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ABSTRACT. An experiment was conducted in a randomized block design to study the microclimate of
raya crop under various planting systems, viz., normal sowing in flat bzds (S,), paired row sowing in flat beds (S,)
ridge-furrow sowing with one row in each furrow (S;), ridge-furrow sowing with two rows in each furrow (S.):

normal sowing in

flat beds with 4th row skipping off (S,) and normal sowing in flat beds with 6th row skipping

off (S,). Absorption of photosynthetically active radiation was significantly highest in S, (79.6 percent) and lowest

in S5 (68.0 per

cent). Deviation of air temperature, relative humidity with respect to S, treatment and wind speed

profiles were quantified for microclimatic changes to explain the yield contributing parameters,

1. Introduction

Rapesead and mustard aie the impostant oil seed
crops of the winter season and occupy an area of 4403.2
thousand hactares in India and produce 3030.20 thou-
sand tonnes of secds (Agricultural situation in India,
1985).

The potential productivity of a region is influenced
by climatic factors, but the responses of plant are also
influenced by the immediate meteorological faciors
such as photosynthetically active radiation (PAR)
absorption, temperature of ait and leaf, relative humi-
dity, prevailing wind speed, CO, concentration and
soil moisture availability. Meteorological variables
are continuously changing from the top of the crop
canopy up to the lowest layers of roots influencing the
growth, development and yield. Therefore, the study
of crop micrometeorological conditions is very essen-
tial to undsistand the plant responses to various weather
paramertes.

Brown and Covey (1966), Johnson et al. (1976)
and Baldocchi er al. (1983) studies revealed that the
crop microclimate, influencing the growth and devclop-
ment is different from the open observatory microclimate.

(317)

Therefore, it is essential to quantify the crop microcli-
mate to improve the yield potential. An attempt
has been made here to quantify the crop microclimate
in raya crop under different planting systems as compa-
red to open observatory data and its relation with the
yield contributing parameters.

2. Material and methods

An experiment was conducted in a randomized
block design at the expesimental farm of Department
of Agricultural Meteorology, Haryana Agricultural

University, Hisar (Lat. 29°10’N, Long. 75°46’E)
during the rabi, 1985-86. Six planting systems were
studied, viz., normal sowing in flat beds (S;, row to

row spacing 45 cm), paired row sowing in flat beds (S,
row to row spacing 30 cm and pair to pair 60 cm),
ridge-furrow sowing with one row in each furrow (Ss,
furrow to furrow distance 90 c¢m), ridge-furcow sowing
with two rows in eich furrow (S;, furrow to furrow
distance 90 cm), normal sowing in flat beds with 4th
row skipping off (S;, row to row spacing 45 cm), normal
sowing in flat beds with 6th row skipping off (S, row
to row spacing 45 cm). All the basic inputs were supplied
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Fig. 1. Light interception under different planting svstems in rayz al maximum LAl stage, | Jan 1986

as per package of practices of the crop. The profiles
of the dry and wet bulb temperatures with the help
of psvchrometer and wind speed with portable anemo-
meter were recorded in the crop under different planting
systems at 40, 80, 150, 200 cm height above the ground
surface at 0800, 0900, 1100, 1300, 1400,1500 and 1700 IST
at flowcring, pod formation and maturity stages. PAR
was measured by lux meter at ground level, 40, 80. 120,
160, 200 cm above the surface. Leaf arca was measured
with the help of leaf area meter.

The aerodynamic parameters, i.e., frictional velocity.
turbulent wind force momentum of eddy diffusivity
were computed from the wind profile data using the
logarithmic expressions. Correlation coefficients were
obtained between the crop micrometeorological para-
meters and biological observations for understanding
crop environmental inferactions.

3. Resuits and discussion

3.1. PAR interception

Amount of solar radiation (PAR) interception by the
crop canopy under different planting systems at maximum
leaf areaindex (LAI=3.06) at different heights has been
shown in Fig. 1. It was found (Table 1)that theabsorp-
tion of PAR was significantly higher in S, (79.6
per cent), cver S; (68.1 per cent), S; (76.6 per cent) and
S; (77.0 per cent) whereas in S, S,, S; and S, the
absorption of PAR was statistically at par®. The
absorption of PAR in Sy was signficantly lower than all

TABLE I

PAR characteristics in raya at maximum LAl stage

Optical characteristics in. percentage

Planting (1230 IST)
systems i i i e
Transmitted Reflected Absorbad
s, 6.0 15.9 78.1
s, 6.0 15.5 78.5
55 17.0 14.9 68.1
S, 5.0 15.4 79.6
A 7.6 15.8 76.6
5 7.0 16.0 77.0
S Em 0.54 0.28 0.60
CDats?, 1.70 N.S. 1.89

other planting systems. PAR albedo was not significant ily
(statistically) different among the planting systems.
Transmission coefficient was significantly higher in S,
over other planting svstems.

Absorption of PAR which was maximum in S,
planting system. could be due to significant leaf area
index (Table 7) more interception of radiation by the
canopy. Similar results were reported in maize crop
by Hatefield and Carlson (1979) and Siva Kumar and
Virmani (1984). Significance of transmission coefficient
corresponding to S, planting system could be due to
less leal area index and wider row spacing as compared
to other planting systems.

*However, it can be also seen that S, S, and S, are at par with S, and these four systems, in turn, are signficant over S;.
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TABLE 2

Deviations of air temperature and relative humidity from S, planting system in different treatments at pod formation stage

0800 IST 1300 IST 1700 IST

Ht. above SRR EEre—— Siamiabe e e i e = e A e e e =

ground Sy Vo Sy S5 A 5 S, S S5 8 S, S, S, Sy S,
(a) Air temperature deviations ( C)

Ground 0.4 —0.6 09 05 0.7 0.8 —1.8 —1.0 —2.0 —0.4 1.2 —2.2 —1.7 —2.2 —0.7
40 cm 0.4 0.6 1.1 0.3-—-0.2 2.2 0.6 06 22 1.6 —2.6 —2.8 —3.8 —3.8 —-2.0
80 cm 0.6 1.2 1.3 0.8 1.0 -1.5 —1.3 ~1.5 —3.3 —2.5 —2.8 —0.8 —2.1 —2.1 —0.3

120 cm 1.0 1.3 1.5 0.7 0.5 —1.3 —0.3 0.4 —1.4 —2.3 —1.0 —1.2 —2.5 -2.0 0.0
160 cm L1 1.3 1.5 0.7 0.4 1.2 1.0—1.5 0.8 1.5 0.0 —1.0 —2.0 —1.0 0.0

Avg. dev. 0.70 0.76 - 1.26 0.60 0.48 0.16—0,36—0.84—0.74—0.06 -1.12 -1.60 -2,42 -2.22 0.60

(b) Relative humidity deviations (per cent)

Ground 2 -1 —1 0o —1 -10 i —4 —5 7 1 6 4 6 —8
40 cm 3 -4 —8 -2 0 -7 —14 7 —3 —I3 00 IS 2 15 3
80 cm 2 0o —1 1 —2 4 9 —11 —3 -4 =8 =3 7 5 —6
120 cm —6 2 =2 —1 =3 5 2 =2 2 11 1 3 12 8 —4
180 cm 0o —2 —2 -9 1 2 =7 —10 =7 1 it 3= sl s

Avg. dev. 0.2--1.8 2.8 -2.6 -1.4 -3.6 -3.4 6.8 -3.2 -2.4 1.2 42 6.6 6.6 3.2

TABLE 3
Wind speed (m/sec) at different crop height under various treatments at fiowering stage
Crop height (cm)
Date of Treat-
observation ments 0800 IST 1100 IST 1400 IST 1700 IST
(Dec '85) e e e M e e T e e TY
40 120 200 40 120 200 40 120 200 40 120 200
24 s, 0 0 78 0 29 160 0 27 180 0 0 44
21 S, Calm 0 24 128 0 19 85 0 17 70
9 s, 0 35 62 34 190 286 27 140 250 0 112 182
10 S, Calm 0 29 122 0 30 156 0 12 64
19 S, 0 73 122 22 126 253 0 160 266 0 71 117
20 S, 24 39 197 41 64 273 21 52 220 18 36 180
3.2. Air temperature and relative humidity profiles canopy contributes energy to sensible heat flux. Rama

Deviation of air temperatures and relative humidity
in treatments S, S,, S, S5 and S, from the S, treatment
(which had significantly highest PAR) at 0800, 1300 and
1700 IST with crop height above the ground level at
pod formation stage is presented in Table 2.

At 0800 IST the deviations of air temperature at
different levels inside the crop varied from 0.4 to 1.1,
—0.6 to 1.3, 0.9t0o 1.5, 0.5t0 0.8, —0.2to 1.0

and at 1300 IST; —0.8 t0 2.2, —1.8to 1.0, —IL.5
to 0.4, —3.3 to 2.2, —2.3 to 1.5 in °C under
Sy, Sp, S;. S5 Sg planting systems respectively., At to 3,

1700 IST these deviations were —2.6t0 0.0, —2.8 to
—0.8, —3.8t0 —1.7, —3.8t0 —1.0, —0.7t0 0.0
in 9C under S,. S,, Sy, S;, Sy planting systems respecti-
vely, which reveal a reversal in the sign of the deviation
This might be due to the fact that the crop

values.

Krishna er al. (1982) reported similar observations in
case of pearlmillet crop. The average values of devia-
tion were higher in §; as compared to other planting
systems irrespective of sign (Table 2). Higher deviation
of air temperature was probably due to the lowest leaf
area i|_1dex in Sy (Table 7) which resulted in lesser solar
radiation interception and more energy is utilized
as sensible heat in the system, ’

- At O0BOD TST the deviation of relative humidity
values in different treatments S,, S,, S,, S,, S, from
S, at different levels inside the canopy rénge'd frém —6
—4100, —8to—I, —9t00, —3to0 per
cent and at 1300 IST from —I0 to 5§, —14 to ]
—I11 to—2, —7 to2, —I3to 1l in per cent undef
Si, Sy, Sy, S5, Sg respectively. At 1700 IST these devia-
tions were ranging from —4to 10, —2 to 15, 4 to
20, ~—1 to15, —8 to 3 in per cent. The relative
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TABLE 4

Aerodvnamic characteristics in raya

Height (cm)

Date of 0800 IST 1100 IST 1400 IST 1700 IST
obsn planting ——~—— ——Hr—-— ——mA—— ——A—
(Feb 86) systems 150 200 150 200 150 200 150 200

(a) Frictional velocity (em/sec)

5 A 8.5 16.0 762 62.4 850 759 748  66.9
§ s, 5.9 11.6 28.1  28.3 52.7  42.1 7.6 11.4
14 S, 30.8 3.8 3.8 25.6 41.0 42.2 2.5 23.8
17 S, 9.3 9.4 9.4 267 148 160 12.6 12.8
6 s, 6.6 6.0 6.0 34.1 29.0 31.3 158 21.1
7 5 94 129 240 289 2.5 203 194 19.6

(b) Momentum of diffusivity (cm/sec)

5 S, 522.7 1312.0 4686.3 5116.8 5227.5 6223.8 4600.2 5485.8
13 S, 362.8  951.2 1728.1 52312.4 3241.0 3452.2 467.4 934.8
14 S 1894.0 2607.6 1574.4 2115.6 2521.5 3480.0 1383.7 1951.6
17 A 571.9 770.8 1648.2 2189.4 910.2 1312.0 774.9 1008.6
6 S 405.9  492.0 2097.1 2927.4 1783.5 2568.6 971.0 -
7 Se 578.8 1057.8 1476.0 269.8 1260.7 1664.6 1205.4 1590.8

(c) Turbuftent force (dynes/cm® )

5 S, 0.081 0.280 6.561 4.400 8.164 6.500 6.322 6.057
8 S, 0.039 0.152 0.892 0.898 3.138 2.002 0.065 0.146
14 S, 1.071 1.142 0.740 0.752 1.89  2.022 0.572 0.640
9 Sy 0.097 0.099 0.8!1 0.805 0.247 0.289 0.179 0.170
6 A\ 0.049 0.040 1.313 1.440 0.950 1.107 1.282 0.503
7 Sg 0.099 9.188 0.943 0.474 0.465 0.434 0,445

TABLE 5

Correlation coefficients between plant height and meteorological parameters

Cropping systems

Mel parameters S, S, Sy Sy Sy e
Air temp from germina- Max —0.95* —0.95* —0.95* —0.94* —0.95* —0.95*
tion to 50%, flowering Min 0.96* —0.96* —0.96* —0.96* —0.96* —0.96*
Mean —9 .98* ——0.98* —0.98* —0.98* —0.98* —0.98*
Air temp from 50 Max 0.57% 0.68* 0.64* 0.69* 0.56* 0.55*
per cent flowering to  Min 0.84* 0.90* 0.88* 0.91* 0.82* 0.82*
maturity Mean 0.70*  0.79* 0.77¢* 0.80* 0.69* 0.69*
Relative humidity from 0.77*  0.76* 0.77* 0.77* 0.77* 0.,77*
germination’ to maturi-
ty
Vapour pressure deficit 0.81% —0.82* —0.82* —0,82* —0.82% —0.76*
from germindtion to
maturity

[

! *Significant at § per cent level of significance
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TABLL 6

Correlation coefficients between dry matter accumulation per plant and meteorological
parameters

Met parameters S,

Air temp from germina- Max —0.98*
tion to 50 per cent flo- Min —0.70*
wering Mean 0.94*

Air temp from 50 per Max 0.79*
cent flowering to ma- Min (,95%
turity Mean 0.88*

Relative humidity from 0.71*
germination to maturity

Vapour pressure deficit 0.81*

from germination to ma-
turity

Cropping system

S Sy Sy S5 Sy
—0.99* —0.99* —0.99* —0.99* —(0.98*
—0.70* —0.69* —0.71* —0.73* —0.68*
—0.95% —0.91* —0.95* —0.96* —0.93*

0.79* 0.80* 0.80* 0.79* 0 .79*
0.95*  0.96* 0.96* 0.95* 0.96*
0.88* 0.88* 0.88* 0.88* (.88*
0.78* 0.78* 0.77* 0.75* 0.75%

0.82* —0.82* —0.87* —0.82* —0.76*

*Significant at 59 level of significance

humidity variation shows a reserve trend similar to that
of air temperature. Similar results were reported by
Shiinivas (1984) obtained in case of rice crop.

The average values of the deviation were highest in S,
irrespective of the sign due to the lowest leal area
index in this treatment. Similar trend was observed
by Rama Krishna ef al. (1982) in pearlmillet crop.

3.3. Profiles of wind speed

The wind speed profile observations at flowering are
presented in Table 3. At all the heights, the wind speed
increased with the advancement of the day upto noon
hours, and afterwards the wind speed gradually decrea-
sed. The wind speed declined by 34 to 44, 39 to 51, 77 to
80, 62 to 82, 76 to 81 and 82 to 100 per cent at 120 cm
height inside the crop canopy under S;, S;, Sg, S», S; and
S, planting systems as compared to the bare soil surface
at the flowering stage, respectively. At 40 cm height,
the wind speed reduced by 100 per cent in Sy, S, and S,
while in S, S;, S the reduction was 89 to 100, 92 to
100 and 85 to 90 per cent respectively. The reduction
in wind speed was more at 40 cm than at 120 cm height,
because more leaves were present in lower layers than
upper layers interfering the flow of wind. Similar
results were reported by Singh et al. (1981) in arhar
crop.

3.4. Frictional velocity

The raya crop affected the aerodynamic characteristics.
The frictional velocity increased with the advancement
of the day and it was minimum at morning and
evening hours and maximum at noon hours in all the
planting systems. The data recorded at the pod forma-
tion stage given in Table 4 confirms this behaviour.
Van Hylckama (1969) had similar observations in salt-
cedar.

3.5. Momentum of diffusivity

This parameter tepresent the rate of transfer of tur-
bulent energy in between diffeient layers which is respon-

sible for generation of eddies inside the canopy. Data
presented in Table 4, shows that the momsantum of
diffusivity increased from 0800 to 1400 IST and then
decreased up to 1700 IST at pod formation stags. This
behaviour is in conformity with the results of Willson
et al. (1982) observed in corn canopy.

3.6. Turbulent _f&)fcre

Table 4 shows that the turbulent force increased from
0800 to 1100 IST and then decreased up to 1700 IST.
It was maximum during noon hours and minimum at
morning and evening hours at pod formation stage.
Similar results were reported by Wright and Lemon
(1966) in corn crop.

Correlation coefficients between plant heights and
meteorological parameters presented in Table § indicate
that the plant height in all the planting systems was
significantly correlated with the temperature, relative
humidity and vapour pressure deficit from germination
to maturity. The plant height was positively correlated
with maximum, minimum and mean air tempzrature
from 50 per cent flowering to maturity and relative
humidity from germination to maturity. There is a
negative correlation between plant height and maximum,
minimum and mean air temperature from germination
to 50 per cent flowering and vapour pressure deficit
from germinating to maturity.

Dry matter production and meteorological parameters
(Table 6) indicate that the dry matter accumulation per
plant in all the treatments was significantly correlated
with the temperature, humidity and vapour pressure
deficit during the growth cycle of raya. There is positive
correlation between dry matter accumulation per
plant and air temperature (maximum, mini-
mum, mean) from 50 per cent flowering to maturity,
relative humidity from germination to maturity, whereas
the air temperature (maximum, minimum & mean)
from germination to 50 per cent flowering and vapour
pressure deficit from germination to maturity are negati-
vely correlated with dry matter accumulation per plant.
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TABLE 7

Effect of various planting systems on leaf area index (LAI), dr»
matter production, plant height, yvield and harvesting index

Total
Treat- Max. dry matter  Plant Yield Harvest
ments LAl production (cm) (g/ha) index
(q/ha)
S, 2.90 R0.10 164.50 16.22 0,20
A 2.95 82.36 171.10 16.63 0.202
A 2.20 55.16 162.50 12,16 0.220
S, 3.06 84.96 173.40 17.99 0.211
s, 2.45 76.50 168.50 15.20 0,199
5. 2.65 78.16 167.20 15.81 0.202
S. Em 0.119 1.489 1.340 0.51 0.291
C.D. at
5% 0.347 4,660 4.210 1.59 " UNSC

Maximum Leal Area Index (LAI), plant height,
dry matter and yield contributing parameters were
significantly higher in §; planting systems as compared
to the other planting systems and lowest in S, (Table 7).
S, planting system provided higher biological contri-
buting parameters due to higher PAR interception
and better availability of microclimatic conditions for
growth and development.

Harvesting index was not significant among the
different planting systems due to small differences in the
magnitudes of the biological contributing parameters
generated due to microclimatic differences.

4. Conclusions

Ridge-furrow sowing with two rows in each furrow (S,)
produced maximum LAIL which resulted into highe:

photosynthetically active radiation interception. Th€
increase in yield and dry matter production were resulted
due to optimum temperature, humidity conditions
available in S, system as compared to the other sys-
tems.
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