield were examined using 

60 Japanese varieties bred in Asian countries. It was reported that harvest index 

varied from 36.8% to 53.4%. Mean values of harvest index were 43.5% in the 

Japanese group and 48.8% in high yielding group. Yield ranged from 22.6 g 

plant4. The mean value of yield in Japanese group was 22.8 g plani'. and that 

in high yielding group was 34.1 g plani'. They also reported that a positive 

correlation was found between harvest index and yield in the yielding group 

(Ciii etal. 2000). 

Om es at (1999) conducted a field experiment with four varieties (3 hybrids: 

OR! 161. PMS 2A, VMS IOA and one inbred variety HKR 126) during rainy 

season and observed that hybrid ORI 161 exhibited superiority to other 

varieties in grain yield and straw yield. 

it e/ at (1998) conducted an experiment with two varieties, Akitakomachi 

and Ilitombore in tohoku region of Japan. It was found that Hitombore yielded 

the higher (710 g nf2) and Akitakomachi the lowest (660 g 

Ahmed el at (1997) conducted an experiment to compare the grain yield and 

yield components of seven modern rice varieties (RR4. BR5. 13RJ0. BRI I. 

BR22. BR23, and BR25) and a local improved variety. Nizersail. The fertilizer 

dose was 60-6040 kg hi' of N. P205  and K20. respectively for all the varieties 

and found that percent tilled grain was the highest in Nizersail followed by 

13R25 and the lowest in BR! 1 and 81(23. 



WenXiong ci aL (1996) reported that Shnyou 63 (Zhenshan 97A x Minhui 63) 

and Teyou 63 (Longtepu A x Minhui 63) showed significant grain yield 

increase over Minhui 63 of 35.2 and 48%. respectively, in China in 1993. The 

higher number of productive tillers plant" had the largest direct cffcct on grain 

yield, resulting in increased sink capability. The higher tiller number and 

number of grains panicle" were attributable to higher leaf areas, higher net 

photosynthesis in individual leaves (particularly in the later stages) and 

favorable partitioning of photosynthesis to plant organs. Compared with 

Minhui 63, hybrids showed slight heterosis in relative growth rate but 

significant heterosis in crop growth rate, especially at later growth stages. with 

increases of 160.52 and 97.621!/o in shanyou 63 and Teyou 63, respectively. 

BINA (1993) evaluated the performance of four varieties- IRAlOM 24, BR 

14. Binadhan-13 and Binadhan-9. It was found that the varieties differed 

significantly in respect of plant height, number of unproductive tillers hill'. 

panicle length and sterile spikelets panicle". 

Leenakumari ci at (1993) found higher grain yield from the hybrid varieties 

over the modern varieties. They evaluated eleven hybrids of varying duration 

against controls Jaya. Rasi. 1R20 and Margala. and concluded that hybrid OR 

1002 gave the highest yield (7.9 t ha") followed by IR 1000 (6.2 t ha"). 

BRRI (1991) reported that the number of effective tillers produced by some 

transplant arnan rice ranged from 7 to 14 tillers hill" and it significantly 

differed from variety. 

In a trail with six modem varieties in haor area during Boro season it was 

recorded that rice grain yield differed significantly where 4.59. 5.3, 5.73, 4.86. 

3.75 and 4.64 t ha" of grain yield were recorded with BR3. BRI I. 8R14. IRS. 

Pa jam and BRI6. respectively (Hossain c/at. 1991). 



BRRI (1985) concluded that BR4 and 13R10 were higher yielders than Rajasail 

and Kajalsail. 

Miller (1978) from a study of 14 rice cultivars observed that grain yields 

ranged from 5.6 to 7.7 t hi'. He also reported that grain yield was significantly 

influenced by rice cultivars. 

Kumber and Sonar (1978) also reported variable elTects of rice varieties on 

grain yield. Urn nat (1999) observed that hybrid variety exhibited superiority 

to other inbred varieties in grain and straw yield. 

Chang and Vergara (1972) stated that the tillering pattern of rice varied with 

the varieties. In general tall cultivars showed a tendency to have small number 

of tillers and shorts on showed a large number. Tiller number and paniele 

number were positively correlated. Tall tropical and subtropical cultivars tend 

to have a low ratio of panicle to tillers. Japonica cultivars that produced few 

tillers under tropical conditions were vigorous and produced more tillers when 

grown tinder temperate conditions. Indica cultivars, which were vigorous under 

tropical conditions, showed few tillers under temperate conditions. 

2.2 Effect of seedling storage condition 

Higher seedling survival under flooded conditions was observed in pre-soaked 

or primed seeds than in non-primed seeds. Priming increased the percentage of 

seeds with emerging shoots and roots under flooded conditions, and also the 

rate of shoot and root growth. This was also observed in other crops but tinder 

aerated conditions, as in lucerne (Zhang et al. 2007), muskmelon (Nascirnento 

2003) and sorghum (Tiryaki and Buyukcingil 2009). Similar etlects were also 

observed when seeds were pre-soaked with water for 24 hr before 

sowing.Wheat plants exposed to water stress showed poor growth with low 

plant height, yield and yield 
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Components such as number of tillers per plant. spike length, number of grains 

per spike. biological yield, grain yield and harvest index as compared to plants 

grown tinder well watered condition. The reduction in plant height might be 

due to reduction in cells expansion and more senescence of crop leaves tinder 

drought stress (Bhatt and Srinivasa Rao, 2005). 

Farooq ci al. (2005) reported that thermal hardening treatments did not affect 

germination percentage and radical length. This observation of Farooq ci al. 

(2005) might be due to good quality of seeds of both species of rice (indicant 

japonica) used in that study similar to cabbage variety GA in our study. They 

recorded higher germination energy in treated seeds similar to the results of 

cabbage variety GB. 

This promoting effect of seed hardening treatment can be attributed to 

enlargement of the embryo before imbibitions (Austin etal.. 1969) Moreover. 

there was no significant difference in GE, C! and Vi values of cabbage variety 

GB seeds exposed first to dry heat treatment compared with seeds subjected to 

chilling flrst as reported by Farooq cial. (2005). 

Kaykobad ci al. (2003) conducted an experiment to evaluate the effect of 

storage conditions and storage duration of uprooted seedlings with five storage 

conditions such as in mud, in water. in shade .in sun and in shade with frequent 

watering and four storage durations (0, 24, 48 and 72 hours of storage 

seedlings). Best performance was exhibited by seedling stored in mud followed 

by those stored in water, in shade with time to time watering and in sun and the 

difference was significant. Some decrease in the value of subsequent crop 

characters occurred with an increase in the period of storage from 0-72 hour's 

.Howcvcr. the differences between treatments were not significant. 



Sarkar et ci. (2003) conducted an experiment at Cuttack. Orissa. India where 

seeds of 6 rice cultivars (Tulasi. FR 13A. T 1471. Sabita. Kolasali and CH 19) 

were sown in moistened soil and maintained after 5 days under 5 cm of water 

were compared with 30-day-old seedlings transplanted in the nornial way. 

Compared with transplanting, the crops from anaerobic direct sowing had 

greater plant height and above-ground dry matter, less chlorophyll and specific 

leaf' weight. and more panieles per unit area and sterile spikelets. Panicle 

weight and harvest index had significantly positive associations with grain 

yield. 

A field experiment was conducted by Kumar ci ci. (2002) during kharif 1998 

and 1999 in New Delhi, India. to determine the proper age of seedling and 

appropriate plant density of a scented (Pusa RI 1-10) and non-scented (Pusa 

Rl-1-6) hybrid rice. The treatments comprised 3 ages of seedlings (20. 25 and 30 

days old) and 3 plant densities (25. 33 and 50 plants 111'
2 ). The treatments 

comprised 3 ages of seedlings (20, 33 and 50 plants rn 2). 'I'ransplanting of 20 

days old seedling exhibited higher growth and yield parameters and registered 

11.6% higher grain yield over 30 days old seedlings. Plant dcnsity of 25 plants 

rn'2  appeared more appropriate and yielded 7.6 and 17.5% higher grain yield 

over 33 and 50 plants 111'
2  respectively. 

Flaque (1997) observed that the uprooted seedlings of BRI I rice can be stored 

in water even up to 8 days in case of emergency and in the sun or shade fbr 0 to 

2 days without any appreciable loss in grain yield. 

BRRI (1996) conducted a field trial of preserving uprooted seedlings of BR23 

and Sadamata rice varieties before transplanting in gunny. Iloating in water and 

on mud lix 0, 5 and 10 days. The institute observed that seedlings of both the 

varieties preserved for 5 days give significantly higher grain yie ld than that 

those stored for 10 days in each of the storage conditions. The grain yield 

obtained from BR23 rice seedlings stored for 5 days under various conditions 
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was identical to that of fresh seedlings which were not stored before 

transplanting. But the yield from the seedlings of the same storage condition 

for 10 days was significantly lower than that of fresh seedlings. The variety 

Sadamata also showed similar performance as did the variety BR23. 

Water stress during seedlings stage to maturity of crop, significantly decreased 

all grain yield traits, particularly the number of productive tillers per unit area 

about 60%. and number of grains per spike by 48%(Givanta etal., 1993). 

BRRI (1991a) reported that during the storage the dry matter content of 40 

days old rice seedling was much higher than those of 20 days old ones at all the 

storage periods from 0 to 28 days under both water and mud storage conditions 

.The dry matter content of mud stored seedling was much higher than that of' 

water stored ones at all storage periods. irrespective of seedlings age. A 

decreasing trend in the dry matter content of seedling was noticed with the 

increase of storage duration from 0 to 28 days. 

BRRI (1991b) studied the effect of storage periods and storage conditions of 

uprooted BRI I rice seedlings and found about 85 percent seedlings survived 

and produced 3t/ha grain yields when those were stored for 4 weeks in mud. On 

the other hand, the survival percent of seedling stored for more than 4 weeks in 

water was very low. Survival percent was found to be better in older seedlings 

stored in water than that of younger ones. BRRI (1991c) revealed that a 

significant decrease in grain yield was observed due to storage of uprooted rice 

seedlings in mud than those transplanted immediately after uprooting 

irrespective of seedling age, although the grain yield was not less than about 3 t 

haS' . But in case of seedlings stored in water, the grain yield was severely 

allècted in negative direction. However , more than 3tlha of grain yield was 

obtained from 40 days old seedlings stored in water for 7 days, but the 20 day 

old seedlings stored for the same period in water produced much lower grain 

yield of only 1.4 t/ha. 
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Gomosta €1 al. (1990) evaluated the perlbrmance of uprooted rice seedlings 

which were stored in water as well as in mud for a number of days. They 

observed that 20 and 40 day old seedlings of BRI I rice, transplanted after 1 to 

4 weeks of storage in mud, showed 85% survivability irrespective of age of 

seedlings. The survivability percentage decreased with the increase in storage 

duration in ease of water storage. In some cases the grain yield became even nil 

when the seedlings were stored in water for 3 to 4 weeks. On the other hand, it 

varied from 2.8 to 3.5 hi' in case of mud storage of seedlings. They concluded 

that to obtain reasonable grain yield, uprooted seedlings of transplant aman rice 

should be stored in mud up to 4 weeks irrespective of seedling age ranging 

from 20 to 40 days. 

Plant establishment in most crops is limited by environmental constraints, such 

as extremes of temperatures, drought and salinity, resulting in poor crop stands. 

Poor emergence rate under these conditions is the cause of uneven plant stands 

(Cantliffe ci at. 1987). ARRI (1985) studied the mortality of uprooted 

seedlings of BR4 imposing different storage conditions, either keeping erect in 

mud or packed in gunny bags for 3,6,9 and 12 days. Higher mortality 

percentage of uprooted seedlings was found when stored in gunny bags for 

more than 6 days and 100 percent mortality was observed when seedlings were 

stored lhr 12 days. The grain yield also showed the similar trend. Seedlings 

stored for more than 6 days in gunny bags also gave significantly lower grain 

yield, while no such reduction in yield was found in ease of seedlings stored in 

mud up to 12 days. 



Chapter 3 

MATERIALS AND METHODS 

The experiment was conducted at the Agronomy field of Sher-e-Bangla 

Agricultural University, Dhaka-1207 during the period from July 2013 to 

December 2013. This chapter deals with a brief description on experimental 

site. climate, soil, land preparation, layout of the experimental design, 

intercultural operations, data recording and their analyses. 

3.1 Geographical Location 

The experimental area was situatcd at 23077'N latitude and 9093'E longitude 

at an altitude of 8.6 meter above sea level 

3.2 Agro-Ecological Region 

The experimental held belongs to the Agro-ecological zone of "The Modhupur 

Tract". AEZ-28. This was a region of complex relief and soils developed over 

the Modhupur clay, where floodplain sediments buried the dissected edges of 

the Modhupur Tract leaving small hillocks of red soils as 'islands' surrounded 

by floodplain. The experimental site was shown in the map of AEZ of 

Bangladesh. 

3.3 Climate 

Ihe experimental area was under the subtropical climate and was characterized 

by high temperature, high humidity and heavy precipitation with occasional 

gusty winds during the period from April to September, but scanty rainfall 

associated with moderately low temperature prevailed during the period from 
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October to March. The detailed meteorological data in respect of air 

temperature, relative humidity. rainfall and sunshine hour recorded by the Sher-

e-Bangla Agricultural University Weather Station, Dhaka. 

3.4 Soil 

The soil of the experimental site belongs to the general soil type. Shallow Red 

Brown l'errace Soils tinder 'lejgaon Series. Top soils were clay loam in texture. 

olive-gray with common line to medium distinct dark yellowish brown mottles. 

Soil pH ranges from 5.4-5.6 and had organic carbon 0.82%. The experimental 

area was flat having available irrigation and drainage system and above flood 

level. 

3.5 Experimenlal Plant materials and features 

Rice cv. BRRI dhan53. BRRI hyhriddhan4. and Pajam were used as plant 

materials l'or the present study. These varieties are recommended for aman 

season. 

Pajarn: It is a widely cultivated rice variety grown in aman season. It has 

moderate yield potential (2.5 t ha'). It is a tall variety having plant height 90-

I00 cm. Grain is medium sized. Life duration is 110 days approximately. 

BRRI dhan53: BRRI dhan53 variety is grown in aman season. It is modem 

transplanted salt tolerate aman rice variety released by BRRJ in 20103he 

grains are of medium sized and slender. The eultivars mature at 125 days of 

planting. It attains a plant height of 105 em. The eultivars give an average yield 

of nearly 4.5 ton hi'. 

BRRI hybriddhan4: BRRI hyhriddhan4 variety is grown in aman season. It is 

modern transplanted aman rice variety released by BRRI in 2010.The grains 
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are of medium sized, slender, transparent and white in color. The cultivars 

mature at 118 days of planting. It attains a plant height of 112 cm. The cultivars 

give an average yield ot' 6.5 1 hi'. 

3.6 Experimental Treatments 

Factor-A: Variety 

Pajam (V,) 

BRRI dhan53 (V2) 

BRRI hybrid dhan4 (V3) 

Factor-B: Hardening pre-treatment 

= Direci transplanting. 

T2  = Storage in shed, 

'l'3  Storage in open field, 

Storage in water 

T5  =Storage in cool air 

The description of the hardening pre-treatments is given below: 

Cold: Uprooted seedlings were tied in bundles and kept in cold temperature 

(40) in refrigerator (hr 24 hour. 

Direct sunlight: Uprooted seedlings were tied in bundle and placed upright 

under ambient condition with direct sunlight for 48 hour. 

Water: Uprooted seedlings were kept under water for 48 hour. 

Shade: Uprooted seedlings were kept in shade For 48 hour. 
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3.7 Design and layout 

The experiment was laid out in randomized complete block design (RCBD) 

with three replications. The size of the individual plot was 3.0 in x  3.0 ni and 

total numbers of plots were 45. There were 15 treatment combinations. Each 

block was divided into 15 unit plots and the treatments were assigned in the 

unit plots at random. Variety was placed along the main plot and treatments 

were placed along the sub plot. Lay out of the experiment was done on August 

2. 2013 with inter plot spacing of 75cm and inter block spacing of 1.2 in. 

3.8 Seed collection, sprouting and sowing 

Seeds of RRRI dhan53. BRRI hybriddhan4 were collected from Bangladesh 

Rice Research Institute. Joydebpur, Gazipur. Seeds of pajam were collected 

from local market. initially seed soaking was done in water for 24 hours and 

after wards they were kept tightly in jute sack for 2 days. When about 90% of 

the seeds were sprouted. they were sown uniformly in well prepared wet 

nursery bed on July 13, 2013. Seed bed size was 10 in long and 1.5 m wide. 

3.9 Land preparation 

ilie experimental field was first opened on July 24. 2013 with the help of a 

tractor drawn disc plough, later on August 2. 2013 the land was irrigated and 

prepared by three successive ploughings and cross ploughings with a tractor 

plough and subsequently leveled by laddering. All kinds of weeds and residues 

of previous crop were removed from the field. Al'ter the final land preparation 

the field layout was made on August 4. 2013 according to experimental plan. 

Individual plots were cleaned and finally leveled with the help of wooden plank 

so that no water pocket could remain in the puddle field. 
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3.10 Fertilizer application 

Fhe experimental area was fertilized with 120, 80, 80, and 20 kg haS'  N, P205. 

K,O. and S applied in the form of urea. triple super phosphate (TSP). murate of 

potash (MOP). and gypsum respectively. The entire amounts of triple super 

phosphate, murate of potash. and gypsum were applied as basal dose at final 

land preparation. Urea was top-dressed in three equal installments. Urea was 

top dressed in three equal splits on final land preparation, 30. and 50 DAT. 

3.11 Uprooting and transplanting of seedling 

The seedbeds were made wet by the application of water both in the morning 

and evening on the previous day before uprooting for treatment on August 3 

and 5 (cold). 2013. The seedlings were then uprooted carefully to minimize 

mechanical injury to the roots and kept on soft mud in shade, in open field and 

in water for 3 days and in cold temperature for 1 day before they were 

transplanted. The twenty five days old seedlings were transplanted on the well 

puddle experimental plots on August 6. 2013 by using two seedlings hilr'. 

3.12 Intercultural operations 

The Ibllowing intercultural operations were done for ensuring the normal 

growth of the crop. 

3.12.1 Gap filling 

After one week of each transplantation, a minor gap filling was done as and 

where necessary using the seedling from the previous source as per treatment. 

No thinning was done for any treatment. 
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3.12.2 Weeding 

The crop was infested with some weeds during the early stage of crop 

establishment. Two hand weeding were done lbr each treatment: first weeding 

was done at 20 days after transplanting followed by second weeding at 15 days 

after first weeding. 

3.12.3 Irrigation and drainage 

The experimental plots required two irrigations during the crop growth season 

and sometimes drainages were done at the time of heavy rainfall. 

3.12.4 Plant protection measures 

l'here were negligible infestations of insect-pests during the crop growth 

period. Yet to keep the crop growth in normal. Basudin. Ripeord was applied at 

tillering stage @ 17 kg ha while Diazinon 60 EC @ 850 ml ha were applied 

to control stem borer and rice hug. 

3.13 General observations of the experimental field 

The field was investigated time to time to detect visual difference among the 

treatment and any kind of infestation by vccd, insects and diseases so that 

considerable losses by pest could be minimized. The field looked nice with 

normal green color plants. Incidence of stem borer, green leaf hopper, leaf 

roller and rice hispa was observed during tillering stage that controlled 

properly. No bacterial and fungal disease was observed in the field. 
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3.14 Harvest and post-harvest operationThe maturity of crop was 

determined when 85% to 90% of the grains become golden yellow in color. 

From the centre of each plot I rn2  was harvested to determine yield of 

individual treatment and converted into t h&'. The harvested crop of each plot 

was bundled separately, tagged properly and brought to threshing floor. The 

bundles were dried in open sunshine, threshed and then grains were cleaned. 

The grain and straw weights for each plot were recorded atler proper drying in 

sun. Before harvesting, ten hills were selected randomly outside the sample 

area of each plot and cut at the ground level for collecting data on yield 

contributing characters. 

3.15 Collection of data 

Experimental data were recorded from 30 days of growth duration and 

continued until harvest. Dry weights of plant were collected by harvesting 

respective number of hills at different dates from the inner rows leaving border 

rows and harvest area for grain. The followings data were recorded during the 

experiment. 

Crop growth parameters 

Plant height (cm) at 15 days interval tip to harvest. 

Tillers hill at 15 days interval up to harvest. 

e. Dry matter weight olplant at 15 days interval 

Yield Contributing Characters 

a. Effective tillers hilr' 

h. Non elIèctive tillers hilf' 

e. Length of panicle (cm) 	
t -  . 

Fertile spikelets (filled grains) paniel&' 	 fr Library  
Sterile spikelets (unlilled grains) panicl&' 

Weight of 1000 grains (g) 	
ma 
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g. Grain yield (t hi') 

it Straw yield (t hi') 

Biological yield (t ha4) 

Harvest index (%) 

3.16 Detailed procedures of recording data 

A brief outline of the data recording procedure followed during the study is 

given below: 

3.16.1 Plant height 

Plant height was measured at 30. 45. 60 and 75 DAI and at harvest. The height 

of the randomly pm-selected 5 hills plol' was determined by measuring the 

distance from the soil surface to the tip of the leaf height before heading, and to 

the tip of paniele after heading. The collected data were finally averaged. 

3.16.2 Number of tillers hilE' 

Number oltillers hill' were counted at 30. 45. 60 and 75 DAT and at harvest 

from live randomly pre-selected hills and averaged as their numbcr hill'. 

3.16.3 Number of leaves hill' 

Number of leaves hill1  were counted at 30. 45, 60 and 75DAT and at harvest 

from five randomly pre-seleeted hills and finally averaged as their number hill' 

basis. 
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3.16.4 Leaf area Index 

Leaf area index were estimated by measuring the length and width of leaf and 

multiplying by a factor of 0.75. 

3.16.5 Dry weight of plant 

The 3 hills plot"  was uprooted from second line and oven dried (sub-sample) 

until a constant level from which the weights of above ground dry matter were 

recorded. 

3.16.6 Effective tillers bill" 

The panicles which had at least one grain was considered as effective tillers. 

The number of effective tillers hilf' was recorded and finally averaged for 

counting effective tillers number rn'2. 

3.16.7 Non-effective tiller hilr' 

The tiller having no panicle was regarded as ineffective tillers. The number of 

ineffective tillers hill" was recorded and finally averaged for counting 

ineffective tillers number hi 11* 

3.16.8 Panicle length 

Measurement of panicle length was taken from basal node of the rachis to apex 

of each panicle. Each observation was an average of 5 panicles. 

3.16.9 Filled grains panicle-1  

(irain was considered to be filled if any kernel was present there in. The 

number of total filled grains present on ten panicles were recorded and finally 

averaged. 
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3.16.10 Unfilled grains panicl&' 

Unfilled grains means the absence of any kernel inside in and such grains 

present on each of five panieles were counted and finally averaged. 

3.16.11 Total grains panicl&' 

The number ol' tilled grains panicl&' plus the number of unfilled grains panicl& 

gave the total number of grains panicl&'. 

3.16.12 Weight of 1000-grains 

One thousand cleaned dried grains were counted randomly from each sample 

and weighed by using a digital electric balance at the stage the grain retained 

about 12% moisture and the mean weight were expressed in gram. 

3.16.13 Grain yield 

Grain yield was determined from the central 1 m2  area of each plot and 

expressed as t hi'. 

3.16.14 Straw yield 

Straw yield was determined from the central I m2  area of each plot. After 

separating of grains, the sub-samples were oven dried to a constant weight and 

finally converted to t ha". 

3.16.15 Biological yield 

Grain yield and straw yield were all together regarded as biological yield. 

Biological yield was calculated with the following fhrmula: 

Biological yield (t ha4 ) = Grain yield (t hi') + Straw yield (t ha1) 
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3.16.16 Harvest Index 

It denotes the ratio of economic yield to biological yield and was calculated 

with following formula 

Grain yield 
100 

Harvest index (%) = Biological yield 

3.17 Statistical analysis 

The recorded data were subjected to statistical analysis. Analysis of variance 

was done following two factor split plot design with the help of computer 

	

o 	package XLSTAT 2014 and mean separation will be done by LSD at 5% level 

	

d r 	of significance. 

(1 
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Chapter 4 

RESULT AND DISCUSSION 

4.1 Plant height 

4.1.1 Effect of variety 

Plant height of different inhreeds and hybrid varieties of transplanted aman rice 

was significantly different (Fig. 1). The tallest plants were found from the 

variety BRRI hybriddhan4 (118.00 cm), which was significantly differed from 

the other varieties. While the lowest plant height was observed in the variety 

BRRI dhan53 and Palam.  At 30 DAT. Pajarn scored the highest plant height 

(64.63 cm) and the lowest plant height (54.03 cm) was observed from BRRI 

dhan53 which is statistically similar with BRRI hybriddhan4. On 45 DAT. 

BRRI hybriddhan4 was recorded the highest plant height (80.23cm) which was 

statistically similar (78.83 cm) with Pajam and BRRI dhan53 was recorded the 

lowest plant height (60.80 cm). In ease of 60 DAT. the highest plant height 

(9 I .30 cm) was recorded by BRRI hybrid dhan4 and Pajam whether the lowest 

plant height (74.20 cm) was recorded from BRRI dhan53. At 75 DAT and at 

harvest, the highest plant height was recorded from BRRI hybriddhan4 and the 

lowest plant height was recorded from BRRI dhan53 and Pajarn. The plant 

height was varied mainly due to its genetic characters and thus the differences 

were observed in such cases. 
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Figure 1. Effect of varieties on plant height of transplanted aman rice at 

different growth stages ( LSDO.O, Value 1.26, 1.35, 1.19. 1.45 and 

1.32 at 30, 45, 60, 75 DAT and at harvest, respectively) Vertical 

bars indicate the ISO values 

4.1.2 Effect of treatment on variety 

Significant variation of plant height was found due to different seedling 

hardening treatment in all the studied durations ('Fable 1). The results revealed 

that at 30 DAT. the tallest plant (72.19cm) was obtained from the T3  and the 

shortest plant (58.05 cm) was obtained from the direct transplanting. The tallest 

plant (94.24 cm) was recorded at 45 DAT from T3 followed by •f5 (87.89 cm) 

and T, (82.21cm) and the shortest plant was obtained from the direct 

transplanting (73.29 cm). At 60 DAT the tallest plant was observed from T3  

(105.62 em) and the shortest plant was obtained from the direct transplanting 

(85.26 cm). At harvest, the tallest plant (117.29 cm) was obtained from Land 

the shortest plant was obtained from 1', (100.52 cm). 
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Table 1. Effect of seedling hardening treatment on plant height (cm) at 

different growth duration of transplanted aman rice 

Plant heiEht (cm) at different DAT 
Treatments 39 45 60 75 Athan:est 

T 58.06d 73.29d 85.26e 98.23d 100.52d 

12 62.41c 82.21 c 95.20c I03.06e 105.38h 
72.19a 94.24a 105.62a I 13.19a 117.29a 
59.32ed 76.73d 88.37d 101.3Icd 102.09cd 

Ti 66.18b 87.89h 99.82b 108.51h I l2.88b 
LSD(o.es)  3.25 3.47 3.07 3.75 3.41 
CV (%) 5.29 4.33 3.35 3.70 3.28 

In a column means having similar latter(s) are statistically similar and those having dissimilar 
latter(s) different significantly at 0.05 level of probability following LSD test 

= Direct transplanting. 12 = Storage in shed. T -Storage in open field. 14 Storage in 
scaler. 1, =Storage in cool air 

4.1.3 Interaction effect of variety and seedling hardening treatment 

Signifleant interaction effect between the variety and hardening ol seedling on 

plant height was observed at 30. 45. 60 and 75 DAT and at harvest (Table 2). 

The results revealed that at 30 DAT. the tallest plant (76.77cm) was obtained 

from the T, of the variety pajam which was statistically similar with the 1 3  of  

the RRRI dhan53 variety (76.50 cm) and the shortest plant (54.03 cm) was 

obtained from the direct transplanting seedlings of the BRRI dhan53 variety 

which was statistically similar with the V 3T.1. V3T2. V,F and VJ1 . The tallest 

plant (99.13 ciii) was recorded at 45 DAT from i' of' BRRI hybriddhan4 

which was statistically similar with the T1  (98.33 cm) of Pajam variety and the 

shortest plant (60.80 cm) was obtained from the direct transplanting seedlings 

of I31ZRI dhan53. At 60 DAT the tallest plant was observed from T3  (115.17 

cm) of' BRRI hybriddhan4 variety which was statistically similar with F 

(112.23cm) of BRRI hybriddhan4 variety and the shortest plant (74.20 cm) was 

obtained from the direct transplanting seedlings of BRRI dhan53 variety which 

was statistically similar with the storage in water treatment (77.13 cm) of BRRI 

dhan53 variety. At 75 DNI' the tallest plant was observed from T 3  (127.27 cm) 

of BRRI hybriddhan4 variety which was statistically similar with T 

(121.93cm) oF F3RRI hybriddhan4 variety and the shortest plant (83.90 cm) was 
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obtained from the direct transplanting seedlings of BRRI dhan53 variety which 

was statistically similar with the storage in water treatment (86.83 cm) of BRRI 

dhan53 variety. At harvest, the tallest plant (128.87) was obtained from 

observed from L (128.87 cm) of I3RRI hyhriddhan4 variety which was 

statistically similar with 15  (123.90cm) of BRRI hyhriddhan4 variety and the 

shortest plant (94.00 cm) was obtained from the dircct transplanting seedlings 

of BRRI dhan53 variety which was statistically similar with V,T4  (96.87 cm). 

V1 T4  (96.73 cm) and VT1  (96.47 cm). 

Tabte 2. Combined effects of variety and treatments on plant height (cm) 

of transplanted aman rice at different DAT 

Plant height (cm) at 

Variety 	Treatment 	300A1 	45DM 	60DAT 	75DAT 	At harvest 

T1  64.631--e 78.83g 90.27e 97J711 96.47fg 

66.40h.d 85.8Oc-e 97.37d 100.17Hi 100.37ef 

t'ajam (V,) 	Tj  76.77a 98.33a 102.70c 108.50de 108.73cd 

TA 61.17d-g 79.73fg 89.67e 96.50hi 96.73fg 

Ts 69.53b 89.90cd 99.53cc! 105.57cf 105.70de 

54.03i 60.80i 74.20g 83.90k 94.00g 

BRRI clhan53(V2) 	1, 62.70d-g 69.17h 80.13f 90.47ij 100.23e1 

76A7a 85.27d-f 99.00cd 103.80c-g I 14.27be 

14 57.20g-i 66.831i 77.13fg 86.83ik 96.87fg 

1, 68.43hc 77.67g 87.70e 98.03gh 109.03cd 

55.5011i 80.23e-g 91.30e 1 13.63cd II 1.09b-d 

1' 58.131ti 91.67bc 108.10h I I8.S3hc 115.551) 

BRRI hyhriddhan4 	TI 63.33c-f 99.13a 1 15.17a 127.27a 128.87a 

(\'3) 	 14  59.60e-i 83.63e-g 98.30ed 120.60h 1 12.67hc 

T 60.57e-h 96.1Oah 112.23ab 121.93ah 123.90a 

	

5.63 	6.00 	5.32 	6.49 	5.90 

CV (%) 	 5.29 	433 	335 	3.70 	3.28 

In a column means having similar latter(s) are statistically similar and those having dissimilar 
latter(s) different significantly at 0.05 level of probability following LSI) test 

T j  = Direct transplanting. T 2  = Storage in shed, 13  =Storage in open field, 14  = Storage in 
water. l' =Storage in cool air. 

29 



4.2 Number of tillers hill1  

4.2.1 Effect of variety 

Varietal variation had significant effect on tillers hill' over time except at 75 

DAT (Fig. 2). Total tillers hillS' increased up to 60 DAT and then remain same 

up to harvest among all (lie varieties. I3RRI hybrid dhan4 showed the highest 

number of tillers hill' (9.53. 13.73 and 13.93 at 45. 60 and 75 DAT 

respectively) throughout the growing period 	except 	at 30 DAT. BRRI 

hybriddhan4 was recorded the highest tillers hill' 	(13.93) at 60 DAT .The 

lowest tillers hill' (10.57cm) was recorded from Pajam 

10 -- Pajani 

14 	—--BRRIdhan53 

12 	
BRRI liybiiddhan4 

10 

x 

06 
C z 
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30DM 	 45DAT 	 60DAT 	 75DAT 

Days after tra nspla nting 

Figure 2. Effect of variety on tillers hill' of transplanted aman rice at 

different days after transplanting (LSD005  value 0.22, 0.24, 0.33 

and 0.34 at 30, 45, 60 and 75 DAT, respectively). Vertical bars 

indicate the LSD values 
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4.2.2 Effect of treatments 

The total number of tillers hill-' was significantly influenced by difterent 

hardening treatments at 30, 45. 60 and 75 DAT (Table 3). At 30 DAT the 

highest numbers of tillers hill- ' was observed in T1 (11.88) which were 

statistically similar with 1*5  (11.39). The highest number of tillers hill" (13.89) 

at 45 DAT was observed in T3  and the lowest numbers of tillers hill" was 

obtained from direct transplanting treatment (9.09). At 60 DAT highest 

numbers of tillers hill- ' was observed in open in shade (15.96) and the lowest 

numbers of tillers hill" was obtained from T, (11.6) which was statistically 

similar with Storage in water treatments. At 75 DAT highest numbers of tillers 

hill" was observed in open in shade (15.54) and the lowest numbers of tillers 

hill- ' was obtained from T1  (12.25) which was statistically similar with Storage 

in water treatments (12.77). 

Table 3. Effect of seedling hardening treatment on number of tillers hill" 

at different growth duration of transplanted aman rice 

Treatments 
	

Number of tillers hilr' at different DAT 

30 	 45 	 60 	75 

1'I 9.60d 9.09e I l.60d 12.26c 

1 1.02b 10.73e 12.97c 14.031 

lt.SSa 13.39a 15.56a 15.54a 

111  10.32c 9.93d 12.40cd 12.77e 

Tc I 1.39ab 12.42b 15.04b 14.70ab 

LSD (nbc) 	0.56 	 0.60 	0.85 	0.86 

CV (%) 	5.42 	 5.62 	5.62 	6.46 

In a colunui means having similar latter(s) are statistically similar and those having dissimilar 

latter(s) different signiticantiv at 0.05 level of probability following LSL) test 

1, = Direct transplanting, T = Storage in sited. T Storage in open field, 14  = Storage in 

water. i' Storage in cool air 
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4.2.3 Interaction effect of variety and hardening treatments 

The interaction efièct of seedling hardening treatments and variety signilicantly 

influenced the number of tillers hilr' at diflèrent DAT (Table 4). At 30 DAT, 

highest number of tillers hiW' (13.73) was recorded from the combinations of' 

RRRI dhan53 and Open field storage treatments. Treatment combinations of 

I3RRI liyhriddhan4 and Storage in open field treatments was recorded the 

highest number of tillers hilF 1  (13.73. 18.30and 17.70) at45, 60 and at 75 DAT 

respectively and combinations of' BRRI hybriddhan4 and cold storage 

condition scored second highest (16.87) at 75 DAT. The lowest number of 

tillers hill' was recorded from the treatment combinations associated with no 

treatments that or direct transplanting throughout the growing period. 

Table 4. Combined effect of variety and treatments on number of tillers 

hill' of transplanted anian rice at different DAT 

Number of tillers hill' at 
Variety 	Treatment 30DAT 45DAT 600AT 75DA'i' 

9.13g 8.300h 	- 9.500j 10.57i 

2 9.07g 10.30fg 11.1671 13.43efg 
Pajam (V i ) T3  10.27ef 12.93ah 13.00fgh 13.63e1g 

14 9.1Og 9.47g 10.536 I l.37hi 
Ti 9.471g IL.83cd I l.SOghi 13.l3efg 

1, 10.57e 9.43g I 1.57hi 32.27gb 
I3RRI dhan53 i'2 13.2Oab I0.53e1 13.O7fg l2.671gh 

 'l'3  13.73a 13.50ab 16.57be 15.30cd 
14  12.37bc 10.I3fg 13.23efg 12.37gh 
Ic 13.47a 12.57bc 15.73cd 14.1Odef__- 

Ii 9.1Og 9.533fg 13.73ef 13.93def 

lO.SOde I I.37de 14.67de 16.00hc 

BRRI hybriddhan4 T3 Ii .ó3cd 99.1 3a 115.1 7a I 27.27a 
 14 9.50(g 83.63e-g 98.30cd 120.60b 

11.23dc 96.I0ab 112.23ah 121.93ah 

LSI) (0.05) 	 0.98 	1.04 	1.47 	1.49 

CV (%) 	 5.42 	5.62 	6.49 	6.46 
In a column means having similar tatter(s) are statistically similar and those having clissunilar 
latter(s) different significantly at 0.05 level of probability following LSL) test 

Direct transplanting. F = Storage in shed. 15  ='Storage in open field. T4  = Storage in 
water. 1 5  "Storage in cool air. 
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4.3 Number of leaves huE' 

4.3.1 Effect of variety 

Numerically maximum number of leaves hill' at 30, 45, 60 and 75 DAT was 

observed in BRRI hyhriddhan4 and the minimum number of leaves hill1  was 

obtained from the local variety Pajarn. 
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Figure 3. Effect of variety on number of leaves hilF' at different days after 

transplanting on aman rice ( LSD0•05  value 0.74. 1. 1.85 and 

1.56 at 30, 45, 60 and 75 DAT, respectively) Vertical bars 

indicate the LSI) values 

4.3.2 Effect of treatments 

The total number of leaves hill" was significantly influenced by different 

seedling  hardening treatment at 30. 45, 60 and 75 DAT but (Table 5). At 30 

DAT highest number of leaves hill' was observed in •F- (65.04) .The highest 

number of leaves hill' (68.39) at 45 DAT was observed in 'F3  and the lowest 

number of leaves hill' was obtained from direct transplanting seedlings 

(60.37). At 60 DAT highest numbers of tiller hill1  was observed in storage in 



open field treatment (83.20) and the lowest numbers of leaves hill' was 

obtained li-am T (72.24). At 75 DAT highest numbers of' tiller hill 1  was 

observed in storage in open field treatment (86.31) and the lowest numbers of 

leaves hill' was obtained from T, (76.52). 

Table 5. Effect of seedling hardening treatment on number of leaves hill' 

at different growth duration of transplanted aman rice 

Number of leaves hilr' at different DAT 

Treatments 30 	 45 	 60 	75 

55.32d 60.37c 72.44e 76.52d 

T, 60.44be 65.48!, 76.90b 80.82hc 

65.04a 68.39a 83.20a 86.31a 

T4  59.06e 63.52b 75.37h 79.23c 

T5  61.271, 65.48h 77.1Ob 81.49b 

LSD(O.05)  1.90 2.59 2.39 2.01 

CV (%) 3.27 4.15 3.22 2.59 

In a column means having similar latter(s) are statistically similar and those having dissimilar 

latter(s) different significantly at 0.05 level of probability following LSD test 

T1 = Direct transplanting, F, Storage in stied, T3  =Storage in open field . 1.1 Storage in 

water, l —Storage in cool air 

4.3.3 Interaction effect of variety and treatments 

Significant interaction effect between the variety and hardening treatment on 

number of leaves hill' was observed at 30. 45. 60 and 75 DAT (Table 6). The 

results revealed that at 30 DAT, the highest number of leaves hill' was 

observed in 1; (75.20) of the BRRI hyhriddhan4 which was statistically similar 

with T (73.53). T5  (72.37). 1'4  (72.17) of same variety. At 45 DAT highest 

number of leaves hill 1  were obtained from T 1  (78.83) of 3RRl hybriddha114 

variety which was statistically similar with T2  (78.27). T5  (78.03), T4  (76.80) 

and T,(75.87). Highest number of leaves hill' at 60 DAT was observed in 13  
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(97.93) of the BRRI hybriddhan4. At 75 DAT highest number of leaves hilr' 

were obtained from 1 3  (100.43) of URRI hybriddhan4 variety followed by 

other treatments of seedling hardening. 

Table 6. Combined effects of variety and treatments on number of leaves 

huE' of transplanted aman rice at different DAT 

Number of leaves hill" at 

Variety 	Treatment 300AT 45DAT 60DM' 75DAT 

41.63cd 56.13cd 60.77cd 60.43c 

45.13bc 59.20he 64.1Ob 65.20h 

Pajam (V1) 	T3  49.87a 64.43a 68.96a 68.33a 

14  41.40d 52.77d 60.00d 60.33c 

Ic 48.60ah 58.56bc 63.50bc 63.77b 

I, 29.43g 36.931' 39.50g 39.971 

T2  30.63g 37.801 40.67g 41.401 

I3RRI dhan53 	l' 35.03ef 45.03e 50.03e 50.23d 

(V2) 	 T4  29.56g 38.63f 41.47g 42.331 

31.83fg 44.17e 46.471' 46.80e 

T1  38.53dc 47.53e 49.23ef 49.83de 

45.I3hc 57.03bc 59.40d 59.90e 

BRRT hybriddhan4 	13 47.87ab 60.17b 64.57b 64.87b 

(Vi) 	11 38.83d 47.30e 49.IOef 49.57de 

46.83ab 60.30b 64.1 7b 64.63b 

LSl)0.0, 3.29 4,48 4.15 3.49 

CV (%) 3.27 4.15 3.22 239 

In a column means having similar latter(s) are statistically similar and those having dissimilar 

latter(s) different significantly at 0.05 level of probability following LSD test 

= Direct transplanting. T2 = Storage in shed. T 3  =Storage in open field T4 = Storage in 

water, T Storage in cool air. 
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4.4 Leaf area index (LAI) 

4.4. I Effect of variety 

Varietal eiièct signilicantly influenced leaf area index (LAI) of aman rice at 30. 

45. 60 and 75 DAT (Fig. 4). At 30 DAT. 45 DAT and 60 DAT. the higher leaf 

area index was found in the hybrid variety BRR! hybriddhan4 and the lower 

leaf area index was found in the local variety Pajam. This might be due to the 

production of comparatively lower tillers of the local variety than the inbred 

variety which consequently decreased the number of leaves plani' and leaf area 

index. 
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Figure 4. Effect of variety on leaf area index at different growth duration 

of transplanted aman rice (1SD005  value 0.07, 0.17, 0.25 and 0.29 

at 30, 45, 60 and 75 DAT, respectively) Vertical bars indicate the 

LSD values. 

4.4.2 Effect of treatments 

Seedling hardening treatment significantly influenced Leaf area index (LAI) of 

aman rice was at 30. 45. 60 and 75 DAT (Fable 7). At 30 DAT, Storage in 
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open held T1 produced the highest leaf area index (2.27) which was statistically 

similar with II (2.16) and direct transplanting seedlings produced the lowest 

leaf area index (1.60). At 45 DAT highest leaves area index (6.78) was 

observed in T1 and the lowest was observed in direct transplanting seedlings 

(5.33). This might he due to higher leaf number in storage in open field 

treatment at early growth stage of rice plant. Highest leaf area index (11.93) at 

60 DAT was obtained from '1'3  and the lowest leaf area index (8.40) was 

observed in T 1 . At 75 DAT T3 produced highest leaf area index (12.81) and 

the lowest leaf area index (9.40) was observed in T 1  which was statistically 

similar with T.1  (10.04). 

Table 7. Effect of seedling hardening treatment on leaf area index at 

different growth duration of transplanted anian rice 
-- 	

-- Leaf area index at different DAT 

Treatments 30 45 60 75 

T1  1.60e 5.33d 8.40d 9.40e 

l.SOh 5.76c 10.48b I 1.49b 

2.27a 6.78a I 1.93a 12.81a 

T4  1.64c 5.68ed 9.21c 10.04c 

2.16a 6.27h 11.08h lL92b 

LSD(nnc)  0.18 0.43 0.64 0.75 

CV (%) 9.86 7.52 6.46 7.00 

In a colnnm means having similar latter(s) are statistically similar and those having dissimilar 

latter(s) difThrent significantly at 0.05 level of probability following LSD test 

Direct transplanting. T2 = Storage in shed. T3  =Storage in open field . 	= Storage in 

water. T5  =Storage in cool air 

4.4.3 Interaction effect of variety and treatments 

Interaction effect of variety and seedling hardening treatment significantly 

influenced leaf area index (LA!) of aman rice at 30. 45. 60 and 75 DAT (Fable 
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8). At 30 DAT. V1 T3  produced the highest leaf area index (2.9) which is 

statistically similar with V1]'5  (2.67) and the lowest LAI was observed in V2T4  

(1.33) which is statistically similar with V2T1  (1.37). V2T2  (1.44) and V1 1'1  

(1.60). At 45 DAT the highest LAI was obtained from V1 F1  (7.73) which was 

statistically similar with V1T5 (7.43) and V1 T2  (7.03) and the lowest LAI was 

observed in V5T1  (4.63) which was statistically similar with VjL1  (4.97). WE1  

(5.10). V2T2  (5.17). and WE2  (5.19). Highest LAI at 60 DAT was observed in 

V3T3  (13.63) which was statistically similar with V3'! 5  (12.57) and the lowest 

LAI was observed in V2T1  (7.83) which was statistically similar with V11'1  

(7.97). V7T4  (8.33). and V1 T4 (8.47). At 75 DAT highest LAI (14.30) was 

obtained from V3T5  which was statistically similar with V'F5  (13.60) and V312  

(13.03) and the lowest LAI (8.70) was obtained from V2T1  which was 

statistically similar with V2T4  (9.10). V1 T1  (9.10). V1 T4  (9.40). 

Table 8. Combined effect of variety and treatments on Leaf area index 

(LAI) of transplanted aman rice at different DAT 

Leaf area index (LAI) 
Variety 	

Treatment 30DAT 45DAT 60DAT 75DAT 
T I.60e-Ii 6.27d-f 7.967i 9.1011i 

2.101) 7.03a-c 9.50e-g 10.60e-g 
Pajam 1; 2.90a 7.73a I t.63he 12.371)-d 

 
T, 

1.67d-g 6.37c-c 8.47g-i 9.40g-i 
2.67a 7.43ab 1030d.r I l.23d..f 

1.37gb 5.16h-j 7.831 8.70i 
BRRI dhan53 T, I .40f-h 5.1 7g-j 9.70ef 10.53e-g 

 1J3b-e 5.33e-h 10.5k-c 11.73e-c 
1 4  1.1311 4.967ij 8.33hi 9. i (ml 
Ts 1.73cd-1' 5.571-I 10.17d-f I l.I4d-f 
T3  1.83b-c 4.63j 9.40f-h 10.40€-h 

I.9013c 5.l7g-j 12.23h 13.03a-c 
E3RRI hybriddhan4 L 2.07b 6.771)-d 13.63a I4.30a 

(V1) 
T, 

1.93h-d 5.60e-i I0.83cd I l.63d-f 
Ts 1.97h-d S.SOe-g 12.57ab 13.60ab 

LSD(Q,O ) 0.43 0.75 1.10 1.30 
CV (%) 9.86 7.52 6.46 7.00 

In a column means having similar latter(s) are statistically similar and those having dissimilar 

latter(s) different significantly at 0.05 level oI'probahility following I.SD test 

T1  = Direct transplanting, 12 = Storage in shed. T3  =Storage in open field, '1'4 	Storage in 

water, T3  =Storage in cool air. 



4.5 Dry matter production 

4.5.1 Effect of variety 

Dry matter is the material which was dried to a constant weight. Total dry 

matter (1DM) production indicates the production potential of a crop. A high 

1DM production is the first perquisite for high yield. TDM of roots, leaves, 

leaf sheath 4- stem and or panieles of all varieties were measured at 30. 45. 60 

and at 75 DAT. It was evident from Fig.5 that irrespective of treatments 1DM 

of all the varieties significantly varied at all sampling dates. Here Pajam 

achieved the highest dry matter throughout the growing period (4.45. 13.34 and 

14.92 g hill' at 30,45,60 DAT respectively except at 75 DAT). Lower amount 

of dry matter production was observed in BRRI dhan53 and BRRI hybriddhan4 

throughout the growing period except at 75 DAT. This may he due to the 

highest number of tiller mortality. Main (2006) also observed that hybrid rice 

produced more dry matter in plant than inbred varieties. 
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Figure 5. Effect of variety on total dry matter production of transplanted 

aman rice at different days after transplanting (LSD0. value 

0.15, 0.46, 0.54 and 0.66 at 30, 45, 60 and 75 DAT, respectively) 

Vertical bars indicate the LSD values 
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4.5.2 Effect of treatments 

Total dry matter (1DM) increased exponentially with time. 1DM was 

significantly affected by different treatments (Table 9). From the early stages 

distinct differences were visible among the treatments in TDM production. The 

lowest 1DM throughout the growing period was observed in direct 

transplanting and storage in shade treatment. All of' the treatments gave 

statistically similar results from 15 to 75 DAT. Among all the treatments. 

Storage in open field achieved the highest 1DM throughout the growing 

period. 

Table 9 Effect of seedling hardening treatment on dry matter production 

at different growth duration of transplanted aman rice 

Total dry weight (g hiW') at different DAT 

Treatments 30 	 45 	 60 	- - 75 	- 

3.32d 9.67e 12.27b 15.31c 

T, 3.81bc 1l.56b 13.59b 17.01h 

13  4.70a 14.45a 16.18a 20.09a 

1'4  3.56cd 10.50he 12.63h 15.16c 

4.10b 13.32a 15.12a 18.07h 

LSD(o05) 0.38 1.18 1.38 1.69 

CV (%) 10.16 10.31 10.26 10.25 

In a column means having similar latter(s) are statistically similar and those having dissimilar 

latter(s) different significantly at 0.05 level olprobability following LSL) test 

= Direct transplanting. 1, = Storage in shed. T1 =Storage in open field, T4  = Storage in 

water. T =Storage in cool air 

4.5.3 Interaction effect of variety and treatments 

Significant interaction effect between the variety and seedling hardening 

treatments on dry matter production (g hill') was observed at 30, 45. 60 and 75 
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DAT and (Table tO). The results revealed that at 30 DAT. the highest dry 

weight was observed in J' ( 5.2 g hill"') of the local variety (V 1 ) and the lowest 

in direct seedling treatment condition (2.63 g hill-') of the inbred variety ("2) 

which was statistically similar with the storage in shade condition (2.97 g hilt' 

5. storage in water (2.97 g hill'') and storage in cool air treatment (3.17 g hill' 

5 of the inbred variety (V2). At 45 DAT the highest dry weight were obtained 

from i'3 (15.42 g hill'') of the local variety (V 1 ) which was statistically similar 

with T5  (14.467 g hill") of local variety (VI'). V2T3  (14.20g hill"). V3T3(13.73g 

hill') and V,T(l3.59g hill") and the lowest from direct transplanting seedlings 

(9.107 g hill') of the inbred variety (V2) which was statistically similar with 

the direct transplanting seedlings (79.27 g hill') which is statistically similar 

with V2T4(9.27g hill''). V3'!'4  (9.63g hiIl'1 ).V2T2  (10.33g hill4 ) V,T, ( IO.63g 

hill'), V 3T, (10.76g hill" 1' At 60 DAT the highest dry weight was observed in 

T. (18.43 g hilt") of the local variety (V,) variety and the lowest in T4  (1143 g 

hill-') of the inbred variety (V2 ) which was statistically similar with direct 

transplanting seedlings (I 1.77g hill') of inbred, (12.30g hill") hybrid and local 

(12.7g hill") variety and V 6]'4  (12.73g hill'). V212  (13.17g hill"). V3T2  (13.37 

g hill"). V,t, (13.73 g hill'). At 75 DAT the highest dry weight was observed 

in '13 (21.10 g hill-') of the hybrid variety (V1) variety which is statistically 

similar with V,T3(20.47 g hill''). V3T5(20.30g hill''). V3T2(19.30g hill- '). 

V 3T4(18.90g hill"). V,T 3(18.70g hill') and the lowest in T, (12.87 g hill") of 

the local variety (V,) which was statistically similar with V 11'.1(13.20g hill''). 

V2T4( 13.37g hill"). V,]'2( I 3.SOg hill- ') and V2T1  (1 5.07g hilt"). 
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Table 10. Interaction effect of treatment on dry matter production on the 

performance of transplanted amari rice at different DAT 

Total dry weight (g huE') at different DAT 

Variety Treatment 30 DAT 45 DAT 60 DAT 75 DAT 

1.1 3.97b-e 10.63de I2.73d-f 12.87e 

1 2 4.33hc 13.59a-c 14.23b-c 13.80e 

Pajam 13  5.20a 15.42a 18.43a 18.70a-c 

(V1 ) 14  4.20hc 12.60h-d 13.731,-f 13.20e 

T5  4.57ab 14.47ab 15.47bc 16.87cd 

2.63g 9.IIe 11.771 15.07de 	- 

I3RRI dhan53 T2  2.97fg 10.33e 13.17c-f 17.93h-d 

(V2) T3  3.93c-e 14.20a-c 15.07b-d 20.47ah 

T4  2.971g 9.27e 11.431 13.37c 

Ic 3.I7fg 12.40cd 15.63b 17.03cd 

3.37ef 9.27e 12.30ef 18.00bcd 

T2  4.13b-d I0.76de 13.37b-f 19.30a-c 

E3RRI T3  5.00a 13.73a-e 15.03b-d 21.1Oa 

hybriddhan4 (V3) T4  3.50d-f 9.63e 12.73d-1 18.90a-c 

T5  4.57ah 13.1Obc 14.271,-c 20.30ab 

LSD 0.o 	 0.66 	2.05 	2.39 	2.94 

CV (%) 	 10.16 	10.31 	10.26 	10.25 

In a column means having similar latter(s) are statistically similar and those having dissimilar 

latter(s) different significantly at 0.05 level of probability following LSD test 

Direct transplanting. T7  = Storage in shed. T3  =Storage in open field, t'.i 	Storage in 

water, T, Storage in cool air. 
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4.6 Yield attributes 

4.6.1 Number of effective tillers hilr' 

4.6.1.1 Effect of variety 

The effective tiller varied significantly due to variety. It was observed that 

BRRI hyhriddhan4 produced significantly higher effective tiller (12.07). The 

second highest effective tiller (7.127) was measured from BRRI dhan53 and 

the lowest effective tiller (6.480) was obtained from Pajarn 

14 
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0 1 
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Paj uu 	 BRRI ciliai L5 3 BRRI lihi idd1aii4 

Figure 6. Effect of variety on effective tillers hilF' of transplanted aman 

rice. Bars with similar letter do not differ significantly at pS0.05 

applying LSD lest 

4.6.1.2 Effect of treatments 

Storage in open field condition gave the highest etièctive tiller (9.8111) (Table 

II). The second highest effective tiller (9.0889) was obtained from the effect of 

Storage in cool air condition .Direct transplanting of seedling in the field gave 

the lowest effective tiller (7.322). 
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Table 11. Effect of hardening treatment on effective tillers hilt' of 

transplanted ainan rice 

Hardening treatments Number of effective tiller hilt' 

I)irect transplanting ('L)) 7.32d 

Storage in shed (T2) 8.62h 

Storage in open field ( 1)) 9.81 Ia 

Storage in water ('I1) 7.844c 

Storage in cool air (T5) 9.089b 

LSD(o.) 0.51 

CV(%) 6.16 

In a column means having similar latter(s) are statistically similar and those having dissimilar 

latter(s) different significantly at 0.05 level of prohabilhy following LSD test 

4.6.1.3 Interaction effect of variety and treatments 

Effective tiller was significantly affected by the interaction of variety and 

different conditions (1-ig.7). The highest effective tiller (13.40) was obtained 

from the combination I3RRI hybriddhan4 with Storage in open field. Second 

highest effective tiller (12.47) was obtained from the combination of I3RRI 

hybriddhan4 with storage in cool air condition which was statistically similar 

with I3RRI hybriddhan4 with storage in shade condition. The lowest (4.633) 

was found from the combination Pajam with Direct transplanting which was 

statistically similar with storage in shade condition of Pajam and storage in 

water and direct transplanting treatment of BRRI dhan53 seedling. 
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Figure 7. Interaction effect of variety and hardening treatment on number 

of effective tillers huE' of transplanted aman rice. Bars with 

similar letter do not differ significantly at p0.05 applying LSD 

test 

4.6.2 Non-effective tillers huE' 

4.6.2.1 Effect of variety 

The non-effective tiller varied significantly due to variety. It was observed that 

Pajam produced the highest non-effective tiller (2.54). The lowest non-

effective tiller (0.98) was measured from BRRI hybriddhan4. 
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Figure 8. Effect of variety on non-effective tiller hill' of transplanted 

aman rice. Bars with similar letter do not differ significantly at 

pS0.05 applying LSD test 

4.6.2.2 Effect of treatments 

Different treatments had significant effect on non-effective tiller (Table 12). 

Storage in open field condition gave the highest non-effective tiller (2.04) 

which is statistically similar with Storage in cool air and Storage in shed. The 

lowest non-effective tiller (1.36) was measured from direct transplanting. 
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Table 12. Effect of hardening treatment on non-effective tillers huE' of 

transplanted aman rice 

Hardening treatments 

Direct transplanting (T1 ) 

Storage in shed (T2) 

Storage in open field (T3) 

Storage in water (T4) 

Storage in cool air (T5) 

Number of non-effective tiller huE' 

l.36c 

l.90a 

2.04a 

1.58b 

1.93a 

0.15 

CV (%) 	 8.72 

In a column means having similar latter(s) are statistically similar and those having dissimilar 

latter(s) different significantly at 0.05 level of probability following LSD test 

4.6.2.3 Interaction effect of variety and treatments 

Non-effective tiller was significantly affected by the interaction of variety and 

treatments (Fig. 9). The highest non-effective tiller (2.87) was obtained from 

the combination Pajam with Storage in open field condition which was 

statistically similar with storage in cool air and storage in shade condition of 

same variety Pajam. Second highest non effective tiller (2.37) was obtained 

from the combination of BRRI dhan53 with storage in open field treatment of 

the seedlings. The lowest (0.90) was found from the combination BRRI 

hybriddhan4 with Storage in open field which was statistically similar with 

seedlings of direct transplanting of both BRR! dhan53 and I3RRI hybriddhan4. 
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Figure 9. Interaction effects of variety and hardening treatment on 

number of noneffective tillers bilE' of transplanted aman rice. 

Bars with similar letter do not differ significantly at p0.05 

applying LSD test 

4.6.3 Panicle length 

4.6.3.1 Effect of variety 

The panicle length varied significantly due to variety shown in Fig. 10. H was 

ohscrvcd that BRRI hyhriddhan4 produced significantly longer (26.23 cm) 

panicle. The second highest panicle length (23.03 cm) was measured from 

BRRI dhan53 and the shortest panicle length (22.77 cm) was measured from 

Pajam. 
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Figure 10. Effect of variety on panicle length of transplanted aman rice. 

Bars with similar letter do not differ significantly at pS0.05 

applying LSD test 

4.6.3.2 Effect of treatments 

The panicle length varied significantly due to different treatments shown in 

(Fig. 11). It was observed that the longest panicle length (26.42 em) was 

observed from the treatment of Storage in open field which was statistically 

similar with the treatment of cool air condition. The shortest (21.12 cm) panicle 

length was observed from control treatment. 

30 -i 

Direct 	Storage in 	Storage in opcit Storage in watei Storage iii cool 
ti-anspianting 	shade 	field 	 air 

Figure tI. Effect of different hardening treatment of seedling methods on 

panicle length of transplanted aman rice. Bars with similar 

letter do not differ significantly at pS0.05 applying LSD test 
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4.6.3.3 Interaction effect of variety and treatments 

Particle length was significantly affected by the interaction of variety and 

different treatments condition. Longest (28.63 cm) panicle was observed from 

the combination BRRI hyhriddhan4 with Storage in open field condition which 

was statistically similar with the combination of I3RRI hyhriddhan4 and 

storage in shade and storage in cool air condition. Second highest panicle 

length (27.56 cm) was obtained from the combination of* BRRI hybriddhan4 

with Storage in cool air and shorter (18.90 cm) was ibtind 11Dm the 

combination of' Pajam with direct transplanting. 
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Figure 12. Interaction effect of variety and different hardening treatment 

on panicle length of transplanted aman rice. Bars with similar 

letter do not differ significantly at pS0.05 applying LSD test 

4.6.4 Filled grains panicle' 

4.6.4.1 Effect of variety 

Significant variation was observed in filled grain due to the effect of variety 

shown in Fig. 13. The highest tilled grain (129.50) was Ibund in I3RRI 



hyhriddhan4. The second highest filled grain (112.46) was obtained from 

Pajam .The lowest filled grain (90.19) was gained from I3RRI dhan53. 
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Figure 13. Effect of variety on filled grain panicle of transplanted aman 

rice. Bars with similar letter do not differ significantly at 

p<-0.05 applying LSD test 

4.6.4.2 Effect of treatments 

Significant variation was found in filled grain due to the effect of dilièrent 

treatments (Fig. 14). The highest filled grain (125.48) was obtained from the 

effect of Storage in open field condition .The lowest filled grain (94.86) was 

obtained from direct transplanting. 
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Figure 14. Effect of different treatments on filled grain panicl&' of 

transplanted aman rice. Bars with similar letter do not differ 

significantly at p0.05 applying ISO test 
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4.6.4.3 Interaction effect of variety and treatments 

Significant variation was obtained in filled grain due to the interaction elièct of 

variety and treatments (Fig. 15). The highest tilled grain (147.67) was obtained 

from the interaction effect of RRRI hyhriddhan4 with Storage in open field 

condition. The lowest titled grain (75.13) was found from the interaction eflect 

of BRRI dhan53 with direct transplanting which was statistically similar with 

storage in water treatment of Pajam variety and storage in open field and cool 

air treatment of BRRI dhan53. 

Figure 15. Interaction effect of variety and hardening treatment on 

number of filled grains panicle' of transplanted aman rice. Bars 

with similar letter do not differ significantly at p0.05 

applying ISO test 

4.6.5 Unfilled grains panicl&' 

4.6.5.1 Effect of variety 

Significant variation was obtained in unfilled grain due to the effect of variety 

(Fig. 16). BRRI hybriddhan4 produced highest unfilled grain (334.25). The 
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second hiuzhest unfilled grain (17.33) was obtained from BRRI dhan53 and 

lowest unfilled grain (13.77) from Pajam. 

Pa jam 	BRRI dh11153 	BRRI hybiiddhan4 

Figure 16. Effect of variety on unfilled grains panicle' of transplanted 

aman rice. Bars with similar letter do not differ significantly at 

1):50.05 applying LSD test 

4.6.5.2 Effect of treatments 

Effect of treatments showed significant variation in unfilled grain (Fig. 17). 

Storage in open field condition gave highest unfilled grain (26.06) and the 

lowest unfilled grain (18.73) was obtained from Direct transplanting which was 

statistically similar with Storage in water condition. 
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Figure 17. Effects of seedlings hardening treatments on unfilled grain 

panicl&' of transplanted aman rice. Bars with similar letter do 

not differ significantly at p0.05 applying LSD test 
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4.6.5.3 Interaction effect of variety and treatments 

Significant variation was obtained in unfilled grain due to the interaction effect 

of variety and different seedling hardening treatments shown in Fig. 18. 

Interaction effect of BRR) hybriddhan4 with Storage in open field condition 

gave highest unfilled grain (40.27). The lowest unfilled grain (10.20) was 

found from the interaction effect of Pa jam with Direct transplanting condition. 
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Figure 18. Interaction effect of variety and hardening treatment on 

number of unfilled grains panicl&' of transplanted anian rice. 

Bars with similar letter do not differ significantly at p0.05 

applying LSD test 

4.6.6 1000 grain weight 

4.6.6.1 Effect of variety 

Weight of 1000 grains showed significant variation among the different 

varieties. BRRI hyhriddhan4 produced highest 1000 grain weight (25.19 g). 

The second highest 1000 grain weight (22.31 g) was found in BRRI dhan53 

(Fig. 19). The lowest 1000 grain weight (17.83 g) was obtained from Pajam. 
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Figure 19. Effect of variety on filled 1000 grain weight of transplanted 

aman rice. Bars with similar letter do not differ significantly at 

pO.OS applying LSI) test 

4.6.6.2 Effect of treatments 

Effect of treatments showed significant variation in 1000 grain weight. Storage 

in open field condition gave the highest 1000 grain weight (23.38 g) (Fig. 20). 

The lowest 1000 grain weight (20.64 g) was found from direct transplanting 

which was statistically similar with storage in water condition. 

Direct 	Storage in Storage in open Storage Ui water Storage in cool 
tran.pIanting 	shade 	üeId 	 air 

Figure 20. Effects of treatments on 1000 grain weight of transplanted 

arnan rice. Bars with similar letter do not differ significantly at 

pS0.05 applying LSD test 
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4.6.6.3 Interaction effect of variety and treatments 

Interaction effect of variety and treatments showed significant variation in 1000 

grain weight shown in Fig. 21. The highest grain weight (25.83 g)  was found 

from the interaction effect of BRRI hybriddhan4 and open field condition 

which was statistically similar with hardening treatment of kept in water, cool 

air, shade and control condition of BRRI hybriddhan4 variety. The second 

highest grain weight (23.13 g) was obtained from the interaction effect of 

BRRI dhan53 with open field condition which was statistically similar with 

other treatments of BRRI dhan53 variety. The lowest grain weight (15.03 g) 

was Found with the interaction effect of Pajam with direct transplanting. 
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Figure 21. Interaction effect of variety and hardening of seedling on weight 

of 1000 grains of transplanted aman rice. Bars with similar 

letter do not differ significantly at p5O.05 applying LSD test 
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4.7 Grain yield 

4.7.1 Effect of variety 

Grain yield varied significantly for dilThrcnt varieties shown in Fig. 22. The 

highest grain yield (7.0! t hi') was recorded by BRRI hybriddhan4. The second 

highest grain yield (3.25 t hi') was recorded from Pajam. The lowest grain 

yield (2.99 t hi') was recorded from BRRI dhan53. The results are in 

conformity with the observation of Ohaidullah (2007) in hybrid rice and Main 

(2006) in Transplanted aman rice. 

a 

Palain 	BRRI dhan53 	BRRI hybiidcthan4 

Figure 22. Effect of variety on grain yield of transplanted aman rice. Bars 

with similar letter do not differ significantly at pS0.05 applying 

189 test 

4.7.2 Effect of treatments 

Significant vanation was observed 11w grain yield due to different treatments 

(Fig. 23). The highest yield (4.85 t hi') was recorded from open field storage 
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condition and the lowest yield (3.93 1 hi') was obtained from direct 

transplanting treatment condition. 

Diject 	Storage in shade Storage in open Storage in water Storage in cool 
transplanting 	 field 	 air 

Figure 23. Effect of treatments on grain yield of transplanted aman rice. 

Bars with similar letter do not differ significantly at p0.05 

applying ISO test 

4.7.3 Interaction effect of variety and treatments 

The grain yield varied significantly due to different varietal and treatment 

combinations (Fig. 24). The highest grain yield (7.26 t hi') was recorded from 

BRRI hybriddha.n4 and open field storage treatment condition which was 

statistically similar with BRRI hybriddhan4 and storage in cool air treatment. 

The lowest grain yield (2.31 t hi') was recorded from BRRI dhan53 and direct 

transplanting treatment combination. 
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Figure 24. Interaction effect of variety and hardening treatment of 

seedling on grain yield of transplanted aman rice. Bars with 

similar letter do not differ significantly at p:50.05 applying LSD 

test 

4.8 Straw yield 

4.8.1 Effect of variety 

There was significant variation observed for straw yield due to varietal 

variation (Fig. 25). BRRI hybriddhan4 recorded the highest straw yield (5.91 

hi') and the second highest straw yield (3.76 t hi') was obtained from BRRI 

dhan53. Pajarn recorded the lowest (3.47 t hi') straw yield. 
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Figure 25. Effect of variety on straw yield of transplanted aman rice. Bars 

with similar teller do not differ significantly at pSO.O applying 

LSI) test 

4.8.2 Effect of treatments 

Significant variation was also observed due to different treatments (Fig. 26). 

Highest straw yield (4.87 t ha') was recorded from open field treatment and the 

lowest (3.97 t hi') was recorded from direct transplanting and storage in water 

treatment. 

Direct 	Soiage in shade Storage in open Storage in water Storage in cool 
transplanting 	 field 	 au 

Figure 26. Effect of hardening treatments on straw yield of transplanted 

aman rice. Bars with similar letter do not differ significantly at 

pS0.05 applying LSD test 
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4.8.3 Interaction effect of variety and treatments 

The straw yield varied significantly due to different varietal and treatment 

combinations (Fig. 27). The highest straw yield (6.77 t ha4 ) was obtained from 

the combination BRRI hyhriddhan4 with open field treatment condition. The 

lowest (3.17 t had) was Found from the combination BRRI dhan53 with direct 

transplanting treatment condition which was statistically similar with same 

treatment of local variety and storage in water condition with BRRI dhan53 

variety. 
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Figure 27. Interaction effect of variety and hardening treatment of 

seedling on straw yield of transplanted aman rice. Bars with 

similar letter do not differ significantly at p0.05 applying 

LSD test 

4.9 Biological yield 

4.9.1 Effect of variety 

Biological yield was significantly influenced by the variety (Fig. 28). 

Numerically higher biological yield (12.92 t hi') was obtained from the hybrid 

variety I3RRI hyhriddhan4 and lower (6.467 1 haS ') from the inbred variety 

BRRI dhan53. This might be hybrid variety produced higher grain and straw 
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yield compared to BRRI dhan53. Obaidullah (2007) and Main (2006) also 

reported a significant differences in biological yield of rice with different rice 

varieties. 

ERR: tfltui 5 	 BRRiix'ud Shut 4 

Figure 28. Effect of variety on biological yield of transplanted aman rice. 

Bars with similar letter do not differ significantly at p50.0 

applying LSD test 

4.9.2 Effect of treatments 

Biological yield was significantly influenced by the prc-planting hardening 

treatment (Fig. 29 ). The highest biological yield (9.72 t had ) was obtained 

from the storage in open fleld seedlings. Open field seedlings produced the 

highest grain yield and straw yield which resulted in the highest biological 

yield. The lowest biological yield (7.90 t haS') was Ibund from direct 

transplanting seedling. This was due to the lowest amount of grain and straw 

yield in direct transplanting seedling. 
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Figure 29. Effect of seedling hardening treatments of biological yield on 

transplanted aman rice. Bars with similar letter do not differ 

significantly at p0.05 applying LSD test 

4.9.3 Interaction effect of treatments and variety on T.aman rice 

Tnteraction effect between variety and pit planting treatment was signiticant in 

respect of biological yield (Fig. 30). The highest biological yield (14.03 t hi') 

was observed in storage in open field treatment seedlings of the hybrid variety 

BRRI hybriddhan4. The lowest yield was observed in control condition (6.21 

ha") of BRRI dhan53 variety. 
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Figure 30. Interaction effect of variety and hardening treatment of 

seedling on biological yield (t hi') of inbred and hybrid aman 

rice. Bars with similar letter do not differ significantly at 

p0.05 applying LSD tes$ 

4.10 Harvest index (%) 

4.10.1 Effect of variety 

Harvest index was significantly influenced by the variety (1:1g.  31). 

Numerically higher harvest index (54.38%) was obtained from the hybrid 

variety BRRI hybriddhan4 and lower (46.12%) from the inbred variety BRRI 

dhan53 which is statistically similar with local variety Pajam (46.2 %). 

However this finding was agreed with I)ebnath (2010) and Ahmed (2006) who 

observed significant difT'erence between inbred and hybrid variety in respect of 

harvest index where the higher harvest index was obtained from the hybrid 

variety than that of inbred variety. 
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Figure 31. Effect of variety on Harvest index (%) of transplanted aman 

rice. Ban with similar letter do not differ significantly at 

pS0.05 applying LSD test 

4.10.2 Effect of treatments 

Harvest index was significantly influenced by the pre planting seedling 

treatments. Numerically the highest harvest index (50.32%) was obtained from 

the condition of storage in cool air seedling which was statistically similar with 

storage in water (49.45 %) and storage in open air condition. The lowest 

harvest index (47.53%) was found From direct transplanting seedlings which 

were statistically similar with storage in shading condition (47.80%). 
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Figure 32. Effect of pre-planting seedling treatment on Harvest index (%) 

of transplanted aman rice. Bars with similar letter do not 

differ significantly at pS0.05 applying LSI) test 

4.10.3 Interaction effect of variety and hardening treatments 

Interaction effect between variety and pre planting hardening treatment was 

significant in respect of harvest index (Fig. 33). The highest harvest index 

(56.18%) was observed in direct transplanting seedlings of the hybrid variety. 

which was statistically similar with storage in water (55.57%). storage in shade 

(54.43%). and directs transplanting (53.95%) and storage in cool air treatment 

of hybrid variety. The lowest harvest index (42.20%) was observed in control 

treatment of the inbred variety, which was statistically similar with control 

treatment (44.22%) of local variety and storage in water condition (43.80%) of 

inbred variety. 
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Figure 33. Interaction effect of variety and hardening treatment of 
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Bars with similar letter do not differ significantly at p0.05 
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Chapter 5  

SUMMARY AND CONCLUSION 

The experiment was with a view to investigate the pm-planting hardening of 

seedling on the perlbrmance of inbreed and hybrid aman rice at Sher-e-Bangla 

Agricultural University, Dhaka-1207. Bangladesh during aman season (July to 

December. 2013). The experiment was carried out with three varieties i.e. 

BRRI dhan53. I3RRI hyhriddhan4. and Pajam in the main plot and live 

seedling hardening treatment methods viz, direct transplanting (T1 ). storage in 

shade condition for three days (T2). storage in open field condition for three 

days (T3), storage in water condition Ihr three days (14) and storage in cool air 

condition for 24 hours (Ti). This experiment was laid out in a randomized 

complete block design (factorial) with three replications. 

Results of the experiment showed that hardening treatment of seedling had a 

significant influenced on growth characters, yield contributing characters and 

yield. It revealed that open field seedling treatment gave the longest plant 

height at 30! 45, 60.75 days growth duration. Hardening treatment showed 

significant variation of tiller number at 30,45.60 and 75 l)Al'. In case of l.Al 

at 30, 45 60and 75 days maximuni LAL found in open field storage condition. 

In respect of dry matter production all time open field storage treatment 

showed the highest dry weight compare to direct transplanting. storage in shed, 

storage in water and storage in cool air condition.. Maximum number of 

effective tillers hill", was found at open field storage condition( 9.81) and 

minimum was at from direct transplanting of seedling (7.32). Filled grains 

panicl&' was the highest (125.48) at open field storage condition compare to 

other hardening treatment. Thousand grains weight was maximum at open field 

storage condition (23 .38g) whereas other hardening treatment showed 

minimum grain weight. Grain yield was the highest in open field treatment 
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(4.85 t ha") and ih lowest yield (3.93 t ha") was observed indirect transplanting 

of seedling treatment. The highest harvest index (50.32%) was observed in cool 

air condition that was statistically similar with storage in water and storage in 

open air condition and the lowest (47.80%) in storage in shade and direct 

transplanting condition. 

Interaction effect of seedling hardening treatment and variety on growth as well 

as yield and yield contributing characters inbreed variety with all hardening 

treatment showed variable responses and most of the cases BRRI hybrid dhan4 

stored in open field before transplanting showed the best result. 

In this experiment three different varieties were used to observe their response 

tinder field condition when the transplanted seedlings were stored previously in 

diflèrent condition. From the results local (Pajam). !-IYV (BRRI dlian53) and 

hybrid (BRRI hybriddhan4) showed differences in their growth and yield 

performances. In open field condition. Pajani variety was significantly 

increased in plant height, number of effective tillers, leaf area index (LAD and 

total dry matter (TDM) at 30DA'l' and 45DAl', respectively but later on I3RRI 

hybriddhan4 showed the highest result. Different seedling hardening methods 

viz, direct transplanting (T,), storage in shade condition fbr three days (T1). 

storage in open field condition for three days (T3), storage in water condition 

for three days (T.I) and storage in cool air condition for 24 hours (T5) showed 

variable responses under subsequence field condition. Yield attributing 

parameters. such as panicle length. grain number panicte'1 . 1000 grain weight 

and yield were improved due to the treatments. The highest grain yield (7.26 

ha") was in BRRI hybriddhan4 under open field storage condition. however. 

the lowest grain yield (2.31 t ha') was found in BRRI dhan53 with direct 

transplanting combination. 

The physiological basis of' the seedling hardening is still a topic of fUrther 

study. Experiments considering different varieties and pre planting hardening 

of seedling and duration should be carried out to obtain a concrete 

recommendation. 
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APPENDICES 

Appendix I. Experimental location on the map of Agro-ecological Zones of 

Bangladesh 
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Appendix II Physical and chemical properties of experimental soil 

analyzed at Soil Resources Development Institute (SRDD, 

Farmgate, Uhaka 

Characteristics Value 

Particle size analysis 

%Sand 27 

%Silt 43 

%Clay 30 

Textural class Silty-clay 

pH 5.6 

Organic carbon (%) 0.45 

Organic matter (%) 0.78 

Total N (%) 0.03 

Available P (ppm) 20.00 

Exchangeable K (mc/100 g soil) 0.10 

Available S (ppm) 45 

Source: SRDI (Soil Resources Development Institute), Farmgate. Dhaka 
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Appendix HI Monthly average air temperature, relative humidity, total 
rainfall rate of the experimental site during the period 
from August to November, 2013 

Months 

Air temperature (°C) 
Relative 

humidity (%) 

J 	
Total 

rainfall 

(mm) 
Maximum Minimum 

August 31.02 15.27 74.41 5.1 

September 31.46 14.82 73.20 
J 	

6.3 

October 30.18 	
j 

14.85 	- 67.82 4.2 

November 28.10 6.88 58.18 1.56 

Source: SAU Meteorological Yard, Sher-e-Bangla Nagar. Dhaka-1207. 
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Plate 1. Seedling at seedbed 

Plate 2. Plot view of my experimental field 
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