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ABSTRACT

Field experiments were conducted at the research farm of School of Climate Change and Agricultural
Meteorology, Punjab Agricultural University, Ludhiana, Punjab during Kharif season of 2012 and
2013 to study the microclimate particularly relative humidity and canopy temperature in rice crop
canopy. The rice varieties PR-118 and PR-116 were transplanted on three dates viz 15 June, 30 June
and 15 July by two planting methods (bed and conventional planting). Photosynthetically active
radiation (PAR) and canopy temperature were measured at different growth stages. PAR interception
was found to be highest in crop transplanted on 15 June (D,) followed by 30 June (D,) and 15 July
(D,). So far as the method of transplanting is concerned PAR interception was higher (up to 5%) in
bed planting (M, ) as compared to conventional planting (M,). Higher relative humidity was recorded
within crop canopy at flowering stage than panicle initiation stage during both the crop seasons.
During rice growing season 2013 higher relative humidity was recorded as compared to 2012. The

canopy temperature was slightly higher in bed planted method as compared to conventional method.
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INTRODUCTION

Agricultural productivity is
influenced mainly by cultural practices
followed and prevailing weather conditions.
Rice is the predominant cereal crop in north-
west India including the state of Punjab. In
Punjab rice currently occupies an area of
28.18 lakh hectare with production of
105.42 lakh tons with an average yield of
37.41 gha' (Anon 2013). India contributes
26 per cent in world rice production (Anon

2011). Rice requires a mean temperature
range of 17 to 33°C, growing season
rainfall range of 0 to 5,100 mm and
solar radiation range of 300 to 600
calories/cm*/day in its growing areas and
seasons. Rice is a water loving plant
requiring a heavy rainfall of 125 cm during
its vegetative period and an annual rainfall
of 100-200 cm (Prasada Rao 2008). To
improve production it is imperative to
understand the weather both at macro- and
micro-levels as weather directly influences
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the crop growth and development. For
higher productivity rice requires higher light
intensity. For enhancing crop productivity
its exposure to sunlight and utilization
efficiency are important so as to produce
dry matter. Light of the optimum intensity,
quality and duration is essential for normal
photosynthesis, plant growth and
development. It governs the distribution of
photosynthates among different organs of
plants. The rate of photosynthesis is
dependent upon the availability of
photosynthetically active radiation
intercepted by the leaves. The ultimate
capacity of a plant to produce dry mater
depends on degree of exposure to sunlight
and its radiation use efficiency. Temperature
and relative humidity within crop canopy
vary as the crop grows. Atmospheric
humidity influences the internal water
potential of plants and the rate at which
plants transpire water into atmosphere
(Hoffman 1973). There is a need to know
the microclimate variations particularly
relative humidity and temperature in rice
crop for optimum crop production. Hence
the present investigations were done to
study the relative humidity and canopy
temperature profiles in rice crop under
different planting methods.

MATERIAL and METHODS

Field experiments were conducted
during Kharif season of 2012 and 2013 at
research farm of Punjab Agricultural
University, Ludhiana, Punjab. It is situated
at 30°54’N latitude and 75°48’E longitude
and is 247 m amsl. The area experiences
an average annual rainfall of 705 mm of which
about 80 per cent is received during June to
September. Two varieties of paddy viz PR-
118 (V) and PR-116 (V) were transplanted
by bed planting (M, ) and conventional (M,)
methods on three different dates viz 15June
(D)), 30 June (D,) and 15 July (D,) during
both the crop seasons. Seedlings were
transplanted at a spacing of 20 cm x 15 cm
in conventional and 30 cm x 10 cm in bed
planting method. The experiment was laid
out in the factorial split plot design. Each
treatment was replicated four times. The
diurnal cycles of photosynthetically active
radiation interception were recorded with
line quantum sensor (Model LI-190 SB) at
15 days interval after transplanting of rice
crop. Par measurements were made usually
four times a day (10.00, 12.00, 14.00 and
16.00 h) and average value was worked
out. The per cent interception was
calculated as under:

PAR (I) - PAR (T) - PAR (R)

PAR interception (%)=

Where

x 100
PAR (I)

PAR (I)= PAR incoming above the canopy
PAR (T)=PAR transmitted to the ground
PAR (R)=PAR reflected from the canopy
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The relative humidity and canopy
temperature were measured within crop
canopy (ie at 10 cm height from ground
level) and above crop canopy (ie at 10 cm
height above crop canopy) using Assmann
Psychrometer instrument. The canopy
temperature was measured with Infrared
thermometer. Diurnal mean relative humidity
was measured at different phenological
stages and calculated using Psychometric
tables. Canopy temperature was measured
at 1400 hours at 15 days interval with the
help of Infrared Thermometer (FLUKE-
574).

RESULTS and DISCUSSION

The microclimate of a crop stand
is largely influenced by photosynthetically
active radiations (PAR) interception,
relative humidity and canopy temperature
within and above crop canopy. Air
temperature within canopy has direct effect
on physiological process such as
photosynthesis, transpiration and
respiration. It also determines thermal
environment within the crop stand.

Photosynthetically active radiation
(PAR) interception

Solar radiation, its interception and
transmission within the crop canopy are
directly related with crop production.
Diurnal variations in PAR interception
indicate that it was minimum during morning
hours, after that it increased and maximum
interception was observed between 12
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noon to 1 pm and after that it again
decreased. The PAR interception was
recorded at 15 days interval ie 45, 60, 75,
90 and 105 days after transplanting (DAT).
During the entire growing period of the crop
intercepted photosynthetically active
radiation (IPAR) increased with crop
growth with its peak value at 75 DAT in all
the treatments and thereafter decreased at
successive growth stages. The reason for
this decline in IPAR (MJm?) might be due
to decrease in leaf area index and the
chlorophyll content in the mature leaves
during both the years. PAR distribution at
flowering stage of the crop under different
planting methods in varieties PR-118 and
PR-116 during both the years has been
depicted in Table 1. The photosynthetically
active radiation (PAR) was observed to be
comparatively higher (up to 5%) in bed
planting as compared to the conventional
planting. Among all the dates of
transplanting the radiation interception was
more in the crop transplanted on 15 June
(D,) followed by 30 June (D) and 15 July
(D,) during 2012. PAR interception on 15
June transplanted crop ranged between
68.8-83.9 per cent followed by 30 June
(54.2-83.4%) and 15 July (52.1-80.2%)
during 2012. During 2013 the PAR
interception ranged between 53.8-83.6 per
cent under 15 June followed by 30 June
(55.4-78.9%) and 15 July (51.3-77.2%).
Similar results have been reported by
Dhaliwal et al (2006) and Sastri et al
(2000). Mean PAR interception was higher
in D, under bed planting during 2012 due
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to higher dry matter and leaf area index
(LAI) as compared to second crop season.
Significant differences were found in the
amount of PAR intercepted between
treatments up to maturity (Ahmad et al
2008). Over the crop season similar values
of interception in rice were reported by Jamil
(1999).

Diurnal relative humidity profiles

The study revealed that day time
relative humidity was low at noon hours
within crop canopy. Roy and Triphati
(2006) also observed similar results in wheat
crop. Similar trend in relative humidity was
also observed above crop canopy. Higher
relative humidity (up to 6%) was
recorded within crop canopy than above
crop canopy during both the seasons.
Higher relative humidity was recorded
within crop canopy at flowering stage than
panicle initiation stage (Table 1 & 2). This
is in conformity with the findings of Reddy
et al (2007). Within crop canopy higher
relative humidity was found in 30 June
transplanted rice followed by 15 June and
15 July. These results are also supported
by the work done by Khichar and Niwas
(2006). As compared to planting
methods higher relative humidity was
found in conventional planting than bed
planting method during both the seasons.
The diurnal relative humidity (10.00 h to
16.00 h) ranged between 57.0 to 93.3
per cent during 2012 (Table 2). The
corresponding humidity range during
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second season was 64.3 to 98.7 per cent
(Table 3). The diurnal variations were
reported in the relative humidity and it was
found that the relative humidity was higher
in the morning hours that decreased with
the advancement of the day towards noon
and by the evening it increased during both
the crop seasons.

Canopy temperature measurements

Canopy temperature
measurements are made to estimate the
plant water status and to schedule irrigation
under modified climate. Canopy
temperature is related to plant water stress
because of the evaporative cooling evolved
in the transpiration may cool leaves below
ambient air temperature. The temperature
in 15 June transplanted crop was
comparatively higher (25.9-30.0°C) than
30 June (22.9-29.9°C) and 15 July (22.6-
29.7°C) transplanted crop. The canopy
temperatures differed with the planting
methods. It was reported that the
temperature values were higher in bed
planted crop (24.0-29.9°C) as
compared to conventional planting
method (23.5-29.8°C) during 2012 crop
growing season. Similar trends were
found in 2013 crop season. This was
because of the microclimate modified by
the higher relative humidity in conventional
method. Similarly Das et al (1984) reported
that canopy air temperature was
significantly correlated with LA total dry
biomass and grain yield.
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Table 1. Per cent photosynthetically active radiation (PAR) in rice under different treatments during 2012 and 2013

Treatment 2012 2013
Days after transplanting Days after transplanting

45 60 75 90 105 45 60 75 90 105
15 June (D)) 68.8 829 839 837 782 53.8 767 836 799 779
30 June (D,) 542 805 834 828 78.1 554 695 789 778 758
15 July (D,) 52,1 802 819 80.8 76.0 513 675 772 743 744
PR-118 (V) 66.8 76.1 81.6 800 749 585 725 828 816 79.6
PR-116 (V) 66.0 755 804 79.1 745 562 722 828 804 78.1
Bed planting (M) 65 82.1 837 83.0 78.1 62.1 769 800 792 774
Conventional planting (M,) 5301 746 777 775 77.0 525 678 759 754  73.7

9OLI UI SUOTIBLIBA ONRUWI[OOIOIA]
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Table 2. Day time variation in relative humidity in rice crop during Kharif 2012

Treatment Panicle initiation stage at Flowering stage at
10.00AM  12.00 Noon 2.00AN 4.00AN 10.00AM  12.00 Noon 2.00AN 4.00AN
Relative Humidity (%) within crop canopy (10 cm high from ground level)
15 June (D)) 80.0 730 65.5 69.5 873 83.8 740 80.8
30 June (D,) 86.7 76.5 72.7 78.7 88.0 85.8 79.5 825
15 July (D,) 922 792 747 81.5 933 87.8 79.8 83.5
PR-118(V)) 85.7 76.5 69.5 78.0 86.8 84.2 772 832
PR-116(V,) 859 770 70.5 782 872 84.3 783 84.3
Bed planting (M) 84.5 745 672 74.0 86.2 84.2 76.3 81.0
Conventional planting (M) 87.8 780 74.8 79.2 92.8 873 79.2 835
Relative Humidity (%) above crop canopy (10 cm high above crop canopy)
15 June (D)) 79.5 70.0 54.0 61.0 85.0 70.5 64.0 67.2
30 June (D)) 82.5 675 59.25 64.2 84.5 82.5 712 78.7
15 July (D,) 88.0 70.0 65 67.2 90.25 835 75.5 772
PR-118(V)) 82.0 673 61.1 63.5 85.3 78.1 700 74.1
PR-116(V,) 824 68.0 61.6 64.8 85.8 79.5 70.5 74.6
Bed planting (M) 81.1 66.0 570 61.3 83.6 77.1 69.1 72.8
Conventional planting (M) 85.8 72.3 61.8 67.0 89.5 80.5 71.3 76.0

[e 10 mey]
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Table 3. Day time variation in relative humidity in rice crop during Kharif 2013

Treatment Panicle initiation stage at Flowering stage at
10.00AM  12.00 Noon 2.00AN 4.00AN 10.00AM  12.00 Noon 2.00AN 4.00AN
Relative Humidity (%) within crop canopy (10 cm high from ground level)
15 June (D)) 844 755 713 77.6 864 77.1 71.8 79.0
30 June (D,) 87.0 76.6 754 82.0 88.3 80.3 77.1 85.8
15 July (D,) 9.6 80.6 77.8 823 98.7 80.8 79.1 87.7
PR-118(V,) 86.3 76.8 744 799 873 783 75.1 834
PR-116(V,) 864 774 752 81.3 889 794 769 849
Bed planting (M) 854 762 73.8 79.1 87.6 774 743 82.8
Conventional planting (M,) 87.3 790 75.8 822 88.7 813 71.7 85.6
Relative humidity (%) above crop canopy (10 cm high above crop canopy)
15 June (D)) 78.8 71.0 643 74.0 783 729 69.1 76.3
30 June (D,) 80.6 749 74.0 76.8 819 75.6 749 77.8
15 July (D,) 82.6 783 76.8 80.3 84.1 80.1 783 82.1
PR-118(V,) 80.0 73.6 73.1 764 809 76.1 73.6 77.8
PR-116(V,) 81.3 73.8 733 77.6 819 773 74.6 78.6
Bed planting (M) 794 735 69.3 75.8 80.5 743 727 77.6
Conventional planting (M) 81.9 759 74.1 783 823 782 75.6 79.8
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Table 4. Canopy temperature of rice under different treatments during 2012 and 2013

Treatment 2012 2013
Canopy temperature (UC) Canopy temperature (UC)
(days after transplanting) (days after transplanting)
30 45 60 75 90 105 120 30 45 60 75 DN 105 120
15 June (D)) 259 267 275 288 300 285 269 258 275 281 312 322 288 268
30 June (D,) 29 257 2714 286 299 269 252 248 270 279 295 312 267 258
15 July (D,) 25 248 272 285 297 267 245 244 257 278 29.1 310 265 254
PR-118(V)) 239 264 280 289 302 277 259 262 274 284 314 336 280 252
PR-116(V,) 237 251 277 283 295 2701 247 254 264 277 290 330 279 244
Bed planting (M) 240 260 273 286 299 274 250 256 270 281 308 329 277 255
Conventional planting (M) 235 254 264 276 298 274 225 238 260 274 284 293 267 228

[e 10 mey]
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