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ABSTRACT

Rice is a kharif season crop and is highly susceptible to abrupt increase/ decrease in weather parameters.
Therefore, a study was conducted to compute the critical limits of temperature andsunshine hours by
analyzing meteorological and crop data (2000-2019) for three locations (Ludhiana, Patiala and Amritsar)
in Punjab. Amongst the 20 years, high yield years for Ludhiana (Yield >4601 kg/ha: 2004, 2009, 2016,
2017 and 2019), Patiala (Yield >4201 kg/ha: 2007, 2008, 2009, 2016 and 2017) and Amritsar (Yield
>3001 kg/ha: 2000, 2001, 2004, 2006, 2007, 2016, 2017 and 2019) were identified. Then meteorological
data for main crop growth stages, i.e, sowing (20-22 Standard Meteorological Week (SMW),
transplanting (23-26 SMW), tillering (27-30 SMW), heading (31-34 SMW), flowering (35-36 SMW),
Grain filling (37-39 SMW) and physiological maturity (40-41 SMW) were tabulated. The week wise
deviations of maximum/ minimum temperature and sunshine hours from normal data of those 20 years
under study were computed to derive their critical limits. Then these stage wise critical limits were
validated using the actual yields achieved during crop years 2020 and 2021 and the reasons for high
yields obtained at three locations during 2021 and two locations during 2020 and medium yield at one
location during 2020 were fully accounted for by these ranges. Hence it may be concluded that to get
higher rice productivity the maximum/ minimum temperature ranges during vegetative growth should
be 34-40/ 23-28°C, during flowering should be 33-35/ 25-27°C and during grain filling should be 32-35
/ 20-25°C. Similarly the sunshine hour’s ranges during vegetative phase should be 7-11 hours, flowering
should be 6-10 hours and during grain development should be 7-10 hours. The results of the study can
play a guiding role for the scientists while optimising the growing window for the rice cultivars in the
state. The information is also helpful for the agricultural scientists while preparing the estimates of the
projected yield of rice during the growing period of crop and prior to its harvesting.
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hectares of area with total production and
productivity of 203.71 thousand tonnes and 64.78
q/ha (Anonymous, 2023).

Every crop thrives best under an optimum
combination of weather variables. Rice grows best
under flooded conditions and requires warm and
humid weather with ample of sunshine duration.
Krishnan et al. (2011) reported that rice requires a
mean temperature>20°C during the entire growing
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Introduction

World’s half population depends on rice crop as
a staple food. During 2021-22, in India rice
production of 130.29 million tonnes was achieved
from 46.37 million hectares of cultivated area
(Anonymous, 2020). While in Punjab state during
2021-22, rice was cultivated over 31.45 thousand
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period. The tillering period in rice gets shortened with
daily mean temperature >26°C (Lalitha et al., 1999).
While the higher temperatures during flowering and
grain-filling stage shorten the grain-filling duration
and enhances the spikelet sterility thereby reducing
the yield of rice (Tian et al., 2007; Xie et al., 2009).
Ziska et al. (1997) found that during the growing
season an elevation in temperature by 4°C resulted
in earlier maturation of the crop by five and six days
for wet and dry seasons, respectively. Under Punjab
conditions, Hundal and Kaur (2007) reported that
with an elevation of temperature by 1°C, the yield
of rice was reduced by 3%. Similarly, during
vegetative stage a decrease in the temperature can
cause slow growth and reduce seedling vigour (Ali
et al., 2006). Samui (1999) reported that rainfall in
the range of 100 to 115 cm with temperatures in the
range of 29 to 32°C are conducive for higher
productivity of rice in India.

In Punjab state, the rice is ideally recommended
for cultivation during kharif season (Anonymous,
2022). Sandhu et al. (2013) reported that in Punjab
cumulative sunshine >1010 hours during rice
growing period combined with well distributed
rainfall are the favourable weather conditions for
getting high rice yields.In another study by Mahajan
et al. (2009) observed that if rice crop receives more
sunshine hours during the tillering stage, then it will
have more number of panicles per unit area and hence
higher grain yield. During the vegetative stage of
rice a combination of adequate sunshine hours and
well-distributed rainfall increase the yield potential
of rice cultivars (Prabhjyot-Kaur et al., 2021).

In Punjab state, the rice crop is cultivated under
assured irrigation conditions with optimum crop
management practices. But still inter seasonal
fluctuations in yield of rice are common mainly due
to prevailing weather conditions.A recent study by
Prabhjyot-Kaur and Sandhu (2021) have reported
that in Punjab during crop year 2019 (44.53 q/ha)
the rice yield was reduced from that of crop years
2017 (48.15 q/ha) and 2018 (47.43 q/ha). It was
concluded that this reduction in yield was due to
higher (>3-4°C) maximum temperature during
transplanting and tillering stage and higher (>3-4°C)
minimum temperature during flowering stage rice.
So the present study was conducted to determine the

optimum limits of the meteorological parameters for
acquiring high yield of rice crop in Punjab.

Materials and Methods

Data sets used for the study

The data for phenology of rice were collected
from field experiments conducted under “All India
Co-ordinated Research Project on Agrometeorology”
in the Department of Climate Change and
Agricultural Meteorology, Punjab Agricultural
University, Ludhiana. The stages of rice were
categorized into nursery sowing (20-22 Standard
Meteorological Week (SMW)), transplanting (23-26
SMW), tillering (27-30 SMW), heading (31-34
SMW), flowering (35-36 SMW), grain filling (37-
39 SMW) and physiological maturity (40-41 SMW)
by taking in consideration the early, normal and late
sowingconditions for rice in the state.

The daily weather data i.e., maximum and
minimum temperature and sunshine hours for three
major rice growing districts (Fig. 1) falling in the
central irrigated plains (Ludhiana, Patiala and
Amritsar) of Punjab from 2000-2019 were collected
from meteorological observatories to compute the
weekly and crop stage wise normals. The historical
data on yield of rice for the three districts were

Fig. 1. Map of the state with three districts under
study
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collected from Statistical Abstracts, Punjab from
2000-2019. The rice yield during these 20 years was
categories into high, medium and low yield (Table
1).

Computation of crop growth stage wise
“critical limits” of the meteorological
parameters

The stage wise actual ranges of meteorological
parameters for rice crop at three different districts/
locations were computed from the meteorological
data from 2000-2019. Then the deviations of weekly
meteorological parameters for rice crop were
computed for high, medium and low yield years from
the weekly normals. Later the “Critical limits” of
various meteorological parameters were iteratively
calculated by comparing the ranges of respective
parameters observed during the high yield years for
each district/location. Finally by computing the mean
and standard deviation for each stage wise
meteorological parameters their respective lower and
upper ranges for nursery sowing (20-22 SMW),
transplanting (23-26 SMW), tillering (27-30 SMW),
heading (31-34 SMW), flowering (35-36 SMW),
grain filling (37-39 SMW) and physiological
maturity (40-41 SMW) were derived for obtaining
high yield of rice in Punjab state.

Validation of the critical limits

The actual yield of rice for the three districts/
locations obtained during crop year 2020 and 2021
were evaluated within the lower and upper limit of
maximum (Tmax) and minimum (Tmin) temperature
and sunshine hours (SSh).

Results and Discussion

Weekly average range of meteorological
parameters during rice crop season

The daily meteorological data were analysed and
cloned into their weekly averages which were
categorized into rice crop growth stages, i.e, nursery
sowing, transplanting, tillering, heading, flowering,
grain filling and physiological maturity stage for
Ludhiana, Patiala and Amritsar (Table 2). The perusal
of the data revealed that the weekly maximum /
minimum temperature at Ludhiana, Patiala and
Amritsar ranged between 32.7-39.7/19.3-27.2°C,
32.8-39.9/19.3-27.3°C and 32.8-40.3/18.1-25.9°C,
respectively. Similarly, the weekly sunshine hours
ranged between 5.5-9.7 hours at Ludhiana.

Comparison of the range of normal and
optimum meteorological parameters during
rice crop season

The normal weekly meteorological data for
Ludhiana, Patiala and Amritsar was then compared
with the respective weeks (20-41 SMW) data and
their deviations from normal were calculated for each
category (high, medium and low) of rice yield over
the 20 years time period. Then the range of optimum
meteorological parameters for each stage of rice crop
were derived from the actual data observed during
the high yield years at the respective location (Table
3 and 4). The perusal of the data revealed that at
Ludhiana, Patiala and Amritsar the optimum weekly
maximum / minimum temperature ranged between
34.4-43.7/ 22.1-26.8°C, 29.9-42.3/ 21.2-27.2°C and
37.9-44.2/ 20.0-25.1°C, respectively for nursery

Table 1. Location-wise yield (kg/ha) of rice crop from 2000-2019

Station High yield year Medium yield year Low yield year

Ludhiana Yield >4601 kg/ha Yield 4401-4600 kg/ha Yield <4400 kg/ha
2004, 2009, 2016, 2017 and 2005, 2007, 2008, 2010, 2000, 2001, 2002, 2003,
2019 2012, 2013, 2015 and 2018 2006, 2011 and 2014

Patiala Yield >4201 kg/ha Yield 3901-4200 kg/ha Yield <3900 kg/ha
2007, 2008, 2009, 2016 and 2005, 2006, 2012, 2013, 2000, 2001, 2002, 2003,
2017 2014, 2015, 2018 and 2019 2004, 2010 and 2011

Amritsar Yield >3001 kg/ha Yield 2801-3000 kg/ha Yield <2800 kg/ha
2000, 2001, 2004, 2006, 2007, 2002, 2005, 2008, 2012, 2003, 2009, 2010, 2011,
2016, 2017 and 2019 2013, 2015, 2018 2014
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Table 2. Weekly average meteorological parameters for rice crop during kharif season (2000-2019)

Growth stage Week Ludhiana                  Patiala                 Amritsar
Number       Temperature (°C) Sunshine        Temperature (°C)           Temperature (°C)

(#) Maximum Minimum hours (#) Maximum Minimum Maximum Minimum

Nursery sowing 20 39.4 24.5 9.1 39.8 25.2 40.1 23.0
21 39.7 24.6 9.2 39.9 25.2 40.2 23.3
22 39.5 25.2 9.7 39.8 25.7 40.3 23.6

Transplanting 23 39.3 26.2 9.4 39.0 26.0 40.3 24.6
24 37.7 26.2 7.8 38.0 26.5 38.4 24.3
25 37.3 26.8 8.4 37.4 26.8 38.1 25.7
26 35.6 27.0 6.8 36.2 26.8 36.6 25.4

Tillering 27 35.0 27.2 6.7 35.5 27.2 36.2 25.8
28 34.2 26.9 6.3 34.3 26.8 34.9 25.4
29 34.0 27.1 6.1 34.3 27.3 34.8 25.8
30 33.8 27.2 5.5 34.2 27.0 34.4 25.9

Heading 31 33.6 26.8 6.0 33.8 26.7 34.1 25.6
32 33.7 27.0 5.8 33.9 26.6 34.1 25.7
33 33.4 26.3 6.3 33.4 26.4 34.0 25.4
34 33.6 26.2 7.5 33.3 26.2 34.4 25.3

Flowering 35 33.5 26.0 7.0 33.9 25.9 33.9 24.6
36 33.3 25.0 7.8 33.5 25.0 33.9 23.7

Grain filling 37 32.9 24.4 7.5 33.2 24.5 33.5 23.1
38 32.9 23.5 7.8 32.8 23.4 33.6 22.1
39 32.9 22.0 8.7 33.2 22.1 33.3 20.9

Physiological 40 33.4 21.3 8.1 33.7 21.7 33.8 20.3
maturity 41 32.7 19.3 7.9 33.1 19.3 32.8 18.1

Table 3. Stage-wise range of average meteorological parameters for rice crop at Ludhiana during 2000-2019

           Crop Growth Stage                                          Temperature (°C) Sunshine hours
Maximum Minimum

Nursery sowing Normal 38.8-39.7 23.1-24.4 9.9-10.3
Optimum 34.4-43.7 22.1-26.8 7.8-11.5

Transplanting Normal 36.1-39.6 25.4-26.7 7.7-9.0
Optimum 33.3-42.7 24.2-29.2 5.0-12.9

Tillering Normal 33.6-35.3 26.3-26.4 6.2-7.4
Optimum 31.3-37.7 23.9-28.9 4.0-10.3

Heading Normal 33.2-33.5 25.6-26.1 6.1-7.9
Optimum 31.6-36.1 24.6-28.6 4.3-8.9

Flowering Normal 33.3-33.5 24.3-25.1 7.7-8.1
Optimum 31.4-34.9 23.3-27.3 5.3-11.2

Grain filling Normal 33.2-33.4 21.2-23.5 8.5-9.1
Optimum 30.3-34.8 20.5-26.9 4.0-9.7

Physiological maturity Normal 32.8-33.3 18.2-19.7 8.9-9.2
Optimum 29.1-34.4 11.4-24.8 5.0-9.4
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sowing stage; between 33.3-42.7/ 24.2-29.2°C, 33.5-
42.8/ 24.6-28.6°C and 34.3-42.9/ 19.5-31.0°C
respectively for transplanting stage; between 31.3-
37.7/ 23.9-28.9°C, 33.2-36.2/ 25.2-28.9°C and 33.0-
38.5/ 25.2-27.7°C respectively for tillering stage;
between 31.6-36.1/ 24.6-28.6°C, 32.0-35.3/ 24.1-
28.0°C and 32.5-36.3/ 24.0-27.9°C respectively for
heading stage; between 31.4-34.9/ 23.3-27.3°C and
33.0-35.0/ 23.1-26.0°C and 31.9-36.3/ 23.9-26.0°C
respectively for flowering stage; between 30.3-34.8/
20.5-26.9°C, 29.0-35.0/ 21.4-25.8°C and 32.9-35.9/
19.3-24.6°C respectively for grain filling stage;
between 29.1-34.4/ 11.4-24.8°C, 32.0-35.0/ 15.0-
25.2°C and 28.1-34.9/ 14.7-20.9°C respectively for
physiological maturity stage.

The range of optimum meteorological
parameters for three locations during the high yield
years were analysed by deriving their mean and
standard deviations and then by iterative
computations the optimized ranges of each parameter
were derived. The data given in Table 5 revealed that
in Punjab state for achieving high yield of rice, the
maximum / minimum temperature, and sunshine
hours respectively should be within the range of 34-
40/ 23-28°C and 7-11 hours during vegetative period,
33-35/ 25-27°C and 6-10 hours during flowering

growth period and 32-35/ 20-25°C and 7-10 hours
during grain development period.

Validation of upper and lower range of
meteorological parameters

The actual weekly meteorological data for the
three locations during 2020 and 2021 was plotted
along with the respective stage wise lower and upper
range limits (Fig. 2 to 4). The validation results
revealed that high and medium yield of rice achieved
at each location could be explained by the outlaying
of maximum (Tmax) and minimum (Tmin) temper-
ature, and sunshine hours (SSh) within the lower and
upper range of the meteorological parameters.

During the crop year 2020, a high yield (4676
kg/ha) of rice at Ludhiana was achieved as both Tmax

Table 4. Stage-wise range of average meteorological parameters for rice crop at Patiala and Amritsar during
2000-2019

Crop Growth Stage                         Patiala                           Amritsar
Maximum Minimum Maximum Minimum

                        Temperature (°C)

Nursery sowing Normal 39.0-39.9 23.9-25.2 39.3-40.2 21.8-23.2
Optimum 29.9-42.3 21.2-27.2 37.9-44.2 20.0-25.1

Transplanting Normal 36.3-39.5 25.8-26.6 12.7-33.9 24.2-25.6
Optimum 33.5-42.8 24.6-28.6 34.3-42.9 19.5-31.0

Tillering Normal 33.8-35.5 26.5-26.7 34.4-36.3 25.4-25.8
Optimum 33.2-36.2 25.2-28.9 33.0-38.5 25.2-27.7

Heading Normal 33.2-33.4 25.9-26.3 33.9-34.4 25.1-25.5
Optimum 32.0-35.3 24.1-28.0 32.5-36.3 24.0-27.9

Flowering Normal 33.1-33.4 24.8-25.5 34.3-34.4 23.9-24.6
Optimum 33.0-35.0 23.1-26.0 31.9-36.3 23.9-26.0

Grain filling Normal 33.0-33.2 22.0-24.3 33.8-34.1 20.7-23.0
Optimum 29.0-35.0 21.4-25.8 32.9-35.9 19.3-24.6

Physiological maturity Normal 33.0-33.2 19.2-20.7 33.3-33.8 17.3-19.0
Optimum 32.0-35.0 15.0-25.2 28.1-34.9 14.7-20.9

Table 5. Optimum range of weather parameters for
higher productivity of rice in Punjab

Crop stage          Temperature (°C) Sunshine
Maximum Minimum hours

Vegetative 34-40 23-28 7-11
Flowering 33-35 25-27 6-10
Grain 32-35 20-25 7-10
development
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High yield (4676 kg/ha) during 2020
Factors responsible for high yield :
1. Tmax- Remained within optimum ranges
2. Tmin–Remained within optimum ranges and was slightly
below the lower range during start and end of season.
3. Sunshine hour–Remained broadly within the optimum range
except during end vegetative (1 week) and flowering stage (1
week).

High yield (4888 kg/ha) during 2021
Factors responsible for high yield :
1. Tmax– Mostly remained within optimum ranges and was
below range during end of vegetative and start of grain
development stage
2. Tmin– Remained within optimum ranges and was slightly
below the lower range during start of season.
3. Sunshine hour – Remained within the optimum range.

Fig. 2. Comparison of actual weather data of Ludhiana during 2020 and 2021 for validation of thumb rules for
rice crop

Medium yield (3949 kg/ha) during 2020
Factors responsible for medium yield :
1. Tmax– During the vegetative and flowering remained

within optimum range. However, it above the upper range
by >1.5oC during the grain development stage of rice.

2. Tmin– During the vegetative and flowering remained within
optimum range. However, it above the upper range by 1.5
– 1.8oC during the two weeks of grain development stage
of rice.

High yield (4472 kg/ha) during 2021
Factors responsible for high yield :
1. Tmax– Mostly remained within optimum ranges and was

below range during end of vegetative stage
2. Tmin– Remained within optimum ranges and was slightly

below the lower range during start of season.

Fig. 3. Comparison of actual weather data of Amritsar during 2020 and 2021 for validation of thumb rules for
rice crop



34 Journal of Agricultural Physics [Vol. 23

Fig. 4. Comparison of actual weather data of Amritsar during 2020 and 2021 for validation of thumb rules for
rice crop

High yield (3305kg/ha) during 2020
Factors responsible for high yield :
1. Tmax– Mostly remained within optimum ranges and was

slightly above the upper range during start of vegetative
stage

2. Tmin– Remained within optimum ranges and was slightly
below the lower range during start and end of season.

High yield (3343kg/ha) during 2021
Factors responsible for high yield :
1. Tmax– Mostly remained within optimum ranges and was

slightly below the lower range during start of grain
development stage.

2. Tmin– Remained within optimum ranges and was slightly
below the lower range during start of season.

and Tmin remained within optimum range except
for two weeks during sowing when Tmax was
slightly higher than optimum range and Tmin was
slightly below the lower range during start and end
of season. Also the SSh remained broadly within the
optimum range except during end vegetative (1
week) and flowering stage (1 week). A high yield
(4888 kg/ha) of rice at Ludhiana during 2021 was
realized as both Tmax and Tmin remained within
optimum range except for two weeks when Tmax
was below range during end of vegetative and start
of grain development stage and Tmin was slightly
was slightly below the lower range during start of
season. The SSh invariably remained within the
optimum range.

At Patiala during 2020a medium yield (3949 kg/
ha) of rice was achieved as because Tmax was above
optimum by 2°C during the nursery sowing period
and by >1.5°C during the grain development stage.
The Tmin during the two weeks of grain development
stage was above the upper range by 1.5–1.8°C.
During crop year 2021 at Patiala a high yield (4472
kg/ha) was obtained as the Tmax remained within
optimum range except during end of vegetative stage
it was below from lower range. The Tmin remained
within optimum range except during start of season
when it was below the lower range.

At Amritsar a high yield (3305 kg/ha) of rice
during 2020 was obtained as the Tmax remained
within optimum range except during start of
vegetative stage it was below the lower range.
Likewise, the Tmin also remained within the
optimum range except during start of season when it
was slightly below the lower range. Similarly, during
2021 at Amritsar a high yield (3343 kg/ha) of rice
was achieved since the Tmax remained within
optimum range except during flowering stage when
it was below the lower range. The Tmin too remained
within optimum range except during start of season
it was slightly below the lower range.

Under Indian conditions, earlier study by Lalitha
et al. (1999) have reported that tiller production in
rice is maximum when mean temperature is in the
range of 24-27°C under lowland conditions. It has
been reported that extremely high temperatures
during the reproductive stages of rice significantly
decreases the grain yield by more than 50 per cent
(Zhang et al., 2018; Fu et al., 2012). Results indicated
that temperature above normal in the months of
August and September for a continuous period could
be harmful as it cause spikelet sterility (Bala and
Prabhjyot-Kaur, 2015). In Punjab state, the rice yield
during 2019 (44.53 q/ha) was reduced from that of
2017 (48.15 q/ha) and 2018 (47.43 q/ha) as the
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maximum temperature was constantlyhigher by >3-
4oC during transplanting and tillering stage and the
minimum temperature was higher by>3-4oC during
flowering stage of rice crop (Prabhjyot-Kaur and
Sandhu 2021).

Conclusions

The high yield of a crop can be realized by
following the optimized crop management practices
in a region (Geerts and Raes, 2009, Bollaveni and
Das, 2019). Rice crop is cultivated during the months
of May (nursery sowing) to October (harvesting
period) by following the recommended package of
practice (Kaur et al., 2020). The results of the present
study revealed that in Punjab state, for achieving high
yield of >4601 kg/ha (in most suitable regions) to
>3001 kg/ha (in lesser suitable regions), the
maximum / minimum temperature, respectively
should be within the range of 34-40/ 23-28°C during
vegetative period, 33-35/ 25-27°C during flowering
period and 32-35/ 20-25°C during grain development
period. The sunshine hours ranging between 6-11
hours/day are optimum for high productivity of rice
in the state. This information can act as a guiding
tool for the agricultural scientists for optimising the
sowing time for the rice crop in Punjab state. The
information will be of great help for the policy
planners for yield estimation. It can also act as a ready
reckoner while preparing the weather based crop
insurance schemes.
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