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ABSTRACT

Field experiments were conducted during kharif 2014 and 2015 at the research farm of the Punjab
Agricultural University, Ludhiana to evaluate variations of micrometeorological parameters namely
photosynthetic active radiation (PAR) and relative humidity, within maize canopy under different
growing environments. Treatments comprised of four sowing dates (4" week of May, 2" week of June,
4" week of June and 2™ week of July) and two maize cultivars (PMH 1 and PMH 2) in a randomized
block design. Incoming PAR (%) was higher at the top and reduced towards the middle and bottom of
the canopy. Sowing dates had a great influence on interception of PAR, which was highest for crop
sown in 4" week of May. Among cultivars, PMH 1 showed higher interception of PAR under all the
sowing dates. This could be due to better canopy architecture in PMH 1 (more plant height and LAI)
compared to PMH 2. The interception of the PAR was the maximum at 60 days after sowing in all
cases, and reduced thereafter due to leaf senescence. The extinction coefficient decreased with crop age
i.e., with onset of leaf senescence, and this leads to more light penetration within the canopy. The
relative humidity (RH) remained higher at the bottom compared to the top of the crop canopy under all
the treatments and reduced with crop age within the crop canopy.
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Introduction

A significant amount of heat and water vapor
enters the atmosphere as a result of exchange
between the active surface and the lowest layers
of atmosphere. As a result, a change of air
temperature and humidity inside and above the
canopy occurs. This way, every plant community
creates its own microclimate (Kredl et al., 2012).

The photosynthetically active radiation
(PAR), between 400 and 700 nm wavelength,
represents most of the visible solar radiation.

*Corresponding author,
Email: pksidhu@pau.edu

Photosynthesis is dependent not only on intensity
but also on the distribution of intercepted
radiation within the canopy. Generally, light
interception varies with crop development from
emergence to the harvesting (Liu et al., 2012).
Dry matter (DM) production is always positively
related to light interception. The light interception
decreases exponentially from top to bottom of
canopy. Typically, foliage photosynthetic capacity
increases from bottom to top of the canopy
(Niinemets, 2007). When solar radiation reaches
the top of maize canopy, more than 50% of PAR
is absorbed by the canopy, part of the radiation is
reflected back, and the other part is transmitted to
the bottom of the canopy.
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Canopy extinction coefficient (k) is another
important factor which indicates the amount of
light penetration rate inside canopy. The crop may
experience moisture or temperature stress and
may undergo within-canopy microenvironment
change that may or may not be helpful for the
crop (Adak et al., 2012).

Understanding within-canopy microclimatic
variations can assist in better understanding of
plant microclimate characteristics and its effect
on plant processes (Jaya et al., 2001). Within
plant canopy, microclimatic factors can affect the
surrounding microenvironment of leaves, thus,
affecting the net photosynthetic rate (Py). Effect
of RH in the photosynthetic process of leaf at
canopy in the micro-level can alter stomata
conductance, affecting plant transpiration and Py
(Sciutti and Morini, 1995). The effect of RH in
the photosynthetic process can affect surface
evaporation and uptake of soil moisture, thus,
affecting the nutrients of crop needed for growth
(Swan and Volum, 1986). Moreover, the
temperature and humidity are key variables on
which epidemiologic processes such as infection,
latency, lesions growth and sporulation of
pathogens are depended upon (Henze et al,
2007). The changes in sowing time alters the crop
microclimate by affecting penetration of radiation
due to changes in leaf area index, and thus
influences soil temperature within canopy
temperature, RH and soil moisture in a way of
energy exchange processes.

The present study was done with the objective
to assess vertical profiles of micrometeorological
variables at the top, midway and near-ground at
different growth periods of two maize cultivars
under variable sowing periods.

Material and Methods
Study area

The field experiment was conducted at
research farm of the School of Climate Change
and Agricultural Meteorology, Punjab
Agricultural University, Ludhiana in the kharif
season of 2014 and 2015. It is located at 30°542
N latitude and 75°82 E longitude with an altitude
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of 247 metres above mean sea level in the central
plain region of Punjab.

Study design

Two maize cultivars (PMH 1 and PMH 2)
were sown in four dates (4™ week of May, 2™
week of June, 4" week of June and 2™ week of
July) in a randomized block design. The maize
crop was sown with a seed rate of 20 kg ha' by
dibbling two seeds hill’'. The fertilizers were
applied @ 157, 60, 30 and 25 kg ha' for PMH 1
and @109, 30, 20 and 25 kg ha' for PMH 2,
respectively through urea, SSP (Single super
phosphate), MOP (Muriate of potash) and zinc
sulphate. Entire quantity of P, K and zinc sulphate
and 1/3 of N was applied at planting and
remaining N was applied in two equal splits i.e.,
at knee high and at pre-tasselling stages of the
maize crop.

Leaf area index

The LAI was recorded at 15 days interval
with the help of a Plant Canopy Analyzer
(LiCOR-make). The LAI was measured by
placing the sensor once above the canopy, and at
four different points below the canopy diagonally
across the rows. Height of 5 plants in each plot
was randomly recorded and averaged at 15 days
interval. The height was measured from the
ground surface to the base of the upper fully
developed leaf.

Photosynthetically active radiation (PAR) in-
terception

PAR measurements were taken at top, middle
and bottom of the crop. The PAR was measured
between 10:00 and 16:00 h within the crop
canopy at 15 days interval starting from the 45
days after sowing (DAS). The data were used
for calculating PAR interception by the crop as
under:

PAR(I) — {PAR(T) + PAR(R)}

PAR interception (%) = x 100

PAR(I)
Where,

PAR (I) = PAR above canopy (W m?)
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PAR (T) = PAR transmitted to the ground (W m)
PAR (R) = PAR reflected from the canopy (W m)

Extinction coefficient (k)

Light extinction co-efficient (‘k’) value was
worked out by using the following formula:

I =1, exp™Lab
LAI : Leaf area index
I :Light flux density below the canopy
I
E : The base to the natural logarithms
k

: Light flux density above the canopy

(4]

: Extinction co-efficient

Relative humidity (%)

Psychron (Belfort make, model 566 series)
was used to record the dry and wet bulb
temperature above, middle and below the crop
canopy at 15 days interval starting from the 45
DAS and the RH was derived from dry and wet
bulb temperature by using Psychrometric tables.
Diurnal cycles of dry and wet bulb temperature
were taken with hourly interval from 10:00 and
16:00 h.

Results and discussion

Growth attributes

Data on periodic growth attributes of maize
on 45, 60, 75 DAS and at physiological maturity
under different sowing dates and cultivars during
the crop years 2014 and 2015 are presented in
Table 1 to 4. Plant height decreased with delay in
sowing from May to July. The crop sown during
4" week of May attained higher plant height
compared to other sowing dates. The crop sown
during 2" week of July recorded lower plant
height than other sowing dates. Among the
cultivars, PMH 1 had greater plant height. Similar
results of decreasing plant height with delay in
sowing are given by Law and Emison (2009).

The LAI was higher during the second year
of study. At 45 DAS, the LAI was higher under
the early date of sowing, whereas the 4" date of
sowing recorded lower values. The PMH 1
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cultivar had higher LAI at 45 DAS during both
the years of study. The LAI was maximum at 60
DAS after which it started decreasing, indicating
leaf senescence. At 60 DAS, the first date of
sowing had significantly higher LAI compared to
other sowing dates. The LAI reduced with delay
in sowing and was significantly lower under the
4t gsowing date. The cultivar PMH 1 had
significantly higher LAI (5.5 during both the
years) than PMH 2 at 60 DAS. As the crop started
maturing, the LAI started decreasing at 75 DAS
up to physiological maturity. At physiological
maturity, the LAI was higher in 1% date of sowing
and reduced with delay in sowing. Cv. PMH 1
had significantly lower LAI at physiological
maturity during both the years of study.

Incoming PAR

The incoming PAR was higher at the top of
canopy and reduced downward. The incoming
PAR was minimum at the bottom of the canopy
under all sowing dates and cultivars during both
the years. The amount of transmitted PAR
towards the middle and bottom of the canopy was
minimum at 60 DAS and increased thereafter due
to the reduction in LAI with the maturity of the
crop. Better capturing of solar radiation during
vegetative stage was due to increased LAI under
different sowing dates.

The albedo (%) in the crop canopy increased
towards the bottom the canopy. The albedo was
less during early stages and became higher at later
growth periods. The lesser radiation was reflected
during early periods of growth due to the high
vegetative growth, and it increased as the crop
started maturing.

Photosynthetically active radiation (PAR) in-
terception

The interception (%) of the PAR at different
days after sowing increased from 45 DAS, became
maximum at 60 DAS and then decreased at 75
DAS till physiological maturity. The middle part
of the maize canopy had higher intercepted PAR
compared to the bottom of the canopy. In PMH
1, maximum 82.7 and 84.0% PAR was intercepted
at the middle and 10.6 and 8.4% at the bottom of
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the canopy during 2014 and 2015, respectively
for the May-sown crop. For PMH 2, maximum
78.9 and 82.4% was intercepted at middle and
10.4 and 7.0% at the bottom of the canopy during
2014 and 2015, respectively for the May-sown
crop. The intercepted PAR in the maize canopy
reduced with delay in sowing which could be due
to reduced LAI The July-sown crop intercepted
the lowest PAR compared to the other sowing
dates. For the July-sown crop, PMH 1 intercepted
maximum 69.4 and 72.7 % at the middle and 14.1
and 9.8% at the bottom during 2014 and 2015,
respectively (Table 4). The cv. PMH 2 sown
during the July intercepted 67.1 and 68.0 % in
the middle and 12.9 and 9.6 % in bottom of the
canopy, respectively. Similar results of reduced
interception towards the lower part of the maize
canopy were also reported by Liu and Song
(2012). The intercepted PAR was usually higher
in cv. PMH 1 at different growth periods in both
the years.

Extinction coefficient

The variety PMH 1 had lesser value of the
extinction coefficient (k) as compared to PMH 2
as intercepted radiation was higher in case of
PMH 1, which led to decreasing extinction
coefficient. The coefficient increased with delay
in sowing during both the years. The crop sown
during 4* week of May had lower value of ‘k’ as
compared to other sowing dates whereas crop
sown during 2™ week of July had high values.
The reduction in ‘k’ with advancement of the crop
growth in wheat crop was also reported by
Lungaria and Shekh (2006).

Relative humidity

The relative humidity profile of the crop
indicated that the RH was lower at top of the
canopy and increased towards the middle and
bottom of the canopy at different time intervals
during both the seasons (data not shown). The
diurnal variations in the RH indicated that it was
higher during morning and evening hours and
reduced at noon. The RH in both the cultivars
was higher at 45 and 60 DAS due to higher
vegetative growth, and it decreased as the crop
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moved towards maturity and the leaf senescence
led to reduction in the canopy structure of the
crop. Adak et al. (2012) also reported a decrease
in the relative humidity with increasing height in
mustard crop.

Conclusions

The present study highlights the influence of
sowing period and cultivars on
micrometeorological parameters within maize
canopy. The PAR interception was higher in PMH
1 cultivar, and when it was sown during May.
The delayed sown crop had lower interception of
PAR due to decreased LAI
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