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Abstract: Field experiments were conducted at Punjab Agricultural University, Ludhiana (Punjab) to study the effect
of different agronomic aspects of bed planting on growth and yield of rice during Kharif seasons of 2012 and 2013.
The 30 days old seedlings of both rice varieties PR-118 (V;) and PR-116 (V) were transplanted on 15" June (D),
30" June (D) and 15" July (D). The two rice varieties were transplanted under bed planting (My) and conventional
planting (M,) methods respectively. The results showed that growth parameters like number of tillers per plant, dry
weight per plant leaf area index (LAI) and plant height were significantly higher in bed planting than conventional
method. In bed planting method, grain yield of rice (48.82g/h) was found to be more than the conventional method
(35.74 g/h) during 2012.Varieties PR-118 yielded 47.61g/h more than PR-116 (39.97 g/h) in bed planting. Yield contributing
characters like number of effective tillers, number of grains per plant and 1000-grain weight of rice were more in bed
planting than conventional method. Harvest index and biological yield was also found to be more in bed planting
method than conventional planting. Rice transplanted on 15" June yielded (50.15q/h) more than 30" June (41.45q/h)
and 15" July (35.27g/h). Similar results were found in kharif 2013. Interaction between dates of transplanting and
varieties and between varieties and planting methods were found significant.
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INTRODUCTION solar radiation interception, total sunshine reioept
nutrient uptake, rate of photosynthesis and other
. : o x physiological phenomena and ultimately affects the
worldll due to d'.t$ wide a.daF;]tab"'tY fto ddl\:;rse growth and development of rice plant. In densely
agdr_ommatlclgorj itions. R(;ce Is the main ofo hC P Ipopulated rice field, the inter specific competitio
India, contributing around 45 per cent of the total o yeen the plants is high which sometimes resuilts

production and hence hold the key to sustain food dual shadi d lodai d thus f -
sufficiency in the country (Rai and Kushwaha, 2005) glcast:J;wsinztég% %? grgir?l(r::%ral;(al. u;oggg)'urs o

_It is the majoikharif crop and _ranks second afte_r yvhe_at Temperature and light together plays a key rolgde
In_terms of area, _productlon and pr_oductlwty In production since light intensity requirement oferiis
Punjab. In Punjab, rice current_ly occupies an area higher and temperature dependent. Tillering is a
28.18 lakh hectare _W'th production f)f 105.42 labhst -\ orietal character to some extent but emergence and
with an average Y'eld of 37'41 q hz(Anony_mo.us, development of rice are primarily influenced by the
2013). Agriculture is the primary source of I!veim meteorological factors such as temperature, suashin
for about 58 percent of India population. This yield 5,15 and’ rainfall. Tiller number per unit areaais

of rice is much lower than world average whichi®d ;5 ant attribute of rice yields, which was rejedr

to l"’.‘Ck of potential varieties ar_1d management, - jecide the physical capacity of the vyield and
practices. The reasons for low yield of rice are .,,uinte to 60 per cent of grain yield variatidns
manifold some are varietals, others_ are te_chnpdxbgm rice crop. Further expansion of area under ricg @so
and rest are (_:I|mat|c._ U_ndoubtedl_y, with the introiibn very unlikely due to tremendous increase in poputat

.Of high yielding varieties th_e yield Of rice hasehe and urbanization (Sharnet al., 2011). Therefore, the
mcreased, but _the trend of increase Is not lingae increasing demand of food has to come from increase
yield can be increased by using improved cultural;, productivity per unit area. For achieving thiseoof
practices like bed planting, high yielding varielie o rime requirement and non monetary input is
adopting plant protection measures, judicious epptin transplanting cultivars at appropriate dimensiotis o

qf fertilizers, ete. Bed plangng IS Important fsxucegsful time under bed planting method. The present expatim
rice production because it influences tiller forioat
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Rice Oryza sativa L.) is grown in all continents of the
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was, therefore, planned to achieve the target et f crop. Narasimharag al. (1999) reported that the number
sustainable rice production under Punjab conditions  of tillers increased with the increase in tempeeatdhe
variability in the microclimatic conditions of aap
MATERIALSAND METHODS alters the number of tillers per plant which iskéd
A field experiment was conducted for two years agrri ~ With number of panicles per unit area and varigbih
kharif season of 2012 and 2013 at Punjab Agriculturalthe yield. The tiller numbers differed significantith
University Research Farm, Ludhiana. It is situaaéd Varieties possibly due to their genetical traitheT
30°54'N latitude and 7%8'E longitude and is 247 m number of tillers per plant was higher in PR-11&eal
above mean sea level. The area experiences argaveraffom 10.8-16.0 as compared to PR-116 (9.5- 1215lial
annual rainfall of 705 mm of which about 80 pertcen €t al. (2007) also reported that number of tillers were
is received during June to September. Two varietfes Maximum in PR-118 rice variety. The data presented
paddy, PR-118 (J and PR-116 (¥ were in Table 1. revealed that the number of tillers plent
transplanted under bed planting method;)(Mind had been significantly  influenced by planting
conventional method (M on three different dates viz. methods. Bed planting resulted in higher number of
15" June (), 33" June (B) and 1% July(Ds) in both tillers per plant ranged from 11.5-15.8 as compdoed
the crop seasons. Seedlings were transplanted at @onventional method (8.9-11.2) during 2012 crop
spacing of 20 cm x 15 c¢m in conventional method andse€ason. This may be due to the more radiation
30 cm x 10 cm in bed planting method. The interception, favourable soil temperature, and more
experiment was laid out in the factorial split plot water use efficiency of bed transplanted rice as
design. Each treatment was replicated four timescompared to conventional transplanted rice. The
Fertilizers (Nittogen N and Phosphorus P) werenumber of tillers was increased as the vegetative
applied as per the recommendations by Punjatgrowth of crop increased, but at later stages the
Agricultural University, Ludhiana. Two sprays of number of tillers decreased due to improper utilra
Butachlor at 3 litre/ha and Metsulfuron at 75g/herev  Of radiation interception. Likewise in 2013 cropasen,
used to control the grassy and broad leaf weeds. OnPR-118 rice variety which was transplanted orf' 15
spray of Monocrotophos at 1.4l litre/ha was given t June under bed planting method had higher
control the rice stem borer and leaf folder. Grisi  number of tillers as compared to rice variety
area (crf) was recorded at 15 days interval with the transplanted on 30June and 1%July. The number of
help of calibrated Plant Canopy Analyzer (LICOR tillers per plant was higher in 2012 than 2013 crop
-make). The leaf area index was measured by placingrowing season due to climatic variability. Mahagn
the sensor once above the canopy followed by macin . (2009) revealed that f'5June transplanted rice crop
it at four different points below the crop canopy experienced mean temperatures between 31°C and
diagonally across the rows. 33°C during tillering stage for more number of days
Ten plants were tagged in each plot and their nusnbe This lead to more production of tillers7as compared
of tillers were counted periodically. For dry weigh to 25" June and 8 July transplanted crops. At early
samples were sun dried and then dried in an oven gitage of growth the interaction effect was not
60+5°C. Yield and vyield attributes were calculated significant. However, 90 DAT and onwards the
based on the data of final harvest of the crop. Thénteraction effect on the number of tillers pernplavas
variability in the parameters of yield and assamiat Significant during both the crop seasons.
components was tested by the standard statisticdteaf area index (LAI): Leaf area is one of the most

procedures, software's and modules. important factors that influence interception of
radiation, transpiration and ultimately photosysike
RESULTSAND DISCUSSION Leaf area development and maintenance are corgidere

Tiller count: Tiller count per plant which is one of the [0 be a key factor for maximum dry matter produttio
main yield components was taken into account and-hange inthe environmental production factorsreri
was observed in all treatments. The number ofrsille the active period of the growth is believed to be of

per plant of rice during both the seasons regidtere th€ main causes for the variation in the yield. The
significant  variation under different treatments higher productivity of a crop depends on the pensce
respectively. Among the different dates of of high LAI over a greater part pf its vegetativieape.
transplanting, rice transplanted off18une had higher ~The rate of crop photosynthesis depends on the LAI.
number of tillers per plant ranging from 12.5-17.6 After germination LAl increases and reaches thekpea
followed by 3¢ June (9.1-12.5) and 13uly (8.9-11.2) levels after that it declines due to increased seemece
during 2012 crop season (Table1.). This may betdue (Ahmed, 2006). The periodic data on leaf area @ ri
availability of favourable soil and air temperataing ~ CrOP Was measured at the interval of 15 days,isgart
growing cycle of the crop. Similarly these findings rom 45 days after transplanting (DAT) when theficiaht
were supported by Sharme al. (2011) and Barun amount of leaf area in the crop was observed. These
(2008) that the numbers of tillers per plant of narieties ~ OPservations of the leaf area were continued dliuity.
(PR-116 and PAU-201) were more ol Tne transplanted There was a continuous increase in LAl upto 90 DAT
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Table 1. Number tillers per plant of rice varieties (PR-14%d PR-116) as influenced by different plantinghods during
kharif 2012 and 2013.

2012
Days after transplanting
Treatments 45 60 75 20 At harvest
15" June (Q) 18.1 16.1 15.1 17.6 12.5
30" June (D) 11.0 10.9 11.3 12.5 9.1
15" July ( Dy) 10.6 11.2 10.4 9.5 8.9
CD (P=0.05) NS NS NS 1.11 0.77
PR-118 () 14.0 14.4 14.5 16.0 10.8
PR-116 () 12.5 11.1 10.0 10.5 9.5
CD (P=0.05) NS NS NS 0.90 0.63
Bed planting ( M) 15.6 15.8 14.7 15.3 11.5
Conventional planting (M 10.9 9.7 9.8 11.2 8.9
CD (P=0.05) NS NS NS 1.55 0.77
Interactions DV NS NS NS 1.57 1.09
MV NS NS NS 2.20 1.09
2013

15" June ( Q) 13.2 12.3 12.5 16.5 11.2
30" June (D) 12.5 11.7 10.3 12.2 10.4
15" July ( Dy) 11.2 9.2 10.5 9.4 9.9
CD (P=0.05) NS NS NS 2.24 0.61
PR-118 (\) 11.9 11.6 11.2 14.5 10.8
PR-116 () 12.8 10.6 11.1 10.7 10
CD (P=0.05) NS NS NS 1.83 0.50
Bed planting ( M) 12.9 12.4 12.3 145 11.6
Conventional planting ( M 11.7 9.8 10.0 10.8 9.4
CD (P=0.05) NS NS NS 1.61 0.81
Interactions DV NS NS NS 3.17 1.46
MV NS NS NS 2.28 0.98

*NS = Non Significant

of the crop thereafter it decreased. Date ofthan the variety PR-118 which consequently decrkase
transplanting significantly affected the leaf aredex the number of leaves planand leaf area index. Takeda
(LAI) of rice crop. Among three dates of transpiagt et al. (1983) observed that high-yielding rice varieties
crop transplanted on {5luly recorded the highest LAl (IR-8) had higher LAI. Planting methods of riceals
ranged from 2.00-4.32 followed by ®8Quly (1.34-3.79) influenced the leaf area index (LAI) significantljhe
and 18" June (0.65-3.22) crop it may be due to betterhighest leaf area index was observed in bed pigntin
crop growth in early transplanting crop during 2012 ranging from 1.44-4.69 as compared to conventional
crop season. (Table.2). Mohammeidal (2008) also  method (1.22-2.86) due to higher number of leavés m
reported that ’June transplanted rice crop has maximumduring 2012 crop season. Trend of LAl was samenduri
leaf area index (LAI). Different types of varieti®R-118  kharif 2013. Meanwhile it was indicated that higher
and PR-116) significantly influenced the leaf airsdex leaf area index (LAI) on 5June transplanted PR-118
(LAI) and it was observed that the maximum LAl was rice variety has contributed towards higher riceldi
obtained in the variety PR- 118 ranged from 1.4%4. during 2012 and 2013 crop seasons. The higher LAl
as compared to variety PR-116 (1.22-3.28) duringduring 2012 could be attributed to biological vility
2012 crop season. This might be due to the praglucti between the years (Table2.) that resulted in awdfft

of comparatively lower tillers of the variety PR6L1 leaf shape (length, width) and possibly number of
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Table2. Leaf area index (LAI) of rice varieties (PR-118ldPR-116) as influenced by different planting mehduringkharif
2012 and 2013.

Treatments 2012 2013
Days after transplanting

45 75 90 45 75 90
15" June ( Q) 2.00 4.19 4.32 1.04 2.74 2.76
30" June (D) 1.34 3.27 3.79 0.86 2.11 2.12
15" July ( Dy) 0.65 2.50 3.22 0.40 1.73 1.79
CD (P=0.05) 0.27 1.32 0.83 0.31 0.29 0.28
PR-118 ( ) 1.43 3.65 4.27 0.86 2.38 2.40
PR-116 ( \4) 1.22 3.13 3.28 0.67 2.01 2.05
CD (P=0.05) NS NS 0.68 NS 0.23 0.22
Bed planting ( M) 1.44 3.76 4.69 1.08 251 2.86
Conventional planting ( &) 1.22 3.01 2.86 0.45 1.88 1.59
CD (P=0.05) NS 0.65 1.11 0.34 0.47 0.32
Interactions DV NS NS NS NS NS NS
MV NS NS NS NS NS NS

*NS = Non Significant

leaves plant. At early stage of growth the interaction effect wex
Dry matter production: Different dates of transplanting, significant. However, 90 DAT and onwards the inttoa
varieties and planting methods showed remarkableeffect on the dry matter production was significant
differences in dry matter production by rice plaft®m during both the seasons.

the Table. 3 it was evident that among dates népfanting  Yield and yield contributing characteristics: The
the 1%' June ranged from 712.80-3196.63gmansplanted  transplanting time influenced the number of effecti
crop produced the highest amount of dry matterlin a tillers per plant at harvest in both the varietigignificant
the growth stages followed by ®B0June (589.38 differences in number of effective tillers per plarere
-284.56 grif) and 18' July (531.96-2277.12 gfduring observed among the varieties under different dates
2012 crop season. However the differences were notransplanting during both the years (Table 4.). T&&
significant at earlier stage (45 DAT) due to slower June transplanted crop had highest number of aféect
growth rate. Maximum increment of dry matter was tillers per plant (17.65) as compared to"30une
noticed after 90 DAT to harvest. The higher dryterat (12.56) and 1% July (9.55) during 2012 crop season).
with 15" June (B) transplanted crop was due to increasedSimilar results were obtained by Cenal. (1997) and
amount of photosynthate accumulation which wasigedv ~ Gill et al. (2006). For late transplanting, low temperature
by more availability of PAR, nutrient and soil miise at the pollen development stage may cause a sharp
compared to conventional method. At harvest, masimu decline in fertile or filled spikelets particularly the
dry weight was observed. However significant diffces  photosensitive cultivars. Among the varieties, eBri
were also noticed in dry matter production of rice PR-118 (\{) produced highest number of effective
varieties. It was indicated that higher dry mgtieduction  tillers per plant at harvest (16.03) than PR-116).(V
was found in variety PR-118 ranging from 642.18 Planting methods had a significant effect on effect
-3347.33 grit as compared to variety PR-116 (580.47 tillers per plant at harvest (Table 4). Bed plagtirad
-2201.10 grif). Also the 90 DAT and harvest of both more number of effective tillers (15.27) as compae
the planting methods have shown significant difieess  conventional planting (11.24) during 2012 crop seas
in dry matter production. Bed planting method had Gupta and Hobbs (2002) observed that bed planting
higher dry matter production ranging from 704.55 method not only saves water but also gave higledd yi
-3185.30 grifas compared to conventional method of rice crop. The grain yield of rice during batie
(518.10-2361.13 gif). This may be due to higher day seasons registered significant variation undeerkt
time temperature which can increase the fixatiod an treatments respectively. The data presented ineTabl
reduction of CQ and reduce in respiration loss, might revealed that the grain yield had been signifigantl
have favored this rapid growth and dry matter actaton influenced by planting methods. Highest grain yield
during 2012 crop season. Similar results were fdand was registered by ¥5June (50.15 g/ha) followed by
2013 crop season. Also Studies by Villanuetal. 30" June (41.45 g/ha) and18uly (35.27 g/ha) during
(1989) and Singtet al. (1989) reported that closer 2012 crop season. Dhaliwalal. (2006) and Mahajan
plant spacing has significantly reduced the drygiei et al. (2009) reported that the grain yield more if"15
Dry matter production was influenced by the combine June transplanted crop thahJdune and 30July transplanted
effect between dates of transplanting and varietiescrop. The higher yield for early transplanting (iBe)
Similarly interaction between different varietieada was mainly due to favorable climatic conditionssesgly at
planting methods were found during both the crgs@es.  the time of tillering, flowering and grain fillingCrop
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Table 3. Dry matter per plant (gi¥) of rice varieties (PR-118 and PR-116) as infleehby different planting methods during
kharif 2012 and 2013.

2012
Days after transplanting
Treatments 45 60 75 90 At harvest
15" June (D) 712.80 841.5 1201.53 1529.55 3196.63
30" June (D) 589.38 718.08 1192.62 1420.98 2848.56
15" July ( Dy) 531.96 711.15 904.86 1031.91 2277.12
CD (P=0.05) NS NS NS 3.19 5.20
PR-118 () 642.18 760.32 1148.07 1406.79 3347.33
PR-116 () 580.47 753.72 1051.38 1248.06 2201.10
CD (P=0.05) NS NS NS 2.61 4.24
Bed planting ( M) 704.55 901.23 1264.23 1517.34 3185.30
Conventional planting ( M 518.10 612.48 935.22 1137.51 2361.13
CD (P=0.05) NS NS NS 2.46 5.34
Interactions DV NS NS NS 4,52 7.36
MV NS NS NS 3.48 7.56
2013

15" June (Q) 808.50 981.75 1159.29 1481.04 2484.9
30" June (DB) 396.00 687.39 881.10 1402.5 1770.45
15" July ( Dy) 369.60 552.75 759.99 1163.25 1303.50
CD (P=0.05) NS NS NS 2.26 6.94
PR-118 () 535.26 845.79 1032.90 1615.35 2308.02
PR-116 () 514.14 635.25 833.91 1082.4 1397.55
CD (P=0.05) NS NS NS 1.84 5.66
Bed planting ( M) 554.40 802.89 1002.54 1556.94 2115.3
Conventional planting ( M 495.00 678.15 863.94 1140.81 1590.6
CD (P=0.05) NS NS NS 1.97 4.78
Interactions DV NS NS NS 3.20 9.81
MV NS NS NS 2.79 NS

*NS = Non Significant

transplanted beyond mid-June were exposed to lowBed planting of rice yielded (48.82qg/ha and 40.26y
minimum and maximum temperature (1Z5%nd 23.6  significantly more as compared to conventional firign
°C, respectively) at flowering stage (from last weék method (35.74 g/ha and 30.20 g/ha) during 2012 and
August to first week of September), whereas early2013 crop season (Table 4). The higher rice yetdrded
transplanted crops were flowered when temperatere w in bed planting method was attributed to good crop
favourable for fertilization. The f5June transplanted crop conditions, efficient utilization of natural resees
experienced mean temperatures betwee!C-3B°C (soll, light, water, air etc.) which resulted ingher
during tillering and flowering stage of the crop the  number of effective tillers, number of tillers pelant
more number of days, which is favourable temperatur and number of grains per plant than conventional
range for rice crop at tillering and flowering staghe  method. Bhuyan (2012) showed that bed planting
perusal of data in Table 4 indicated that with edelay =~ method increased grain yield of rice up to 16 pEtc
in transplanting of rice, there was significant @@se  than conventional method. Similarly Singki al.
in grain yield of rice during both the crop seasons (2008) observed that transplantion under bed pignti
Similarly Otenget al. (2013) reported that planting method was profitable as compared to conventional
date carhave a dramatic effect on rice crop developmentmethod. Pandest al. (2012) revealed that yield of rice
and yield. The response of rice cultivars to plagpti  transplanted on FIRB (furrow irrigated raised beids)
date isimportant when selecting the most appropriate comparable with traditional rice culture with asahu
cultivar for a particular planting date. Among the varieties, as 25 per cent to 50 per cent saving in irrigatieter.
variety PR-118 yielded (47.61 g/ha) more as contpare Significant interactions were found on the effeét o
to variety PR-116 (36.97 g/ha effective tillers per plant and yield between dabés
transplanting and varieties. Similarly interactiomsre
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also found between different varieties and planting
methods during both the crop seasons.

The yield contributing characteristics like plamight

at harvest, effective tillers per plant, 1000 graigight,
number of grains per plant, biological mass anddsr
index differed significantly in all the treatments.
Among the different dates of transplanting, riees$planted
on18" June (Q) has maximum plant height at harvest,
number of effective tillers , 1000 grain weightnmaer

of grains per plant , biological mass, yield andvbat
index of rice (Tables 4) .This may be due to abdity

Amandeep Kaur and L. K. Dhaliwél. Appl. & Nat. Sci. 6 (2): 755 - 762 (2014)

agronomic management than conventional method.
Also, the crust problem on the soil surface wasiakted
and soil physical status was greatly improved id be
planting plot over conventional flat system.
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