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Rice (Oryza sativa L.) is the main staple food crop of
India and contributes around 45 per cent of the total cereal
production, hence hold the key to sustain food security in
the country (Rai and Kushwaha 2005). In Punjab this crop is
grown during kharif season over 2.74 million hectares with
total production of 11.0 million tonnes (Anonymous, 2010).
Pheotoperiod and temperature are two main environmental
factor determining the flowering time in rice (Fukai 1999).
Influence of temperature on phenology and yield of crop plants
can be studied under field condition through accumulated
heat unit system because plant have a definite temperature
requirement before they attain certain phonological stage
(Rajput et al 1987 and Bishnoi et al 1995). Several studies
in India have shown that a delay of 20 days in transplanting
cause a delay in flowering by 8 days (Joseph 1991) or up to
13 days (Murty and Sahu 1979). Thus keeping in mind the
differential behavior of rice cultivars, the present investigation
was planned to study the phonological behavior, heat unit
requirements and dry matter partitioning of long (PR 118) and
medium (PAU 201) duration cultivars of rice under different
dates of transplanting.

A field experiment was conducted at Students’ Research
Farm, Department of Agronomy, Punjab Agricultural
University, Ludhiana during KAarif season of 2007 and 2008.
The site is located at an altitude of 247 m above mean sea
level and intersected by 30° 54’ latitude, 75° 48’ longitude and
forms a part of the Indo-gangetic alluvial plains. The climate
of the area is semi-arid with an average rainfall of 733.6 mm
(75-80 % received during July-September), lowest minimum
temperature of 0-4 °C in January and highest maximum
temperature of 40-45 °C in June. The soil (0-15 cm) of the
experimental site is sandy loam in texture with bulk density
of 1.62 g em™, pH 7.29, EC (1:2 soil: water suspension) 0.16
dS m!, organic carbon 0.26 % and Olsen P 18.6 kg ha™'. The
weather parameters were recorded at the meteorological
observatory located at a distance of 700 m from experimental
site. The experiment was laid out in randomized complete
block design with two cultivars (PAU 201 and PR 118) and
three dates of transplanting (June 15, June 25 and July 5) with
four replications. Both the cultivars PAU 201 and PR 118
are mildly sensitive to photoperiod and inbred lines released

by Punjab Agricultural University, Ludhiana. PAU 201 is a
medium duration (144 days), while PR 118 is long duration
(156) cultivars. The Days taken to 50% flowering and 100 %
flowering were counted from the date of transplanting to the
date, when 50% of the plants in each plot attain the particular
phonological stage. Leaves, stem and panicles were separated
at 30 days intervals and oven dried at 60 °C temperature till
constant weight is achieved for dry matter data.

The growing degree days were calculated with base
temperature of 10 °C. The helio-thermal units and photo-
thermal units were calculated by multiplying the heat units
(GDD) to the actual sunshine hours and maximum possible
sunshine hours of the day, respectively, recorded at the
meteorological observatory, PAU, Ludhiana.

Results revealed that the cultivar PR 118 being a longer
duration took 7 and 9 days more to attain 50 % flowering
maturity, respectively than PAU 201. On an average PAU 201
took 85 and 106 days to attain 100 % flowering and maturity,
respectively. Similarly, PR 118 used 129, 1145 and 1483
growing degree days, helio-thermal units and photo-thermal
units more to mature than PAU 201, respectively (Table 1).
The dry matter accumulation was statistically at par between
both the cultivars however leaves and stem dry matter was
significantly higher and panicle weight was significantly
lower in PR 118 than PAU 201. Significantly lower grain yield
realization with PR 118 might be accounted to inappropriate
partitioning of dry matter, which resulted in significantly
higher straw yield. Though the interaction between genotypes
and date of transplanting was non significant, but 5.4 per cent
reduction in grain yield was recorded in case of long duration
cultivar, when transplanting was delayed from June 25 to July
5, while PAU 201 registered almost equal grain yield even
under delayed transplanting on July 5.

Pooled analysis of two years data revealed that crop
transplanted on June 15 took 4 and 6 days more to attain 50
% flowering as compared to June 25 and July 5 transplanted
crops, respectively. This difference was remained 3 and
4 days at maturity among June 15 and June 25 or July 5
transplanted crops, respectively. It thus bring out that 10 and
20 days delay in transplanting led to 13 and 24 days reduction
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Table 1 : Effect of dates of transplanting on accumulated heat units, helio-thermal units and photo-thermal units at different
phonological stages of rice cultivars (Pooled mean of 2007 & 2008).
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Table 2 : Effect of transplanting dates on dry matter production (q ha!) and grain yield (q ha') of rice cultivars (Pooled mean

of 2007 & 2008)
Doy Bt Fowe st Grain
Tre shmerit - —

leavres e Panicle  Totl  yied

Fime 15 265 533 553 1542 GaA7
Fime 25 248 431 573 1312 6.7
Juabr 5 224 6.5 55.2 1241 G50
LD (p=0.05) 1.7 a9 s 65 ME
Po4TT 201 228 459 S84 12z Ga3
TR 112 2635 51.7 537 1317 6354
LI (p=0.057 1.4 26 249 Ma 019

Table 3 : . Temperature and rainfall events during key growth stages for crops transplanted at three dates during 2007 and

Drate s of Tulle ary ternperatare Mean tenpersbie Fain evrerte Fain evrerits writh more
trapeplading  betwreer 31and 33 "C bebareen 31 and 23 °C daring that 10 e G ivg
dharirgs tillering (days) diarire pollen Thaer g (o) flonareTing (o)
derre lopererd (days]
2007
15 hmwe ] 4 3 ]
25 hme 11 1 2 1]
5 Faly i 1] 2 1
2008
15 hmwe 3 3 2 1
25 hme 3 2 2 1
5 Faly 3 1] 2 1

in total growing cycle of the crop under June 25 and July 5
transplanted crops as compared to June 15 transplanted crop,
respectively. This led to reduction in accumulated growing
degree days to the tune of 86 and 200 heat units to attain
the maturity under June 25 and July 5 transplanted crop as
compared to June 15 transplanted crop, respectively (Table 1).
Similar trend was observed for HTU and PTU. This could be

the possible reason that total dry matter accumulation (DMA)
and its partitioning also influenced significantly under three
days of transplanting at various growth stages of the crop.

The leaf, stem and total dry matter accumulation was
at par between June 15 and June 25 transplanted crops but
significantly higher than July 5 transplanted crop, while
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weight of panicles remained statistically similar under all the
dates of transplanting (Table 2). This might be the possible
reason that delay in transplanting from June 15 to July 5
did not influence the paddy grain yield significantly, but
yield was more in June 25 transplanted crop than June 15
and July 5. The higher yield from June 25 transplanted crop
was mainly due to favourable weather conditions especially
at the time of tillering and flowering. June 25 transplanted
crop received more favourable temperature (Table 3) and
comparable sunshine durations especially at tillering stage
as compared to late and early transplanted crops. This led
to more number of panicles m?, 1000-grain weight and less
spikelet sterility, resulted in higher grain yield. Chahal et al.,
(2007) found a significant relation between rice grain yield
and number of days having temperature greater than 37°C
during post transplanting period. Results revealed that June
25 transplanted crop experienced mean temperature between
31°C and 33 °C during tillering for more number of days
(Table 3), resulted in more productive tillers. De-Datta, (1981)
reported that rice yield decreases with late transplanting, due
to limited solar radiations and photosynthetic efficiency.
Yamada, (1961) reported that grain production depends on
the balance between photosynthesis and respiration, therefore
air temperature plays major role in potential grain yield
realization. The optimum temperature required for germination
of pollen is 31-33 °C (Grist, 1986). For late transplanting, low
temperature (below 31°C ) at pollen development stage led to
increase in sterility percentage. Similarly in our study June
25 transplanted crop received mean temperature between
311033 °C for 3 & 1 and 4 & 3 more number of days as
compared to June 15 and July 5 transplanted crops during
2007 and 2008, respectively (Table 3). The lower grain yield
realization under June 15 transplanted crop may be due to two
reasons (a) during flowering to anthesis growth stage of the
rice, there were 3 rain events, out of which 2 showers with >
10 mm, damaged the pollen and consequently increased the
spikelet sterility (Table 3 & 4) (b) there was attack of leaf
folder on the early transplanted crop. Jalota et al., (2009) also
observed that rain events during flowering to anthesis stage of
rice, damaged the pollen and increased the proportion of ears
without grains. The yield attributing characters viz. panicle
m?, grains panicle! and 1000-grain weight did not influence
significantly with change in transplanting time from June
15 to July 5. However, spikelet sterility was significantly
less under June 25 transplanted crop as compared to July 5
transplanted crop. Low temperature at the pollen development
stage led to increase in sterility percentage under delayed
transplanting on July 5.
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