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Agriculture is the backbone of our country consisting of 
70% of rural households and root of our civilization. About 52% 
of the total number of jobs in India are provided by the agriculture 
sector. The contribution of agriculture to the total GDP is around 
17% (Arjun, 2013). The main determinant of agricultural production 
is climate. On global scale, both climate change and agriculture are 
interrelated processes. The recent reports indicated the remarkable 
increase in the temperature at global and regional scale. As projected 
by global circulation models, the temperature increase of  1.1 to 
6.4°C (Pachauri and Reisinger, 2007) will reduce the duration of 
rice ranging from 9 to 14 days by the end of the century (Ramaraj 
and Jagannathan, 2013). A study revealed that there is increase in 
temperature from north-east to south-western region of Punjab 
(Kingra et al., 2017). This is driving force for the crop production as 
the increase in the temperature fastens the physiological processes, 
which in other way affect the heat unit requirements of the rice. 
This alarming situation demands for analyses of the spatio-temporal 
variability in climatic patterns at regional scale in order to adopt 
mitigation strategies on regional basis. 

Growing degree days (GDD) is a simple temperature-
based index of biological development (Hassan et al., 2007) based 
on the concept that there is linear relationship between right time for 
attainment of certain phenological stages and the difference between 
mean and base temperature. Under field conditions, temperature 
influence on development and yield of crop plants is studied through 
accumulated heat unit system as plants have a distinct temperature 
requirement prior to the attainment of certain phenological stage. A 
study was therefore planned to find out the heat unit variability in 
rice due to climate change on  Spatio-temporal scale usingArc GIS 
10.2.

Long term (1990-2019) district-wise climate data 
(maximum and minimum temperature) during the rice growing 
season (June to October) was collected from Department of 
Climate Change and Agricultural Meteorology, Punjab Agricultural 
University (PAU) Ludhiana, India Meteorological Department 
and different websites. Long-term growing degree days were 
computed for rice under three transplanting windows viz. 13th June 
(window-I), 21st June (window –II) and 29th June (windows-III). 
Spatial interpolation of rice accumulated growing degree days was 
done using Inverse Distance Weighted (IDW) method in ArcGIS 
10.2 by taking average of pentads from 1990 to 2019. 

Variability in thermal requirements of rice in transplanting 
window I

	 In the North east region of Punjab during the period from 
1990-1994 to 2010-2014 AGDD were found to shift from 1900-2100 
˚C day to 2100-2300 ˚C day in Gurdaspur and Hoshiarpur district. 
In S.B.S. Nagar, major portion was under 1700-1900˚C day which 
changed to 2300-2500 ˚C day in 2010-2014. In Rupnagar AGDD 
changed from 1900-2100 ˚C day to 2300-2500 ˚C day. In the central 
region of Punjab the major portion of Amritsar was under 2100-2300 
˚C day in 1990-1994. In 2010-2014 the whole district was under 
2100-2300 ˚C day. Whereas, in Moga and Sangrur AGDD shifted 
from 2100-2300 day to 2300-2500 ˚C day. During the same time 
period in major portion of Ludhiana, Patiala, Kapurthala, Jalandhar 
and Fatehgarh Sahib AGDD changed from 1900-2100 to 2100-
2300˚C day. In the South West region mainly in Faridkot, Firozpur, 
Mansa, Muktsar and Bathinda, they were found to change from 
2100-2300˚C day to 2300-2500˚C day during same time period. 
During the period from 2015-2019 AGDD value in whole state 
came under the range of 2300-2500˚C day except Ludhiana and 
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Fig. 1: Spatio-temporal variability in AGDD of rice for different pentads during 1990 to 2019 in Punjab for transplanting window I
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Fig. 2: Spatio-temporal variability in AGDD of rice for different pentads during 1990 to 2019 in  Punjab for transplanting window II
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Fig. 3: Spatio-temporal variability in AGDD of rice for different pentads during 1990 to 2019 in Punjab under transplanting window III 
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Bathinda (2100-2300 ˚C day). (Fig 1). Mohapatra et al (2021) also 
studied the effect of different sowing dates on AGDD requirements 
of the rice, which corroborates the present investigation.

Variability in thermal requirements of rice in transplanting 
window II

	 In the north east districts during 1990-1994 to 2015-2019 
the AGDD were reported to shift from 1700-1900 ˚C day to 2100-
2300 ˚C day. In central region during same time period AGDD 
changed from 1900-2100 to 2100-2300 ˚C day in Amritsar, major 
portion of Ludhiana, Kapurthala, Jalandhar, Moga and Sangrur. The 
AGDD in district Fatehgarh Sahib and Patiala shifted from 1700-
1900 ̊ C day to 2100-2300 ̊ C day. In south-west districts, these were 
changed from 1900-2100 to 2100-2300 ˚C day during pentad of 
1990-1994 to 2015-2019 except in some portion of Mansa, Muktsar 
and Faridkot where it changed to 2300-2500 ˚C day. (Fig. 2). 

Variability in thermal requirements of rice in transplanting 
window III

	 Under transplanting window III, from 1990-1994 to 2010-
2014 in the north east districts, Gurdaspur and Hoshiarpur, and major 
portion Rupnagar AGDD changed from 1700-1900 ˚C day to 1900-
2100˚C day. However, in major portion of S.B.S. Nagar the heat unit 
accumulation changed from 1500-1900˚C day to 1900-2100˚C day. 
In central region, during the same period AGDD shift from 1700-
1900 ̊ C day to 1900-2100 ̊ C day in Amritsar, Kapurthala, Jalandhar, 
Ludhiana, Fatehgarh Sahib and Patiala. However, in Moga AGDD 
vary from 1900-2100 to 2100-2300˚C day and in major portion of 
Sangrur, the AGDD vary from 1700-1900 to 2100-2300. The South 
west region, in all districts AGDD vary from 1900-2100 to 2100-
2300 ˚C day except in Bathinda where AGDD remain 1900-2100 
˚C day. During 2015-2019 period in whole north-east, central and 
south-west districts, AGDD changed to 2100-2300 ˚C day except 
in Ludhiana, Bathinda, Amritsar, Gurdaspur and Hoshiarpur where 
AGDD remained 1900-2100 ˚C day (Fig.3).

	 It has been concluded form the study that growing 
degree days accumulation depicted a shift during the period of 1990 
to 2019 due to rise in the temperature. Maximum accumulation of 
heat units were reported in first transplanting window followed 
by second and third. The changes in AGDD in different sowing 
windows will attract the alteration in the phenological events and 

thereby the growth and maturity of the crops along with their 
relations with the yields. So it is suggested to pin point the hot 
spot areas so that location specific strategies may be drawn like 
the developing varieties which are temperature hardy and adopting 
suitable transplanting windows and technological innovations to 
increase the yield of the crops. 
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