Jowrnal of Agromercorolpgy 9il) 0 96-99 {Tume 2007)

Thermal time requirement and heat use efficiency in summer
green gram
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ABSTRACT

The Investigation was carried out to study the thermal requirement and
heat use efficiency (HUE) in summer green gram {(Vigna radiata L. Wilczek)
cv. SML-134 during summer seasocn 1999 and 2000 under changed
hydrothermal regimes at Punjab Agricultural Universitry, Ludhiana. The
trealments included 3 dates of sowing viz, 12th April (D), 18th April (0,)
and 26th April (D) (in main plots); 3 irmgation levels viz. 0.5 IW: CPE ratio
{1}, 0.75 |W: CPE ratio {l.) and 1.0 IW | CPE ratio (L)) {in sub plots); and
mulched (M) (i@ 5t ha' wheal straw mulch} and unmulehed crop (in sub-
sub plots), in a split-split plot design. Thermal indices based predictive
models explained 61%to 54% of the variations in the grain yield, during
these years. Varied ameount and distribution in the rainfall during years

affacted grain-HUE considerably, but, the effect was alight in biomass-HUE.

Key Words @ Thermal mdices, Irmigation, Straw mulching. Yield
predictive models, Heat use efficiency.

Prevailing weather condition has
direct bearing upon the phenological events

agrometeorological indices such as
Growing Degree Days (GDD),

of any crop durmg the whole erop growing

season, which ultimately affeet the yield of

crap. The effect of temperature, which is
most probably one of the most donunant
weather elements determining the
phenological behavior the crop can be
assessed by accumulated heat units.
Thermal nme has been deseribed as the
independent variable to delineate plant
growth and development (Dwyer and
Stewart, 1986). Temperature based

HelioThermal Units (HTL) and Photo
Thermal Units (PTU) are based on the
concept that real time to attain the
phenological stage is linearly related to
lemperature in the range between base
temperature and optimum temperature
{Monteith, 1951). Heat Use Efficiency
(HUE) fe, utilization of heat in terms of dry
matter accumulation has great practical
application as total energy 1s never
converted into dey miatter even under the
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most favorable agro chmatic conditions.
Efficiency of conversion of heat energy
into dry matter depends upon genetic
factors. sowing time and crop type (Rao el
al, 1999},

Summer green gram (FVigna
radiata 1.. Wilezek) 1s an important pulse
crop in north India. This crop is sown [rom
mid March to first week of Apnl after the
harvest of Brassica spp., lentil, potato,
toria: and in the second fortmght of Aprl
after the harvest of wheat i most of the
northern part of India. Sewing dates and
irrigation regimes depict  varied
performance and productivity of summer
green gram dué o changed environment
plant interactions. Therefore, the present
investigation was conducted to access the
thermal requirement of the crop and
develop the yield predictive models for
summier green gram under different hydro
thermal regimes,

MATERIALS AND METHODS

The field experiment was carried oul
at the Research Farm, Department of
Agricultural Meteorology, Punjab
Agricultural University, Ludhiana. during
summer season 1999 and 2000. Ludhiana
m located at 30° 54'N and 75° 56’k at an
altitude of 247 m, a m s . The area 1s
characterized by semj arid subtropical
¢limate with very hot summer and cold
winters during April - June and December
- January, respectively, During summer
maximum temperature ranges between 40-

| Vol 9, Na, 1

45°C and oceasionally going up to 47°C
while during winter. the minimum air
temperature ranges between 5-8°C and
occasionally goes as low as 0°C. This
region in dominated by hot dry westerly
winds during summer season. The
treatments included 3 dates of sowing viz.
12th April (I3}, 19th April (D) and 261h
April (D) (in main plots); 3 irrigation levels
viz. 0.3 [W: CPE ratio (1 ), 0.75 IW: CPE
ratio (1,) and 1.0 IW; CPE ratio (1.} (in sub
plots): and mulched (M) (@ 51 ha! wheat
straw mulch) and unmulched crop (in sub-
sub plots), in a split-split plot design. All the
recommended practices were followed as
per the Package and Practices. Punjab
Agricultural University, Ludhiana, The
agrometeorplogical indices based on
temperature were caleulated using a base
temperature of 10° C.

Heat use efficiency was calculated as:
HUE (kg ha' °C day') =

Grain or biomass vield (kg ha'')

Cumulative growing degree days (°C days)

Predictive regression relations were
worked out between agrometeorological
indices and vield of crop under different
treatments,

RESULTS AND DISCUSSION
Thermal time requirement

Thermal tme regquirement for
maturity of the crop has been depicied for
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Table 1 : Thermal time requirement in green gram during whole crop growth under
changed hydrothermal regimes during 1999 and 2000

Treatment

AGDID® AT AFTU*

|5 | 7000 R 2000 LG 2000

Bl 1519 1612 15452 13543 21182 21636
[ o2 1483 1581 14897 13225 | _20i7 205900
3 _ 1432 1531 13120 12720 0043 | 19RM
. 1480 1454 14533 | 12519 | 79es0 | 2pesR
12 ' 1498 1610 151 ] 13051 | 2018 | 71502
=y — 1502 1616 | 15763 | 13157 21452 [ 3i9md
Ml 1506 1613 I51100 i 13221 21404 | 21630

M2 1471 1575 Lands | 12773 19861 | 21489

various treatments in Table 1. Among
sowing dates treatments D required
higher AGDD, APTU, and APTU followed
by D, and D, respectively. However, in
general, the variation in the thermal
requirement was found higher in 1999 than
that of 2000, among sowing dates. Among
irrigation treatments |, had highest thermal
units requirements followed by 1, and 1.
respectively. This may be due to forced
maturity in case of I, (1.00 IW; CPE ratio)
followed by 1, (0.75 IW: CPE) during both
the vears. Although, the difference in the

requirement was found lower in case of
2000 due te more frequent rainfall in
comparison to 1999, This might had shaded
the mulching effect on the crop
performance. The findings are in
conformity with the results of heat unit
requirements of green gram by Singh et al
(1994) and in chick pea by Bal (1997)
under varied hydrothermal regimes.

Predictive models were developed for
grain vield ('Y)

Y =0.0224(AGDD)-25.12 Y

heat units requirement were lower in case (R*=0.61%)
of 1, and I_treatments during 2000. This Y=00015AHTU) - 1091 Y
may be attributed to the rainfall in 2000 (R*=0.64%)
during reproductive phase of crop and Y =0.0022(APTU)—40.09 ¥
thereby re-growth of the crop. In case of (Ri*=0.62%)

mulching treatments mulched crop (M)
registered higher thermal time requirement
than that of unmulched crop treatment
{M.) during both the vears. However. the
difference between the lieat unit
requirements in M and M. treatments
was not very much different except in
case of APTU. The difference in

significant (a1t 3 % level) linear
relationship between grain vield and
AGDD, AHTU and APTL were obtained.
The study shows that various agro
meteorelogical indices explained the 61% to
64% variation in grain vield of summer green
aram under varied hydrothermal regimes.
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Table 2: Gramn and biomass heat use
efficiency (HUE) of green gram as
influenced by different treatments in years
1999 and 2000

lreatments  Grain HUE Hiomass HUE

| 1999 [ 2000 | 1999 | 2000
DI 057 | st | 288 | 289
D2 053 | o049 | 282 | 273
Di .53 040 184 2.65
¥ 045 | 0.4 258 | 249
12 050 | 050 [ 277 | 268
13 | o064 | 0352 | 340 | 298
MI 057 | 051 | 294 | 276 |
M2 050 | 045 | 271 | 270 |

Hear use efficiency

Among sowing dates I, had higher
HUE followed by D, and D, respectively,
during both the years (Table 2). Among
irrigation treatments | had highest HHIUE
followed by 1, and | | respectively. Mulched
crop showed higher HUE than that of
unmulched crop. Interestingly, the vared
amount and frequency of rainfall in 1999
and 2000 affected considerably the grain
HUE, but, not the biomass HUE. Not much
difference was registered m case of grain
and biomass HUE of 1, and | and M, and

[Vol. U, No. |,

M. treatments. This may be due to
frequent rainfall m2000 during reproductive
phase of crop. Il may be concluded that the
changing water application {requency
atfected more the grain HUE than that of
biornass HUE in the crop,
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