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Abstract

A field experiment was conducted during rabi 2018 on vertisols of Agriculture college, Bapatla to work
out the thermal indices and thermal use efficiencies and to study the performance of chickpea varieties
grown under different Standard Meteorological Weeks. Higher values of all agroclimatic/weather health
indices viz., GDD, HTU, PTU, PTI, TPR, HUE, HtUE and PtUE were recorded with 2" fortnight of
October (44™ SMW) sowing irrespective of the varieties. Among the varieties NBeG-119 (V3) took
maximum days to attain different phenophases and recorded the optimum values of all
agroclimatic/weather health indices. These weather health indices were found to be optimum for all the
varieties to produce maximum potential yields.
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Introduction

Chickpea (Cicer arietinum L.) is the premium pulse crop of India cultivated mainly on
remnant monsoon preserved moisture under rainfed conditions on marginal lands and semi
arid regions. Chickpea occupies an area of 83.99 lakh hectares with a production of 70.6 lakh
tonnes and productivity of 840 kg ha! (Ministry of Agriculture, Government of India, 2015-
16) in India. Among the various agronomic practices, planting time is the most important non-
monetary input having profound influence on crop growth, phenological development,
occurrence of pests and crop productivity (Yadav et al., 2016). Optimum time of sowing has a
crucial role in fully utilizing the genetic potentiality as it provides the best possible growing
conditions such as light, temperature, rainfall and humidity (Vennela and Shnde, 2016). The
optimum sowing time and selection of improved cultivars play a remarkable role in exploiting
the yield potential of a crop under particular agroclimatic condition (Tyagi, 2014) ['4],
Appropriate time of sowing enables the crop to take full advantage of favourable weather
condition during the Rabi season. Determination of sowing time depends upon the thermal
time and thermal use efficiency of the crop (Agrawal and Upadhyay, 2009) [l. Several workers
(Torkaman et al., 2018; Tiwari and Meena, 2014; Sahu et al., 2007; Agrawal et al., 2002) !>
11,10.2] gtydied the response of chickpea varieties under different sowing windows in different
regions of the country. Hence, the present investigation was undertaken to study the impact of
thermal environment on the performance chickpea varieties under different sowing dates and
to find out the optimum sowing time for chickpea crop under changing weather conditions at
coastal agro-ecosystem of Andhra Pradesh.

Material and Methods

The investigation was carried out during rabi season (2018) at the Research Farm of
Agriculture College, Bapatla, Acharya NG Ranga Agricultural University (15° 53' N and 80°
27" E and 6 m above MSL). The field experiments was laid out Randomized Block Design
with factorial concept with five dates of sowing (Standard Meteorological Weeks
44,46,48,50,52 as Dy, D», D3, D4 and Ds) three chickpea varieties (NBeG-47, NBeG-49 and
NBeG-119 as Vy, V, and V3) and and replicated thrice. Recommended agronomic practices
and plant protection measures were followed to raise the crop. Daily weather data (Maximum
temperature, minimum temperature, morning relative humidity, evening relative humidity,
Bright sunshine hours, rainfall and day length) was taken from the agrometeorological
observatory situated near the experimental site (Fig.1). The date of occurrence of different
phenophases was recorded when 50% of the plants in each replication reached the respective
stage. Various weather health indices were calculated as follows.
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Growing Degree Days (GDD)

A degree day or a heat unit is the departure from the mean
daily temperature above the threshold temperature of the crop.
Growing degree days (GDD) concept assumes that there is a
direct and linear relationship between growth of plants and
temperatures (Murthy, 2016) [6. This was expressed as °C
day. The GDD were calculated by the following equation
(Iwata, 1984) ™1,

GDD= (T max + T min)/2- Tp (T max T T min are daily maximum
and minimum temperatures and temperature Ty is the base
temperature taken as 5°C for rabi crops).

Heliothermal units (HTU) = GDD x bright sunshine hours.
Rajput (1980) 181,

Photo thermal units (PTU) = GDD x day length. Nuttonson
(1956) 11,
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Fig 1: Average data of weather parameters at Bapatla Agriculture
college farm, Guntur district (2018-2019)

Heat use efficiency defined as yield per day °C on growing
day concept or per unit of day °C hours on heliothermal units
indicating the efficiency with the available heat utilized for
seed yields. This is expressed as kg ha'! °C*! day™!. This was

calculated using the following formula (Haider et al., 2003)
[3]

Total drymatter / seed yield (kg ha'?)
~ Accumulated heat units (°C day) (GDD)

-HUE

Heliothermal use efficiency is defined as total drymatter
yield per hours °C on growing day concept or per unit of °C
day hours on heliothermal units indicating the efficiency with
the available sunshine hours utilized for drymatter yields.

http://www.phytojournal.com

This was expressed as kg ha! °C! day! hour. This was
calculated by using the formula (Rajput, 1980) (81,

Total drymatter/ seed yield (kg ha!)

Heliothermal use efficiency (HtUE) =
Heliothermal units (HTU)

Photothermal use efficiency is defined as total drymatter
yield per hour °C on growing day concept or per unit of °C
day hours on photothermal units indicating the efficiency with
the available day length utilized for drymatter yields. This
was expressed as kg ha! °C"! day™! hour. This was calculated
using the formula as suggested by Rajput (1980) [*1.

Total drymatter/ seed yield (kg ha'')

Photothermal use efficiency (PtUE) =
Photothermal units (PTU)

Results and Discussion

The number of days taken to attain different phenophases
from vegetative to maturity stage ranged from 38 to 110 days
for different dates of sowing and varieties. Among the dates
of sowing 2" fortnight of October (44" SMW) took
maximum days to attain maturity followed by 1% fortnight of
November (46"SMW) Among the varieties, the mean
maximum number of days to attain vegetative, reproductive
and maturity phase were recorded with NBeG-119 followed
by NBeG-49 and NBeG-47 varieties. Number of days taken to
attain different phenophases was decreased with delay in
sowing due to increase in temperature at reproductive phase
and flowering is delayed as day length becomes shorter than
base photoperiod with successive delay in

sowings (Venkatachalapathi and Reddy,2013; Tyagi, 2014) |
15, 14]

Thermal indices

The GDD, HTU and PTU varied with different crop growth
stages under different sowing times for all the 3 chickpea
varieties (Table 1). The thermal units required for attaining all
the phases decreased consistently with delay in sowing in all
the 3 varieties. It might be due to longer crop duration
recorded with early sowing in October, bright sunshine hours,
higher temperatures, higher day length and photoperiod
during 44" SMW that favoured crop growth for accumulating
higher GDD, HTU and PTU (Kiran and Chimmad, 2018;
Rathod and Chimmad, 2016, Agarwal and Upadhyay, 2009;
Tripathi et al., 2008; Sahu et al., 2007) 5% 113,191 Among the
different types of chickpea cultivars the cumulative Growing
degree days (heat units) ranges from 2,085 to 2,167 °C day,
Heliothermal units ranges from 8,706 to 9,176 °C day hours
and Photothermal units ranges from 23,623 to 24,580 °C day
hours.

Table 1: Cumulative Accumulated GDD, HTU and PTU of chickpea varieties under different sowing dates

Sowing dates
Growth stages 44 SMW 46" SMW 48" SMW 50 SMW 528 SMW
DP|GDD|HTU| PTU [DP|GDD[HTU| PTU |DP[GDD|HTU] PTU [DP|GDD[HTU| PTU |DP[GDD [HTU| PTU
NBeG-47
Gl 46| 982 [4549[11175[45] 917 30461034842 | 791 [1718] 8867 [40| 731 |1852] 8194 [38] 685 [2575| 7738
G2 68 | 1382[5644|15642|65]12724323[14323] 611143 29381284057 1047[3272] 11787 |54] 1010 [4740| 11494
G3 106/ 2085 |870623623] 91| 1756 | 747718326 85| 1619|7027 [17630| 81| 1550 | 6988 | 15794 [70] 1375 |5877| 15614
NBeG-49
Gl 48[1023]4670[11628[46| 937 [3105]10567|43 | 809 [1815] 9064 [42| 788 |1945| 8833 [39] 704 [2631]| 7954
G2 71 ]1435[5819]16230]68]13274368[14935]63 | 1182 [301413286]60 | 1124[3762] 12669 |54] 1010 [4739| 11494
G3 107]2106 |8847]23855] 98| 1920|8373 |20186|91 | 1749|7512[19852|85 | 1643 | 7424| 18732 [72] 1424 [7000]| 17245
NBeG-119
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Gl 5011062 [4710[12067|48 | 975 |3195]10994[45| 845 [1980| 9466 |43 | 769 |1871| 8623 |41| 742 |2924 8389
G2 72 1451|5846 [16423|69 |1345]4404]12339]65|1215|3243 1365861 |1104|3622|12439|57|1078|5302 12293
G3 110{2167|9176|24580] 9920298576 |21718|92[1772|8211|20130| 86| 1666 | 7725[19000|76{1520| 7235 17533

G1- vegetative, G2- flowering and G3- physiological maturity stages.
DP — duration of different phenophases viz., G1, G2 and G3 in days

GDD - Growing Degree Days (°C day), HTU - Heliothermal Units (°C day hour), PTU - Photo Thermal Units (°C day hour).

Thermal use efficiencies

Thermal use efficiencies (HUE, PtUE and HtUE) of chickpea
cultivars for biological and seed yield under five dates of
sowing are given in Figures 1, 2 and 3. The results indicated
that the thermal use efficiencies were highest in first sowing
date (44" SMW) followed by second (46" SMW) and third
sowing dates (48" SMW). Poorest efficiencies were noted
under fourth (50" SMW) and fifth (52 SMW) sowing
windows. This indicates that the chickpea crop sown under
delayed sowing time got exposed to the suboptimal thermal

regime thereby in delayed sowing all the varieties were less
efficient in heat use (Agrawal and Upadhyay, 2009) [,
Similar results have been reported by Sahu et al., 2007 19,
Among the three chickpea varieties, NBeG-119 has recorded
higher thermal use efficiency (Fig. 1) compared to other two
varieties NBeG-47 and NBeG-49 (Fig.2 and Fig.3). This
indicates that among the three chickpea varieties, NBeG- 119
is the best variety as it has responded well to change in heat
units under different sowing windows.
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Fig 2: Thermal use efficiencies (HUE, HtUE and PtUE) of chickpea variety NBeG-47 as influenced by different dates of sowing.
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Fig 3: Thermal use efficiencies (HUE, HtUE and PtUE) of chickpea variety NBeG-49 as influenced by different dates of sowing.
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Fig 4: Thermal use efficiencies (HUE, HtUE and PtUE) of chickpea variety NBeG-119 as influenced by different dates of sowing.

Conclusion

From the present investigation, it can be concluded that
chickpea varieties can be sown on 2™ fortnight of October
(44™ SMW) and first fortnight of November (46" SMW) in
Bapatla region of Guntur district, Andhra Pradesh based on
thermal indices and thermal use efficiencies to achieve
stabilized yields and maximum productivity.
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