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ABSTRACT

Crop weather calendars are efficient tools for agricultural planning and timely management. The study
was conducted from 2013 to 2022, during which meteorological data, crop information, and pest and
disease data were gathered and examined. The aim was to prepare a crop weather calendar for rice
cultivation in the central zone of Kerala. Daily weather data for Thrissur district were utilized to
calculate the weekly, monthly average and climatic normal of various meteorological parameters to
analyze their impact on rice yield, based on field experiments conducted at the Agricultural Research
Station, Mannuthy, Kerala Agricultural University. Crop weather calendar for rice was developed by
combining weekly climatic normals, the ideal climatic conditions required for each phenophase of crop
as well as for incidence of pest and diseases. Ideal weather conditions during each phenophase were
determined from the field experiment by identifying the meteorological parameters required for obtaining
assured yield. Crop weather calendar was then developed for rice using these data. Crop weather
calendars serve as valuable tools for providing informed decisions to farmers regarding optimal sowing
times, fertilizer applications, irrigation schedules, and plant protection measures.
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Introduction

Rice (Oryzasatival.) isthe primary staple crop
after wheat and is the source of 50% caloriesfor the
almost 50% population of theworld, and its demand
will increase by 28% in 2050 (Zhu et al., 2018).
Climate changeis causing considerable harmtorice
cultivation globally, which in turn is causing a
decrease in supply and a surge in demand. This
situationisadversely affecting food security and the
economies of nations. The increase in temperature
and the occurrence of extreme westher events such
as droughts, floods, tropical storms, unpredictable
rainfall, rising sealevels, and theloss of agricultural
land are all playing a role in exacerbating these

*Corresponding author,
Email: c.ram4298@gmail.com

difficulties (Fischer et al., 2002). Sridevi and
Chellamuthu (2015) observed that changes in
temperature and rainfall patterns due to global
warming areimpacting the growing phases of crops.
These changes are attributed to various weather
elements such as temperature, rainfall, duration of
daylight, and wind, all of which influencethe growth
and productivity of crops. Anushaet al. (2023) found
that the temperature rise in future have significant
impact on the duration of both 50% flowering and
physiological maturity inricevarieties. Theincrease
in temperature under future climate will result in
drastic temperature increase during critical growth
phases such asflowering and grainfilling and it may
speed up the growth progressioninrice, resulting in
rapid biomass accumulation and severeyield lossin
rice (Aswathi et al., 2022). Riya and Ajithkumar
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(2022) noticed that decreaseinyield can be attributed
to an increase in temperature, which negatively
impacts on pollen germination, leaf senescence, and
photosynthetic rate. Minimum temperature has a
positive impact on the speed of leaf emergence,
which showsincreased rice production (Abbaset al .,
2021). It was found that the water requirement of
rice varied with planting dates. The crop water
requirement was found to be increasing with delay
in planting dates, due to increase in maximum
temperature and decrease in effective rainfall
(Vysakhetal., 2016). Kaur et al. (2011) investigated
how various meteorological factors impact on rice
yield, identifying optimal temperature and rainfall
conditions during July and August across various
locations in Punjab to maximize rice productivity.
Sharma et al. (2018) highlighted the direct impact
of weather variableslike temperature, precipitation,
and relative humidity on insect pest prevalence and
reproduction. Mandal and Mandal (2018) suggested
that a10-20% varianceinrelative humidity between
morning and evening raised the probability of stem
borer infestations. Lenkaet al. (2008) noted adirect
relationship between both maximum and minimum
temperature and the rate of evaporation, as well as
the prevalence of sheath blight. Singh et al. (2012)
identified that optimal meteorological conditions
conducive to the proliferation of rice pests include
cloudy skies, consistent rainfall, and higher humidity
throughout the crop season. Planting delays have
been correlated with increased occurrences of the
green leaf hopper, asdemonstrated by Yadav (2018).

Inthis context, crop weather calendar (CWC) is
an important tool which can help in issuing timely
agro advisory to the farmers. A CWC serves as a
comprehensive guide detailing the entire life cycle
of a crop, spanning from sowing to maturity. It
encompasses crucial stages such as vegetative
growth, flowering, grain development, and maturity.
These calendars offer insightsinto expected weather
patterns during each growth phase, warning based
on prevailing weather conditionsand weather
conditions conducive to pests and diseases. Their
significance liesin aiding crop planning, irrigation
scheduling, and implementing effective plant
protection measures. (Kaur et al., 2013). Crop
weather calendar for crop management determines
optimal irrigation dates by studying historical
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weather patterns. These calendars guide farming
activitiesfrom planting to harvesting stages, ensuring
efficient crop cultivation practices (Hill et al., 1996).
Understanding the specific crops cultivated in
particular agro-climatic regions, as well as their
management techniques, is crucial for agro-
meteorologist to provide effective guidance to
growers. India Meteorological Department (IMD)
compiles thorough crop-related data and presents it
inavisual format. Crop weather calendar comprise
three primary components:. regular crop management
practices, typical weather patterns, and significant
weather advisories (Varshneyaand Pillai, 2008). The
current study aimed to investigate the impact of
meteorological factorsonricecrop yield and to make
aCWC for the central zone of Kerala.

M aterials and M ethods

Data collection

Thedaily weather datafor central zone of Kerala
were collected from Department of Agricultural
Meteorology to calculate the weekly and monthly
climatic normal from 1983 to 2022 (40 years). The
daily weather data, i.e., rainfall (mm), number of
rainy days (with rainfall of 2.5mm or morein aday),
pan evaporation (mm), maximum temperature (°C),
minimum temperature (°C), mean temperature (°C),
bright sunshine (hours), solar radiation (W m2),
forenoon relative humidity (%), afternoon relative
humidity (%), mean relative humidity (%), and wind
speed (km hrt) were computed. The crop data was
collected from the field experiment conducted at
Agricultural Research Station, Mannuthy from 2013
to 2022. The design used was split plot design with
themain plot treatment asfive datesof planting (June
5t June 20", July 5", July 20" and August 5) and
sub plot treatment astwo short durationrice varieties
Jyothi and Manu Ratna. The yield from obtained
from these 10 years were categorized into low (less
than 2683 kg ha?), medium (2683 to 5487 kg ha?)
and high cropyield (greater than 5481 kg ha?) years
for identification of assured yield.

Preparation of crop weather calendar (CWC)

Crop weather calendars are comprised of three
parts (Fig. 1):
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Meteorological Climatic Normal >
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Name and Pictures of Phenological stages of crop
"
==
+
w

Stage wise Climatic normals for high yield of crop

Climatic normals for diseases or insect pests
=
Name of diseases or Climatic normals required for major diseases of the ;-”;
insect pests of crops crop along with susceptible crop phenological stages.

Fig. 1. Crop weather calendar

Part A: The top section of the calendar displays
typical weather information for various months and
the corresponding standard meteorological weeks
(SMWs) specificto thelocation or station throughout
the entire crop growth period. It includes different
meteorological factors such as maximum and
minimum temperatures, rainfall, rainy days (with
rainfall exceeding 2.5mm in an day), forenoon and
afternoon relative humidity, solar radiation or
sunshine hours, which can be calculated based on
long-term averages derived from at least 20 years of
data. The monthsand standard meteorol ogical weeks
areindicated at top section of the calendar.

Part B: The central section displays a diagram
depicting the typical life cycle of the crop. It
highlights key growth stages specific to the crop
variety, such as sowing, germination, transplanting
(for crops like rice), vegetative growth, flowering
and maturity. These phases are represented by
horizontal bars, their durations influenced by
variationsin crop types, sowing times, and regional/
yearly differences. Additionally, this section
delineatestheideal weather conditions necessary for

optimal crop growth during each stage, leading to
assured yield.

Part C: The lower section of the calendar displays
weather conditionsfavourable for the occurrence of
pests and diseases, along with the types of weather
warning that can be issued. The horizontal bars
represent specific periods when the crop is
vulnerable. If thefavourable weather conditionsalign
with the presence of pathogens or insectsduring these
periods, it could lead to the outbreak of that disease
or pest. Using this data, an agrometeorologist can
provide advice based on weather conditions to
manage and control diseases or pest affecting the
crop.

Results and Discussion

Climatic normal for rice

The climatic averages (weekly) for different
weather parameters, for a40-year period, are shown
in Table 1. The climatic normals for rice were
observed between the 20" and 36" meteorological
weeks, covering the entire growth phases from
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Table 1. Weekly average climatic normal for rice crop

September

35

August

32
29.4

July

June

May

Month

36
30.4

34
30.2

33
29.8

21 22 23 24 25 26 27 28 29 30 31
30.0 29.8 294 293 29.6

20
33.2

SMW

30.2

29.7

30.9 30.0 29.9

32.2

331

Tmax (°C)

245 241 235 232 231 231 230 236 228 230 232 230 233 233 233 232

24.5

Tmin (°C)

288 282 272 266 266 264 265 265 260 263 265 262 266 267 268 268

28.9

Tmean (°C)
RH | (%)

89.0 900 920 93.0 940 940 940 950 950 940 950 950 940 940 940 930

88.0

630 690 730 770 770 770 780 8.0 790 760 760 760 750 73.0 720 710

63.0
75.0

RH 11 (%)

790 830 850 8.0 8.0 8.0 80 870 850 850 850 840 830 830 820

76.0

RHmean (%)
WS (kmph)

BSS (hrs)

3.6 34 35 33 32 3.2 31 3.1 3.1 32 3.0 31 31 3.1 2.9
38 32 33 32 4.8
9.0 8.9

3.6

3.6

4.7

4.8

3.9
9.2

3.0 3.3
9.0

8.8

25
8.7

2.6
8.7

32

3.0
8.8

53
9.5

6.1

6.0
9.7
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9.5
73.1

9.5
79.4

9.5

8.9

9.7 8.8 8.9

SRAD (MJm?)
RF (mm)

86.5 139.2 179.3 1571 168.1 1304 1594 1640 1210 1282 1315 1088 71.1

255

495
27.4

51.9
28.9

194 203 197 202 194 179 203 200 196 209 223 229 218

21.2

Evp (mm)
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sowing to harvesting shown in the upper portion of
the crop weather calendar (Fig. 6). The peak of
normal weekly rainfall was 179.3 mm recorded in
the 24" standard meteorological week. Meanwhile,
the highest normal maximum temperature (33.2°C)
occurred in the 20" SMW and the lowest minimum
temperature (22.8°C) was noted during the 29" SMW.
Forenoon relative humidity peaked at 95 % and
afternoon relative humidity 81 % in the 29t and 28"
SMW, respectively, while the lowest mean relative
humidity of 75 % was observed in the 20" SMW.

Phenophase wise weather for assured yield for
rice

To study the influence of weather on rice
production, weather dataand crop datawere collected
from the Department of Agricultural Meteorology,
College of Agriculture, Vellanikkara from field
experiments of five dates of planting June 5", June
20", July 5%, July 20" and August 5 from 2013 to
2022 (10 years) thus including 50 dates of planting
(5 date of plantings x 10 years) and the data was
arranged in descending order for getting the assured
yield. The assured yield and the optimum weather
data for each phenophase were calculated by
statistical analysis as well as scatter plot technique,
whichisreportedinTable2and Fig. 2 (a, b, c,d, e&
fyto5(a b, c, d, e & f) for statistical analysis.

The emergence phase experienced a range of
maximum temperature (Tmax) of 29.0-32.0°C,
minimum temperature (Tmin) of 24-25°C, bright
sunshine (BSS) 2.0 - 3.0 hrs and a range of rainfall
between 60 - 180 mm. During transplanting,
maximum temperature ranged between 29-31°C and
23-24°C for minimum temperature, bright sunshine
hour ranging from 2.0 - 3.0 hrsand arainfall range
between 337 - 800 mm. Similarly, the activetillering
phase experienced range of maximum temperature
29-31°C, minimum temperature 22-24°C, bright
sunshine 1.6 - 3.9 hrsand arange of rainfall between
250 - 725 mm. During the panicle initiation period,
maximum temperature ranged between 29-31°C and
22-24°C for minimum temperature, bright sunshine
0.6 - 5.0 hrs and rainfall range between 100 - 295
mm. During the booting stage, maximum
temperatures ranged between 30 and 31°C and 22to
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Fig. 2. Influence of optimum maximum temperature during each phenophase i.e. transplanting to active tillering
(a), active tillering to panicle initiation (b), panicle initiation to booting (c), booting to heading (d), heading to
50% flowering (€), 50% flowering to maturity (f)
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Fig. 3. Influence of optimum minimum temperature during each phenophase i.e. transplanting to active tillering
(a), active tillering to panicle initiation (b), panicle initiation to booting (c), booting to heading (d), heading to

50% flowering (€), 50% flowering to maturity (f)

24°C for minimum temperature, with bright sunshine
hours ranging between 2.2 to 5.5 hours and rainfall
range between 135 - 425 mm. Throughout the
heading stage, the maximum temperature ranged
from 30 to 32°C, with a minimum of 22 to 24°C,
bright sunshine ranging from 2.2 to 6.3 hours, and
range of rainfall between 50 - 140 mm. Similarly,
during the 50% flowering stage, there was a range
of maximum temperatures from 29 to 32°C,

minimum temperatures from 22 to 24°C, bright
sunshine lasting from 2.0 to 6.9 hours, and range of
rainfall between 32 - 79 mm. The physiological
maturity stage encountered temperatures between 31-
32°C for maximum and 22-24°C for minimum
temperature. Bright sunshine (BSS) of 3.7 - 6.0 hours
and rainfall range between 170 - 485 mm during
physiological maturity phases significantly
contributed to improved crop yield.



272 Journal of Agricultural Physics [Vol. 24
Transplanting to active tillering Active tillering to panicle initiation Panicle initiation to booting
8000.00 { | 8000.00 | | 8000.00
£ e ® q ° T o® e ® Ly Y ° |
= 600000 oo ase %o = 600000 % J. 7 o z 6000.00 s .o seqe ol
2 400000 °®! e?® | = 400000 g ,q.o.‘ e o = 4000,00 % . ® 8 g0,
= '™ & % o ¥ J = o g — 05— oy | = » ™ % ..
T 200000 oo & ® 3 2000008 — ] 5w = 200000 % @] L . —
= e L] - .l - .
0.00 { i 0.00 { ' 0,00 t
50.00 250,00 450,00 65000 850,00 0.00 100.00 200.00 300,00 400.00 50,00 150,00 25000 35000  450.00
RF {mm) RF {(mm) RF (mm)
(@ (b) (©
Booting to heading Heading to 507 flowering Sll_"/.; Nowermg o matunty
8000.00 8000.00 R000.00 |
£ Z ° 5 s
= 6000.00 ® .'. . = 600000 © ® & sy ¢ | = 6000.00 o e e HP
= . | | | &4 o L o I | - °
= 4000.00 ® o™ ® o o Z qo000000 o s e = 400000 §2 ReWey o |
= .g. —_ ....' = N - LY | e = ol N ....’,...
2 200000 o w8 ° 2 2000.00 L 2200000 I . o | °P
- [ ] | - L] - L
0.00 | 0.00 i 0.00 | |
0,00 5000 10000 15000 200,00 20,00 40,00 60,00 80,00 100,00 0,00 100.00 200.00 300.00 400,00 500.00 600.00
RF (mm) RF (mm) RF (mm)

(d)

(€)

®)

Fig. 4. Influence of optimum rainfall during each phenophase i.e. transplanting to active tillering (a), active
tillering to panicle initiation (b), panicle initiation to booting (c), booting to heading (d), heading to 50%
flowering (€), 50% flowering to maturity (f)
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Fig. 5. Influence of optimum bright sunshine hours during each phenophase i.e. transplanting to active tillering
(@), active tillering to panicle initiation (b), panicle initiation to booting (c), booting to heading (d), heading to

50% flowering (€), 50% flowering to maturity (f)

Congenial weather for pest and diseases of rice

Congenial weather for pestsand diseases of rice
was collected from different literatures:

Sem borer: Certain weather conditions favor the
stem borer incidence, including maximum
temperatures (Tmax) ranging between 30-31°C and
an averagerelative humidity (RHmean) ranging from
54 - 82% (Adiroubane et al., 2010).

Ricebug: Thericebugtendsto experienceincreased
infection rates under specific favorable weather
conditions. These include maximum temperature
(Tmax) ranges of 32-34°C and an average relative
humidity ranging between 70-72% (Gupta et al.,
2018).

Bacterial leaf blight: Thebacterial |eaf blight disease
demonstrates high susceptibility to thrive under
varied weather conditions. These conditions
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Fig. 6. Crop weather calendar for rice

encompass maximum temperatures (Tmax) varying
from 29 to 33°C and a forenoon relative humidity
(RH-I) spanning between 81 and 97% (Reddy et al .,
2015).

Leaf roller: There are certain favorable weather
conditions for leaf roller insect which increase its
infection rate such as maximum temperature (Tmax)
ranges of 31-32°C and mean relative humidity
(RHmean) from 88-92% (Plantix. (n.d.)

Sheath blight: Sheath blight disease shows more
susceptibility under particular favorable weather
circumstances. These conditions involve maximum
temperatures (Tmax) between 31-34°C and afternoon
relative humidity (RH-11) ranging from 70-83% (Pal
et al., 2017).

Leaf blast: The susceptibility of leaf blast diseaseis
amplified under specific favorable weather
conditions. These conditions include maximum
temperatures (Tmax) ranging from 25-28°C and
forenoon relative humidity (RH-1) levels spanning
between 92-96% (Padmanabhan, 1962).

Conclusion

Crop weather calendar (CWC) serves as a
comprehensive guide detailing the entire life cycle
of a crop, spanning from sowing to maturity. It

encompasses critical stages such as vegetative
growth, flowering, grain devel opment, and maturity.
These calendars offer insightsinto expected weather
patterns during each growth phase, warning based
on prevailing weather conditionsat different stages,
and weather conditions conducive to crop pest and
diseases. Their significance lies in aiding crop
planning, irrigation scheduling, and implementing
effective plant protection measures. This resource
playsacrucial rolein optimizing and ensuring food
security.
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