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Effect of shelterbelt on the microclimate of the gram
(Cicer arietinum) crop
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ABSTRACT. The shelterbelt influence on the microclimate of gram crop in different intercropping
systems, comprising of four treatments. viz, pure gram, 1:1, 2: 1 and 4: 1 gram and raya, was quantified.
Albedo varied from 14.8 10 22.6 per cent in various treatmens with highest value ol 18.3 per cent in pure gram
treatment, whereas, photosynthetically active radiation absorption was highest in 2 : 1 gram treatment (76%).
Maximum reduction (69.2 per cent) in wind speed was observed in | : | intercropping system at 4h distance
from the edge of the shelterbelt in comparison to pure gram field. Relative humidity was 8 10 15 percent less in
the sheltered gram as compare 1o the pure gram. whereas. the average airtemperature increased by 110 2°C in
the sheltered crop over that of the pure gram and this increase was in the range 019910 12.2 per cent a1 4h dis-
tance from the edge of shelterbelt. The grass minimum temperature was higherby 0.7°C in 2 ¢ | treatment over
that of pure gram during the months of January and February.

Key words — Albedo. Treatment. Shelterbelt. Photosynthetically active radiation (PAR). Microclimane.
Air temperature. Relative humidity.

1. Introduction

Gram is an important crop of semi-arid tropics.
In India gram covers about 35 per cent of the
cultivated area and accounts for about45 per cent of
the pulse production. It is a winter season crop.
Severe cold and frosts prove injurious to it. Haryana
state experiences the influence of moderate to
severe cold wave conditions due to northwesterly
cold winds from the last week of December to mid-
February and the earth surface temperature often
falls below 0°C resulting in heavy damage to gram
crop. The leaf temperatures are generally 4 to 5°C
below the air temperature in winter and there are
fair chances of occurrence of frost at ground sur-
face. Therefore. to improve the performance of crop.
the crop microclimate needs to be modified by
cultural methods. At critical stages. small change of
microclimate causes significant differences in the

growth attributes and fruit setting. The use of the
sheiterbelt has been reported to be an clfective and
economical method for modification of crop mic-
roclimate (Brown and Rosenberg 1970). Various tall
crops have been successfully used as lemporary
wind barriers. such as. corn for protecting sugarbeet
and soyabean. sorghum for groundnut. sunflower
for wheat and soyabean and oats for tomato (Radke
and Hangstorm 1970. Brown and Rosenberg 1971
and Aase and Siddaway 1974). Keeping the impor-
tance of shelterbelts in view the present study was
undertaken to quantify the effect of shelterbelt of
raya on the microclimate of gram crop.

2. Material and methods

The present investigation was carried out on the
sandy loam soils at Experimental Farm area of




174 RAJ SINGH er al

35
T30
(8 T
=
5 25
m 2
W
= T

[
w 201 T
X k]
=
x

&
g 15

10 -

| | | 1 |
0900 1100 1300 1500 1700 hr
TIME

Fig. I. Reflectivity of shomweve rdiation at peak vegetative

growth stage ol gram

Haryana Agricultural University. Hisar (297 10" N,
75° 46’ E. 215.2 m asl) during rabi 1987-88. The
experiment was laid out in a randomized block
design with five replications. The treatments com-
prised of 4 sowing methods. viz. sowing of pure
gram (T1), intercropping of gram and mustard in
row combination of 1:1 (T2). 2:1 (T3) and 4:1
(T4). The row-to-row spacing was 30 cm and plant-
to-plant was 15 cm for both ¢rops in all treatments.
Crops were raised by adopting the recommended
package of practices for the region.

Diurnal observations on the meteorological
parameters were made on hourly intervals from
0800 to 1700 hours on clear sky days at important
growth stages of the sheltered crop. The incident
solar radiation over the top of the crop canopy was
measured with a pyranometer. The net radiation
was measured by holding net radiometer at one
meter above the crop canopy. The soil heat flux was
measured with soil heat flux plates kept in the
cropped area at 5 cm soil depth. Photosynthetically
active radiation (PAR) was measured with luxmeter.
Air temperature and humidity were recorded with
Assmann psychrometer. The grass minimum
temperatures were recorded from thermometers
installed in T1 and T3 as in the observatory. The
microclimatic data in sheltered and unsheltered
reatments were analysed and results are presented
in the following section.

3. Results and discussion

Phorosyntheticallv Active Radiation (PAR)
{a) Albedo

The albedo.or reflectivity of PAR depends on
the leaf characteristics of the crops. viz., colour of
the leaves. leafl orientation, chlorophyll content,
internal moisture status of plants in addition to the
solar elevation. The albedo values were more in T1
over the other treatments at pcak vegetative, flower-
ing and pod formation stages of gram. At pod for-
mation in gram (maturity of raya) these were
higher in T4 treatment and lowest in T3 (Table 1).
The diurnal values of albedo in sheltered and
exposed plots at peak vegetative stage are shown in
Fig. 1. The albedo values were higher in the morn-
ing and evening hours irrespective of treatments
due to higher reflectivity at lower solar elevation.
Similar variation has been reported by Davies and
Bettimor (1969) for crop surface and Nkedmirim
(1973) for ground surface. The average albedo
values in T2. T3 and T4 were lower by 7.90, 7.36,
2.10 per cent as compared to the pure gram
(T1).

The decrease in albedo may be attributed to the
differential growth of gram crop in the sheltered
and exposed teatments, and also because of more
turgid cells in sheltered plants. Turgidity increased
the absorption of PAR. whereby reducing the
albedo (Rosenberg 1966 and Nimani 1981). The
higher albedo at peak vegetative growth and
flowering stages of gram in all the treatments was
due to higher leaf area prevalent during these
growth stages. The albedo of pure gram was more
than sheltered crops at peak vegetative growth,
flowering and pod setting stages due to better
cover of ground because of greater leaf area.
However, at pod formation in gram, sheltered treat-
ments had more albedo than unsheltered crpp due
to exposed bare soil after the harvest of raya
(crop harvested on 1 March, 1988). The results are
in agreement with earlier reports of Mayer
(1981).

(b) Abserption and transmission

PAR absorption varied from 71.9 per cent to 76.2
per cent at peak vegetative growth stage. However, at
flowering stage. when raya has reached pod setting,
the PAR absorption decreased by 2-4 per cent and a
slight increase ir. transmitted PAR was observed at
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TABLE 1

Optical characteristics of PAR (%)

S. Phenological stage of PAR Tl T2 T3 T4
No, gram
I Peak vegetative in grum & Albedo 18.3 14.0 144 130
flowering in.raya Absarption 73.0 719 76.0 762
Transmission 87 14.1 96 10.8
2 Flowering stage in pram & Albedo 154 12.5 114 13.8
podding in raya Absorption 726 71.0 759 723
Transmission 12.0 16.5 12.7 13.9
1 Pod formation in gram & Albedo 9.8 92 84 8.6
maturity in raya Absorption 73.6 709 70.8 749
Transmission 16.6 19.9 14.8 16.5

TABLE 2(a)

Average relative humidity (%) on leeward side at different distances from the edge of shelterbelt

Treatment Vegetative Flowering Pod senting Mean % of
stage slage Stage contiol

Tl 79 [eh 66 71 100.0
T2 Ih 67 60 59 62 87.3
2h 63 57 57 59 83.0

ih 63 53 35 37 81.2

4h 62 51 51 54 77.0

T3 1h 68 39 61 63 88.3
2h 64 60 56 60 84.5

3h 63 58 53 58 81.7

4h 63 58 54 57 80.8
T4 1h & 62 335 62 87.3
2h 66 5 56 60 849

3h 62 il L) 58 82.2

4h 6l 59 54 58 81.7

Peak vegetative stage in gram. Transmission com po-
nent decreased as the number of rows of gram
increased. The variation in a bsorption component is
very little among phenological stagesin T1. T2 and
T3 compared to T4. where the value was maxinmum
at peak vegetative stage and minimum at flowering
stage. The results are in agreement with the obser-
vations of Shiv Dev (1986). The absorption compo-
nent was less in T2 treatment due 1o lesser leaf area
index resulting in poor a bsorption and greater
transmission of PAR through the crop canopy.

(e) Air temperature and relative humidite on the
leeward of shelterbelrs

The average relative humidity and air tempera-
ture recorded at various distances from shelterbelt

on leeward side at different growth stages of gram
are presented in the Tables 2 (a) and (b). Table
2(a) shows that the relative humidity at various
growth stages in exposed treatment is lower than
pure gram (reatment. Relative humidity in 1h. 2h.
3h and 4h distances from cdge was less by 12.5,
16.0. 18.0 and 20.0 per cent respectively over the
exposed T1 treatment when averagd over the crop
season. No appreciable differences were observed
in relative humidity among the three sheltered
treatments. The low relative humidity in sheltered
treatments was due to the prevalent higher
air temperature as the two are negatively
correlated,
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TABLE 2(h)

Average air temperature (°C) on leeward side at different distances from the edge of shelterbelt

Treatment Vegetative Flowering Pod setting Mean % of
stage stage stage control

Tl 148 16.1 19.8 169 100.0
T2 Lh 163 17.3 20.1 179 105.9
2h 16.60 17.0 21.0 182 107.1

3h 16.8 17.5 21.5 18.6 1101

4h 171 17.9 21.9 189 112.2

T3 1h 159 17.3 0.8 180 106.5
2h 16.2 1722 208 18.1 106.9

3h 16.8 17.6 211 185 109.5

4h 17.0 18.0) 214 18.8 111.2

T4 1h 158 16.9 0.3 17.6 104.5
2h 1640 17.2 20.7 179 106.3

3h 138 174 21.1 18.1 107.1

4h 167 17.6 214 18.6 1099

TABLE 3
Wind speed (cm/sec) on leeward side at different distances from the edge of shelterbelt

Treatment Vegetative Flowering Pod setting Mean % of
stage stage stage cuntrol

Tl (160 058 .56 0.60 100.0
T2 1h 0.534 032 032 034 558
R | 0.26 024 0.24 0.25 421

3h 021 0.20 0.22 0.22 363

4h 0.19 017 0.18 1019 30.8

T3 1h 0.39 036 037 0.39 65.0
h 0.30 0.28 0.29 0.30 50.0

3h 0.24 023 0.23 0.24 40.0

4h 0.23 0.20 0.20 0.21 350

T4 1h 042 040 039 032 69.2
2h (.33 029 0.33 0.32 538

3h 027 0.23 0.26 0.26 438

4h 023 02 0.22 0.32 388

The average air temperature increased with the
increase of distance away from the shelterbelt
(Table 2 b). The values. when considered for whole
crop season. exceeded by 4.4 10 6.5, 6.3 10 7.1.7.1to
10.0 and 9.9 to 12.2 per cent at 1h. 2h, 3h and 4h res-
pectively in sheltered treatments 1o those recorded
in exposed field (T1). Similar trends were reported
earlier by Skidmore and Hagan (1970) and Brown
and Rosenberg (1972).

(d) Wind speed on the leeward of the shelierbelts

Table 3 shows that the lowest wind speeds were
generally recorded at 4h from the edge of the
shelterbeltin all the treatments. This may be due the
fact that the coming winds were obstructed by
shelterbelt. However. due to porosity. some wind
passed through these shelterbelts affecting the wind
speed at 1h. 2h. 3h and further this wind was
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TABLE 4

Number of days with Grass minimum temperature (°C) during January and February, 1988

January February
Temperature -

(°O) Bare Tl T3 Bare Tl T3
<0 8 10 9 5 5 5
< =1 6 7 5 3 3 1
< =2 4 4 4 1 2 1
< =3 0 3 0 0 0 0
Lowest =30 =33 =26 =24 =30 -23
temperature
recorded

minimized at 4h (Marshall 1967). The wind speed
values were considerably higher in T1 treatments
over the rest. The wind speed values were 31 to 39
per cent at 4h, 36 to 44 per cent at 3h, 42 to 54 per
cent at 2h and 56 to 69 per cent the sheltered treat-
ments of the wind speed recorded in exposed (T1)
treatment. Miller er al. (1973) also found 40 to 60 per
cent reduction of wind speed at 4h by 50 per cent

- porous shelterbelt and 20 to 30 per cent reduction
when the porosity was increased at same
distance.

(e) Grass minimum temperature and Jrost

The minimum temperature at grass level is more
important during rabi season as compared to
minimum temperature at screen height because the
microclimate of crop is quite different from the
open place. Therefore, grass level temperature was
taken into consideration. The grass minimum tem-
perature data in Table 4 indicated that January was
cooler than February. The lowest value attained in
January in T1 treatment was —3.3°C, whereas, in T3
treatment, it was —2.6°C. The January month had
10 days with grass minimum temperature of less
than 0°C in T1, 8 days in bare field and 9 daysin T3
treatment. This indicated that bare field was war-
mer than pure gram treatment (T1), where more
heatloss took place through vegetation. However, in
open environment of bare field, the free mixing of
air helped in comparatively less fall of temperature.
The possible reasons for which may be the rapid
heat loss in form of sensible heat exchange taking
* place by the numerous thinner and narrower leaves

9716 IMD/95

in pure gram (T1) as compared to the sheltered crop
in T3, where raya leaves are ‘thicker and broader
thus having low heat exchange.
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