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Original Research Article
Agronomic Performances of Rice Varietiesat Different Transplanting Ages

ABSTRACT

A field experiment was carried out during the péri’om November 2012 to May 2013 in
Agroecological Zone 20 (Eastern Surma-Kushiyarao@idain) in Bangladesho observe the varietal
performances of high yielding and local varietiéBoro rice. Four varieties viz. BRRI dhan28, BRRI
dhan29, Khoiaboro and Begunbichi, and transplandintyree seedling ages viz. 15, 20 and 25 days old
were included as treatments in the experiment. &periment was laid out in a factori@ndomized
complete block design (RCBmith three replications. The results revealed BRRI dhan29 produced
significantly highest grain vield (6.25 t fipattributed by the higher number of effectiveetifl hill*
(18.72) grains paniclé (121.09)and 1000-grain weigh®22.38 g) BRRI dhan28 produced the second
highest grain yield (5.37 t Hawhile the local variety Begunbichi produced thevést grain yield (2.26

t ha') in spite of its highest number of grains panfc{#63.92) because of its small sized grain (12.10
/1000 grain). Total number of spikelets pantcleumber of grains panicte unfilled spikelets panicle

! grain, straw and biological yield varied signéfitly but other charactefie plant height, total
number of tillers hilf, number of effective tillers hifi number of non-effective tillers hil] length of
panicle, 1000 grain weight and harvest inahe not among different ages of seedlings. Thddsg
grain vyield of 4.49 t HAwas obtained from planting 25ys-oldseedlings ascribed to higher numbér
grains paniclé. Grain yield of 4.23 t hhwas obtained from planting 2ays-oldseedlings which was
statistically similar to that of planting 25 and-d&ys-oldseedlings. Interaction of variety and seedling
age produced significant effect diays to 50% flowering, days to maturity, numbeeetiective tillers
hill ™%, total number of spikelets panic¢ienumber of grains panicle, number of unfilled giéks panicle

! 1000 grain weight, straw and biological yielFhis indicatesthat all varieties require planting 25
days-oldseedlinggo obtain higher grain yield. Cost and return analgsiowed that BRRI dhan29 gave
maximum gross return, net return, and benefit mti of US$ 1665.00 g US$ 699.28 Haand 1.72,
respectively with planting 28ays-oldseedlingsin spite of lower yield of local variety Begunbicti
gave higher net return and benefit cost ratio beeani its higher selling price than BRRI dhan28 and
local Khoiaboro varieties with the same 25-days#éedlings
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1. INTRODUCTION

Rice is the staple food of about 149.69 million peaf Bangladesh and it is being grown in aboW 75
of the total cropped area and more than 80% ofdta irrigated area [16]. Almost all the farm fdies
of 13 million grow rice in the country. It providegarly 40% of national employment (48% of rural
employment), about 70-76% of total calorie suppig &6% of protein intakes of an average person in
the country [16, 10]. Rice sector contributes oaH-lof the agricultural GDP and one-sixth of the
national income in Bangladesh [17]. Thus, rice playvital role in the livelihood of the Bangladeshi
people. Rice production needs to be increased amthe population of Bangladesh is still growing by
two millions in every year and may increase by hanB0 millions over the next 20 years. There are
less possibilities of bringing more lands undertieation of rice; much of the additional rice
requirement will have to be met by increasing therage yield from the existing land. Although rise
grown on large area in Bangladesh, its averagel y&ektill far below the levels attained in otherer
producing countries in spite of having many higélding varieties. The average yield in Bangladssh i
about 2.74 t Hhas compared to Japan (5.93 thand Korea (6.12 t 3 [19]. To combat the situation
it requires adoption of modern technologies suchedter management package, high yielding cultivars
of both inbred and hybrid, and higher input usq.[#Bere are several reasons behind this Im& of
the most important reasons is that the s®pa@ige is not managed properly to get vigsrou
seedlings for uniform stand and better bustalishment. Among the various factors that
influence rice productivity, seedling age hasmneadous effect on plant height, tiller production,
panicle length, grain formation and other yieldihtiting characters [1]. Younger seedlings maot
be able to withstand transplanting shock wha®réoo old seedlings may not be able to prodisce it
yield potential to the peak. Transplanting seedling proper age can provide appropriate ground for
achieving potential production by reducing the Heattillers. Chopraet al. (2002) evaluated the yield
and quality of seeds of the rice cv. Pusa 44 hyspkanting seedlings at 25, 35, 45, 55, anddégs
[7]. They found that transplanting seedlings atd2fys resulted greater number of panicleshill
panicle length, 1000 seed weight and seedd yiban 55 to 65-day old seedlings. Farmers
transplant seedlings at different ages butremoften with those of at 25 to 50 days older i
lowland rice [9, 41, 35]. Many researchers repbtteat grain yield increased by transplanting yarng
seedlings of 25 days [36, 2, 26, 39]. On the oftaard some studies exposed that grain yield was not
affected by transplanting even 30-60 days old segsll[6]. Recent studies on the System of Rice
Intensification (SRI) also showed that yield an@lgi components of rice might be increased by
2
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transplanting seedlings as younger as 14 days apared to older seedlings of 21-23 days [22].
McHugh (2002) also observed in Madagascar thatBtdays old seedlings transplanted at 25 hifls m
produced the highest yields [24]. Bangladesh RieseRrch Institute (BRRI) has recommended to
decide seedling age of rice for transplanting atiogr to growing season. BRRI (1991; 1992)
recommended for transplanting 20-30 days old segsllin Aus season, 20-35 days old seedlings in T.
Aman season and 40-45 days old seedlings in Basose[4, 5]. It is generally seen that Researchers’
recommendations are not following by farmers [174l & has been reported that farmers even use 80
days old seedlings of Boro rice for transplantid@][ In Bangladeshiransplantation ofyounger
seedlings in Boro season is very difficult and gtlabourintensive because of stunted growth of
seedlings due to cold weather. To avoid the sinabtlder seedlings with optimum growth need to be
transplanted. It was reported that paddy yields wdecreased significantly after transplantiofy
younger seedlings due to its higher mortalgte in the field while transplanting of eid
seedlings resulted in better performanf@l]. In most of the above citations transplantmzge at
different ages ohigh yielding varietieor modern varieties haveeen studied for theariation in their
performances in respect of yield but local vargeti@ve not been tested Boro seasonThe major
objectives of the studyasto know the effect of seedling age at transplantn the growth and yield

performances of high yielding and local varietieBoro season in Sylhet region, Bangladesh.

2. MATERIALSAND METHODS
The experiment was conducted during the period fidovember 2012 to May 2013 at Patnipara,

Chicknagul union under Jointapur upazila of Syllkstrict, 18 km far North-East from Sylhet
Agricultural University, Sylhet. Geographically thecation is situated at 23° to 25North and 90°57

to 92°28 East longitude and latitude, respectively withedgvation of 34 m above the mean sea level.
The experimental field had fairly leveled topograpmedium low landwith a good drainage system.
The experimental plot was under the Agro-ecologamale 20 and the soil type was silty clay loam in
texture and pH of the soil was about 5.5-6.5. Oigaratter content of the soil was moderate. Lewéls
cation exchange capacity (CEC) and\#Zare medium while the status of P, K and B was low.h8y!
has a tropical climate as the monsoon clouds blowhe area throughout the yedrhere is a
considerable rainfall in most of the months of ylear while June and July receive the highest amount
This area is much cooler in winter and hottesummerthan the other parts of Bangladesh. Monthly
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maximum and minimum temperature, rainfall and reéahumidity during the crop growing period have

been presented in Table 1.

Table 1. Monthly average rainfall, minimum and maximum temperatures and relative humidity
during the study period from November 2012-June 2013

Month Year Rainfall Air Temperature C) Relative
(mm) Maximum | Minimum | Average| Humidity (%)

November 2012 11.9 29.2 18.9 24.1 68
December 2012 Nil 25.0 14.5 19.8 75
January 2013 Nil 25.6 11.8 18.7 63
February 2013 2.3 31.2 15.9 23.6 49
March 2013 1.9 36.2 19.7 27.8 47
April 2013 13.9 33.0 21.9 27.5 59
May 2013 34.2 30.4 22.7 26.6 78
June 2013 26.9 33.9 25.8 29.9 75
Source: Department of Meteorology, Sylhet

The treatments included in the experiment wer@kows.
Factor A. Variety: 4
i. BRRI dhan28 (V)
ii. BRRI dhan29 (V)
lii. Khoiaboro (\3)
iv. Begunbichi (\)
Factor B. Seedling age at transplanting: 3
I. 15-day-old seedlings (15DOS)
il. 20-day-old seedlings (20DOS)
iii. 25-day-old seedlings (25DOS)
Among the varieties BRRI dhan28 and BRRI dhan29%whbke high yielding varieties and Khoiaboro
and Begunbichi (aromatic) were the local or indmenvarieties of rice. Characteristics of the aege

are as follows.

BRRI dhan28
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BRRI dhan28, a high yielding rice variety havinglgi potential of 5.5 to 6.0 t Hawas released by
National Seed Board (NSB) in 1994 and was develbyeBlangladesh Rice Research Institute (BRRI) for
commercial cultivation in Boro season. This varistpopularly known by its life cycle, yield, ingeand
disease resistance. Although BRRI has recommeihnileddriety to be grown in Boro season but farmers
are cultivating the variety during all three riaeging seasons successfully. It is resistant tartiportant
disease like blast. BRRI dhan28 is a cross pa@nBR6 and Purbachi a Chinese rice variety. fts li

cycle is about 140 days. It has medium slendengrai

BRRI dhan29

BRRI dhan29, a high yielding rice variety relea$gdNSB in 1994 for its commercial cultivation in
Boro season. The variety was developed by BRRE ihoderately tolerant to leaf blight and sheath
blight diseases, insect pest and also to lodgiFige variety is responsive to high inputs and heabé&

to give higher yield. Its life cycle is about 168ys. It produces medium slender grain and yieldsitb
7.5thd.

Khoiaboro

Khoiaboro is a local variety of Sylhet region, Baugsh. It takes short duration for maturity ancaib
be harvested before flash flood especially for 8yHegion. The variety is resistant to diseaseiaselct
pest. Plant height is generally 140-150 cm and$spsses weak and tall culm and usually susceptible

lodging.It is a short duration variety and takes about 128-days for maturity.

Begunbichi

Begunbichi is a local aromatic fine rice varietydarultivated in Boro season. The variety is usually
cultivated in the region where the experiment wasdacted. It is very tasty to eat for its aroma and
slender tiny grain size. The plant becomes tall suteptible to lodging. It takes about 140-145sday
for it maturity and yields very low.

The experiment was laid out accordingatdactorial randomized complete block desighe unit plot
size was 3 m x 2 m. Seed was used at the rate ki &' having germination percentage of 93%, 95%,
92% and 95% for BRRI dhan28, BRRI dhan29, Khoiabaral Begunbichi, respectively\Pre
germinated seeds of all varieties were sown ineryrbeds on 23 November 2012 (fo5-day-old
seedlings), 28 November 2012 (for 26ay-old seedling) and ¥ December 2012 (for 18ay-old
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seedlings). Frequent irrigation was done to mainémiough moisture content in the seed bed. Fiekl wa
preparedifteen days before by power tille@rganic manures and inorganic fertilizers wereliadgn

the field. The source of organic manures was-dowg andt applied at the rate of 10 t has basal
application 10 days before final land preparatieertilizers were applied as suggested by BRRI (2011
[3] at the rate of 138-20-60-20-4 kg hAIPKS & Zn for the variety of BRRI dhan29, 121-20-B0-4

kg ha' NPKS & zn for BRRI dhan28, 52-15-15 kg haf NPK, respectively and 5 t Haf Cowdung

as basal for both the local varieties of Khoiabarml Begunbichi. N, P, K, S and Zn were applied
through Urea, TSRYIoP, Gypsum and ZnS{respectively. Urea was applied into three instatits-
1/3% at final land preparation, 1#3at 21 days after transplanting (DAT) (tilleringige) and 1/3 at 36
DAT (active tillering stage) in each plot. The remgbeds were made wet by application of water both
in morning and evening on the previous day of upngothe seedlings. Seedlings were uprooted
carefully so that minimum damage was done to tlo¢ sgstem and uprooted seedlings kept in shade
before transplanting. The methods were followed dach case of uprooting and transplanting for
different ages of seedling. The seedlings uprofiat the nursery bed were transplanted on the same
day. Single seedling of each 15, 20 and 25 daysvakltransplanted in a square pattern maintaintng 2
cm x 25 cm spacing on the well puddled plots orD&6ember 2012. During transplanting of seedling
the plot was saturated with sufficient 2-3 cm degitivater. To maintain the desired plant population
each plot, gap filling was done within 10 days rainsplanting as some hills died off using seedtihg
the same source of the respective age. The firauataveeding was done at 21 DAT after which first
top dress of urea was done. Second top dress afwae done after second weeding at 36 DAT for each
crop. At both weeding and top dressing sufficienbisture was ensured in each plot. Water
management was done properly following flood irtigg|a method with the help of shallow tubewell
from surface water. After transplanting 3-4 cm watepth was maintained throughout the life cycle of
the crop but removed 10 days before maturity. Fontrolling insect-pest granular insecticide
Carbofuran 5G (Furadan) was applied at the rat6dég ha by maintaining 4-5 cm water depth in the
crop field at maximum tillering stage. Crop matyritas determined when 80% grain of all paniclea in
plot turned into golden yellow in colour except Kdlmoro. Grain colour of Khoiaboro rice was blackish
yellow. At this stage culm and leaves were alsa iato yellow colour. At maturity ten random hills
were sampled for collection of data on yield areld/attributes. BRRI dhan28 was harvested on 12, 19
25 April 2013 respectively for the seedling age2bfday-old, 20-day-old and 15-day-old, respectively
BRRI dhan29 was harvested on 2, 9 and 15 May 2Qi8, Aespectively of the seedling age of 25-day-
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old, 20-day-old and 15-day-old. Khoiaboro was hareé on 12, 16 and 18 April 2013 of the seedling
age of 25-day-old, 20-day-old and 15-day-old, respely and Begunbichi was harvested on 12, 20 and
24 April 2013 of the seedling age of 25-day-old;d&y-old and 15-day-old, respectively. First of all
border row from each side were harvested and these excluded from final threshing. Remaining net
plot area was harvested manually at ground levielgusickle and kept separately for recording crop
yield plot wise. Then grains were separated froohdaundle by beating with bamboo sticks and dried
in the sun. Then moisture was recorded with maastoreter (GMK-303RS) and grain weight of
individual plot was adjusted at 12% moisture conteéiter thorough sun drying straw weight was
recorded separately. Finally, grain and straw wsighkg plot of the individual plot were converted into
t ha'. Data were collected on the growth, yield anddyitributes as follows.
i. Number of tiller plarit at every 10-day intervals
ii. Days to 50% flowering (when at least 50% tillersl panicle in each plot)
iii. Days to maturity
iv. Plant height at harvest
v. Total number of tillers hitt
vi. Number of effective tillers hift
vii. Number of non-effective tillers hifl
viii. Length of panicle
ix. Total number of spikelets panicle
x. Number of grains panicfe
xi. Number of unfilled grains panicfe
xii. 1000 grain weight
xiii. Grain weight plot
xiv. Straw weight plot
xv. Biological yield
xvi. Harvest index
Number of total tillers was counted from the seddctive hills at every 10 day intervals. Tillers nee
counted by spreading the base of each standingdithat small tiller may not be left out. Numbér o
tillers counted in each date from five hills waseeged for individual plot and this data were

statistically analyzed.
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Harvest index (HI) was calculated on the basisrafrgand straw yields using the following formutada

expressed in percentage [13].

Grain yield
Biological yield

Harvestindex= x100

Where, Biological Yield= Grain yield + Straw yield

Statistical analysis
The collected data were tabulated and these wetlgzaa using computer software MSTATC. Mean
separations were done at 5% level of significancédast Significant Difference (LSD) Test wherever

F values were significant at either 0.01% or 0.069%&! of probability.

3. RESULTSAND DISCUSSION

Number of tillershill* at 10-day intervals

Individual effect of variety and seedling age hasbeendiscussed here as interaction effect of variety
and seedling age was found significant for numHetillers hill™* at 10-day intervals at most of the
cases. Interaction effect of variety and seedligg\&was found non-significant for number of tilléxi# ™

at 40 DAT but at 50 DAT (Figure 1). The highest memof tillers (14.00 hilt) was recorded from the
combination of ¥x25DOS and the lowest (1.89 Hill was obtained from the combination of
V3x15D0OSat 50 DAT. The result indicated that at 60 DAT, tmmbination of V2x25DOS produced
maximum number of tillers (25.66 hfll which was statistically similar to that 06%20D0S(23.67 hill

1) and minimum (6.88 hift) was found in the combination of;¥15DOS. Number of tillers hifl was
significantly affected by the interaction of vagieind seedling age at 70 DAT. The maximum number
of tillers (33.67 hilt!) was recorded from the combination of*25DOS which was statistically similar
to that of \4x20D0S(29.78 hill') and \bx25D0S (32.22 hilt). The minimum number of tillers (14.56
hill ") was obtained from the combination ofA15DOS similar to that of %15DOS (16.65 hilt) and
V3x15D0S(17.33 hillh).
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Figure 1. Number of tillershill-1in Bororiceat 10 intervalsas
influenced by theinteraction of variety and seedling age

The interaction effect of variety and seedling ages non-significant for number of tillers Hillat 80
DAT while the same was significant at 90 DAT (Figur). The highest number of tillers (33.89 Hill
was recorded in the combination 0§25DOS which was statistically similar to that of*15DOS
(33.22 hillY), V;x25D0S(31.33 hill*) and \4x25DOS (31.44 hilt) combinations. On the other hand,
the lowest number of tillers (22.11 il was found in the combination of,%15DOS which was
statistically at par with that of #20DOS (22.44 hill). The result revealed that older seedling produced
more number of tillers hifl. Interaction of variety and seedling age produsiggificant effect on the
number of tillers hilf' at 100 DAT and the results showed that the highestber of tillers (37.22 hiff)

was produced by the combination 0§¥20DOS while the lowest (20.33 hi)l was produced by the



276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
201
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306

combination of \{x15D0OS. The highest number of tiller (40.67 Hillvas obtained due to the treatment
combination of ¥x20DOS which was significantly different from théhers while the lowest (17.00
hiII'l) was obtained in the combination ofA15DOS at 110 DAT.

Phenology, yield components and yield

Varietal performances

Maximum days to 50% flowering (115.0) was recorftedh the variety Begunbichi and minimum days
to flowering (97.3) was recorded from the varietiyaaboro (Table 2). Both the varieties BRRI dhan29
and Begunbichi took maximum days for their matugit$1.8) while Khoiaboro took the minimum days
for maturity (122.0) (Table 2). Plant height wagnsiicantly varied among the varieties irrespecinie
seedling age. Result revealed that the local waBeigunbichi produced the tallest plant (154.49 cm)
which was significantly different from the otheModerate plant height was found in Khoiaboro whilst
the shortest plant (96.82 cm) was found in BRRIn@®awhich was statistically similar to that of BRRI
dhan28 (100.33 cm). Both the local varieties preduthe taller plant and HYV’s produced the shorter
might be due to genetic variations of the varie(iable 2). Total number of tillers hillincluded
effective and non-effective tillers was significlgntliffered among the varieties. It is evident that
maximum number of tillers (27.20 hill was obtained from the local variety Khoiaboro ethiwas
significantly different from the others. Minimumt&b number of tillers (20.70 hil) was found in the
local aromatic variety Begunbichi. BRRI dhan28 @BBRI dhan29 produced statistically similar
number of total tillers (22.30 and 22.70 Hijllrespectively) to the local variety Begunbichi i§ia2).
The highest number of effective tillers (22.51 hilwas found in the variety Khoiaboro which was
significantly different from the others (Table ZJhe Begunbichi produced the lowest number of
effective tillers (16.41 hill) while both the varieties BRRI dhan28 and BRRI rdtth produced
moderate number of effective tillers HillVenugopal and Singh (1985) obtained the highestber of
effective tillers in short duration rice varietyQ4 There was significant variation among the sgin
respect of number of non-effective tillers fiilBoth the varieties Khoiaboro and Begunbichi piti
statistically similar number of non-effective tite(4.7 and 4.3 hifl, respectively) having the highest in
the variety Khoiaboro. The lowest number of noreetifze tillers (3.0 hill) was found in the variety
BRRI dhan29 which was statistically similar to tregiety BRRI dhan28. The variety BRRI dhan28 also
produced similar number of non-effective tillerdl fito the varieties Khoiaboro and Begunbichi. The
varieties differed significantly in terms of lengthf panicle. BRRI dhan29 and Begunbichi had
statistically similar panicle length having the gt value (25.0 cm) in the variety Begunbichi. The
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variety Khoiaboro had the lowest panicle length.@2€m) which was similar to that of BRRI dhan28
(22.2 cm) (Table 3). There was also significaniataon in terms of total number of filled and uféil
spikelets paniclé The variety Begunbichi produced maximum total bemof spikelets (200.89
paniclé) while the variety Khoiaboro produced minimum &7 paniclé). BRRI dhan29 produced the
second highest total number of spikelets (177.92cper) which was significantly different from that of
BRRI dhan28 (141.29) (Table 3). Variation was fowsignificant among all varieties in respect of
number of grains panicfe Significantly highest number of grains (163.9ipte”) was found in the
variety Begunbichi followed by BRRI dhan29 whileettowest number (69.18 paniclewas found in
the variety Khoiaboro (Table 3).

Table 2. Phenology and yield components of rice varieties during Boro season 2012-2013

Varieties| Days to 50% | Days to Plant height | Total Number of Number of non-
flowering maturity* | (cm) at number of | effective tillers | effective tillers
harvest tillers hill™ | hill™ hill

A 101.7 126.8 100.33 22.14 18.1F 4.0"

Vs 114.3 141.8 96.82 21.69 18.72 3.0

Vs 97.3 122.0 146.02 27.2G 2257 AT

(W 115.6 141.8 154.49 20.72 16.4f 4.3
CV(%) 2.11 1.55 3.73 9.70 8.85 27.54
LSDo.05 2.206 2.015 4.542 2.121 1.638 1.077

Note: Vi= BRRI dhan28, V2=BRRI dhan29, V3= Khoiaborg=\Begunbichi; Figures within the same column hasage
or no letter(s) do not differ significantly at 5%vkl of probability;*Total of nursery bed and field duration.

Maximum number of unfilled spikelets (56.8 panitlewas found in BRRI dhan29 and the local variety
Khoiaboro produced the minimum (18.4 panijl¢Table 3). The second highest number of unfilled
spikelets of 37.3 panicfevas found in the variety Begunbichi and it was 3#afiiclé’ in BRRI dhan28.

Table 3. Yidd componentsof ricevarietiesduring Boro season 2012-2013

Variety Length of Total number of | Number of Number of unfilled | 1000 grain
panicle (cm) spikelets paniclé | grains paniclé | spikelets paniclé weight (g)

V, 22.2 141.29 108.63 32.69 22.0F

Vs 24.7 177.92 121.09 56.87 22.38

Vs 22.0° 87.57 69.18 18.40 20.87

V, 25.0 200.89 163.92 37.30 12.10
CV(%) 5.21 3.88 6.53 9.26 4.05

11



326
327
328
329

330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346

344

349
350
351

355

LSD g5 1.197 5.769 7.382 3.287 0.765

Note: V;= BRRI dhan28, V=BRRI dhan29, ¥= Khoiaboro, \\= Begunbichi; Figures within the same column hasage
or no letter(s) do not differ significantly at 5%&vel of probability.

Statistically similar 1000 grain weight was foumdboth varieties BRRI dhan28 and BRRI dhan29 and
having maximum (22.38 g) in BRRI dhan29 (TableT3)e variety Begunbichi gave the minimum 1000
grain weight (12.10 g) which was significantly e@ifént from others. Significant variation was also
observed among varieties in terms of grain yielde Tesult showed that the highest grain yield (.25
ha') was produced in BRRI dhan28ilowed by BRRI dhan28 (5.37 t Hawhilst the lowest (2.26 t ha

1) was obtained in the local variety Begunbichi (€af). The highest grain yield in BRRI dhan29 was
possibly attributed by the higher number of effeetillers hill* and grains panicfe In spite of lower
number of effective tillers hift in BRRI dahn28 than Khoiaboro grain yield was cemsated in BRRI
dhan28 probably due to its higher number of graisavell as larger grain size. On the contrary, the
local variety Begunbichi had the highest numbegrains paniclé but due to its lower number of tillers
hill™* and smallest grain size the variety produced thee$t grain yield (Table 4). The variety
Khoiaboro produced maximum straw yield (6.86 thamong the variety irrespective of seedling age
which was statistically similar to that of BRRI dt29 (6.82 t hd) (Table 4). Moderate straw yield (5.71
t ha') was found in BRRI dhan28 and the minimum straeldyi(4.88 t h&) was found in the local
variety Begunbichi. Local variety Khoiaboro proddamaximum straw yield might be due to its taller
plant stature but in spite of taller plant in Bebichi lowest straw yield was produced might be thue
its thin plant stature.
Table4. Yield and harvest index of rice varieties during Bor o season 2012-2013

Varieties | Grain yield (t 9 | Straw yield (t h&) | Biological yield (t ha) | Harvest index (%)

A 5.37 577 11.08 48.60
Vs 6.25 6.87 13.07 47.95
Vs 2.90 6.86 9.77 30.09
W 2.26' 4.88 7.14 31.78
CV(%) 10.54 8.42 7.06 7.67
LSDo.05 0.432 0.499 0.708 2.968

Note: V;= BRRI dhan28, V=BRRI dhan29, ¥= Khoiaboro, \\= Begunbichi; Figures within the same column hasage
or no letter(s) do not differ significantly at 5%&vel of probability.
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Variation on biological yield was also found sigo@int among the varieties. BRRI dhan29 gave the
maximum biological yield (13.07 t Hawhile the minimum biological yield (7.14 t Bawas found in
the variety Begunbichi (Table 4). BRRI dhan28 haaldgical yield of 11.08 t Hafollowed by that of
Khoiaboro (9.77 t hd which was significantly different from each otkeiThe result revealed that
variety BRRI dhan28 gave the highest HI (48.67%) ianvasstatistically similarto that of BRRI dhan29
(47.95%). There were statistically identical hatvieslices of 30.09% and 31.78% of the local vaeeti
Khoiaboro and Begunbichi (Table 4). This result§catesthat assimilate partitioning is more in the grains
of high yielding varietieshanthat of in thdocalvarietieswhich in turn resulted larger size of seed as asll

higher grain yield imigh yield varieties

Effect of seedling age

Planting 20-day-old seedlings took maximum durafmem50% flowering (110.9 days) and 15-day-old
seedlings took minimunauration for flowering(103.5 days) (Table 5). The results confirmed the
findings of Rajuet al. (1989) who stated that days to flowering delayedtase of planting older
seedlings [29]. But Padalia (1981) observed thats deom sowing to flowering decreased with the
increase of seedling age at planting [27]. Plan@bgday-old seedlings took maximum duration for
maturity (136.4 days) while planting 15-day-old dleeys took minimum (130.3 days) (Table 5). Plant
height did not vary significantly by the seedlingeaHowever, plant height ranged from 123.06 cm in
planting 15-day-old seedlings to 125.97 cm in ptapR20-day-old seedlings (Table 5). Planting 25-day
old seedlings produced shorter plant of 124.23 lcam that of planting 20-day-old seedlings. Similar
result has been reported by Murtétyal. (1993) [25]. Gangt al. (2002) reported that younger seedlings
produced taller plant than older [12]. Total numbetillers hill* as well as number of effective tillers
hill™* did not vary significantly due to variation of séirg age. The results revealed that number of
effective tillers ranged from 18.14 Hilin planting 20-day-old seedlings to 19.55hith planting 25-day-
old seedlings (Table 5). The results are in padmdformity with that of Mannan and Siddique (1991)
[23]. On the contrary, Dag al. (1988) obtained higher tillers hlin younger seedling [8].
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385

386
387 Table 5. Phenology and yield attributes of rice as influenced by seedling age during Boro season
388 2012-2013
389
Age of | Days to 50%| Days to | Plant height | Total Number of Number of non-
seedlings flowering maturity | (cm) at number of | effective effective tillers
harvest tillers hill™* | tillers hill™™ | hill™*
15DOS 103.% 130.3 123.06 23.09 19.13 3.9
20DOS 106.8 132.8 125.97 22.22 18.14 4.0
25D0OS 110.% 136.4 124.23 23.50 19.55 3.9
CV(%) 2.11 1.55 3.73 9.70 8.85 27.54
390 LSDo o 1.910 1.745 NS NS NS NS
391 Note: 15DOS= 15-day-old seedlings, 20DOS= 20-dayseledlings, 25D0OS= 25-day-old seedlings; Figurtisimthe same
392  column having same or no letter(s) do not diffgniicantly at 5% level of probability; NS = Notgsiificant.
393
394 Variation of number of non-effective tillers htllwas not significant and it was found that numbier o
395 non-effective tiller was about 4.0 htifor different ages of seedling (Table 5).
396 Table6. Yield attributes of rice asinfluenced by seedling age during Bor o season 2012-2013
397
Age of Length of Total number of | Number of Number of unfilled | 1000 grain
seedlings | panicle (cm)| spikelets paniclé | grains paniclé | spikelets paniclé weight (g)
15DOS 23.6 143.74 111.8 32.0 19.52
20DOS 23.3 151.87 114.8" 36.8 19.07
25D0S 23.7 160.44 120.6 40.F 19.39
CV(%) 5.21 3.88 6.53 9.26 4.05
LSD ¢.05 NS 4.996 6.393 2.847 NS
398 Note: 15DOS= 15-day-old seedlings, 20DOS= 20-daysekedlings, 25D0S= 25-day-old seedlings; Figuriéisimthe same
399  column having same or no letter(s) do not diffgndicantly at 5% level of probability; NS = Notgsiificant.
400
401
402 Length of panicle did not vary significantly duewtariation in the age of seedling in this experitnen
403 Rao and Raju (1987) also recorded similar findiagsl they stated that seedling age produced no
404 significant effect on panicle length of rice [38ut Singhet al. (2004) concluded that planting 21-day-
405 old seedlings produced higher panicle length than of planting 31, 41 and 51-day-old seedlingq.[34
406 A significant variation was found in terms of totaimber of spikelets panicteThe highest number of
407 spikelets (160.4 panicl® was obtained from planting 25-day-old seedlinfanting 15-day-old
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seedlings produced the lowest number of spikelet8.7 paniclé) (Table 6). The results exhibited that
there was significant variation in terms of numbérgrains paniclé. The highest number of grains
(120.4 paniclé) was found in the planting 25-day-old seedlingd tire lowest number of grains (111.7
paniclé) was found in planting 15-day-old seedlings (Ta®)leNumber of grains of 114.7 panitleas
produced in planting 20-day-old seedlings. The ltedid not agree with many other scientists [15, 29
33]. Planting 25-day-old seedlings had significafiighest number of unfilled spikelets (40.1 pagitlc
while planting 15-day-old seedlings produced thedst (32.0 panicl® (Table 6). Reddy and Narayana
(1981) observed that spikelet sterility decreas#ld the increased seedling age [32]. But Gill ainei8
(1987) opined that spikelet sterility increasedthie older seedlings [14]. Seedling age also faited
produce significant variation in respect of 100@igrmweight. It was found that planting 15, 20 aid 2
day-old seedlings gave 19.52, 19.07 and 19.39 @ 9@ain weight, respectively (Table 6). The result
did not agree with the findings of Sunder Singhal. (1983) who opined that 1000 grain weight
increased significantly with the increase of saegllage [37]. On the contrary, Kameti al. (1991)
reported that 1000 grain weight reduced with tréargpg older seedlings [20]. Seedling age showed a
significant influence on grain yield. The resulepented in Table 7 showed that grain yield incretase
with the increase of seedling age. Planting 25-aldyseedlings gave the highest grain yield (4.48%

and it was significantly different from other trewnts. Planting 20-day-old seedlings produced grain
yield of 4.23 t hd which was statistically similar to that of botrapting 25 and 15-day-old seedlings.
The lowest grain yield of 3.86 t fiavas obtained from planting 15-day-old seedlingsb{@ 7). Higher
grain yield in planting 25-day-old seedlings wasrded to mainly by the higher number of grains
panicle®. Initial higher leaf area and photosynthesis, ss respiration loss for tiller production than
15 and 20-day-old seedlings helped to produce reary dry matter accumulation which in turn might
augment formation of more number of grain in plagt25-day-old seedlings. The results are in close
conformity with that of Teetharappan and PalaniapE84) who stated that planting 25-day-old
seedlings gave the highest grain yield of rice [38rasadet al. (1992) reported that grain yield
increased with the seedling age at transplantingpugb-day-old [28]. Rashiet al. (1990) opined that
planting 40-day-old seedlings gave higher graindytean that of planting 20 or 60-day-old seedlings
[31].
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Table 7. Yield and harvest index of rice as influenced by seedling age during Boro season 2012-
2013

Age of Grain yield Straw yield Biological yield Harvest index (%)
seedlings (t ha®) (t ha') (t ha®)
15DOS 3.88 5.25 9.1 40.79
20DOS 4.2% 6.19 10.40 39.33
25DOS 4.49 6.78 11.27 38.70
CV(%) 10.54 8.42 7.06 7.67
LSDo.05 0.374 0.435 0.613 NS

Note: 15DOS= 15-day-old seedlings, 20DOS= 20-dayselkedlings, 25DO0S= 25-day-old seedlings; Figur&simthe same
column having same or no letter(s) do not diffgndicantly at 5% level of probability; NS = Notggiificant.

The highest straw yield of 6.78 t havas obtained from planting 25-day-old seedlingileviine lowest

of 5.25 t h&d was obtained from planting 15-day-old seedlindanfing 20-day-old seedlings produced
6.19 t h& straw yield which was significantly different froafl other seedling ages (Table 7). The result
indicated that planting 20-day-old seedlings héittla bit higher plant height as well as total noen of
tillers hill™* which might be attributed to produce more stragldyi The lowest straw yield was obtained
from planting 15-day-old seedlings because ofelitilt lower plant height and tillering capacity tha
others. Planting 40-day-old seedlings produceddrigktraw yield than that of planting 20 or 60-d&y-o0
seedlings [31]. Furukt al. (2009) also stated that planting 2-week-old sagdigave the lowest straw
yield than planting 4-week-old seedlings of ricd][1Biological yield was significantly influencedyb
seedling age. The highest biological yield (11.2a% was obtained from planting 25-day-old seedlings
whilst the lowest biological yield (9.11 t Bawas recorded from planting 15-day-old seedlinge
result clearly indicated that biological yield wiasreased with increase of seedling age from pignti
15 to 25-day-old (Table 7). Harvest index (HI) wast influence significantly due to seedling age
(Table 7). The highest HI (40.79%) was obtainednfiganting 15-day-old seedlings. Planting of both
20 and 25-day-old seedlings gave harvest indic89 &3% and 38.70%, respectively.

I nteraction effect of variety and seedling age

The result exhibited that BRRI dhan29 took maximdays for 50% flowering (121.3 days) with
planting 25-day-old seedlings closely followed bggBnbichi (119.0 days) (Table 8). Khoiaboro took
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the minimum duration for 50% flowering (91.67 daws)planting 15-day-old seedlings. It was found
that the variety BRRI dhan29 took the maximum diyrsmaturity (146.0) closely followed by the

variety Begunbichi (145.3) at planting 25-day-oé#dlings. The variety Khoiaboro took minimum days
(116.7) for its maturity (Table 8). Variations dfipt height at harvest, total number of tillerd"hiand

number of non-effective tillers hitl due to the interaction of variety and seedling ag&e not

significant. Interaction of varieties and ages eédling exerted significant influence on number of

effective tillers hill'. The results revealed that the combination @f2BDOS gave the highest number
of effective tillers (25.47 hift) while the combination Y%20DOS gave the lowest (15.67 H)li(Table
8). The combinations of ®25D0OS, \4x15D0OSand V;x25DOS also produced statistically similar

number of effective tillers hifl to that of \4x20DOS. Actually there was no consistent trendespect

of the number of effective tillers hillwith different seedling ages for different varisi

Table 8. Phenology and yield attributes of rice as influenced by the interaction of variety and
seedling age during Boro season 2012-2013

Interaction| Days to 50%| Daysto | Plant height| Total Number of Number of
(Variety x | flowering maturity | (cm) at number of | effective non-effective
Seedling harvest tillers hill™* | tillers hill™ tillers hill™
al

vgli)lsoos 101.0 126.5° 101.43 23.63 19.%7 4.27
V/1x20DOS| 101.3 125.7" 100.60 22.76 18.5%" 4.00
V1x25D0S| 102.7 128.3 98.97 20.03 16.20 3.83
V,x15D0S| 111.7 140.7° 93.63 22.00 19.2% 2.73
V,x20DOS| 110.0 138.7 98.10 20.03 1767 2.97
V,x25D0S| 121.3 146.0 98.73 23.03 19.83 3.20
V3x15DOS| 91.67 116.7 142.53 25.50 21.60 4.50
V/3x20DOS| 99.67 123.3 151.30 26.23 2197 5.17
V3x25D0S| 100.7 126.0° 144.23 29.86 25.27 4.40
V,x15D0S| 109.7 137.3 154.63 21.23 16.87 4. 37
V,x20DOS| 116.3 142.7* 153.87 19.86 15.67 4.20
V,x25D0S| 119.6" 145.3 154.97 21.06 16.90 4. 37
CV(%) |2.11 1.55 3.73 9.70 8.85 27.54
LSDoos | 3.821 3.491 NS NS 2.837 NS
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Note: V;= BRRI dhan28, ¥=BRRI dhan29, ¥= Khoiaboro, \4= Begunbichi, 15DOS= 15- day-old seedlings, 20DQ@8=
day-old seedlings, 25D0S= 25-day-old seedlingsufeig within the same column having same or nor(sjtelo not differ
significantly at 5% level of probability; NS = Nsignificant.

Interaction of variety and seedling age was founid-significant in respect of length of panicle dothl
number of spikelets panicteNumber of grain paniclealso did not vary significantly due to interaction
of variety and seedling age (Table 9). Number dflled spikelets paniclé varied significantly due to
the interaction of variety and seedling age. Tlsailte exhibited that the variety, V\BRRI dhan29) had
significantly highest number of unfilled spikelepgnicle" (62.5) along with planting 25-day-old
seedlings (Table 9). It is evident that variety ((Khoiaboro) produced the lowest number of unfilled
spikelets paniclé (11.0) with planting 15-day-old seedlings whichswstatistically identical to that of
planting 20-day-old seedlings (14.6 paridlef the same variety. A moderate number of urtille
spikelets paniclé was observed in both the varieties BRRI dhan28) and ¥/(Begunbichi) with all
seedling ages.

Table9. Yield attributes of rice asinfluenced by the interaction of variety and seedling age during
Bor o season 2012-2013

Interaction Length of | Total number | Number of Number of 1000 grain
(Variety x Seedling age) panicle of spikelets grains paniclé | unfilled spikelets | weight (g)
(cm) panicle' panicle'
V1x15DOS 22.10 136.30 105.5 30.9 22.27
V1x20DOS 21.83 148.63 115.7¢ 32.87 22.10
V1x25D0S 22.63 138.93' 104.7 34.7 21.67
V,x15DOS 25.73 166.70 113.5¢ 53.2 21.97
V,x20DOS 23.93 174.93 120.2¢ 54.7 23.03
V,x25D0S 24.57 192.13 129.6 62.5 22.13
V3x15D0S 21.83 86.70 75.7 11.G 21.17
V3x20DOS 22.33 66.03 51.5 14.6 20.17
V3x25D0S 21.87 109.97 80.4 29.6' 21.10
V,x15D0S 24.57 185.27 152.4 32.9 12.67
V,x20DOS 24.97 216.67 171.7 45.0 10.97
V,x25D0S 25.53 200.73 167.7 34.¢ 12.67
CV(%) 5.21 3.88 6.53 9.26 4.05
LSD .05 NS 9.993 12.79 5.693 NS

Note: V= BRRI dhan28, ¥=BRRI dhan29, ¥= Khoiaboro, \4{= Begunbichi, 15DOS= 15-day-old seedlings, 20DO8= 2
day-old seedlings, 25D0OS= 25-day-old seedlingsurigig within the same column having same or nor(sitelo not differ
significantly at 5% level of probability. NS = Nsignificant.
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The results revealed that interaction of varietg aredling age failed to produce significant efiact
1000 grain weight. The values of 1000 grain wejgleisented in Table 9 indicated that the varietigs V
V., and \4 had comparatively larger sized grain (ranged f@oril7 g to 23.03 g) while /had small
sized grain (ranged from 10.97 g to 12.67 g). Gyahd was not significantly varied due to inteiant
of variety and seedling age (Table 10). The resnttcated that all varieties included in the exment
required a particular seedling age for producingimam grain yield.

Table 10. Yield and harvest index of rice as influenced by the interaction of variety and seedling
age during Boro season 2012-2013

Interaction Grain yield (thd) | Straw yield (t hd) | Biological yield (t hd) Harvest index
(Variety x Seedling age) (%)
V1x15D0S 5.24 5.56 10.74 49.19
V1x20DOS 5.42 5.59 11.07 49.28
V1x25D0S 5.44 6.0% 11.48 47.33
V,x15D0S 5.58 5.63 11.20 49.83
V,x20DOS 6.23 7.96 14.19 43.78
V,x25D0S 6.94 6.98 13.8F 50.23
V3x15D0S 2.66 5.84 8.50¢ 31.32
V3x20DOS 2.98 6.1%8 9.1G 32.70
V3x25D0S 3.07 8.62 11.69 26.24
V,x15D0S 1.97 4.04 6.0T 32.81
V,x20DOS 2.30 5.00 7.3@ 31.54
V,x25D0S 2.51 5.59 8.10° 31.00
CV(%) 10.54 8.42 7.67 7.67
LSD .05 NS 0.865 1.227 NS

Note: V;= BRRI dhan28, ¥=BRRI dhan29, ¥= Khoiaboro, \4{= Begunbichi, 15DOS= 15-day-old seedlings, 20DO8= 2
day-old seedlings, 25D0OS= 25-day-old seedlingsufieig within the same column having same or nor(sjtelo not differ
significantly at 5% level of probability. NS = Nsignificant.

Effect of interaction between variety and seedlgg on straw yield was found significant. The hgghe
straw yield (8.62 t 8 was obtained from the combination 0fA25DOS. The lowest straw yield (4.04
t ha') was recorded from the combination afZ5DOS (Table 10). The combinations of<¢5DOS,
V1x20DOS, \{x25D0S, \x15D0S, \4x15D0OS and ¥x20DOS produced statistically similar straw
yield. Significant variation was found in respettbiological yield due to interaction effect of vety
and seedling age. The highest (14.19 t)haiological yield was obtained from the combinatiof
V,x20DOS which was statistically identical to that\25DOS (13.81 t h§. The lowest biological
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yield (6.01 t hd) was recorded from the combination of4/15DOS (Table 10). The results indicated
that the combinations of M20DOS, \x25D0OS and ¥x25DOS produced statistically similar
biological yields of 11.01, 11.48 and 11.69 t*haespectively. The combinations of*15DOS and
V,x15DOS also produced similar biological yields 6f74 and 11.20 t ha respectively. Biological
yields of 7.30 and 8.10 t Haof the combinations of 20DOS and ¥x25DOS were statistically
similar. Interaction effect of variety and seedliage also produced significant influence on harvest
index (HI). The highest HI (50.23%) was obtainednirthe combination of %25DOS which was
similar to the combinations of ¥15DOS, \{x20DOS and ¥x15DOS (Table 10). The lowest Hi
(26.24%) was obtained from the combination gk®DOS which was significantly different from
other combinations. The combinations o0§x¥5D0OS, \4x20DOS, \x15DOS, \4x20DOS and
V4x25DOS produced statistically similar HI's of 31982 32.71%, 32.81%, 31.54% and 31.00%,
respectively.

Economic performance

Total cost of cultivation was calculated maximumS@J965.73 hd) in the variety BRRI dhan29
followed by the variety BRRI dhan28 (US$ 957.29%h& he maximum production cost incurred in the
HYV’s due to the requirement of more inputs forith@oduction (Table 11). Maximum gross return
(US$ 1665.00 hHY), net return (US$ 699.28 haand BCR (1.72) were also obtained from the same
variety BRRI dhan29 with planting 25-day-old seegt. The higher profitability obtained in BRRI
dhan29 was due to its higher yield. It was fourat ttultivation of local variety ‘Begunbichi’ was me
profitable than BRRI dhan28 with planting 25-dag-adeedlings and than Khoiaboro at all seedling
ages. This was due to more market price of thetedegrain of Begunbichi (US$ 0.43 Kgcompared to
BRRI dhan28 (US$ 0.23 Ky. Cultivation of Khoiaboro was found less profimtmue to its lower
productivity as well as low market price becausé@toarse size grains.
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556

557

558 Table 11. Cost and return analysis of production of different rice varieties during Boro season
559 2012-2013

560
Int i Yield (t hail) Total cost Gross return (US$ Fi'a Net return | BCR
Variety | Seedling Grain | Straw | cultivation | Grain | Straw | Total
vV, 15DOS 5.24 550 957.29  1205.20 55.00 1260.20 302.91 1.32
20D0OsS 542 559 957.29  1246.60 55.90 1302.50 345.21 1.36
25D0S 544 6.04 957.29  1251.20 60.40 1311.60 354.31 1.37
Vs 15D0OS 558 5.63 965.73  1283.40 56.30 1339.70 373.98 1.39
20D0OsS 6.23 7.96 965.73 143290 79.60 151250 546.78 1.57
25D0sS 6.94 6.88 965.73  1596.20 68.80 1665.00 699.28 1.72
Vs 15D0OS 266 5.87 611.66 558.60 58.70 617.30 5.64 1.01
20DOsS 298 6.13 611.66 625.80 61.30 687.10 75.44 1.12
25D0OsS 3.07 862 611.66 644.70 86.20 73090  119.24 1.19
\ 15D0OS 1.97 4.04 723.94 847.10 40.40 887.50 163.56 1.23
20DOS 230 5.00 723.94 989.00 50.00 1039.00 315.06 1.44
25D0S 251 553 723.94  1079.30 55.30 1134.60 410.66 1.57
561

562 Note: V,= BRRI dhan28, V=BRRI dhan29, ¥= Khoiaboro, \{= Begunbichi, 15DOS= 15-day-old seedlings, 20DO8= 2
ggi day-old seedlings, 25DOS= 25-day-old seedlings.

565  Sdling price: Rice grain — US$ 0.23 Kgfor both BRRI dhan28 and BRRI dhan29; US$ 0.21 fay Khoiaboro; US$ 0.43
566  kg* for Begunbichi; Straw- US$ 0.01 kgl US$= BDT 80; BCR = Benefit-Cost Ratio.

567

568 CONCLUSIONS

569 On the basis of the results obtained from the enpmart lead to conclude that 25-day-old seedlings wa
570 found to produce the highest grain yield and theesfall high yielding and local varieties are sesjgd
571 to be grown with 25-day-old seedlings. BRRI dhaga9e the maximum economic benefit followed by
572 Begunbichi, a local aromatic Boro rice varieBonsidering the profitability and fine grain quglitocal

573 variety Begunbichi may be evaluated in other paftde country to observe its adaptability and diel
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performance. This conclusion in based on one se@wdrand the experiment may be repeated by the

interested researchers for justification of thelifgs.
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