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n111iWKS1 

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

University, Dhaka, Bangladesh during the period from November 2008 to April 2009 

to study the influence of four levels of population density viz. I, 21, 3 and 4 seedlings 

hilr1  on growth and yield of inbred (BRRI dhan28 and BRRI dhan29) and hybrid 

(BRR1 hybrid dhan2 and ACI hybrid dhan2) boro rice. The experiment was laid out in 

two factors Randomized Complete Block Design with three replications. Results 

showed that boro rice varieties differed significantly in all growth and yield characters 

and hybrid dhan gave superior return in case of yield. Among the varieties ACI hybrid 

dhan2 produced the highest grain yield (7.66 t hi'). Two seedlings hilr' gave the 

maximum tillers hilr' (18.15), highest dry matter hilr' (5.23 g), maximum effective 

tiller hilF1  (13.19), longest paniele (29.43 cm) and highest grain yield (6.63 t had) 

while one seedling hill' had the highest numbers of filled grains panicle (85.90), 

maximum 1000 grain weight (23.50 g) and highest harvest index (47.46%). 

Interaction result showed that ACI hybrid dhan2 coupled with transplanting 2 

seedling' hill' gave the highest grain yield (8.58 t haj while ACI hybrid dhan2 in 

combination with I seedling hill' gave the highest harvest index (50.14%). 
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Chapter 1 

Introduction 



INTRODUCIION 

Rice ( Orcu sw/a) is the most important 100(1 grain and Ii I'e 11w more than hall' a]' 

the population in the world. vIore than 90 percent of Ihe worlds rice is grown and 

constiniecl in Asia. It is the Qrain that has shaped the cul Lures, diets. and 

economies ol bill ions a! people in Asia. For them. Ii ft vithout rice is simpl 

tinttiinlahlc. 13et ccii now and 2020. about 1.2 billion new rice consumers will be 

added iii Asia ( I R RI. 2006). Iceding these people will require the greatest etiort 

in I lie h 1510Ev ol agriculture. especially rice production. Rice production systems 

make it vital contribution to the reduction of hunger and poverty in Bangladesh. 

total rice product ion in ianglacicsh was 10.32 nil II ion tons in the year 1 975-76 

then the countrvs population was on lv 79.90 mill ions and cultivated rice area 

as 10.32 mitt ion ha ( l3l3.S and l)Ali. 2007). I lowever. the country is prodneine 

34.29 in ill ion (ons rice in the year of 2008-09. where L*wa rice contributed more 

than 	I 18.5 iiiillitui tons). From the analysis ol the last tc 	cars data sc 

tound that its eontribtLtion in total rice production Ibllows a increasing trend. 

Recentl . the rate is increasing rapidly due to ;idupcion ol Ii ih yielding rice 

varieties. itel Lidilig modern rice cultivation technologies. improvement of 

I rrhiation tue i lilies and applications ol ('ertiliier and pesticides. I ut 11w continuing 

tti is production trend there should be proper management practices. II Y \! lioro 

rice production depends On ) considerable part Liii it. 

[he pu lation 01' I3atwladesh is increasin2 at an alarniin2 rate and the cultivable 

land is reducing due to urbanization and industrialization resulting  in inure 

shortaQe u! Iliad. As it is not possible to have horizontal expansion ol rice area, 

rice yield Liii ii area should be increased to meet this ever- increasiTi deniaiiu ol' 



boil iii the cotIt)tr\. 1]ie population of Bangladesh wi) I increase to 1 73 million in 

2020 which is 31 percent higher than the present level (FM). 199,10. [he current 

level of,  annual rice production ol around 545 million tons could he increased to 

about 700 million toils to lcd an additional 650 million rice caters by 2025 using 

less land indeed tile great challenge in Asia (Da"e. 2003). A study showed that 

;iiosl Asian countries will not he able to teed their projected populations without 

irreversibly degrading their land resources, even with high levels oF management 

input (1k in rot Ii et L. 2001). 

I angladcsh is one of the poor cotintrv oh' the world (tue to its dense popttlat ion and 

threatened by hoods and storms. In i3angladesh rice occupies 10.5 8 liii II ion 

hectares ol land which is about 77 percent of the cultivated area ( BUS. 2009). 

About 7511  ol' the total cropped area and more than 80( No Of the total irrigated area 

of l3anglades11 is planted bo rice (I lossain and Deb. 2003 ) and there are three 

diverse growing seasons ol rice namel atis, anian and boro. In Bangladesh boro 

rice occupies around 4.61 million hectares of land which is around 43.57 percent 

oF the total rice cultivation area (13135. 2008). Boro season give higher grain yield 

as the climatic conditions iii the boro season are favorable lot h iuher grain ield 

I Jaquc. 2004 ). So boro season is very important for our rice production. Our Ibod 

security also largely!  depends on boro season production. So we have to give more 

emphasis in this season for increasing rice production. 

Rice ield can be increased in many ways of them developing new high vieldiuig 

varict and Ii> adopting proper agronorn ic management practices to the existing 

varieties to achieve their potent al yield is important. For developing the high 



vieIdini varieties. Japan in ii lined Iirst breeding proQram in 198 I ( Wang. 200 I 

I RItI also started super rice breeding prognini to give rise to .30% more rice yield 

(13-15 i ha'' than the current modern high yielding plant types ( IRRI. 1993). 

C enerallv the yield 01 hybrid rice varieties is I 0%- 1 5% more than the improved 

inbred ' ariet ies. It has great potential i(\ for food security ol poor countries where 

arabic land is searces population is expanding and labour is cheap. in our counirs 

I R RI has started breeding program (or the development ol' super high yielding 

\ariet ies with large panicles and high yield potentialities. Gronth and yield of rice 

are strotiLk in iltienced by genotype as veI I it.,; CflVifl)ii mental liictors (13 RR I 

2003). 1 he genetic potent al itv of' a rice variety is almost fl xed. bitt grain kid can 

he increased by the niaiitpu lation ol nlaniu!ement practices and by glowing rice in 

recommended season ( 13RRI. 1999). 

Ntimber 01.  seedling(s) hill' is an important factor for the gro'vth arid yield of rice. 

Optimal population density and leaf area influence the availability of' sunlight and 

nutrients for growth and development. Competition within the hill is an integral 

part ol' the physical environment and the competition h neighbors olteit 

accentuate the complexity. Roth the factors contribute to the deterni nation ol' 

yield. Iinsticit of' the plant and the inlitience ol' eonlpelition by neighbormg 

plants eikcts on yield (l)onald. 1963). As growth proceeds. intra plant 

compel it ion becomes proressivelv operative, until when Ilowerin2 and seed 

setting occur. [he load of,  panic.lcs is as great as to lead to conipetition among the 

panicles themselves and thereh to reduce the efhciene of Seed production iii the 

individual in liorescence. Most ol' the lOrmers have the tendenc to use access 

seedling liiIlI  but increasing ntiinber of seedling hill'' did not influence the grain 



yield up to it constant level. but decreased there alter (Uhosh et al.. 1988). Grain 

icid n as negatively correlated with increasing seedling hulF' (N. 'LkaI1() and 

M i,.ushima. 1994). Seed I ings hi] Ft  had no elkct on panieles hi I . grains panicle 

and grain ield (Shah ci al.. 1991 ).  \Ven and Yang (1991)   	dial effective 

panieles. Lhe number of grains paniele and the I 000-grain weight were also 

higher it h only one (1) seedling hill. Ohulamma ci at. (2002) recorded the 

highest grain v iekl. crop -ro\\ th  rate and net assimilation rate from one seedling 

hi IF Panda ci at (1991) found that grain yield was highest with four (4) 

seedluigs hill I3iswas and Salokhe (2001)    revealed similar yield of rice by 

planiing 2-4 vegetative tillers hill 1 . Excess or less ntniiher of seedling hill1  ma\ 

badly atleel the normal physiological activities ( Miah ci (it. 2001 ). 

SC) the proposed studs is designed to bud Out the variety tinder which population 

as 	vel I as w. hich interaction is optimum For rice cultivation in inbred varieties 

13R RI dhan28 & URRI dhan29 and hybrid varieties RRRI hybrid 4.lhan2 & AC 

hybrid (Alum2 with the following objectives- 

I . 	Idetiti f the suitable horo rice varieties ( Fnhredhvbrid ) that gives higher v ield. 

[dciii i t\ the optimum plant population for higher yield. 

Ident iN the optimum combination of variety& population density tor higher 

yield. 

4 



Chapter 2 
Review of literature 



REVIEW OF LITERATURE 

Managemciui practices hate considerable eftects on the growth and devc$opriieiic 

of FIU\ crc)!) particularIN /'oro rice. Among these population density is the 

uportani thetor iii considering inbred and hybrid rice. Numerous studies have 

been performed evaluating the in Iluence ot' population density on the performance 

ot mhrcd and hvl'rid rice. l'opulation density br higher yield in case of inbred and 

hybrid rice had been proved to be assessed. Under above circuTnStflneCs the 

in tittences of population density on the growth and yield of inhrcd and hybrid rice 

have been revie\\ cii  in this chapter under the following headings- 	 - 

2.1 Influence of population density on growth and yield of rice 	/' 1 

2 I I Ellul on gronth character 
 

2.1.1.1 Plant height 	 - 

I lushine (2004) reported Ihat number of seedling hill" I  significantly influenced all 

the growth parameters except plant height. Miah el nI. (2004) carried out an 

expernient to determine (he ei'kcts at' planting rate of 1. 2. 3 or 4 seedlings hi! 

on the yield and yield components of transplanted rice cv. RI NA clhan 4. Plant 

height was highest v ith planting of' 1 and 2 seedlings hill''. respectively'. 

I' aruqtie ( 1990)   reported that plant height increased with the increased number ul 

eetlIing(s) hilF'. 

Shah ci ul. (1991) reported that Plant height increased with decrease in seedling 

nuniher 

S 



2. I. 1.2 Til len rig pattern 

Ittahu and kitano (2005) reporled on tiller production ol rice plants (C\• 

Kinuliik;,ri) transplanted at dii rent seedliig numbers hilt' (I. 3.5. 7 and 9 

seedlings hit l') in Japan. I ii lering duration decreased with increasing number ol 

seedlings kill density), and that in the 9-seedling Iii Its was two weeks shorter 

lliall that iii the I -seedling hills. The higher the seedling density, the earher \\ as  

tile time oF tittering. In I to 5-seedling hills, the tiller production rate increased 

with increasing seedling density. but the rate decreased in the lii lb 	ith higher 

seedling densities. 

Shrirame ci al. (2000) carried out a field experiment during tile kharil' 1996 iii 

Nagpur. Maharashira. India on rice cv. l'NRI 110. INk! 113 and iNRIl 18 grown 

al 1. 2 or 3 seedl i nz hi lI'  and found that two seedlings liii I' gave sign i I'icani I' 

higher number oftillers hill'' than three seedlings hill'. 

I lossain and I laque (1990)   reported that the number ol basal tillers plot 

increased with increasing seedling number. 

I lussain Cl cii. ( 1989)    carried out, an experi nient with rice cv. I3aspati and 

observed that the number of,  tillers increased upto 16.4 liii I" with increasing 

number uI seedlings In It''. 

Patnis amy and ('iome/ I 976) reported that number ol total tillers hi II'' increased 

ii h increasing number ol' seedl ings hill 

2.1.1.3 LeaF area index and total dry matter production 

Mastim et al. (2008) found that tour seedlings hi II' had the highest numbers of' 

teal area index and total dry nutiter. 

6 



Miah ci at (2004) reported that leaf area index and total dry matter were highesi 

with ihe planting o14 seedlings lull'. 

thu lanima ci of. (2002 ) carried out an experiment liii hybrid rice I )PRI I- I and 

Al'! IR-2. I he treatments were 4 spacins (15 x 10. 20 x 20. IS x IS and 20 x I 5  

enr) and 3 seedlings hilld (1. 2 and 3 seedlings hill'). One seedling hill' recorded 

ilw highest grain ield. vhi Ic 3 seedlings hill-1  had the highest leaf area index and 

dry iimtter production. 

2. 1.2 Effect on vield con I ributing character 

2.1.2.1 Effective tillers hill-1 

Baloch ci of. ( 2006) in ii iated studies for two consecut ye \ears to Iini.l out the 

clThet ol time ol transplantmg and seedlings hill (1. 2.3 or 4) on the productivity 

of rice in Dciii I sinai I K han district of North West Front icr Province (N WIt). 

Pakistan. They reported that the maximum productive tillers ( 548.) ni ) were 

recorded 	ith 4 seedlings hill 1  1ollosed bN 533.3 productive tillers n1!  with 3 

seedlings hill 1  on the same date. 

Park ci of. (1 998) stated that increasing plant density hill- ' increased total tiller 

numbers but decreased the proportion of e I'Ibci i ye tillers. 

IUNA conducted ;III experiluenlon the number of seedlings hill' Of tOur rice 

varieties ol ails rice vi.: I ratom24. I ratom38. 1316 and Pajain 	ith. use the 

number Of seedling hi I 1 as 1. 2. 3 and 4. It was ibund that the niunber of effective 

tillers hi II  increased progressively Irom I seedling hi Il_i.  seedlings number 2. 3 

and 4 seedlings gave statistically same clThctive tillers hill' (tUNA. 1987). 

7 



Islam ( I YS() ) conducted mi experinient to determine the suitable number of 

seedlinni liill br transplantine aman rice cv. Nizersliail. litackeliari and 

l3adshab02. Ihe results revealed that 2-3 scedlin2s h1l1' were as good as 3-4 

seedlnius hill' with respect to eliective tillers hill' production. 

2.1.2.2 Panicle length, filled grains panicle , unfilled grains panicle'. tilled 
grain percentage, I 000-grain weight 

I lasam,zzaman ei al. (2009) reported that 4 seedlings hill produced the highest 

number of panicles hil I 	hereas single seedling produced maximum vat ties of 

paniele length. no ol'spikelets hilF' and 1000-grain seight. 

Wang ci al. (2006) reported that planting of one seedling hi 11.1  was suitable lbr 

hybrids. whereas planting of 3 seedlings hi ii' was suitable or conventional 

en Itivars. 

Parivani and NaiL (2004) reported that planting one or two seedlings hit 1.1(11(1  not 

show signi [leant variations in yield attributes I Ike pan etc length. Ill led grains. 

sterile spikelets. 1000-grains weight of rice. 

Karmakar d al. (2002 ) showed that number of effltctive tillers hill and straw 

yield sere the highest with 6 seedlings hill' while pan ide length. grains paniele 

were the highest with 2 seedlings hiW' in case at late transplant alnull rice. 

Risk tq al. (1999) conducted a field experiment on hybrid variety P1<1 II 

transplanting with I. 2 and 3 seedlings hill1  and reported that iiuniber of punieles 

and total spikclets increased with 2 or 3 seedlings hill1 . Rajarath inam and 

Ralasubranianiyan (1999) Ibund that the planting one seedling hill' gave similar 
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results to planting 2 seedlings hi ll in respects ol yield parameters viz, panic les in' 

-• panick weight and length. grains particle''. filled grains panicle''. filled grain 

percentage and I 000-grain weight of' hybrid rice cv. CX)R 1-1-2. 

(3hosli ci al. (1 998) observed that particles ni' increased but grains panick' and 

panicle wch!hts were decreased with increasing seedlings liilI'. 

Nakano and Miiishima (1994) elucidated the effect ol the number of seedling 

hit 1*1 011 ieId coilipc)nents and yield, rice plants cv. N ipponhare and I lottrei. 

\vhich were transplanied ti three levels (I. 4. and 7) and two levels (4 and 7 of 

the seedling number hi 11" in 1994 and 1985,   respect ivel. In the higher seedling 

number hi Il' the number of' fl I led grains particle' and the percentage 01' ill led 

grain were smaller. Ihe 1 000-grains-weight was not affected by the seed I iilg 

number hill''. 

We11 and Yang ( 1991 ) reported that late rice yields in a double cropping system 

were higher with I seedling hill" than with 4 seedlings hilt''. Ilie proportion of' 

cIieeti e latuele. the number of grains panicle and 1000 grain eight \VCi'C also 

higher with onl> I seedlings hill''. 

Singh (1990) observed that paniele hi II'' and grain particle'' increased with 

increase seedlings hilt''. but particle length. filled spikelets panicle'' and seed size 

decreased. 

Rameswaniv ci al. 1987)   reported that increasing number of seedlings hi 11.1  had 

an ad erse e IThct on yield pJrLtmeters of rice. All yield ;amn1eN were reduced 

with more than two seedlings hill''. Singh t'I al. (1987) conducted an experi meni 
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with seed rate in nurser' and seedlings hilV' on yield ol transplanted rice. lucy 

found that tirains panickY' and number of seedlings hil[' had 110 signilicant etiect. 

ALia ( 1978)   conducted an experi iient v ith (a) 4. ( b ) 16. (c) 25 or (d) 49 tillers m 

2 	
Resti Its ol number of panieles. glunious spikelets and grain and paddy weight 

hi 11.1 decreased in the order of (a)> (h)> (c)> (d). Maximum values of this 

parameters 111,2  were obtained in (c ). Numbers of glumous spikelets pan ide 

decreased in the order ui (a)> (d)> (C)> N. Percentage of ripened grains was 90. 

92. 90 and 78 % in (a). (hi. (e) and (d) respectively. 

2.1.3 Effect on grain yield and Straw yield 

Mastini cV al. (2008)   conducted it field experiment at the experimental held ol 

Sher-e-13angla agricultural universih during July to December 2007 to find out 

the ciThet ol four levels of seedling hill' tir: 1. 2.3 and 4 and two lbrms of 

nitrogen lertilizer-pri lIed urea (P1.)) and urea stipergranules C US(; ) on growth. 

kld and kld components of modern ( I3RR I dhan44 ) and traditional (N izershai I 

transplant wawi rice. Restil is showed that two seedlings lull 	Rt the highesi 

grain yield 0.96 I ha ' 

Raloeh ci cii. (2006) also reported that among seedlings liii F Ii ighesi paddy ) ield 

and net return with I seedling hi Ill  . It explains that the use ol' more seedl i IlQs Ii lid 

not only adds to cost but is also it mere wastage ol natural resources. NavaL eq at 

20061 studied on the effect of planting varying number of seedlings hill' II. 2 

and 3 seedlings hi II' ) on yield components as 'el I as yield of 3 h brid cultivars 

Pro-A2ro620 1. CM-I R-3 and PAC'-80 I) and one high-vieldi ng eultivar C Khitish 

of 	rice. I he hybrid eul tn ars exhibited better perlbrmance in terms ol yield 
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coiupotieiits and yield at 2 seedlings liii F 11MO at one seedling hi IF but there \\ as  

no yield advantage by planting 3 seedlings liii I_I  over 2 seedlings 1ull' K liitkh 

performed better at 3 seedlings hi 11.1  than at I or 2 seedlings liii F'. 

/.hang ci al. (2004 ) eondtiete(I it field experiment with Ill You 98 (sown on I 

May 	20)2 ) iii l-Ieiei . Anhui. (Jima. The etiëcts were investigated of di flreni 

tratispiantinu densities and number of seedlings hil I' (1 and 2) on some 

agronomic trails and grain jeld-related indices. A Irliough iii lirences in plant 

height. p1 ic le length and I 000-grain weight were insigniFicant htit exlreinetv 

significant di JThrences in grain yield were noted. Crop nianiagemenl inclttdtiig 

reasonably close planting and 2 seedlings hi IF resulted iii relativel high grain 

yield. For kIds of more than 10.0 t ha* the transplanting density should be 

281300 hills ha at 2 seedlings hilF' or 365800 hills ha' at I seedling hilL'. 

Rajesh and -1 han unathan ( 2003) conducted an experiment on L mit iona I 

Kanibanehamba rice variety in Famil Nadu. India. during the 20000 I samba 

season. [he seedling age 00. 40 and 50 days). numbcr at' seedlings (2 and 4 

seedlings hi [U) and spacing ( 20x IS. 20x I 0 and I Sx I 5 cm) were tested. Plantiiw 

oF 2 seedlings hill recorded the niaxinuini grain yield of 2.85 and 2.65 I ha'' in 

experiments I and II, respeci ivelv. 

Dongarar ci a). (2002) carried 0111 an experiment with hybrid rice KJTRI I- I with 

3 spacing 120 x 20. 20 x IS and 20 x 20 cm2 ) and 2 levels of seedlings (I and 2 

seedlings hi) I' I)  were tested. IrrespeeL Re of spacing treatments planting at one 

seedling hill' vas on at par with planting of two seedlings 	in respect of grain 

yield. Islam ci al. (2002 ) condueed an experiment with flue rice e . Kal izira 



including three lull densities viz.: 25 cm x 20 cm. 25 cm x IS cm. 25 cm x 10 cm 

and two Eeels of seedlings hi Il_i  viz.: 2 seedlings hill and 4 seedlings liii I_I.  the 

highest !!EUifl yield was recorded form 25 cm x 20 cm spacing and 2 seedlings hill 

Kahir (2002 ) carried out an experiment to mid out the ciket of variety and 

number of seedlings lull1  on yield and yield contributing characters of born rice. 

I he experiment comprised of three varieties viz.: Sonar Bangla 1. RENA dhan 5 

and 131 NA dhan 6 and thur di tkreni numbers of seedlings lilt 1.1  viz.: 1. 2..3 and 4 

seedIin!s hilt1. Number of seedlings difftred significantly in respect of growth 

characters and ield attributes. the highest grain yield (5.37 t ha') was obtained 

lioni 2 seedlings liii V and lowest grain yield (4.58 1 ha I)  was obtained troll) 

single seedling lull' which was statistical lv similar to 3 seedlings hill (4.77 t ha 

and 4 seedlings hill1  4.35 t ha). The highest stra yield (6.52 C ha1) was 

obtained 1mm 2 seedlings hill and the lowest one 0. 11 t ha I) was obtained from 

4 seedlings hilF'. 

N'lolla (2001) reported that seedlimis 111111  signilieantiv influenced the number ol 

ii I leN. mat Lire panic les ni and rice y  ield. Iwo seedlings hi 11.1  had sign i Ireantly 

higher yield than one seedling, including other parameters. in hybrids. For I IYV. 

no siuni heard response was obtained b increasing the number of seedlings from 

3to (. 

Shrirame ci u/. 2000 ) reported that one seedling lii 1l1  gave signilicantiv higher 

harvest index (I El) but grain yield \\ crc  not afeted h> seedlings number hi I I' 

Srivasta a and tripathi (2000) carried out an experiment ' here rice cv. Hybrid 
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6201 and R 320-300 ere grown at 20 cm x 15 cm or 15  cm x 10 ciii spacing at I 

2 and .3 seedlings hi Il_I and observed that c' . 1< 320-300 grown at the I ' Ciii x 10 

em spacing at 2 seedlings hill" produced the highest grain yield o17 .59 1 ha* 

l:xperinient was conducted at 131(1(1 to flnd out the etiect ol seedling number (in 

the paniele production and yields ol' a local variety K tLmragohl) transplanttng at 1 

16 and 9 seedlings hill". The rcsults revealed that panicle and grain yield (lid not 

di fThr signi iicantl due to seedling number liii I" (13 RRI. 1999). Srini asu lu ci al. 

1999)   conducted an experiment on rice hybrids API IR- I and API [R-2 and the 

conventional varietv Chaitanva. planted with I or 2 seedlings hi IF and tound 

that 1huiit lug of two seedlings hi IF of Chaitanya recorded signi ticantiv higher 

grain ield than one seedling hi IF but in case of hybrids both the treatnients Were 

at piir. 

Asil c't at (1997) conducted an experiment with rice cv. Basmati $85 grown at I 

2 or 3 seedlings hiLl' and observed that grain yield was highest at 2 seedlings hilF 

1 . Banik ci al. ( 1997)   conducted a Field experiment in 1993-95 in I3ihar with .30-. 

40-. 50-. or 60-dav old rice cv. Paukaj and Patnution seedlings crc transplanted 

at 2. 4. 6 and 8 seedlings hill'. they reponed that yield was the highest with 4 

seedlings hilf '(4.22 I ha"). 

Para e and Kactdalkar (1994) conducted an experiment with 3 rice eultivars and 

sho 	ed that sini i Lar grain yields were obtained IIom planting $ or 6 seedlings liii F 

Experiment Was conducted at llNA with the number of seedlings lii IF' of three 

rice vanet es in bury season ' ii..; Iratotn 24. BR 1 4 and BR3 and three number of 



seedlings hilL vi,..: I. 2 and 3 seedlings hilF'. It was lound that number of 

seedl inis liii l produced significant effect on filled grains panicl&' and signi licant 

hiuher yield 1w plantiiw 4-5 seedlings hilF' compared to 2-3 seedlings hill 

131 NA. 1993). ('ho (lliLIr\ et al. (1993)    conducted an expernent with 2. 4 and 6 

seedlings Iii IF to study their ciThet on the yield components or rice c 14R23 and 

Pajain during the await season. they reported that 6 seedlings hi IF' gave the 

hkihest grain and straw yields. Rao and Reddv (1993)    conducted a Field 

experiment with rice cv. kasi in the Kharif (Monsoon) season at 33. 44 50. 67 

and 2(H) hills tn 	ith 1. 2. 4. 6 and 8 hi 11'. They reported that grain yield 

increased with decreasing spacing from 33-200 lulls 	i1' wit Ii I seedling hull'. 

when 10 seedlings hiIl' were planted yield decreased at the idet spacing. 

An experi mciii as conducted at I RR I with a local variety Kuinaragoir at 25 cm 

x IS cm antI 25 cm x 45 cm spacing and 1.3. 6 and 9 seedlings liIll. The results 

showed that with any spacing. seedling mortality decreased nwrkedl with an 

increase in the number ol seedlings hi IF'. but spacing appraised to have no 

marked etThct on seedling mortality. I he number of' panicles m was generally 

greater with a closer spacing and ('ewer seedlings liiIh' . As regards yield, it was 

intcresti ng about the same br all the spacing number coinhi iations (14 RI( I. 1 992). 

l'rasad ci at ( 1992)    conducted an experitilent sv ith 2. 3. 4 and 5 seedlings hi IF' to 

studs their elThct on yield and yield components of rice cv. Sarjoo-52 and Found 

that (1w all kictors 4 seedlings hi IF' were better for grain yield. Singh and Singh 

I 992 ) condticted an experiment with 2. 4 and 6 seedlings hi IF' to si tidy their 
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e liëct on the yield and viekl components of rice cv. Madhukar and Iinuid that for 

all flictors 4 seedlings hilF' were better for grain yield. 

I3RRI 199 I ) conducted another study to mid out the eti'eci of seedling number (7• 

3. 4 and 5 seedl uigs hi] F on the grain yield and yield comporicri(s ()f 1310). 13R9 

and BR 14. I he results showed that there was iio sigiii !ieanr. eliect of seedling 

number tnt the '•ield of 131(3 and 13R]4. Planting of 4-5 seedlings hill' gave 

sign i (leant I' higher yield in 131(9 than 2-3 seedlings hi 11 	although such 

iii licrenees were not apparent in yield components. 

13 KR! ( 1990)   conducted an experi tileffi to I md out the opt i mum plant population 

required for a satislaetor' grain wield of rice both at .loydebptrr and I Iabiganj at 

the eOliihililitiOli of di Herein plant spacing with 2-3 and 5-6 seedlings hill 1  and 

siini lieantiv the highest grain yield was obtained Lw using 5-6 seedling till F in 

both ilie places . Increase in seedlings litiniher I'rorii 2-3 to 5-6 seed) ing hil 

produced grain yield in most eases. /liang and 1-lua,w (1990)   studied the e IThets 

of seedlings hi)]' of medium duration rice varien. transplanted at 1-5  seedlings 

liilF' and found that 2 or .3 seedlings hilF' gae best yield with increasing grain 

ield hut harvest index were unalThcted l, the di (i'ercnt number of seedlings hi IF l. 

On the other hand 1udhiar ei al. (1989) observed paddy vield. yields in earl 

Iflal uring rice e . CR666-I $ grown with 2 or 4 seedl i rigs hi IF' though (lie v ield 

di IThrence \ as not sign i ticant. 

Iii an experiment of KarlIn e/ cii. (1987). Niicrshail was planted with 1. 2.3. 4 and 

5 seedlings hi I F and observed that Ii ighest grain yield of Nizershal I was obtained 

with 4 followed by 3 seedlings liii!'' while I seedling hilF' yielded (IlL' knesL. 
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Sartini ci al. (1979) observed increased grain yield when seedling(s) bill4  as 

increased li'oni 2 to 4 seedlings liii I_I 

Kang  and (.hoi C I 978) reported thai rice cultivar Ton2i I when gro ss ii with I .3. 5 

and 7 seedI jugs liill• . shortened the growili duration and increased the ripened 

grain ratio with increasing number of seedlings hill' But the eiThet was not Ibund 

significant in the early season. increasing the number ol seedlings 1)11 I increased 

grain yields in Fongil, especially in late-season crops but not in cv. Milvang IS. 

For earl. 3-5 seetll I ngs liii 1.1  and tbr late 5-6 seedlings liii 	produced maximum 

yield. 

Shahi and (ill) (1976)   observed that there was no significant difference in pidd 

yields 01.  dwarf rice eultivar Java grown ai a spacing of' 20 cn X 20 em or IS cmi 

X iS cm with 1-4 seedlings hilrt.Yield  tended to be cite highest at 20 cm X 20 cm 

and 	itli 2 seedlings hill', 

2.2 Influence of inbred and hybrid rice on growth and yield 

2.2.1 I:t'kct on growth characters 

2.2.1.1 Plant height 

E3isne ci at (2006) conducted an experiment with eight prointsin vaneties using 

Ibur CM S I ines of' rice and showed i hat plant height differed signi fleaitt Iy among 

the '. arieties and Pusa Rasinati gave the highest plant height in each line. 

Ow c/ at (]998) in an experiment with hybrid rice cullivars ORI 161 and PMS 

2A x I k 31 802 Ibund taller plants. more productive tillers. in ORI I 6 I than in 

PMS2A x JR 31802. 

Miali cl al (1990) condticted all experi tieni where rice cv. Nizcrsliail ;nid mutant 
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lines Mw. NSI and Mut. NSS were planted and Ibund that plant height were 

greater in Mitt. NSI than Nitershait. 

2.1.1.2 1il led ng pat tern 

Devaraju ci at (199%) in a study with tci rice hybrids such as Karnataka Rice 

II' brid I (KR! I I ) and Karnataka Rice Hvbrid-2(K1t142) using I IYV 1R20 as the 

check variety and found that K RI 12 out yielded I 1(20. In I R2(1. the tiller number 

was Ii igher than that oF K [(1-42. 

2.1.1.3 Leaf area index 

Suain c/ at (2006) evaluated in a field experiment the perlormance ol rice 

I'' bnds NRI II. NRI B. NW 14, NRI IS. PM Ill. PA620 1. DRRI II. 1R64. CR749-

20-2 and I a kit conducted in Orissa. India during 1 999-2000. Among the hybrids 

tested. PA (CU I recorded the highest leaf area index. 

2.1.1.4 Total dry matler j)rodllelion 

Son c'/ iii (I 91)8)  reporled that dr matter production of four inbred lines of rice 

(low-tillering,  large paniehe type). YR I 5965ACP33. YRI 7 IO4ACPS. YR 165 10-13-

13-B-9. and YR 165 12-13-fl-fl-IC). and cv. Namcheonh eo and Daesanb eo. were 

evaluated at plant densities of hO to 300 plants rn'1  and reported that dry matter 

piodtiction of' low-tillering large panicle type rice was lower than that of 

Naincheoiib'eo regardless of plant dens. 
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2.1.2 Effect on yield contributing characters 

2.1.2.1 Effective tillers hill'1  

I )e' araju ci a/. 1998) in it studs: with hybrid rice cult ivar K RI 12 and I R20 as a 

check variet having di Flërcnt levels or N trouii 0 to 2(X) kg N ha" fliund 11)31 

KR112 out yielded 1R20 at all levels oiN. The increased grain yield of KRII2 was 

mainly attributed to the higher number of productive iii tens lii 11.1 

2.1.2.2 Paniele lengi Ii, lulled grains panicle 	ii atilled grains panicle' , Itlte(l 
grain )ercenlage, 1000-grain weight 

Wang ci at (2006) studied the effects of plant density and row spacing (equal row 

spacing and one seedling hill''. equal row spacing and 3 seedlings hi II' w ide-

narro' row spacing and one seedling hi I I' . and wide-narrow row spacing and 3 

SCC(tl ii1.s hi I li ) on the yield and y kid components of It, buds and con ventiolial 

culti ars of rice. (onipared with conventional cultivars. the hybrids had larger 

panicks. heavier seeds, resulting in an average icld increase of' 7.27%. 

t'uiide and Awasth I (2001) studied genetic varizibi I itv in 21 genot\ pe,, of  

aromatic rice for ield contributing traits. Significant genetic variability \as 

obser'ed among the 21 genotypes br the entire vieW contributing traits. Ihe 

concl tided that panicle length. number or grains per pan ide and test weight play a 

major role in the enhancement of production ol grai 1 ) idd 

Htio inick and Navak (2000) conducted -,in experiment with two hybrids (('Nil IC 

and CCI H(3) and two high yielding varieties (I [(36 and I R64 ) of rice and five 

levels Of nitrogenous Ltrtilizers. They observed that CNI 1R2 produced more 
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tuniher at fit led grains 	(1 I I .0) than other varieties, whereas 1166 gave 

	

the highest I 000-grain 	eiglit (2 I .0Th) and number of panicles iii'" than other 

tested varieties. 

2.1.3 E.Hcci on grain yield and straw yield 

S%%ain c'i 0/. (2006) reported that the control eulti var I R64. with high translocation 

elticierie) arid I 000-grain "eight and lowesi spikeleL sterility recorded a erairi 

\: ield of 5.6 i ha''that v.as at par with hybrid PA620 1. 

Sumit ci cii (2004) worked with newly released Ibur commercial rice hybrids 

l)RRII I. P1113 Il, Pro-A2ro 6201. KIIR 2. ADTIIR 1. UPIII( 1010 and Pant 

SanLar I )hnn 1) and two Ii igh vieldi ng cultivars CItY \i ) as controls ( Pam I )Iian 4 

and Pant I)a;r I 2) and reported that KH It 2 gave the best yield (7.0 t ha' ) 

I )ongar ar e/ at ( 2003 ) conducted an experiment to investigate the response of  

Ii Md rice IKJIRl I -I in comparison with 2 traditional culti aN. .Iaa and Sartia. 

to 4 fertilizer rales. i.e. 100:50:50. 75:37.5:37.5, 125:62.5:62.5 and 150:75:75 k 

N PK ha' and reported that KJi'RI 1-1 prodt'ced signi licantIv higher yield (49.24 q 

lui' 1 ) than .la it (39.64 (I ha'') and Ssarna (46.06 CI ha''). 

Mo] lii (2001   ) reported that Pro-Agro620 I (hybrid) had a signi ['leant higher yield 

than II f4786 (Ii V V ). due to more mature pameles n1. higher ntiniber of Ill led 

grains panicle and greater seed weight. 

Jul (iquar et ai. (1998)   reported that URRI evaluated 23 hybrids along v itli three 

standard cheeks during bury season 1994-95 as preliriiiritr \ ield trial at (iazipur 
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and it as reported that five hybrids (1R58025A/1R54056. 1R54883. 

PM SXA I 1(46K) out viekled the check varieties 03R! 4 and BR I 6) Vs itli sign i licaiti 

icid di liei'enee .1 til tiqtiar et al. (1998) also reported that thirteen rice hybrids 

Vs crc C\ a ILiated in three locations of BADC Ilirin (luring the horo season of I 995-

96. hm hybrids out yielded the check variety ol same duration by more than 

Iia . Rajeritira ci Ill. (1998)   carried out an experiment with hybrid rice cv. Pusa 

834 and Pusa 111(3 and observed that mean grain yields of Pusa 834 and Pusa 

I [1(3 crc 3.3 t ha' and 5.6 1 haS '. respectivel> 

NI 11110/. ci al. ( 1990)   noted that I R8025A h brid rice eultivar produced an a erage 

\ icld ol' 7.1 i lia w hicli vas 16'0 Ii igher than the commercial varielv Oryziui 

Yaeu-9. 

Liti (1 995 ) conducted a held trial with new indica hybrid rice II- You 92 and found 

an average yield of 7.5 t h& which was I 0% higher than that of standard hybrid 

Shank oIl 64. 

Suprihaino and Sutarvo (1992) conducted an experiment with seven IRRI hybrids 

and 13 Indonesian hybrids using I R64 and wav-seputihi. I hey observed that 1104 

as highest yielding, sign i [icant I out yielding I 1t646 I 61-I. 11(646 1 S. I R61 ('s I UI I 

and I R62829A 11(54 which in turn out yielded way-seputih. Chandra (V al. ( 1992)   

reported that hybrid IR58025A out yielded the 1R62829A hybrids and the three 

control arieties .Iava. IRo and hybrids IK58025A x 9761-191 K and lR58025A 

IR5M025Ax 1105366-62-I-2-2-3R. 
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Chapter 3 

Matedais and Methods 



MATERIALS AND MFTHODS 

Ihe experiment was COI1(ttIcted at the experimental held of Sher-e-Banuta 

Agricultural t]niversitv. Dhaka. Bangladesh during Lhe period from November 

2008 to April 2009 to stud> the influence ol population density on growth and 

yield of' inbred and hybrid bury rice. The details of' the materials and methods 

have been preserued below: 

3.1 Description of the experimental site 

3.1.1 Location 

the present piece of research 'ork was conducted iii the experimental field of 

Sher-e-flangla Agricultural niversitv. Sher-e-Rangla Nagar. DhaLa. The location 

ol the site is 23°74 N latitude arid 90°35 F longitude with an eleval ion al 8.2 

meter troni sea level. 

3.1.2 Soil 

The soil belongs to "The ?vlodhupur Tract. AEZ - 28 (FM). 1988). Top soil was 

Si liv cIa> in texture. oh i\ c-gray with common line to me(lium distinct (lark 

> ello ih brown mottles.. Soil p11 was 5.6 and has organic carbon 045%. Ihe 

experimental area was hat having available irrigation and draiiage systen) and 

;ibove hood level. the selected plot as medium high land. The cletni Is were 

presented in Appendix I. 
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3.1.3 Climate 

I he geograli lea I location ol the experimental site was tinder the subtropical 

climate. characterized by three distinct seasons. NNinter season from November to 

Iehruirv and the pre-monsoon period or hot season from Mardi to April and 

monsoon period from Ma to October ( Edris ci al.. 1979). 1)etails of the 

nietrologicitl data oI air teniperature. relative hunnditv. rainftll and sunshine hour 

during the period ol' the experment was eolleeied from the Weather Station of 

Bangladesh ..Agargaon. Sher-e }3ang!a Nagar. Dhaka presented in Appendix I!. 

3.2 Test crops 

I3RRI dIliul2 S. 13 KR! dhan29. BRR I hybrid dhan2 and AC I hybrid dhan2 was used 

as the lest crop in this experiment . Aniong the variety BR RI dhan28. 13 RRI 

d1lan29. I3RRI hybrid dhan2 as developed at the Bangladesh Rice Research 

I nstittite. It is recommended lot ho??) season and AC 1 hybrid dhan2 \\flS  

developed 11v pri \:ate organi7at ion AC I conipany I .td. I nease ol' URRI dhan28 it 

takes 130-140 days (or maturity & gives an average grain yield of Sthia . Iticase 

c'f BRRI dluin29 it takes] 55-160 days for maturity & gives an average 2rain ' icld 

o17.5tha . I ucase oF BR RI hybrid dhan2 it takes 1 40- I 50 days br maturity & 

gives an average grain ield oh 8.5t1ia . incase ui AC'l hybrid dhan2 it takes ISO-

I 60 (jays (or maturity & gives an average grain yield of 8.5tha 
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3.3 Experimental details 

3.3.1 Treatments 

I he experiineni comprised as two lctors. 

Facto, A: I nlircd and hybrid- 4 (2 inbred and 2 h• bud) 

I. V,: BRRI dhan 28 

ii. \': BRRI dhan 29 

iii 	V I3RRI hybrid (lhU112 

iv. V 4: ACI hybrid dhan2 

F actor  13: Population deusit - 4 levels 

.S,: 1 seedling hill 4  

S2: 2 seedlings hill' 

S: 3 seedlings hill' 

S 1 : 4 seedlings hill' 

Ihereibre there were 16 (4 	4) treatment combinations viz. V 1  Si. V,S1 . VS,. 

V.,S1. \'1S. 'I, S,. \'3S,. V.1S,. V,S3. \',S3. V1  S;. \'4S. V,S4.VS.,V;S4  andV4S4. 

3.3.2 Experimental design and layout 

[he cxperiment was laid out iii t'.vo tietors Randomized ('omplctc Block Design 

with three replicalions. [he Iayoui of the experiment as (lone Ibr distributing the 

combination ol population density and varicty of rice. There were 16 plots of size 

4 m x 3 in in each of 3 replications. The 16 treatment combination ol Lhe 

experiment was assigned at random into 16 plots ol each replication ( Fhzt,re 1). 
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V.- 

N- 

Block 1 Rlock 2 l3lock 3 

S.1 V 1  sv S1V 3  

S2 V S1V2 

S;V; S3V I  SV, 

F S\' SV1  

I 	SV;  

SN.1  S 1 V 1  SV1 

I 	SW1 S3V3  

S 1 \' 4  

S 1 V; S4V4  

SiV S4V SWi J 

S 1 V S'V 1  S ,\14 

Plol site = 4.0 ni 3.0 In 

Plot spacing: 0.5 iii 

I3etwcen replication: IA) rn 

Factor A: Inbred and hybrid 

V: 13RRI dlian2$ 

V,: I3RRI dhan29 

V : 13 RRI hvtwid dhan2 

AC I h> bud d han 

Factor B: Population (lensity 

Si: I seedling hill' 

Si: 2 secdlinus hiIY 

5;: 3 seedlings hill 

54: 4 seedlings hill 

Figure I. Field layout of R\o thctors experiment in the Randomized Complete 
Block Design (RCI3[)) 
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3.4 	ol Cfl)S 

3.4.1 Raising of seedlings 

3.4.1.1 Seed colleetion 

lile seeds of the 131(1(1 03A0 m. BRRI dhan29. 131(1(1 hybrid dhan "crc collected 

froni Bangladesh Rice Research Inslitute (131(1(1). Jovdevpur. (iaiipur and AU 

Ii' hrid2 were collected ftoni local AC! seed dealer. 

3.4.1.2 Seed sproii Ii ng 

I lealLh seed,, were selected 1w specific gravity method and then immersed iii 

water bucket (or 24 hours and then it was kept U iditiv in Quniiv bags. I lie seeds 

C 
started sprouting after 4$ hours and were sown in the seed bed after 72 hours. 

	

*7) 	3.4.1.3 Preparation of seedling nursers' bed and seed sowing 

	

' 	As per I3RRI reconiinendation seedhed was prcpared with I in w ide adding 

nutrients as per the requirements ol' soil. Seeds were sown in the seed bed on 4 

l)eeernber. 2008 in order Io iransplanting the seedlings in the niai n held. 

3.4.2 Preparation of the main field 

Mi h'he p101 selected tbr the experiment was opened in the last week oF December 

It,- 

	

ci 	20(1 8 with a po cr tiller, and was exposed to the sun for a week, afterInch the 

land 	as harrowed. ploughed and cross-plouglied several dines lol lowed h 

klddCrilI2 to obtain a iood tilth. Weeds and stubble were removed, and linal lv 

obtained a desirable soil condition for transplanting ol seedlings. 

25 



3.4.3 Fertilizers and manure application 

ftc lertilizers N. P. K. S and I) in the form of urea. ISP. MI'. Gypsum and borax. 

respectivel' 	erc appl ied. ( )ne third of urea and entire atliottut of' TSP. M P. 

( lypsum. Zinc sulphate and borax were applied during the (ThaI land preparation. 

Rest of urea was applied in two equal installments at tillcring and particle 

initial ion stage. Ilic (lose and method of' application of' tbrtt li/er are sho ti in 

lable I 

Tahie I. Dose and method of fertilizers application in rice field 

J 
1 	

_______ 	Application (%) 
crtll]/els 	Dose (kg'lia) 	

- I i" instaunicnt 2 intaIIment 

( rca 	 lOt) 	 $....33 	 33.33 	 33.33 

151' 	 loU 	 100 	 -- 	 -- 
_____ - 
MI' 	 IOU 	 100 	 -- 	 -- 

Gypsum 	 60 	 100 	 -- 	 -- 

Borax 	 10 	 lOU 	 -- 

Source: Aditnik Dhaner Cliasli. 13 K RI. .1 ovdebpur. (iazipur 

3.4.4 Uprooting of seedlings 

The nurser\ bed was made wet b\ appliealion of water one day before uprooting 

the seedlings. The seedlings were uprooted on 4 January 2009 lbr transplant on 

the date uI 5 January 2009 without causing much mechanical injury to the roots. 
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3.4.5 Transplanting of seedliiigs in the field 

On the scheduled dates as per experiment the rice seedlings were transplanted in 

lines each havinQ a I inc to I Inc distance of 25cm and plant to plant distance 15 ciii 

in the eli prepared plot. 

3.4.6 .kiIer care 

t\ 11cr establislunent ol seedl iruis. various intercultural Operations were 

accomplished (or better growth and development of the rice seedlings. 

3.4.6.1 Irrigation and drainage 

lkod irrigation was given to maint2 ui a constant level ol standing a1er upto 6 

ciii in the cm-IN stages to enhance ti Ilering and I 0- 1 2 cm in the later stage to 

discourage late ti Ilering. The lick] was finally dried out I 5 days before harvesting. 

3.4.6.2 Cap filling 

[ irst gap liii ing was clone for all of the plots at IC) days idler transplanting (DAT). 

3.4.6.3 We Sing 

Weedings were done to keep the plots tree from weeds. which t,ltimatelv ensured 

better grow Ui and development. [lie newly emerged weeds were uprooted 

care(i,llv al Uliering stage and at panicle initiation stage In mechanical means. 

3.4.6.4 Top dressing 

A Qcr basal dose. the remaining closes ol' urea were top-dressed in 2 equal 

i nsial I ments. The Iërti I izers were applied uni lbrnilv in broadcast 1110110d. 
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3.4.6.5 Plant protection 

- 

	

	I uradan 57 I C as applied at the tme ot IThal land preparation and later on other 

insecticides were applied as and when necessary. 

3.5 Sample collect ion 

Sample \8S collected from the centre 2 nr olcach plot crop which was harested 

depericlinu upon the maturity of plant by manually. 

3.6 Harvesting, threshing and cleaning 

[lie rice was harvested depending upon the niaturity of plant and harvesting ssas 

done from the centre 2 nY of each plot. The harvested crop of each plot was 

bundled separately, properly tagcd and brought to threshing floor. Enough care 

was taken Iör han esting. threshing and also cleaning of rice grain. Fresh seight 

0 f 2rztin and straw were recorded plot wise. I lie grains were cleaned and final K 

the weight was adjusted to it moisture content of 14%. Flie straw was sun dried 

and the yields ol' grain and straw plot were recorded and converted to L ha' 

3.7 Data recording 

3.7.1 Plant height 

[he heiuht oI plant was recorded in centimeter (Cm) at the time of 30. 45. 60. 75 

BA! (Days afier trans)lanting) and at harvest. Data vere recorded as the average 

of 10 plants 'elcctcd at random out side the ellccti'e harvesting area of each plot. 

I lie height was measured from the ground level to the tip of the tiller. 
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3.7.2 N urn ber of tillers Ii iIF' 

Ike iitunher of tillers huE' was recorded at the time of 30, 45. 60 and75 DA I liv 

counting total tillers. Data were recorded as the average of 10 hills selected at 

random from the tire selected hills of each plot. 

3.7.3 Leaf area index 

I eai area index were estimated measuring the length and average width of leaf 
and nititti fll) lug h a lactor of 0.75 IN lov.ed bv Yoshida t1981 

3.7.4 I)ry matter plant' 

total (1rs maller plant 1  was recorded at 30. 45. 60, 75 DAT and at harvest by 

drvi ug plani sample. Data were recorded as the average of 10 sample hi IF 

selected at random lioni the out side the effective harvesting area of each plot and 

it was expressed in gram. 

3.7.3 Effective tillers hilF' 

Ike total number of elThctive tiller hi III  was counted as the number of panicle 

beaning hi! I plant1. Data on elièetive tiller hil[' were counted froni JO selected 

hi I Is at harvest and average value was recorded. 

3.7.6 Non-effective tillers hilF' 

The total number of,  non e Ilective tillers lil was counted as the number of' non 

panicte bearing tillers plant . I )ata on non efFective tiller hi II were counted horn 

It) selected hills at harvest and average value was recorded. 
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3.7.7 Total tillers hi IF' 

I he total number of liters Iii [1  was counted by adding eflctive and non-

efkci i e tillers hilF '. Data on total tiller Ii ilY ' were counted ironi 10 selected hills 

at harvest and average value was recorded. 
11 

Fatal tillers hulF' 	Effective tillers hill' 	Non-eliCetive tillers hiIl 

3.7.8 Length of panicle 

I he knetti of' lianicle was measured with a meter scale from 10 selected pan ides 

and the aerage value sas recorded. 

3.7.9 Filled grain panicle1  

IRe total number of (it led grains was recorded from 10 randomly selected plants 

of a plot on the basis of' grain in the spikelet and then average number of Ill led 

gntitis llnicle '  \VU5 recorded. 

3.7.10 Unfilled grains panicle' 

the total niunber of until led grains was collected randomly lioni 10 random l 

selected plants of a plot on the basis of not grain in the spikelet and then average 

nuiither ol un I'll led grains panicle was recorded. 

3.7.11 total grains panicle' 

IRe total number of grains was recorded by adding filled and tin Ill led grains from 

selected ID plants of' a plol on the basis and then average number of total grains 

panicle' was recorded. 

total grains panielc' = Filled grains panicle' i Unfilled grains panicle 
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3.7.12 Weight of 1009 seeds 

One thousand seeds were counted randomly from the total cleaned harvested 

seeds ol' each individual plot and then weighed in grams at 14% of moisture and 

itcoi'ded 

3.7.13 (;rain yield 

Grains obtained from 2 In2  oleach unit plot were sun-dried and weighed earellilly 

and (ma liv converted to I ha' 

3.7.14 Straw yield 

Straw obtained from 2 Ui2  ol each unit plot were sun-dried and weighed carefully 

and (in a I lv converted to t ha' 

3,7.15 Biological yield 

Grain yield and straw yield togeiher were regarded as biological yield. Ike 

biological yield was calculated with the lollowing formula: 

Biological vield = Grain yield ± Straw yield. 

3.7.16 harvest index 

I larvest index was calculated i'roni the grain and straw yield of rice for each plot 

and expressed in percentage. 

Economic yield (grain weight) 
100 

Biological yield (Total div eight) 
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3.8 Statistical Analysis 

The data obtained for different characters were statistically analyzed to observe 

the significant difference among the treatment. The mean values of all the 

characters were calculated and analysis of variance was perlhrmed. The 

significance of the difference among the treatments means was estimated by the 

f)uncans Multiple Range Test (DMRT) at 5% level of probability (Gome7. and 

Gomez. 1984). 
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Chapter 4 

Results and Discussion 



RESULTS AND DISCUSSION 

The experiment was conducted to determine the influence of population density 

on growth and yield of inbred and hybrid boro rice. Data on different growth 

parameter, yield attributes and yield were recorded. The analyses of variance 

(ANOVA) of the data on different parameters are presented in Appendix JH-IV. 

The results have been presented with the help of graphs and table and possible 

interpretations given tinder the following headings: 

4.1 Plant height 

4.1.1 Effect of variety 

Different inbred and hybrid boro rice showed significant differences on plant 

height at 30, 45, 60 and 75 OK!' and at harvest (Figure 2 & Appendix III). At 30 

DAT. the longest plant (24.77 cm) was observed from V3  (BRRI hybrid dhan2) 

VI •V2 v3 •V4 

120 

100• 

E 
S 80 

CI 

40 

20 

0 II 
30 

II,! 

I 1 ii I1 111 
45 	60 	75 	At harvest 

Days after transplanting 

Note: V,: BRRI dhan28, V.: BRRI dhari29, V: BRRI hybrid dhan2, V4: ACI hybrid dban2 

Figure 2. Effect of variety on plant height of boro rice at different days after 
transplanting (LS0005=1.262, 3.115, 4.529, 4.155, 4.443 at 30,45,60 
and 75 DAT and at harvest) 
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u hich was statistical I' identical (24.04 cm) with V.1  ( AC hybrid dhtui2 ) and 

closeR loIIoed (21.41 cm) by V ( BRRI dhan29). and the shortest (19.65 cm) 

Ironi V ( RiI dhan28). At 45 DAY. the longest plant was observed from \1 

(45.05 cnn which was to by V 4  (45.05 ciii) and the shortest plant as obtanned 

from V 1  (34.35 cm) which was statistically similar with V, (36.36 cm). At 60 

DAI. the longest plant was recorded in V 1  (70.75 cm), which was statistically 

identical vitli \', (70.15 cm ) and the shortest plant was obtained Ironi V (61.80 

ciii) which was statistically siini lar with V2 (61.86 cm ) At 75 DAI, the longest 

plant was observed From V, ($4.40 ciii). which was statistically identical with V 4  

82.98 cm) and the shortest plant from V 1  (66.75 cm) which was thilowed by V 

(73.67 cm). At harvest. the longest plant was observed from V 1  (105.1 cnn and the 

shortest plant Iroiti V 1  (82.47 cm). Di flrent inbred and hybrid produces di lThrcnt 

plant height on the basis of their varietal characters. Srivastava and Fripathii 

(2000) expressed remarkable superiority in case of' hybrid over inbred cultivars by 

increased grow th paraiiieters. Probably the genetic make tip of varieties was 

responsible fr the variation in plant height. I his conhrm.s the reports Shanisuddiii 

ci vi. ([98$ ) that plant height di l'l'ercd due to varietal variation. 

4.1.2 Effecl of population density 

Plant height of burn rice showed signi Ileant di fThrenccs at 30. 75 I )A I and 

harvest due to population density (Fi(Mre 3 & Appendix Ill). At 30 DAl', the 

longest plant (24.7(1 cm) was recorded from S2  (2 seedlings liil[' ) 	hich was 

closely lollowed (22.84cm and 22.14 cm) h 5d3  seedlings hill1) and 
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liii 11' 

75 	At harvest 

E 
(.1 

CI 

C = 
Q. 

120 

too 

80 

60 

40 

20 

0 

S1 nS2 S3 m54 

Days after transplanting 

Note: V1: S: Iseedling hilF', 91: 2 seedlings hilr', S3: 3 seedlings hilt'. 54:4 seedlings hilt' 

Figure 3. Effect of population density on plant height of boro rice at different 
days after transplanting (LSD00c =1.262, 3.115, 4.529, 4.155, 4.443 
at 30, 45, 60 and 75 DAT and at harvest) 

St (1 seedlings hilr'), while the shortest plant (20.18 cm) was observed from S4 (4 

seedlings hilr'). At 45 DAT, the longest plant was obtained from S2  (41.30 cm) 

whereas the shortest plant was found from S4  (39.08 cm). At 60 DAT, the longest 

plant was recorded from S2  (67.50 cm) while the shortest plant was recorded from 

54  (64.96 cm). At 75 DAT, the longest plant was recorded from S2  (84.17 cm) 

which again, the shortest plant was found from S. (68.86 cm). At harvest, the 

longest plant was observed from S  (98.93 cm) which was closely followed by S2 

(95.31 cm) and 53  (92.69 cm), while the shortest plant was recorded from 54 

(88.36 cm). The above mentioned results revealed that population density had 

significant effect on plant height. Probably I seedlings hilr' ensured the favorable 

condition for growth of born rice with optimal sharing of light, temperature, 
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nutrients etc. and the ultimate results is the tallest plant than the others poptila Run 

density under the trial. Mastini c.'i at (200$). Miah ci al. (2004) and Shah Ctt  al. 

1991   ) ho stated iiat plant height increased with decrease in seedlmg number 

4.1.3 Interaction effeel of variety and population density 

Inieraci ion elThct of population densit arid inbred and hybrid ol' bw'o rice variety 

showed siuni licant di ffèrences on plant height at 30 and 75 I)AT ('['able 2). At 30 

DA I . the longest plant (28.5 I cm) was recorded from the treatment combination 

ot V1 5' (2 seedlings hill' ith BRRI hybrid clhan2). hereas, the shortest (18.50 

ciii) was Iiund from I ile treatment combination of V1  S (3 seedlings liii I' \Vi LIl 

13RR1 dhan28). At 45 DAT. the longest plant was recorded from the treatment 

combination ol V S 46.2o cm) and the shortest from the treatment COilibWZltiOl 

ol V, S (32.80). At 60 OAF. the longest plant was recorded from the treatment 

combination ol' \'S (72.70 cm) and the shortest from the treatment combination 

oF \''S. (57.33 cm). At 75 DAL. the longest plant was thund from the treatment 

et)IllbilatiOIi of' V 6S1 (98. 10 cm) and (he shortest from the trealnieiit combination 

ol V ;S., (63.92). At harvest, the longest plant 	as found (ruin the treatment 

combination of' V.1 S (1 09.3 cm) and the shortest from the treatment combination 

oFV 1  S 1  (75.57 Cr11). 
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lable 2. Interaclion effect of poI)ulation density on plant height of inbred and 
hybrid horn rice  

Treatments _______________ 
Plant height (cm) at 

- - 30 DAT 45 I)VI 60 DAT 75 DAT IIarvcst 

V 1 S, 19.30 34.00 64.00 68.38 86.27 

V1S. 2 0.9 5  37.40 65.67 72.53 86.70 

V 1S3  24.92 33.20 59.80 84.77 81.37 

23.40 32.80 61.60 80.92 75.57 

VS1  21.01 35.33 60.70 69.08 93.90 

VS2 23.56 36.80 63.60 80.87 86.17 

V2S3  28.51 38.00 65.80 98.10 87.93 

v2s4  25.72 35.30 57.33 88.63 80.00 

V 3S, 18.50 44.00 68.60 64.90 106.3 

VS, 21.76 45.80 69.47 74.20 103.5 

V3S3  27.11 46.20 72.70 90.82 98.47 

V3S4  24.00 44.20 69.83 82.58 94.50 

V4S1  19.78 45.00 69.33 64.65 109.3 

V4S2 19.35 4 5 .2 0 71.27 67.08 104.9 

V4S 3  18.53 46.00 71.33 63.92 103.0 

V4S4  23.04 44.00 71.07 79.80 103.4 

LSL,,5 0.523 8.311 9.057 8.885 8.311 

0.8742 2.877 3.136 3.076 2.877 

6.74 9.29 8.18 6.92 5.31 

\oie: V 	BR RI dInn2S. V 	URJ(I dhau2'). V: BR RI hybrid dlian2, V.,: ACA hvhrid dIia;i2 

S,: Tsecdlin IiiIF, S 	2 sccdIiIli! hill'. 	S:3 scedh,tus hill'. S,: 4 seedlinus hill' 

.\\_\ 
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4.2 Number of total tillers hill' 

4.2.1 Effect of variety 

Di 1irent inbred and hybrid /1010 rice di lThred signihcantly in terms of number of 

tillers hi IF' at 30. 45. 60 and 75 DAt ([able 3). At 30 1)AT. the maximum 

number o I tillers hi 11*1  (4.48) was observed from V ( HR RI hybrid dhan ) which 

\\as  statistical I' identical (4.23 ) with V.1  (AC I hybrid clhan2 ) and closeR followed 

(4.23 cm) bN V. ( I3RRI dlmn9 ). and the minimum number (3.79) was ftmnd Irom 

V, (RRRI dhan8). At 45 L)A I. the maximum number Of tillers hiIF' was 

observed from \' (9.21) which was statistically identical with V4  (9.02) and V1 

(8.67), while the minimum number was found from V, (7.63). At 60 DA I. the 

tllaxiImITn i1ul1)ber of tillers hil F was recorded from \14  (18.03) which was 

statistically identical with \' (17.88) and closely followed bN V1 (16.42) while the 

tiiiniinunm number was obtained from V, (15.33). At 75 I)A1. the maxintuin 

number of tillers hilF "its recorded from \1 (17.03) which was statistically 

identical 	ith V., (16.74) and closely followed by "2  (14.88) whereas (tie 

minimum number was ibund from V1  (1.1.27). Anon. ( I 998a and I 99$b) and 

Yoshitla (1972) reported that hybrid variety had more tillering capacity than 

inbred variet\ 

4.2.2 Effect of population (lensity 
Statistieall) sign i (leant variation was recorded for number of tillers liii) of boro 

rice at 30. 45. Ml and 75 I )A'[ due to population density (Table 3) .Ai 30 I )A'F. 

the maximum number oI'tillcrs hill" (4.55) was Ibund from S2 (2 seedlin2s hill'') 

s Iiich was statistically similar (4.3 I ) with S (3 seedlings hil [I)  and the iii iniiiiitiii 
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Table 3. Effect of inhre(i and hybrid ban; rice variety and popnlalion 
ci en sits on number of tillers Ii ill' 

Treatments 	 N umber of tillers h iH 
30 DAT J 451LV1J 60 DAT 	75 DAT 

in bred and hybrid horn rice 

3.79 7.63 15.33 13.27 

'2 4.23 8.67 16.42 14.88 

4.48 9.21 17.88 17.03 

V4  4.23 9.02 18.03 16.74 

1ISD04,5 0.2597 0.6245 0.9720 1.051 

0.216 0.337 0.364 

Population density 

S1  4.25 8.96 17.27 15.28 

4.55 9,43 18.15 17.08 

53  4.31 9.06 17.66 15.63 

54  3.63 7.08 14.58 13.93 

LSDIIAS 0.260 0.625 0.972 1.05 I 

0089 0216 017 0 '64 
7.42 8.68 - 6.89 	- 8.14 

\(PIc: V 	13 ft ft 	&lhaci28. V 	L3RRI d)iau'2. V,: n 	RI hybrid dlian2. V 	AC] hybrid dIian 

: lsecdlh'e hill 	
. 5.: 2 scedlins hill''. S'.3 seedlings hill '. S: 4 scedluig' bill" 

number (3.63) was observed from S.1  (4 seedlings hill'') which was closely 

followed In (4.25) 5, (I seedlings hill') .At 45 DAT. the maximum number of  

tillers hi IF' was obtained from S (9.43) which was statistically identical with S 

(9.06) and S1  (8.96) and the minimum number was recorded from S4  (7.08). At 60 

1)Al'. the maximum number oF' tillers hill' was obtained from 5' (I 8. I 5) which 

\ as statki cal lv similar ith S (I 7.66) and S (I 7.27) and the minimum number 
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was Jound from S.1  (14.58). At 75 DAl_ the maximum number of tillers liii! was 

Ibund from S (17.0$) which was closely lollowecl by S3  (15.63) and S1  (15.28) 

aud the minimum number was recorded from S.1  (1 3.93). It reveals that planting 

excess seedlings more than to) in it single bill does not afict the tiller 

product ion. I lasanuzzarnan ci af. (2009). Nakano and Mizushinia (1994)    also 

observed similar liridings. 

4.2.3 Interaction effect of variety and population density 

Population density and inbred and hybrid of /;oro rice showed statisticall 

signilicarit interaction effect for number of tillers bill'' a 	 T t 30. 45. 60 and 75 DA 

(lable 4). At 30 DA I. the inaxitiutni number of tillers hill1  (5.19) 	as lound 

troin the treaiiiictit etniibiiation ol 	4: (2 seedlings hill' with RRRI h brid 

dhan-2 ). Micreas. tIle mini mum number (3.30) was recorded from the treatment 

combination ni VS., (4 seedlings liii I w itli BItRI hvbri(12 ). At 45 1 )AT. the 

maximum number of tillers hilL was found from the treatment combination of,  

V S 	( 10.47) and the iii inimum number was obtained from the treatment 

combination oi' V S , (6.40). At 60 DAl . the maximum number of tillers hill s as 

recorded from the treatment combination of VS ( 19.87), vh ile the in inimum 

number was observed From the treatment combination oi V4S, ( 13.90). At 75 

DA 1. the max inium number of tillers hil I '.'.•as recorded from the treatment 

combination of VS (19.77) and the mini imm number was tound 1m111 the 

treatment coin hi nat ion ol' V4S1 ( I 1. 19). 
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Table 4. Interaction effect of inbred and hybrid how rice variety and 
population density on number of tillers huE' 

Number of tillers hill' at 
ireatments 

_____ 
DAT 45 DAT - 60 DAT 75 DAT 

V,S, 3.77 7.57 15.23 13.07 

V,S1 3.90 7.93 15.83 14.07 

V I S; 3.73 7.40 14.77 12.67 

VS.1  3.77 7.63 15.50 13.27 

V2S, 4.33 9.10 17.20 14.70 

V2S1 4.67 9.63 17.63 16.27 

VS 4.40 9.23 17.07 14.97 

V2S., 3.53 6.70 13.80 13.60 

VtS1  4.70 9.80 18.30 17.07 

5.10 10.47 19.87 19.77 

V3S3 4.83 10.17 19.43 18.37 

VISI  3.30 6.40 13.90 12.93 

V1S 4.20 9.37 18.37 16.30 

V4S2 5.19 6.64 8.93 11.19 

V4 SI 4.27 9.43 19.37 16.53 

v4s1 3.93 7.60 15.10 15.93 

0.5193 1.249 1.944 2.103 
- - 	S 	x 0.180 0.432 0.673 0328 - 

('V(%) 7.42 8.68 	- 6.89 - 	- 8.14 

Now: V ,: BR RI tlhan2S. V: 13 RRI dhan29. V ;: BR RI hybrid dlia,i2. V AC I hybrid dhan 

S,: 6eedlitit hill'. S.: 2 seedlings hilr'. S:: 3 seedlings hill '. S4: 4 seedlings hilL 
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4. 1.3 Leaf Area Index (LAI) 

4.1.3.1 Effect ofvarictv 

I eat' area index ([Al) or the surlace area of green leaves produced by ri ce plants 

unit arez( of land was taken its an index 01' leaf area development. Fhe fear area 

plant is one of the major determinants or its growth. Except 30 l)A I' LAI was 

significantly affected by variety at all the sampling dates (Figure 4 and Appendix 

IV). The [.Al as a normal phenomenon increased with the advancerneru of plain 

age and dccl med a 11cr attaining its maximum value with time. Figure 4 shows that 

irrespcctie 01' varieties. LAI increased sharply after transplanting attaining a peak 

at around 60 I )A'l'. At 60 DAT. ACI hybrid dhan2 showed much higher I .Al ol 

7.23. closely followed by RRRI dhan29 and lowest from !3RRI dhan28 LAI Of 

5.07. This was attributed to lower LAI Ahined el al. (1996) and Turner ci at 

(1986). Takeda et al. (I 983) observed that hi2h-yielding rice varieties had higher 

I.AI. 
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—VI —V2 V3 —V4 

I 
0 

30 	45 	60 	75 	Atharvest 

Days after transplanting 

Note: V1: RRRI dhan28, V,: IJRRI dhan29, V1: RRRI hybrid dhan2, V4: ACI hybrid dhan2 

Figure 4. Effect of variety on leaf area index at different days after 
transplanting (LSD0 =0.339, 0.512, 0.229, 0.166, 0.285 at 30, 45, 60 
and 75 DAT and at harvest) 

4.1.3.2 Effect of population density 

Population density had remarkable influence on leaf area index (LAI). There were 

significant variations among different seedling hilr' treatments observed at 30, 45, 

60 and 75 DAT but insignificant at harvest (Figure 5 and Appendix IV). At 30 

DAT, maximum leaf area index (2.27) was obtained from 4 seedlings bill' 

followed by 3 seedlings hill' (2.17) that followed by 2 seedlings hill' (02.03). 

Minimum leaf area index (1.35) was counted at single seedling hilr'. The similar 

trend was also continued up to 75 DAT where single seedling showed 

significantly the lowest LAI. The highest LAI (6.99) was recorded from 4 
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seedlings followed by 3 seedlings (6.69) then 2 seedlings (6.06) and after then 1 

seedling (5.56) at 60 DAT. The findings are in agreement with Hasanuzzaman et 

at (2009), Masum ci at (2008), Miah et at (2004) and Obulamma ci al. (2002) 

who stated the highest LAI at 4 and 3 seedlings hilF' respectively. 

-+-1 -5-S2 	S3 —S4 

0 
30 	45 	60 	75 	At harvest 

Days after transplanting 

Note: S: iseedling hilt'. S?:  2 seedlings hilt', S: 3 seedlings hilt', S4: 4 seedlings hilt' 

FigureS. Effect of population density on leaf area index at different days 
after transplanting (LSD0.05=0.339, 0.512, 0.229, 0.166, 0.285 at 30, 
45,60 and 75 DAT and at harvest) 

8 : 

7. 

0 
.E5 

cc 
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4.1.3.4 Interaction effect of vanctv and population density 

Ii was obscrvcd Ironi Fable 5 that except at 75 DAT LAI was not stgnihcantiv 

aliected b the interaction ol varielv and population density at rest sampling 

dates AL 30 DA I maximum I_Al (2.67) was observed from AU hybrid dhan2 in 

combination with 4 seedlin2s hi IF' and minimum (I .27) from I3RRI dahau29 in  

combination with I seedling hil['. At 45 DAT numerically maximum (6.73) L.Al 

was band from AU hybrid dhan2 in combination with 4 seedlings hi 11.1  and 

mi niniLim (4. I 0) from BRRI Dhan28 in combination with 2 seedling hi ii. The 

similar trend was also continued at 60 I)AF. At 75 DA I tiiuxim tin) ( 7.00) I .4 

ol,served from AC I hybrid dhan2 in combination with 4 seedlings Iii IF' which was 

statist ica liv similar with same varieR combination with 3 seedlings hill and 

minimum (4.50) from HR R L Dhan28 in combination with 1 seedling hill which 

was statistical Iv similar ith same variety in combination with 2 seedlings hil 1.1. 

At harvest nunierieallv maximum (3.20) I .AL observed from AC] hybrid dhan2 in 

combination s ith 4 seedlings hiW' and minimum (1.54) from I3RRI Dhan2Sin 

combination s jUt I sccdIin hilF 
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FableS. Interaction effect of variety and population density on leaf area index at 
different days after transolantinE 

1.2eaf area index at 
T reatments 

- 
30 DAT 45 DAT 60 DAI' 	i 75 DAT 	j 	Harvest - 

V1 S1  1.37 4.47 4.77 4.50 1.54 

V 1 S 2.07 4.10 4.57 4.60 1.97 

VS3  2.00 5.00 5.37 4.90 2.03 

V,S4  2.47 5.53 5.57 5.20 2.17 

V2S1  1.27 4.27 5.50 4.70 1.90 

V2S2  1.90 4.73 6.23 4.57 2.10 

V2S3  2.27 5.87 6.73 5.83 2.30 

V2s4  2.13 5.97 7.10 6.27 2.63 

V351  1.27 5.63 5.70 4.93 2.20 

V3S2  2.40 5.80 6.47 5.20 2.27 

V3S3  2.30 6.03 6.90 6.33 2.40 

V354  2.20 6.30 7.40 6.40 2.47 

V45 I 1.50 5.60 6.27 5.97 2.53 

V4S' 1.77 6.20 6.97 6.63 2.80 

V4S3  2.10 6.10 7.77 6.60 2.77 

V454  2.67 6.73 7.90 7.00 3.20 

LSD.4 NS NS NS 0.961 NS 

- 0.235 0.355 0.456 0.333 0.198 

CV 20.77 11.12 12.48 10.29 14.68 

\oIc: V1 t3RIkI dhan28. Vc RRRI dhan29. V: HRRI hybrid dhan2, V4: ACt hbrid d1an2 

S tseedIint 	hiII. S: 2 seedlings hiIF', .S: 3 seedlings lull'. S4: 4 seedlings hiIr 
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4.3 I) n in a I icr J)rotl ii ci ion pla 1I 
4.3.1 Effect of variety 
Dry matter plant' varied siuni Jieantiv [or di IThrent inbred and hybrid /oi?) rice at 

30. 45. 60 and 75 DAt' and at harvest (Fable 6). At 30 DAT. the highest dry 

nalter plant 1  (5. 1 5 g) was obtained from V (E3RRI hybrid dhan2 ) ' inch was 

statistically identical (4.7$ u and 4.75 g) with V4  (AC! hybrid dhan2) and V? 

I I3RRI dhan29 ). w hi Ic the lowest (4.02 g) was recorded from V ( URRI dlian8 ). 

At 45 DA I. the highest tin matter plant'' was observed 1mm V; (6.28 g) which 

was statistically identical with V4  (6.11 g) and V2 (5.94 g). whereas the lowest 

was ftntnd from V (5.24 u). At 60 UN]. the highest dry matter plant'' was 

observed front V4  (9.12 (-,) which w as statistical lv identical w ith V (8.08 g and 

closely I'ollowed bN V (7.29 g). and the lowest was observed from V1  (6.43 g).  At 

75 DA I. the highest tin matter plant t  was recorded front V; 110.48 g) which was 

stat istieallv identical with V.;  110.44  g) and the lowest was Ibtind from Vi (8.60 g 

w liich was statisticalIN similar to V (9.07 g). At harvest, the highest dr' matter 

plant' was obtained from \13  (12.64 g) w inch was closely Ibilowed I' V (11.84 

g) and the lowest was recorded from V1  (9.14 g)  which was elosel) tol lowed by 

(10.82 g, this conlirms the reports ofAniin ci at (2006) and Son ceciL (1998) 

that dr nuttier production di tiered due to varietal variation. 

4.3.2 EFfect of population density 

Un matter plant ci horn rice showed statistically sign i licant variation at 30. 45. 

60 and 75 DA f and harvest for population density ('table 6). At 30 l)A1. the 

highest dry matter plant' (5.23 g) was obtained from S. (2 seedlings hi IF') w hidi 
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was statistically identical (4.87 g) with .S 	(3 seedlings hilr' ) and closely flhlowed 

(4.80 g) b> 5, (I seedlings hill'). and the lowest (3.79 g) was recorded from 5.1 (-I 

See(I I 1fl25 hill" ). 
 

At 43 I )A4 . the highest dry matter plant 	was recorded Iioiii 52 

(6.47 g)  which was statistically identical with Sz (6.19 g) and 5, (6.l3 g) 

Table 6. 	Effect of population density on dry matter l)lant' of inbred and 
hyhnd boro rice 

E)rv matter pIanf1  (g) at 
Trejtnitiats 	1 

30 DAT 	45 DAT 
60 

75 DAT I lan:est 
DAT 

Inbred and hybrid boro rice 

4.02 	5.24 	6.43 	8.60 	9.14 

'2 4.75 	5.94 	7.29 	9.07 	10.82 

5.15 	6.28 	8.08 	10.48 	12.64 

V4  4.78 	6.11 	8.12 	10.44 	11.84 

	

0.40 	0.4185 	
0.970 	

0.6007 	0.7564 

SN 	 0.140 	0.145 	0.179 	0.208 	0.262 

Population density 

S1  4.80 6.13 7.71 9.47 11.16 

5.23 6.47 8.21 10.57 12.14 

S 3  4.87 6.19 7.87 9.77 11.37 

54 3.79 4.78 6.13 8.78 9.77 

I.SDI1.011i 0.403 0.419 0.970 0.601 C). 756 

Sx 0.140 - 	0.115 0L179 0.208 0.262 

cvrA)) 1014 - 	8.52 6.10 7.47 8.16 

Note: V [4RR I dh;tn2S. \':: RRR I diiaii29. V BR RI hvbriuj dha112. V : AC 	hybrid dhan2 
5: Iseedling hill. S:: 2 seedlings bill t, S.3 seedlings hill". 5.1: 2 seedlings hill" 

while the lowest was obtained from S.1  (4.78 g). At 60 DAT. the highest dr> matter 

plain was recorded from S (9.2 1 g) which was statistically identical with S 
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(7.87 g) and S  7.71 g).  while the lowest was observed from 5 ±  (6.13 g) ..At 75 

l)A F. the highest dry matter plan'' was found 1mm S ( 10.57 g ) which was 

closeR tollowed by 53 (9.77 ­)and S1  (9.47 e). while the lowesi wts Itntiid from 

.S, ( 8.75 g). At harvest, the highest dr\ matter plant' was obtained from 2 ( I 2. 1 4 

g) which was closet> followed hi.' S (11.37 g) and Si  (11.16 g), whereas the 

Ion est was found from S., (9.77 u). 

4.3.3 Interaction effect of variety and population tiensily 

Dry matter plant'' varied sign flcantiy clue to the interaction effect of population 

densit> and inbred and hybrid of' rice at 30. 45. 60 and 75 DA1' and at t1arvest 

(Table 7). At 30 DAt. the highest dr\ matter plan' (6.14 g) was recorded from 

the treali ient couibiia(ioil of V S?  (2 seedlings hiIl' viLh I3RRI hybrid dhan2). 

whereas, the lowest c3.24 g) was recorded from the treatment combination of' V 

5., (4 seedt iigs liii I" with 13k RI hybrid dhan2 ). At 45 l)A'F. the highest dr\ matter 

plain was recorded from the treatment combination of' V ;S, ( 7.30 g). whereas. 

the lowest was observed from the treatment combination of VS4  (4. I I g) At 00 

DAt'. the highest dr> matter plain' was obtained from the treatment combination 

of V;S, (9.32 1..).  w hereas. the lowest was found from the treatment combination 

of VS 0.62 g). At 75 DA 1. the highest dry matter 	was recorded from the 

treatnieni combination of' VS2 (I I .65 g) and the lowest was observed 1i'oin the 

treatment combination 01' V ;S.;  (7.97 g). At harvest. the highest dr> matter plant 

as ohtaiied troll) the treatment combination of VS (1 4.45 (—,) and the lowest 

was found From the treatment combination of V,S (9.1$ ). 
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Table 7. Interaction effect of inbred and hybrid horo rice variety and population 
density on dry matter plant'  

I reatments Dri matter plant' (°) at 	_______ 
39 DAT 45 DAT 60 DAT 75 DAT Harvest 

V 3 S, 4.03 5.31 6.50 8.40 8.89 

V1S2  4.17 5.39 6.67 9.28 9.81 

V3 S1  3.88 5.02 6.02 8.04 8.64 

V,S4  3.08 5.25 6.54 8.66 9.21 

V2S, 4.94 6.19 7.64 8.78 11.07 

V2S1 5.43 6.56 7.92 10.14 11.90 

V2S3  5.02 6.26 7.49 9.14 11.13 

V254  3.62 4.75 6.09 8.22 9.18 

V3S1  5.50 6.67 8.36 10.77 12.97 

V 3S, 6.14 7.30 9.32 11.65 14.45 

V3S 3  5.72 7.03 9.02 11.53 13.73 

V3S4  3.24 4.11 5.62 7.97 9.40 

V4S1  4.74 6.36 8.35 9.93 11.70 

V482 5.19 6.64 8.93 11.19 12.39 

V4S3  4.88 6.44 8.94 10.36 11.98 

V4S4  4.32 5.00 

- 
6.26 10.26 11.27 

Lslkllo 0.807 0.837 1.035 1.201 0.823 
Sx 0.279 0.290 0.358 0.416 0.524 

10.34 832 6.30 7.47 8.16 	- 
Nole: V1: RRRI dhan28. V1: RRRI dhan29. V: F3RRI hybrid dhaTI2. V.1: AC hybrid dIian 

I seedling ltilr'. Sc 2 seedlings hilL. Si: 3 seedlings hilF'. S: .1 seedlings hilF' 
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4.4 Effective tillers liiW' 

4.4.1 Effect of variety 

i)iitërent inbred and hybrid horo rice varied signilieantiv in terms ol etiective 

tillers hi it1  Table 8). The iiiaximnm number of elThctive tillers liit!' (12.43)  was 

Ibtind lhnri V 1  (AC! hybrid clhan2) which was statistically identical (I 2.28) with 

V 3  ( BRR1 hybrid dhan2) and closely loUoweci (Ii .02) by V2 (13RRI (Iha1129). and 

the minimum number (96 I) was obtained From V ( I3RR1 dhan28). This con lirnis 

the report of Sawant et al. ( 1986). who reported that variable elkct of variety on 

the number ol' effective tillers hi Ill.  Anon. ( I 99821) suggested that high yielding 

varieL\ had more hearing tillers tii over the inbred variet\ 

4.4.2 Effect of population density 

A smw [want variation was observed for elThctive tillers hi 11.1  due to population 

density of how rice ( I able 8). The maximum number of eliective tillers liiI I 

(13.19) was obser ccl from S1 (2 scedliigs hilF' ) which was closely followed 

(11.77 and 11.42) In S (3 seedlings hilF') and S1  (I seedlings lull1), while the 

llliflillILI111 number ( 8.96) was recorded from S.1  (4 seedlings hi [I I)•  This eon linus 

the report of Ashra I ci al. (1999)   who stated that transplanting ol 2 and 3 

seedlings hill 
I  gave more promising results in terms ol' more productive tillers 

unit ai-ea 
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4.4.3 Interaction effect of variety and population density 

SialislicalIN siuiIicant interaction etiect of population (k'nsiLv and inbred and 

hybrid oC /'wu rice variety was recorded or eliective tillers 11i ll (Fable 8). The 

maxinnun uwtiher of effictive tillers hilt' (15.13) was recorded li-ow the 

treat went combination of' V3S. (2 seedlimis hilt' with I3RRI hybrid dhan2 ). On 

the other hand, the ni inimuiii number (7.83) was ['bund from the treatment 

conihi nut ton ol V,S., (4 seedlings lull'' with BItR1 dhan28 ). 

4.5 Non-effective tillers kill1  

4.4.1 Effect of variety 

Di iiirent inbred and hybrid boro rice varied signi licantly oti non-efftciive tillers 

hill' ( table 8). The minimum number 0! 110T1-e!tective Ii tiers liii 	(2.65 )  was 

observed twin V., (AC'l lwhrid (Ihaii2) which was statistically identical (2.83) with 

V3 	I3RRI hybrid dlian2 ) and the inaxniiim number (3.53) from '2  dIR RI 

(than29) which was closel' ibllowed (3.52) h'c V, ( F3RRI  

4.5.2 Effect of population density 

Non-ett,cIivc tillers hill" of' boro rice showed significant differences due to 

population dertsity (Itiblc 8). I he minimum number ol non-eliective tillers 

(2.78) was obtained liom S 2  (2 seedlings hi IF' ) which was statistica liv similar 

(2.83) b' 5., (4 seedlings hitF' ) and closely followed (3.31) by S;(3 seedlings hilF 

). and the maximum number (3.62) was recorded from S1  (1 seedlings hi 11-5. 



3.62 27.06 55.90 
2.78 29.13 80.38 

3.31 27.70 79.15 

2.83 20.90 68.12 

0070 0.18 7.510 4.136 

(1,336 0.067 0.869 1.432 

Interact ion of variety and flOU lation (I ensity 
VS, v.17 3.73 22.71 58.50 

10.23 3.37 2.44 62.13 
Vs, 8.63 3.27 22.43 62.44 

10.20 3.70 22.8 68.33 

VS 11.37 4.23 27.82 90.73 

VS 2.83 2.83 30.69 83.60 
V1S 11.211 3.77 28.11 82.27 

8.67 327 18.49 67.30 

AS 12.5U 3.33 30.90 95.73 

VS 15.13 2.6Ii 34.35 86.60 
13.67 3.30 32.33 83.73 

V3s.1  7.83 2.10 17.80 65.35 

2i13 3.17 26.71 98.33 

7.71 23.50 
8.40 22.00 

8.02 22.71 

5.62 21.42 

0.725 

0.251 0.586 

.33 i&is 

6.83 
1l 

6.03 1980. 

(thO 2151 

7.63 27.87 

7.97 22.67 

7.53 24,11 

22.21 

8)7 3.13 

22.26 

9.37 22.27 

5.03 21(18 

8.53 21.84 

Population density 

	

5, 	 11.42 

	

5, 	 13.19 

1L77 

896 

Ta Me S. Effect of variety and popula (lots d ensily and their interact ion effect on 

effective tillers huE', non effective tillers hilF', length of panick. filled 
grains plant'. unfilled grains planf', and 1000-graiii weight 

Effective 
. 

Length Filled Unfilled 1000- 
ettective 

I realments 
tillers . 

tillers 
of 
. 

"rains 
i .. 

grains 
. 

grain 
. 	. hill paniele panicle panick weight 

IiiIl_' 
(No.) (cm) (N').) (No.) (g) 

(N 

Inbred and hybrid 1mw rice 
0.6 52 22.86 (32.92 6.45 20.3o 

11.02 3.53 26.35 80.97 23.97 

12.28 2.83 28.87 82.85 8.15 11,18 

12.43 2.65 27.01 86.80 8.16 2 	: 

- - 	0.970 0.198 2.510 4.36 0.725 I ,6Q3 

S 0.336 0.067 0.869 1.432 0.251 11.586 

14.37 2.31.1 79.26 89.20 9.07 

V ISS 13.60 2.90 27.62 88.17 '). I? 

9.13 2.23 21.11 7 15o 5.87 21.83 

1.940 0.3875 5:020 &272 	-- 1.449 

(1.672 (}. 131 1I.S69 2.864 0.502 1.172 

CV("/o) - 	10.27 7.43 11.46 0.33 11:67 9.06 

Note: V : RRRI dhan2lg. V - 	BR 1(1 dhan29. V ,: B K RI hybrid dliai'2 . V: AC I hybrid dha112 
Si. IsecdIintI,iIl.S:2scetIhiit,hiII S seedlings 1,111. 54:4 seedlings Isill" 
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4.5.3 Interaction effect of variety and po)I'laIion density 

Interaction el'kct 	population density and iibred and hybrid of barn rice vanetv 

di Ilered signi Iicantiv di lThrences on non-cliective tillers hill' t  Fable 8). [he 

liii nii))tliri number of non-effective lillers Iiilf (2.10) was obtained from the 

treaLnient conibination of VS4  (4 seedlings hi! 	with BRRI hybrid dhan2 ). 

\!ierCa. I he maximum number (4.2.3 ) was rccordcd from die treat nieni 

conibiiiation of V S, (I seedlings hill' wi(h BRRI dhaii29). 

4.6 Length of pa ii ide 

4.6.1 Effect of variety 

A, signilicatil (lift rence was recorded due to different inbred and hybrid horn rice 

in terms of Ietwth of panicle ( .able 8). [he longest panicic (28.87 cm) was lound 

from V ( HR RI hybrid dlian-2) which was statistical Iv identical (27.01 cm and 

26.35 cm) with V, AC I hybrid dhan2 ) and V, (I3RRI dha1129 ). whereas I lie 

shortest ( 22.86 cm) was observed li'om V, (BRltl dhan 28). Devarajti et uL (1998) 

in a stud' 	itli In brid rice cii Itivar KR! 12 and I R20 as a check variety and 

reported that the increased grain yield of KRH2 was mainly attn buted to the 

tallest paiiicle leneth. I dris and Mat ii ( 1990)   condtLeted an experiment with six 

varieties and observed that panicle length differed among varieties and it was 

greater in I R 20 than iii indigenous and high yielding varieties. 
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4.6.2 Effect of population density 

I ength ol pan ide varied significantly due to population density under the present 

trial (Fable 8). I he longest particle (29.43 cm) was recorded from S2 (2 seedlinus 

hill') which was statisticall)-  similar (27.70 cm and 27.06 cm) by S;  (3 seedlings 

hi II I)  and S1 (I seedlings hill 1)  while (lie shortest (20.90 cm) as recorded from 

S (4 seedlings hiM'). Sarker et UI.. 1998 reported that seedling(s) hulr' was fbI 

Ibund to have no sini1icant effect on particle length. tilled grains panicle 

4.6.3 Interaction effect of variety and population density 

Population density and inbred and hybrid of born rice variety showed signi 11cant 

interaction e lieci on length of particle (table 8). The longest panicle (34.35 cm) 

'.\11s found from the treatment combination of VS2  (2 seedlings lull with 13 R RI 

li brid d11a112 ). a2ain the shortest pan ide (17.80 cm) Ironi the treatment 

combination of \f 	(4 seedlings hill with I3RRI hybrid dhan2). 

4.7 Filled grains panicl&' 

4.7.1 Effect of variety 

1)i lkreni inbred and Ii brid born rice varied significantly in terms of filled grains 

panicle 	1 able 8). The maxiniwii number of filled grains panieIe (86.80) was 

recorded horn V (AC I hybrid dhan2 ) which was statistically identical (82.85 and 

80.97) n itli V ( BR RI hybrid dhan2) and \( ( 13R1t1 dhan29). again the niinimtim 

number (62.92) was ohserved from V1  (BRRI dhan28). Murthv ci al. (2004) 

recorded different number of tilled grains (or dilThrent variety. 



4.7.2 Effecl of population density 

Filled grains puiiicIe of boro rice showed significant varialion due to popuiation 

deusit ( Fable 9 ). 1 he maximum number of 1111cd grains panicle (85.90) \\as  

obtained from SI  ( I seedlines hill I)  and the m nimum number (68.121) Ironi 54 (4 

scedl inus h ii I-' ). 1 he result is in airecment with I Iasanu2lalnan ci ci. (2009). Shah 

ci ci. ( 109 I) and Singh ci at (1987) who stated that number of filled grains 

paniele iicreascd with the decrease in seedling number hi 11* 

4.7.3 Interaction effect of variety and population density 

lilIecl 2rains panicl&' varied significawk due to the inleraction elfeei of 

population density with inbred and hybrid of boro rice (Fable 8). Flie niaxiniutu 

number ol Ill led grains pariiele 	(98.33) was l'ound from the treatment 

combination of v IS,( I seedlings hi 11.1  with AC! hybrid dhan2) and the minimum 

number (58.80) was observed !roni the treatment conibittion of V S1  ( I 

seedlings hil[' with HRRI (lhan28). 

4.8 Unfilled grains paniele' 

4.8.1 ElTect of variety 

l)i IThrent inbred and hybrid boro rice showed signi hieant di li'erenees on unfilled 

grains panicle (lable 8). The minimum lumber of unfilled grains panicle ((1.45) 

was recorded Iioni V 1  (14RR1 (111111128) which was statistically identical (7.03) with 

V? ( BR RI dhan29 ) again, the inaxcinuni number (9.16) was lound from '14 (AC I 

hybrid dhan ) hicli was statistically sinii lar (8. I 5) with V ( I3RRI hybrid dhan2 
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13IN'A (1993) conducted an experimcnl with Four varieties'advance lines 

(IRA I ()M24. 3R14. RINA 13 and BINAI9) and reportcd signiticain variation in 

unlilled spikelets panicIc 

3.8.2 Effect of population density 

A sigrniicant \•arialion vas observed due to unfilled grains panicle' ol hwy rice 

in context oF population density (lihle 8). ftc mirlinlum number ol unfilled 

grains panickY' (5.62) was recorded 1mm S 4  (4 seedlings hill). On the other hand 

the maximum number (8.40) from 52  (4 seedlings hiIl 1)  which was statistically 

similar 08.02 and 7.74) by S3  (3 seedlings hilld)  and S (I seedlings hilld). 

4.8.3 Interaction effect of variety and population density 

Interaction el'Ict ol population density and inbred and hybrid of ho;?J rice ariet 

showed siwli ticant variation on im lilled grains pail Id'S (Fable 8). The minimum 

number of ttnlillcd grains 	(497) was (bund Iroiii the treatment 

combination ni V3S4  (4 seedlinus hill' with RRR I (Ihan9 ) and the maximum 

number (9.73) was recorded from the (reatnient coinbination of V S(2 seedlings 

hill 	ith BRItI hybrid dhan2). 

57 



4.9 Weight of 1000 seC(lS 

4.9.1 Effect of variety 

\k'eights of,  1000 seeds diltr significantly for dIllerent inbred and hybrid born 

rice under the experiment Table 8). the highest weight of 1000 seeds (23.97 g 

was observed From V1 (13RR1 dhan29) which was followed (23.72 g and 22.18 g) 

with V 1  (AC] hybrid dhan2) and V ( I3RRI hybrid dhan2 ) and ihe lowest (20.36 

was Iotiiid troiii Vi (BREtt dlian28). 13howmick and Na• ak (2000) concluded an 

expertI1lciit \viI h two hybrids ((TN I-I R2 and CN II 1(3) and two high viciduig 

varieties (I 1(36 and I (64 ) of rice and live levels ol' iiitrozenous ferti I iers and 

observed that 11(36 gave the highest 1000-grain weight (21.07Q). 

4.9.2 Effect of population density 

Population density signi heantiv ciThet weight of 1000 seeds of burn rice (table 

8). The highest weight ot' 1000 seeds (23.50 g) was obtained front S( I seedlings 

hilL) which was statistically identical (22.71 g) with S3  0) seedlings hill1) and 

(22.60 Li) h> 512 seedlings hilL). closely followed the lowest (21.42 g) \vas 

observed lioni S.1  (4 seedlings hillI ). Choudhury ci of. (1995) reported that seed 

size waTh 	v 	 l.  

4.9.3 Interaction effect of variety and population density 

Interaction ciTed of population density and inbred and hybrid ol hare rice variety 

showed 1101) sIni licant varialion on weiuht of 1000 seeds ('l'ablc 8). The highest 

weight ol' 1000 seeds ( 2 7.87 g) was found from the treatment coinbi nat ion of \''S 

I seedling hi I I' l with RRRI dhan29 ). while the lowest (18.15   g) was recorded 

horn the ireatment combination oh' V Si  (I seed ling hi il with 131(1(1 dhan28). 
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4.10 Grain yield 

4.40.1 Effect of variety 

I )i IThreni inbred and hybrid born rice showed signi rcant cli ti'rcnces on grain 

'kid (I able 91. I he Ii igliest grain vickl (7.66 t hzf ') was observed Irom V. ( ,M_1 

In lirid (I)ian2) which was closely Ibllowed Lw (6.23$ t had )  V (BRIU h) brid 

dltan2 ) and 1 he lowest (4.69t ha 
I)  was thund From V (BR RI dlian28 ). X Ic c?! aL 

(2007) reported di ilerent yield ('or different variety. I aliirge ci at (2004) reported 

that grain yield sas signiticantiv higher For hybrid rice as hybrid increased 

assimilates allocation towards productive tillers. Sumil ci aL (2004) vorked with 

newly released thur commercial rice hybrids ( DRRI I 1. Pt 113 7 1. Pro-Agro 6201 

KlIR 2. Al)] Ilk I. I IN IR lolL) and Pant SanLar [Than I) and two high ieIding 

cultivars (II YV ) as conirols (Pant I)han 4 and Pant Dhan 1 2) and reported that 

KI-IR 2 gave the best yield 7.0 t ui' ). 

4.10.2 V fleet of 1)04)tIhtt IOn det, sib' 

Grain ield ol born rice showed statistically significant varimion in terms ol 

population density C '[able 9L Ilie highest grain yield (6.63 L ha' ) was obtained 

1rcn11 S 2 seedlings hilt') 	luch was statistically identical (6.48 t ha' with S, t I 

seedlings lui[) and closely followed 0.84 t had) by Sz (3 seedlings hilL') . On the 

other hand the knvest (5.15 t h&' ) was recorded from S  (4 seedlings j]J' ). 

I lasuhltL'/vaniali ci at (2009) reported that grain yield was decreased 	I th 

transplant i rig mote than 2 seedlings hill'. Ghosh ci al. (1998)   also observed that 

increasing seedlings Ii ill' at a eonstatu level did not in Iluence on grain yield 

production. bitt a tier that grain yield decreased. I ikevise. Srinivasuln or al. (I 999 
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noted that planting I seedling hill of rice gave grain yield comparable to that of 

2 seedlings hill 1 . Whereas. Shriraine ci ul. (2000) Ibund similar grain yield under 

1. 2 and 3 seedlings hill- ' 

4.10.3 Interaction effect of variety and population density 

InleracLion e liëet of population density and inbred and hybrid of born rice variety 

showed signilicant dillerences on grain yield (Fable 9). The highest grain vield 

(8.58 t ha' I was recorded From the treatment combination of V4S, (2 seedlines 

WIt 	ith AU hybrid dhan2). whereas, the lowest (4.61 ha') WaS Ibund from the 

treatment combination of V1S4  (4 seedlings hill' with I31ZRI dhan28). 

4.11 SI raw yield 

4.11.1 Effect of variety 

Di lThrent inbred and hybrid /.uno rice showed significant di lkrences on straw 

ield (lable 9). ilic highest straw yield (8.68 t ha") was observed from V 1  (AC 

hybrid dhan2) which as closely thllowed (7.39 1 ha' and 7.58 1 ha') V2  (I3RRI 

dhan29 ) and V (13 RRI hybrid dhan2 ) and the lowest (6.09 1 ha 1) was found from 

V. Ihe result is in agreement with the findings of Panda and I .ceuwrik (I 97 I 

s ho reported that the si rats yield could he assigned to plant height 1)ongarwar ci 

cii. (2003 rcporLed di lThrenees for (Ii (tereni genotypes of rice. 
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4.11.2 Effect of population density 

Statistiealt signiflearfi \1!riatlon as recorded br straw yield of boro rice due to 

population density (Table 9). The highest straw vickl (8.01 t haj was observed 

Ironi S (3 seedlinQs hilY' )whieh was stat,sticall similar (7.87 t haS ' and 7.71 

haS ' ) ith S.1  (4 seedlings hilf' ) and S2 (2 seedlings hill1) and thc lowcst (7.03 t ha 

5 was recorded from S1  (1 seedlings hilt). This result was iii agreement with 

Miah ci cii. (2004). Sarker ci al. (1998) reported that straw yield increased with 

increasing seedlings hitl'. Karim ci at (1987) also reported that 4 seedlings hilld 

produced higher straw than I seedling hilY 1. 

4.11.3 Interaction effect of variety and population density 

Population density and inbred and hybrid of born rice variety showed non 

significant interaction eliect on straw yield (Table 9). Numerical lv the highest 

strat yield (8. 5 t ha 
1)  was Ibund from the trcatment combination oh' V ,S2 (2 

seedlings hi If' with AC I hybrid (Ihan2 ). On the other hand the lowest (6.38 I ha 

was observed from the treal ment combination ol V S ( I seedling hi I I ' with 13 RRI 

dhan28). 
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4.12 Biological yield 

4.12.1 Effect of variety 

Smi 1st icallv signi Jicant variation was recorded lbr different inbred and hybrid 

/wro rice on biological yield under the present experiment (Fable 9). I lie highest 

biological yield (16.34 t ha") was observed from V.1  (AC hybrid dhan2) which 

was sigin I teantiv di lThrent form V( 13.82 )and V,( 12.90) sIii Ic the lowest ( 11.04  

ha" ) was recorded From V (BRItI dhan28). Ralinian (2001)    reported that hbrid 

produced higher biological yield compared to the inbred varieties which was 

supported h S ingh and (iangwer (1989). 

4.12 .2 Effect of population density 

Biological ield ol bow rice varied signi lieantiv due to population density ( I able 

9). The highest biological yield (14.34 t ha") was obtained from S (2 seedlings 

hill") which was closely followed (13.85 t ha" and 13.52( ha") by 53  (3 seedlings 

hill") and S1  (I sce(lill2s hill") whereas the lowest (13.01 t ha") was found from 

S.1  (4 seedlings liii F'). Nair ci al.. (1971)     obtained highest biological ' jeW by 
1. 

planting 2 seedlings hiM" over 4 orb seedlings hill". 
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4.12.3 Interaci ion died of variety and population density 

Interaction e IThet 	population dcnsitv and inbred and hybrid oF bow rice variety 

showed 1101) sieii i [leant variation on biological ) icld (1 able 9). the highest 

biological yield ( 17.43) 1 ha ) was lound froni the treatment combination of V.1  S2 

(2 seedlings bill' with ACI hybrid dhan2) arid the lowest (10.86 i haS') from the 

treatment combination of V1  S.1  (4 seedlings hill' with 131(1<1 dhan2S). 

4.13 Harvest index 

4.13.1 Effect of variety 

I harvest index varied itishini ileantly clue to di lièrent inbred and Iivhnd baja rice 

(table 9). Numerically (lie highest harvest index (46.72%) was observed Eroni V4  

AC hybrid (llian2 ) which was identical (44.90%) with V (13 RRI hybrid dhan2 

and closely IbhIo'.cd (42.65(1/o) by V2 (HRRI dhan29). On the other hand, the 

lowest (40.04(1,6) was recorded from V 1  (I3RRI dhan28). Rahman (2001 ) also 

observed hihest harvest index in hybrid than the inbred varieties. Similar result 

was also reported by (Jul ci a/. (2000). 
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lable 9. Effect of varietN and population (1ensI)'and their interaction effect on 
grain yield, straw yield. biological yicld and harvest index 

Grain 
I reat men ts 	

yield 
 

(t ha 

- 	
Biological 	

Ilanest 

	

Straw yield 	
yield 	

index (%) 

	

(t ha1) - 
	(t ha') 

Effect of varien 

'1 4.69 6.96 11.64 40.04 

V. 5.51 7.39 12.90 42.65 

6.24 7.58 13.82 44.90 

V.1   7.66 8.68 1634 46.72 

LSD0j15 - 0.819 0603 1.069 NS 

Sx  0.284 0.209 	- 0370 0.013 

Effect of population density - 
S 1  6.48 7.03 13.52 47.46 

S. 6.63 7.71 14.34 45.70 

S.;  5.84 8.01 13.85 41.65 

S4  5.15 7.87 13.01 390 

LSD5 0.819 0.603 1.069 0.373 
St 0.2836 0.2088 0.3700 - 0.01291 

Interaction effect of variety and population density 

V151  4.79 6.38 11.17 42.98 

4.89 7.06 11.95 40.79 

V153  4.61 7.99 12.60 35.61 

V1S4  4.86 6.40 10.86 40.77 

V2S1  5.95 6.5! 12.46 47.85 

V2S 5.95 7.46 13.41 44.13 

v.s3  5.20 7.86 13.06 39.73 

V.54  4.95 7.73 12.68 38.90 

V 3S1  6.85 7.00 13.85 48.89 

N? js2 7.10 7.45 14.55 48.61 

V353  6.00 7.37 13.37 4508 

v3s4  5.00 8.51 13.51 37.04 

V4SI 8.34 8.25 16.59 50.14 

N.4S2  8.58 8.85 17.43 49.26 

7.6 8.80 16.36 46.18 

V4S4  6.17 8.82  14.99 41.29 

1.632 NS - 	NS - 	NS 

0.5672 - 0.4175 0.7400 0.02582 

1610 9.45  9.37 I0.9 
\ut 	V. Ifithi dlianS. V: I4RRI dhan29. V: RRR1 h'hrid dlia:i2. V,: AC h\hrd clian2 

S: 	I wvJ111w,  bill 	. 	2 seedlings hill 	. S. 3 seedlings hiI. S: 	i seedlings hill' 
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4.13.2 Effect of population density 

Snttist ical I sign i licant variation was recorded for harvest index due to population 

density in ilie present coiitext ((able 9). The highest harvest index (47.40%) was 

obtained (roil) SI  (I seedlings hi 11 ) which was statistically similar with S. (2 

seedlings hil[ 1 ) and lowest (39.50%) from S4  (4 seedlings hilr') which was 

statistically similar with 5;  0 seedlings him'). The result is in agrcenicnt with the 

linditigs ot Shriraine ei cii. (2000) who reported that harvest index signi licantiv 

alThcted h seedlings number hill' 

4.13.3 Interaction effect of variety and population density 

Non Signi [teant interaction el'feCL ol population density and inbred and hybrid of 

buni rice variety were recorded for harvest index (Table 9). Numericall the 

hiuhest harvest index (50. l4%) was recorded from the treatment combination of 
11 

V4S, (I seedlina hilF' with AC! hybrid dhan2). whereas, the lowest (35.61°/c) was 

observed Front the treatment combination of V, S (3 seedl inzs hi 11.1  with I i( Itt 

dhan28 
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Chapter 5 
Summary and conclusion 



SLJM%'IARY AND CONCLL'SI(T)N 

Ihe experiment Was conducted at the experimental held of Sher-e-lianula 

/Qricultunhl 	Iiiversitv. [)Iiaka. l3angladesh during the period 1mm November 

2008 to April 2009 to study the in Iluence of populanoFi density on growth and yield 

ol inbred and hybrid born rice. the experiment comprised as two lactors. Factor A: 

Inbred and hybrid- 4 (2 inbred and 2 hybrid) viz. V1 : HRRI dhan28: V': RRRI 

dhan9: V : I R RI hybrid dhan2 and V4: AC! hybrid dhan2. Factor B: Poptilatiori 

(lensil\ - 4 levels ' ii. S : I seedling hitl* S,: 2 seedlings hilL S 3 seedlings hill 

and S4: 4 seedlitigs liii I_I . I lie experiment was laid out in two factors Rziiidoin i/ed 

(:oiiiptctc 13 tuck Design with three replications. Data Oil di Ilerent growth 
1. 

l)arainetcr. ield coni ributiuu characters and v icld were recorded. 

At tiarest. the lonuest plant was observed Irom V4 (105.1 cm) and the shortest 

plant From V 82.47 cm). At 75 DAT. the maximum number of' tillers hi 11.1  was 

recorded 1rom \/ (17.03)  whereas the ruin imum number was Ibund Ironi V 

13.27j. At 60 I)Al. V slio'ecI the hikzhest l.At of 7.23 and the lowest from 

V I At oF 5.07. At harvest, the Ii ighest dry matter plain front V (12.64 g ) and the 

lo cst was recorded from V1  (9. 14 
I. 

The maximum number oJ elThctive titters 

In In1  ( 12.43)  v;ts lound Ironi 'V . and the mini mum number (9.61) was obtained 

from Vi . 11w ni mi mimi number ol' noii-e1Tct he litters hi 11.1  (2.65) was observed 

lioiii V4  and the maximum number (3.53) from V. I he longest panicle (28.87 ciii) 

was totind from \i z whereas the shortest (22.86 cm) was observed from V 1 . 1 he 

maximntun number of tilled grains panicle (86.80) WaS recorded from V4  and the 
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minimum number (62.92) was observed from Vi. '[he minimum number of an tilled 

irams P;tnicle"  (6.4S) was recorded from V 1  and the maximum number (8.16) was 

lbund from V.I. The highest weight of lOOt) seeds (23.97 g) was observed from V1 

and the lowest 20.36 g was found from V,. 1 'he Ii ighest grain yield C 7.66 t ha'' 

was observed Lrom V., and the lowest (6.09 t ha') was Ibund from V,. The highest 

stra" ie1d (7.57 t ha'') was observed from V3  again the lowest (4.69 t ha'') was 

found Irom \/,. The highest harvest index (46.72%) was observed from V and the 

lowest (40.0-I %) was recorded from V,. 

Al harvest, the longest plant was observed from 5, (98.93 cm) while the shortest 

plant was recorded li-out SI( 88.36 cm). At 75 DAT. the maxiiiium number of tillers 

hi II' \ii5 found lioni 5, 117.08)  and the minimum number was recorded from S1 

(13.93). 11w highest FAt (6.99) was recorded from 4 seedlings lollowed by 3 seedlings 

(6.6) then 2 seedlings (6.06) and after then I seedling (5.56) at 60 L)M'. At harvest, the 

hiuliest dr matter plant'1  was obtained from S, (12.14 g) whereas the lowest was 

found from 54 (9.77 ). 1 he illaxi imIn) number of effective tillers Il i IF ( 13.19)  was 

observed Ironi S 	hi It the minimum number (8.96) was recorded Iroiii S.I. The 

nhinimuln number ol riori-ef]ctive litters hill (2.78) was obtained from S. and tile 

maxi mum number 0.62) ) was recorded from 5,. ftc longest paniete (29.43 cnn 

ws recorded Irom S. whik the shortest (20.90 cm) was recorded from S.I . I lie 

niax i mum number of' tilled grains panick (8590) was obtained from S1  and the 

mninililunl number (68. 2) was found from S.1.  The IllirlilIMID number oI unfilled 

grains paiiicle' (5.62) was recorded from 54 and the maximum number (8.40) was 

obtained from S:. The highest 'eight of 1000 seeds (23.50 g) was obtained from 
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S. whereas We ionest (21.42 g) as observed from S.1. [lie highest grain yield 

6.63 I lilt 	as obtained from 5, and the lowest (5. 1 5 I ha' I)  was recorded from S. 

I he highest S I 1-aM viekl (8.01 1 hal') was observed from .S•  and the lowest (7.03 1 ha' 

was recorded from 51 . Ike hiihest harvest index (47.46%) was obtained (row 51. 

while (lie lowest (39.50%) from S. 

At harvest, the longest plain was tound from the treatment conibmauon of V4 5 

1109.1 eni and the shortest From the treatment combination ol V I  54  (75.57 ). At 75 

DA I. the maximum number of tillers kill'' was recorded from the treatnieni 

combination o I' V6S (1 9.77) and the minimum number was Ibund from the 

Ireatnieni combination ol V 54 (12.93). At 75 DAT maximtini (7.00) I..Al observed 

from V4S4  and mininiuin (4.50) lromV , S 1. At harvest, the highest dr> matter plant 

was obtained from the treatment combination 01' V.;S.' 114.45 g) and the lowest was 

loutid from the ti'eaiment combination ol' \'S., (9.18 g). the niaxiniuin number of 

elThctive tillers hi II' ( 15. I 3) was recorded from the treatment combination ol' V3S 

and the nun I niuni number (7.83) was Ibund from the treatment combination of 

The minimum number of non-effective tillers lull' l  (2. 10) 'as obtained l'roiii 

the treal mciii eonlbiFiation of,  V S4. vhierca, the maximum number (4.23) was 

recorded from the irealment combination of VS,. The longest panicle (34.35 ciii) 

N\ ipmi found Ii'om the treatment combination ol "32  again the shortest paniele ([7.80 

ciii) Ii'oiii the treatment eonibiiatioti of' VS.,. 'Ike maximti,n number of fllled grains 

puincie (98.33 ) was found from the treatment combination ol V.1S , and the 

ni ni mLiin number ( 58.90) was observed from the treatment combination of V ,S,. 

I he win iiuum number ol' tinli I led grains paniele' (9,73) was fotind from the 

68 



treatment combination of \';S) and the niaximLul) uiuinher (4.97) was recorded from 

the treatment combination of V,S. l'he highest weight of.I 000 seeds (27.87 g ) was 

Ibund from the treatment combination of V1S1  while the lowest (18.15 g) was 

recorded from the treatment combination ol V 1 S1 . Ihe highest grain yield (8.58 t 

ha 4  ) \\ as  recorded Irom the treatment combination of V.1S) whereas, the lowest 

(4.46 t ha ) was found Iiorii the treatment combination of V1 S4. The hi2hest harvest 

index (50.14%) was recorded Ii'om the treatment combination of V IS, whereas, the 

lowest (35.6 I % I was observed from the treatment combination of V1  S. 

Based on the result of the present stud the following conclusion may be drawn- 

r I lvbrid dlian as stipertor in respeci of all growth character and AC hybrid 

dhan2 was the best variety among the tested varieties 

r 	1 ransplanting of 2 seedlings hill'' always was superior in respect of growth. 

' kId contributing characters and yield of boru rice 

lransplanting I seedling hi ll 	with AC! hybrid dhan2 was found a 

pro,1isinL pritc( ice in hoiu season 

I lowever. to reach a sped tic conclusion and recominendation. more research work 

on variety and seedling numbers jJ'  should he clone over different Agro-

ecological zones. 
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Appendices 



\ PP K N 1)1 C ES 

\ppcndi I. Characteristics of,  Agr(IIIotnv Farm soil is analyzed In Soil Resources 
I)es eloj)flteni I nstittite (51(1)1). Khamarhari. Farnigate. l)haka 

A . 	Morphological Characteristics of the exl)eriiiIciltaI held 

Morphological_features 	- 	 I Characteristics  
Loeatoii 	,\ironoinv latin Iicld.M.l)liaku 
Al / 	 N ludhupur Frau (28)  
(ictiejal Sot! I pv 	 ShalloW red brownterracesoil 
Iwid t IN pc 	- - 	 lliuhia'id  
Soil  

) opourapliy 	Hirlv leveled___________________________  

I_loocl level 	- - 	Above1100(1level  

l)raiiuiie 	- - 	Well dFaincd 

B. l'hvsical and chemical properlies of the initial soil 

Characteristics 
o S:iiicl 

iMill 
cl:t\ 

-- 
( )rtztnic carbon ( °' 

nailer 
101,11 	" I''.'!  
\ail;ibIc I' (ppiti 

kxchanueable K iine10R0 
\ailubleS (ppnl) 

Siitiiev Rl)I 

Value 
27 

43 
30 
5.6 
0.45 
0.78 
0.03 
20.00 
0.1 I) 
45 

\ppctttlix if. Niontlih record of air temperature. rainfall, relative homidiI, soil 
teiiil)eratilrc and Sunshine of the experimental site during the period 

from \o 	t'tlll)er 21108 to :l)t'iI 2009 

'kclaiivc Sunsliinc 
IvIontli - . 	. 

Maximum 	Minunum - . 	. humidity 
fall (mill) 

(totul) ( hr 

Ntverbcr 20U8 - 21.3 	l2. 71 	. (Pt) (i.3 

I )LunhL_I 200S 22_4 	I S 7 ±10  6_3  

3a11 uar 	2(111') 24.5 	12.4 65 00 5.7 

t'chniar 	2000 27.1 	16.7 67 10  

\iareli. 211109 31.4 	10.6 51 11 82 - 
\'cd 	21109  42 	- 24 61 112 81 	- 

VI oni hi .ivcratic. 

'tlurce: Bangimlesh \ictct,rt,IoticaI Department (Ciiiiiate &. wc;itlier division) Agar.oai, I jIi:ika . 	2! 
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Interaction 	
9 

13) 
[1.065 	

, - 

I rrr 	30 	2.290 	13.951) 

(V%) 	 6.74 	9.29 

Source of 
variation 

itep I ica lion 

I Itt)tt(l and 
In brid Rice (A) 

p;)endix Ill. 	Analysis of variance of the data on plant height as 
influenced by populalion density and inbred and hybrid born rice 

Mean square - 
es of Plant hel2111 C 	m) at 

Source ol 
freed 

- 
0 

c
. -- 

4 	60 
- 

Ilarve 
uiation 

urn DAY DAT 	I )Ai 	+ DAT st 	- 

Replication 2 0.533 11.404 	26.693 2.278 
45 p 

Inbred and 	I - 41.886 384. IC) 	267.24 475.97 1401. 
hybrid Rice (A) 4*4 	(,t* - 9*. 275*t 

Population - 67.373 13.114 	19.415 826.66 237.8 
density 	13) ** 4* 57n 

8.18 	6.92 	531 

* : Siuni tic:tnl at 0.() I level of probability: 	: Sitmitleant at 0.05 level oF probability 

Appendix IV. Analysis of variance of the data on leaf area index as influenced 
by population density and inbred and h brid boro rice 

re 

	

I7.751 	
110.57 

	

29.503 	28.393 I 

16.28 
6 

24.84 

I)egrces of 
. • 	.......I  

I 	
...... 

xa I A rca I titlex at 
_____________ 

freedom 
301)AT 45 I)AT 	60 OAF 75 DAT Harvest 

2 	 0.179 1.841 0.398 0.020 0.774 

3 	 0.050 4.950** 9.932* 6.491 * 1.068 

3 	 2.056* 3.221** 3  4.951 
J 
0.674 

9 
	

Ill 	I 0.325 
	

0.15 3 
	

0.318" 
	

C).038 

3() 
	

0.165 
	

0.377 	0.623 	0.332 	0.117 

	

20.77 
	

11.12 	12.48 	10.29 	14.68 

Signi leant at 0.05 level oF probabiiit Vs 	Si,ini (leant at Ott I level of probali I Lv: 

+ / 
:es S-7V93 

3..  -. 
Sign: .Qrv4r: 	/1 
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