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ABSTRACT: Climate changes are becoming more common in India as a result of global warming. As a
result, growth and yield of sesame are affected. Sesame (Sesamum indicum) is a short-day plant that grows
and yields best in hot weather. Thermal indices are intimately related to crop growth and development. An
endeavor to establish a link between thermal indices and sesame crop growth and development could aid in
the development of novel varieties that are compatible with changing weather trends. Field experiment was
conducted at the Instructional Farm, College of Agriculture, Swami Keshwanand Rajasthan Agricultural
University, Bikaner during Kharif 2017. The experiment was laid out in a split plot design with three
replications. The four dates of sowing (10 July, 20 July and 30 July, and 09 August) were allocated in main
plots and four sesame varieties (RT-125, RT- 46, RT-127 and RT-346) in sub plots. Results revealed that
timely sown crop had significantly higher values of GDD, PTU, PTI, HTU and HUE at all phonological
development stages. Sesame varieties significantly differed in GDD, PTI and HUE. Variety RT-346 and
RT-125 require higher GDD and PTI for better response. Higher heat unit efficiency for seed, straw and
biological yield found in RT- 125, it was at par with RT-46 and RT-127 as compared to RT-346.
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INTRODUCTION

Sesame (Sesamum indicum L.) is one of the oldest and
most important oilseed crops. India is now self-
sufficient in cereal food production, but it still needs to
achieve self-sufficiency in vegetable oil. Globally
sesame is cultivated in more than 7 million hectare with
an annual production 4 million tonnes. India is the
largest producer and area coverage around 26% of
sesame in the world. The low yield of sesame varieties
under delayed sown conditions leads to discourage
growers resulting to less total area under sesame
cultivation. The low yield of sesame is mainly due to
cultivation of low yielding tradition varieties with lack
of improved agronomical practices. The increased
availability of improved varieties also increases
productivity of sesame. Valiki et al. (2015) reported
that sesame variety Naz recorded higher yield of 1887
kg/ha than other. During its life cycle, sesame requires
a temperature of 25-35°C. When the temperature
exceeds 45°C with hot winds the oil content decreases.
There is a significant fall in yield when the temperature
is above 45°C or below 15°C. (Ranganatha, 2013).

It is mostly a tropical crop, though it may be grown in
colder climates as well. Premature yield, flower
shedding, and pollen sterility may result from
abnormally high temperatures during flowering and
fruit setting. Although sesame may thrive in long-day
conditions, it is commonly thought of as a short-day
plant. It takes 45 days to flower under a 10-hour day.
Temperature is thought to be the most important driver
of crop growth and development among numerous
weather variables.
However, various crops are exposed to distinct
temperature ranges during different phenological
stages, affecting their performance (Mendham et al.,
1990; Nanda et al., 1995; Merle et al., 1997; Hocking
and Stapper, 2001). With respect to distinct growth and
developmental stages, changes in sowing dates result in
changes in the crop's thermal environment. Thermal
indices i.e. growing degree days per accumulated heat
unit, heliothermal, phenothermal and photothermal
units and heat use efficiency are widely used to predict
crop phenology, crop growth rate and yield of several
crops (Patel and Mehta, 1987; Perry et al., 1993;
Hundal et al., 1997).
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Therefore, all growth and developmental stages of crop
may be estimated more precise on the basis of growing
degree days rather than calendar method (Warthinhton
and Hatchinson, 2005). The agronomic application of
temperature effect on plants, known as the heat unit
concept, has been used to link phonological
development in crops and predict maturity dates
(Pankaj et al., 2014). The GDD is used to quantify
effect of temperature and described the timing of
different biological process (Kaur et al., 2006; Qiao-
yan et al., 2012). Raut et al. (2020) suggested that
GDD, HTU, PTU, PTI decreased with delay in sowing
after 23rd meteorological week. The present study was
carried out in the hyper arid region of Rajasthan to
define optimum sesame crop thermal regimes in the
form of several temperature-based thermal indices and
examine the impact on phenology and yield of four
sesame cultivars under varied sowing dates.

MATERIALS AND METHODS

The field experiment was carried out at Instructional
Farm, College of Agriculture, Swami Keshwanand
Rajasthan Agricultural University, Bikaner, Rajasthan,
India (28o01′N latitude and 73o22′E longitude at an
altitude of 235 meters above mean sea level) during
kharif season of 2017. The soil of experimental field
was loamy-sand, alkaline in nature (pH 8.5) having
118.00 kg/ha available nitrogen (Alkaline permanganate
method), low level of available phosphorus (15.10
kg/ha, (Olsen’s method) and medium in available
potassium (173.70 kg/ha, Flame photometric method)
in 0-15 cm soil depth at the start of the experiment.
Seed rate of 3 kg ha-1 of sesame seed was used for
experimentation. The experiment was laid out in a split
plot design with three replications. The four dates of
sowing (10 July, 20 July and 30 July, and 09 August)
were allocated in main plots and four sesame varieties
(RT 125, RT 46, RT 127 and RT-346) in sub plots. The
sowing of sesame varieties on scheduled dates of
sowing and maintained crop geometry 30 ×10 cm.
During growing period (July to November) 168.3 mm
of rainfall received in 09 rainy days. During the crop
season the weekly mean minimum and maximum
temperature fluctuated from 15.4 to 47.1°C with the
average relative humidity ranged from 16.7 to 85.9 %.
Experimental crop was raised as per recommended
package of practices.
The daily meteorological data was collected from Agro-
meteorological Observatory, ARS, Beechwal, SKRAU,
Bikaner. Different agro meteorological indices were
calculated on daily basis and accumulated during
different phenological stages viz. sowing to emergence,
branching, flowering, capsule formation and

physiological maturity of the crop using following
formulae.Accumulated heat units or GDD (degree day )= (T . + T .)2 − T
Where, Tmax and Tmin are daily maximum and minimum
air temperature, respectively. Tb is the base temperature
below which crop growth and development ceases. In
case of sesame crop, Tb is 10°C.
Photo thermal units (PTU) = GDD × Day length
Heliothermal unit (HTU) = GDD × Actual sunshine
hours
PTI = Accumulated GDD/Number of days between two
phenological stages.
Heat use efficiency (HUE) was determined for seed
yield, straw yield and biological yield. HUE (Kg/ha °C
days) is the dry matter produced per unit degree day
consumption which was calculated as – HUE (Kg/ha ºC
days) = above ground dry matter (kg/ha)/Accumulated
heat units or GDD.

RESULTS AND DISCUSSION

A. Phenological development
The results of the present study showed that delay in
sowing decreased the time to attain different
phenological stages (Table 2). Phenological
development stages of sesame significantly influenced
by sowing dates. Sowing on 10 and 20 July attain
earlier seedling emergence as compared to 30 July and
09 August. Days taken to 1st branching, 1st flowering,
1st capsule formation and physiological maturity earlier
in crop sown on 09 August, in contrast crop sown on 10
July took more days to initiation 1st branching. Thus,
data (Table 1) showed that delay in sowing of sesame;
earlier attain 1st branching, 1st flowering, 1st capsule
formation and physiological maturity than timely
sowing. These results were corroborates with the
previous findings of Rajput et al. (1987), Paul and
Sarker (2000), Haidar et al. (2003) in wheat, Dahiya
and Narwal (1989) in maize, Alam et al. (2007) in
barley and Akhter et al. (2015) in rapeseed. Different
varieties of sesame did not differ in phonological
development stages.

B. Growing Degree Days (GDD)
Data presented in Table 3 reveals that GDD for
different phonological stages differed by sowing dates
and varieties. Crop sown on 09 August consumed
significantly higher degree days as compared to 10, 20
and 30 July for seedling emergence. Crop sown on 20
and 30 July consumed significantly higher degree days
as compared to 09 August, but it was at par with 10
July for attain 1st branching, 1st flowering, 1st capsule
formation and physiological maturity, respectively.
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Table 1: Mean weekly meteorological data of Bikaner for the year 2017 (Kharif season).

SMW Duration

Temperature
(°C)

R.H. (%) Total
Rainfall
(mm.)

No. of
Rainy
days*

Wind
Velocity
(km./hr.)

Evaporatio
n (mm/day) BSSH

Max. Min.
Max

. Min.

26 25.06.2017 01.07.2017 37.6 27.3 78.4 49.0 44.2 2.0 5.9 7.1 8.6
27 02.07.2017 08.07.2017 38.6 28.1 71.6 42.6 0.0 0.0 10.8 10.3 10.1
28 09.07.2017 15.07.2017 47.1 28.1 73.7 43.4 0.0 0.0 10.7 9.1 9.3
29 16.07.2017 22.07.2017 38.6 27.0 82.6 48.4 11.7 2.0 4.6 6.9 7.4
30 23.07.2017 29.07.2017 38.5 27.7 83.1 49.6 15.8 1.0 6.4 8.6 9.4
31 30.07.2017 05.08.2017 36.0 26.3 84.3 53.9 0.0 0.0 11.6 6.3 5.8
32 06.08.2017 12.08.2017 37.5 27.8 70.9 45.1 4.4 1.0 11.2 7.9 6.3
33 13.08.2017 19.08.2017 38.6 26.6 72.1 36.1 0.0 0.0 12.0 8.9 10.0
34 20.08.2017 26.08.2017 38.6 26.4 73.0 52.0 59.8 2.0 6.6 9.7 8.5
35 27.08.2017 02.09.2017 34.0 25.5 85.9 60.7 26.4 1.0 6.6 4.6 5.7
36 03.09.2017 09.09.2017 36.5 25.4 78.1 46.3 2.0 0.0 7.4 6.3 8.2
37 10.09.2017 16.09.2017 37.6 24.8 77.7 42.3 4.0 0.0 4.6 6.4 9.0
38 17.09.2017 23.09.2017 40.1 22.3 65.9 23.6 0.0 0.0 3.4 6.6 8.3
39 24.09.2017 30.09.2017 39.3 23.5 61.4 24.4 0.0 0.0 6.5 8.0 9.7
40 01.10.2017 07.10.2017 39.4 21.0 53.4 20.4 0.0 0.0 4.8 7.1 9.9
41 08.10.2017 14.10.2017 39.8 19.9 51.6 16.7 0.0 0.0 3.7 6.3 9.6
42 15.10.2017 21.10.2017 40.2 16.8 44.7 23.4 0.0 0.0 3.3 6.9 10.3
43 22.10.2017 28.10.2017 36.8 16.9 47.1 21.9 0.0 0.0 3.4 5.1 9.8
44 29.10.2017 04.11.2017 35.6 15.4 51.0 20.9 0.0 0.0 3.3 5.4 9.5
* A day having 2.5 mm or more rainfall is considered as a rainy day ;  # Data taken from Agro-meteorological Observatory, ARS, Beechwal,
Swami Keshwanand Rajasthan Agricultural University, Bikaner.

Table 2: Effect of sowing dates on phenological stages (DAS) of sesame varieties.

Treatments Seedling
Emergence

1st Branching 1st Flower
Initiation

1st Capsule Formation Physiological
Maturity

Sowing dates
10 July 4 30 41 51 84
20 July 4 28 40 50 82
30 July 5 26 38 47 80

09 August 5 24 36 43 79
SEm± 0.1 1 1 1 1

CD (P=0.05) 0.4 2 2 2 2
Varieties

RT – 125 4 28 39 48 81
RT – 46 4 27 39 48 82
RT – 127 4 26 38 47 81
RT – 346 4 27 39 48 81

SEm± 0.1 1 1 1 1
CD (P=0.05) NS NS NS NS NS

NS = Non Significant

Adhikary et al. (2020) reported that sesame sowing on
15 February recorded higher GDD values than delayed
sowing. Raut et al. (2020) found that GDD requirement
for different phonological stages differed depending
upon the duration of a particular stage. GDD decreased
due to late sowing of sesame was also reported by
Rajput et al. (1987); Paul and Sarker (2000); Haidar et
al. (2003) in wheat, Dahiya and Narwal (1989) in
maize, Borreani et al. (2007) in Pea, Alam et al. 2007
in barley and Akhter et al. (2015) in rapeseed. Further,
results revealed that GDD during seedling emergence
did not vary in different sesame varieties. Varieties,
RT-125 and RT-346 consumed significantly higher
degree days as compared to RT-127 and RT-46 for 1st

branching. Varieties, RT-125 and RT-346 consumed
significantly higher degree days for 1st flowering as
compared to RT-127, but it was at par with RT-46.
Variety, RT-346 consumed significantly higher degree
days for 1st capsule formation as compared to RT-127,

but it was at par with RT-125 and RT-46. Sesame
variety Rt-346 consumed significantly higher degree
days as compared to RT-125, RT-46 and RT-127 for
physiological maturity. Adhikary et al. (2020)
suggested that GDD values differed in different sesame
varieties. Similar results also reported by Akhter et al.
(2015) in rapeseed.

C. Pheno Thermal Index (PTI)
Results revealed that photo thermal index was differed
by sowing dates and varieties (Table 4). The photo
thermal index was significantly higher in sesame
sowing on 10 July, it was at par with 20 July and 30
July and found superior over 09 August for seedling
emergence. The photo thermal index for 1st branching
was significantly higher in crop sown on 30 July as
compared to 10 July; it was at par with 20 July and 09
August.
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Table 3: Effect of sowing dates on growing degree days (GDD) (ºC days) of different phenological stages of
sesame varieties.

Treatments Seedling
Emergence 1st Branching 1st Flower

Initiation 1st Capsule Formation Physiological
Maturity

Sowing dates
10 July 90.50 630.54 893.95 1087.56 1902.94
20 July 92.25 659.50 931.20 1146.36 1942.33
30 July 92.25 659.50 931.20 1146.36 1942.33

09 August 105.98 516.60 765.33 926.81 1630.50
SEm± 2.22 9.00 13.13 19.51 23.57

CD (P=0.05) 7.69 31.16 45.44 67.51 81.56
Varieties

RT – 125 96.56 631.88 897.29 1082.29 1765.96
RT – 46 91.29 608.63 880.04 1077.13 1770.90

RT – 127 96.56 593.76 847.06 1050.61 1815.83
RT – 346 96.56 631.88 897.29 1097.08 2065.40

SEm± 1.89 6.10 9.34 9.43 17.18
CD (P=0.05) NS 17.79 27.25 27.52 50.14

The photo thermal index for 1st flowering was
significantly higher in crop sown on 30 July as
compared to 09 August; it was at par with 10 and 20
July. Significantly higher photo thermal index for 1st

capsule formation was recorded by sowing on 30 July
as compared to rest of sowing dates. Crop sown on 20
July recorded higher photo thermal index as compared
to 09 August, but it was at par with 10 and 30 July.
During the phenological stages, changes in the ambient
temperature, even if only for a short time, are reflected
in the pheno thermal index. As a result, the index
appears to be successful in accounting for and
describing the influence of variable ambient
temperature on the duration between phenological
stages for comparing crop responses to ambient
temperature throughout phenological stages. Similar
results were also reported by Masoni et al. (1990);
Bishnoi et al. (1995); Paul and Sarker (2000); Haidar et
al. (2003) in wheat, Dahiya and Narwal (1989) in
maize, Alam et al. (2007) in barley, Akhter et al. (2015)
in rapeseed, Malo and Ghosh, (2018) in rice and Raut et
al. (2020) in sesame.

Among sesame varieties, data showed that photo
thermal index for seedling emergence and 1st branching
was non-significant in different sesame varieties. Photo
thermal index for 1st flowering was higher in RT-346 as
compared to RT-46 and 127, but it was at par with RT-
125. RT-125 at par with RT-46 and 346 and recorded
higher photo thermal index for 1st capsule formation as
compared to RT-127. Photo thermal index for
physiological maturity was significantly higher in RT-
346 as compared to rest of varieties. Findings were
correlated with Akhter et al. (2015) in rapeseed and
Adhikary et al. (2020) in sesame.

D. Photo Thermal Units (PTU)
The photo thermal units influenced significantly due to
sowing dates (Table 5). Crop sown on 09 August,
significantly higher photo thermal units compared to
10, 20 and 30 July. Further, results reveals that sowing
on 10 July at par with 20 July and significantly higher
photo thermal units for 1st branching, 1st flowering, 1st

capsule formation and physiological maturity as
compared to 30 July and 09 August, respectively.

Table 4: Effect of sowing dates on pheno thermal index (PTI) of different phenological stages of sesame
varieties.

Treatments Seedling
Emergence

1st Branching 1st Flower
Initiation

1st Capsule Formation Physiological
Maturity

Sowing dates
10 July 23.34 24.88 76.17 114.62 58.17
20 July 22.89 27.38 77.93 119.11 60.44
30 July 20.60 30.28 78.90 134.10 59.02

09 August 22.57 27.89 63.43 121.09 46.06
SEm± 0.72 0.87 1.23 3.13 1.62

CD (P=0.05) 2.49 3.01 4.27 10.83 5.59
Varieties

RT – 125 22.57 27.56 75.47 127.92 53.59
RT – 46 21.46 27.46 71.39 122.31 53.17

RT – 127 23.10 27.56 72.07 117.75 53.46
RT – 346 22.26 27.85 77.50 120.94 63.48

SEm± 0.58 0.72 1.21 2.51 1.22
CD (P=0.05) NS NS 3.54 7.33 3.55

NS = Non Significant
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Kingra and Kaur (2012) in groundnut, Adhikary et al.
(2020); Raut et al. (2020) in sesame also found similar
results. The sesame varieties were non-significant in
seedling emergence, 1st branching, 1st flowering, 1st

capsule formation and physiological maturity. In all
treatments, PTU accumulation increased from

emergence to physiological maturity, with the greatest
amounts obtained at physiological maturity. Similar
findings have also been reported by Srivastava et al.
(2011) in Mustard and Adhikary et al. (2020) in
sesame.

Table 5: Effect of sowing dates on photo thermal unit (PTU) (Degree-days hour) of different phenological
stages of sesame varieties.

Treatments Seedling
Emergence 1st Branching 1st Flower

Initiation 1st Capsule Formation Physiological
Maturity

Sowing dates
10 July 1243.11 8806.5 12365.18 15070.15 23485.96
20 July 1211.32 8349.8 11695.52 14095.79 22149.30
30 July 1175.00 7677.4 10715.77 12944.17 20826.30

09 August 1392.31 6620.7 9684.93 11648.97 19794.19
SEm± 22.44 133.5 309.01 320.05 399.65

CD (P=0.05) 77.65 462.1 1069.31 1107.51 1382.98
Varieties

RT – 125 1254.93 7991.3 11304.08 13505.39 21589.22
RT – 46 1256.94 7763.2 11159.07 13441.79 21594.11

RT – 127 1254.93 7708.5 10822.61 13181.98 21536.49
RT – 346 1254.93 7991.3 11175.64 13629.92 21535.92

SEm± 16.67 108.4 199.83 253.45 276.39
CD (P=0.05) NS NS NS NS NS

NS = Non Significant

E. Helio Thermal Units (HTU)
The helio-thermal units (HTU) at a particular
phenological stage are the product of the duration of
sunshine hour of a day and the required accumulated
heat units by plants. The helio thermal units at different
phonological development stages of sesame influenced
due to sowing dates (Table 6). Like GDD, HTU
gradually decreased with delay in sowing. Significantly
higher helio thermal units for seedling emergence were
recorded by 10 July over 20, 30 July and 09 August.
Further, results showed that sowing on 10 July at par
with 20 July and significantly higher helio thermal units

for 1st branching, 1st flowering, 1st capsule formation
and physiological maturity as compared to 30 July and
09 August, respectively. HTU decreased at different
phenological stages due to delayed in sowing. Similar
findings also reported by Rajput et al. (1987); Masoni
et al. (1990); Bishnoi et al. (1995); Paul and Sarker
(2000); Haidar et al. (2003) in wheat, Dahiya and
Narwal (1989) in maize, Alam et al. (2007) in barley
and Akhter et al. (2015) in rapeseed, Kaushik et al.
(2015) in soybean and Adhikary et al. (2020) in
sesame. Among varieties, sesame varieties were non-
significant in all phonological development stages.

Table 6: Effect of sowing dates on helio thermal units (HTU) (Degree-days hour) of different phenological
stages of sesame varieties.

Treatments Seedling
Emergence

1st Branching 1st Flower
Initiation

1st Capsule Formation Physiological
Maturity

Sowing dates
10 July 930.68 5176.33 7455.15 9235.58 15061.62
20 July 767.48 4840.82 7147.15 8464.00 14692.00
30 July 321.45 4533.20 6155.07 7789.39 14149.12

09 August 746.49 4281.00 6218.30 7557.71 14510.55
SEm± 9.32 104.50 152.98 228.03 161.37

CD (P=0.05) 32.24 361.62 529.38 789.08 558.43
Varieties

RT – 125 692.20 4764.57 6896.71 8319.81 14627.47
RT – 46 689.49 4652.34 6769.93 8273.35 14624.84

RT – 127 692.20 4649.86 6511.63 8061.52 14579.66
RT – 346 692.20 4764.57 6797.40 8392.01 14581.31

SEm± 10.21 91.95 111.34 146.55 117.85
CD (P=0.05) NS NS NS NS NS

NS = Non Significant

F. Heat Use Efficiency (HUE)
The heat use efficiency values were computed and are
presented in Table 7. Heat use efficiency recorded for
seed, straw and biological yield was significantly higher

in sowing on 10 July as compared to 30 July and 09
August, but it was at par with 20 July. The sowing on
10 July plants used heat more efficiently than the plants
of other sowings and the order was 10 > 20 > 30 July >
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10 August. The HUE   declined   with   successive
delay   in   sowing   and   the   findings   are   in
conformity with those reported by Rajput et al. 1987;
Paul and Sarker (2000) in wheat, Roy et al. (2005);
Neogi et al. (2005) in Mustard and Alam et al. (2007)
in barley, Akhter et al. (2015) in rapeseed, Choudhary
et al. (2018) in mustard and Raut et al. (2020) in
sesame. Among sesame varieties, RT-125 recorded
higher heat unit efficiency for seed yield as compared

to rest of tested varieties. Further, variety RT- 46
registered higher heat unit efficiency for straw yield
than RT- 346, but it was at par with RT-125 and RT-
127. RT-125 recorded higher heat unit efficiency for
biological yield as compared RT- 346, but it was at par
with RT-46 and RT-127. Results also confirmed with
findings of Si and Walton, (2004); Akhter et al. (2015)
in rapeseed and Choudhary et al. (2018) in mustard.

Table 7: Effect of sowing dates on heat use efficiency (HUE) (Kg/ha/ ºC days) of sesame varieties.

Treatments Seed yield Straw yield Biological yield
Sowing dates

10 July 0.43 1.30 1.72
20 July 0.41 1.24 1.65
30 July 0.27 0.90 1.16

09 August 0.13 0.60 0.73
SEm± 0.01 0.04 0.05

CD (P=0.05) 0.04 0.14 0.17
Varieties

RT – 125 0.34 1.05 1.40
RT – 46 0.31 1.07 1.36
RT – 127 0.30 1.01 1.31
RT – 346 0.28 0.91 1.19

SEm± 0.01 0.03 0.03
CD (P=0.05) 0.03 0.10 0.09

CONCLUSION

The results of this study show that short-term
fluctuations in ambient temperature are reflected in the
phenothermal index during each phase of growth.
Therefore, the index looks effective during the duration
of the phenological occurrence to compare the crop
reaction against the ambient temperature between the
phenological phases and to reflect the effect of shifting
atmospheric temperature. The differences in
phenothermal indices for various stages of growth
reveal the potential of the accumulated temperature
could be utilized for studying biomass accumulation
pattern at different phenological stages which
ultimately influences the yield potential of crop.

Acknowledgments. The authors appreciate the facility
support provided by the Department of Agronomy, College of
Agriculture, Swami Keshwanand Rajasthan Agricultural
University.
Conflict of Interest. None.

REFERENCES

Adhikary, S., Banerjee, S., Ghosh, M., Gunri, S. K. and
Mukherjee, B. (2020). Thermal Indices and Yield
Correlations of Sesame (Sesamum indicum L.) during
Summer in New Alluvial Zone of West Bengal. Int. J.
Curr. Microbiol. App. Sci., 9(9): 109-113.

Akhter, M. S. T., Towhida,  Mannan, M. A., Kundu, P. B. and
Paul, N. K. (2015).  Effects of different sowing dates
on the phenology and accumulated heat units in three
rapeseed (Brassica campestris L.) varieties.
Bangladesh J. Bot., 44(1): 97-101.

Alam, M. Z., Haider, S. A. and Paul, N. K. (2007). Influence
of sowing date and nitrogen fertilizer on the
phenology and accumulated heat units in barley. Plant
Environ. Dev., 1(2): 75-81.

Borreani, G., Peiretti, P. G., and Tabacco, E. (2007). Effect of
harvest time on yield and pre-harvest quality of
semileafless grain peas (Pisum sativum L.) as whole-
crop forage. Field Crops Res., 100: 19.

Bishnoi, O. P., Singh, S. and Niwas, R. (1995). Effect of
temperature on phenological development of wheat
(Triticum aestivum L.) Indian J. Agric. Sci., 65: 211-
214.

Choudhary, D., Singh, R., Dagar, C., Kumar, A. and Singh, S.
(2018). Temperature based agrometeorological indices
for Indian mustard under different growing
environments in Western Haryana, India. Int. J. Curr.
Microbiol. App. Sci., 7(1): 1025-1035.

Dahiya, D. S. and Narwal, S. S. (1989). Effect of sowing date
on phenology and growing degree day requirement of
winter maize (Zea mays L.). Indian J. Agric. Sci., 59:
589-592.

Haider, S. A., Alam, M. Z., Alam, M. F. and Paul, N. K.
(2003). Influence of different sowing dates on the
phenology and accumulated heat units in wheat. J.
Biol. Sci., 3(10): 932-939.

Hocking, P. J. and Stapper, M. (2001). Effect of sowing time
and nitrogen fertilizer on canola and wheat, and
nitrogen fertilizer on Indian mustard. Dry matter
production, grain yield and yield components. Aust. J.
Agric. Res., 52(6): 623-634.

Hundal, S. S., Singh, R. and Dhaliwal, I. K. (1997).
Agroclimatic indices for predicting phenology of
wheat in Punjab. Ind. J. Agric. Sci., 67: 265-268.

Kaushik, D. K., Patel, S. R., Chandrawanshi, S. K., Khavse,
R., and Chaudhary, J. L. (2015). Study on
agrometeorological indices for soybean crop under
different sowing dates in Chhattisgarh region of India.
Indian J. Agric. Res., 49(3): 282 -285.

Kingra, P. K. and Kaur, P. (2012). Effect of Dates of Sowing
on Thermal Utilisation and Heat Use Efficiency of
Groundnut Cultivars in Central Punjab. Journal of
Agricultural Physics, 12(1): 54 -62.



Rakesh  et al., Biological Forum – An International Journal 14(1): 275-281(2022) 281

Kaur, P., Khehra, M. K. and Hundal, S. S. (2006).
Development of thermo-based phenophasic model for
predicting phonological stages of Indian mustard
(Brassica juncea) in central plains of Punjab. Indian
Journal of Agricultural Sciences, 76(6): 377-79.

Masoni, A., Ercoli, L. and Massantini, F. (1990). Relationship
between number of days, growing degree days and
phenothermal units and growth of wheat (Triticum
aestivum L.) according to seeding time. Agricultura
Mediterrancea, 120: 41-51.

Mendham, N. J., Russel, J. and Jarosz, N. K. (1990).
Response to sowing time of three contrasting
Australian cultivars of oilseed rape (Brassica napus).
J. Agric. Sci., (Cambridge), 114: 275-283.

Merle, F. V., Anderson, R. L. and Beard, W. E. (1997). Base
temperature and growing-degree hours requirements
for the emergence of canola. Crop Sci., 37: 844-489.

Malo, M., and Ghosh, A. (2018). Studies on different
Agrometeorological indices and thermal use
Efficiencies of rice in New Alluvial Zone of West
Bengal. Bull. Env. Pharmacol. Life Sci., 7( 6):72 -78.

Nanda, R., Bhargava, S. C. and Rawson, H. M. (1995). Effect
of sowing dates on rates of leaf appearance, final leaf
number and areas in Brassica campestris, Brassica
juncea, Brassica napus and Brassica carinata. Field
Crop Res., 42(2-3): 125-134.

Neogi, P., Chakravarty, N. V. K., Srivastava, A., Goutom, K.
B., Katiyar, R. K. and Singh, H. B.  (2005). Thermal
time and its relationship with seed yield and oil
productivity in Brassica cultivars. Int. J. Brassica.,
7(1-2): 63-70.

Pankaj, S. C., Sharma, P. K. and Kingra, P. K. (2014).
Thermal energy requirement and heat use efficiency of
barley varieties under different dates of sowing. Indian
Journal Ecology, 41(2): 247-251.

Patel, J. G. and Mehta, A. N. (1987). Assessment of growth
and yield of mustard [Brassica juncea (L) Czern &
Coss] in relation to heat units. Int. J. Ecol. Environ.
Sci., 13: 105-115.

Paul, N. K. and Sarker, D. K. (2000). Accumulated heat units
and phenology relationships in wheat as influenced by
sowing dates. Bangladesh J. Bot., 29: 45-54.

Perry, K. B., Sanders, D. C., Granberry, D. M., Garrettj, T.,
Decoteau, D. R., Nagata, R. T. and Mclaurin, W .J.
(1993). Heat units, solar radiation and day length as

pepper harvest predictions. Agric. For. Meteorol., 65
197- 205.

Qiao-yan, L. I., Jun, Y. I. N., Wan-dai, L. M., Zhou, Lei, I.
and Jishan Niu (2012). Determination of optimum
growing degree days (GDD) range before winter for
wheat cultivars with different growth characteristics in
North China Plain. Journal of Integrative Agriculture,
11: 405–15.

Rajput, R. P., Deshmukh, M. R. and Paradkar, V. K. (1987).
Accumulated heats unit and phenology relationships in
wheat (Triticum aestivum L.) as influenced by planting
dates under late-sown condition. J. Agron. & Crop
Sci., 159: 345-348.

Raut, G. B. Waghmare, P. K. and Bankar, D. S. (2020).
Thermal utilization and heat use efficiency of sesame
crop (Sesamum indicum L.) under different sowing
dates. Journal of Pharmacognosy and Phytochemistry,
9(6): 518-521.

Ranganatha, A.R.G. (2013).Improved Technology for
maximizing Production of sesame [Revied Ed.,]
Project coordinator, AICRP on sesame and Niger,
ICAR, JNKVV Campus, Jabalpur, pp. 1 -17.

Roy, S., Meena, R. L., Sharma, S. C., Vinod, K.,
Chattopadhyay, C., Khan, S. A. and Chakravarthy, N.
V. K. (2005). Thermal requirement of oilseed Brassica
cultivars at different phonological stages under
varying environmental conditions. Ind. J. Agril. Sci.,
75(11): 17-21.

Si, P. and Walton, G. H. (2004). Determination of oil
concentration and seed yield in canola and Indian
mustard in the lower rainfall areas of Western
Australia. Aust. J. Agril. Res., 55(3): 367-377 2004.

Srivastava, A. K., Chakravarty, N. V. K., and Adak, T.
(2011). Quantification of growth and yield of oilseed
Brassica using thermal indices under semi-arid
environment. J. Agromet., 13(2): 135-140

Valiki,  S. R. H., Ghanbari, S., Golmohammadzadeh, S. and
Kiasari, K. R. (2015). Effect of Different Plant
Density on Growth and Yield of Three Cultivars of
Sesame (Sesamum indicum L.). Biological Forum –
An International Journal, 7(1): 1524-1528.

Warthinhton, C. M, and Hatchinson, C. M. (2005).
Accumulated degree days as a model to determine key
development stages and evacuate yield and quality of
potato in Northeast Florida. Proceeding of State
Horticulture Society, 118: 98–101.

How to cite this article: Shri Rakesh, R.C. Bairwa, N.K. Pareek, Amit Kumawat, Ramesh Kumar and Sundar Anchra (2022).
Phenological Development and Thermal Indices in Sesame (Sesamum indicum L.) Varieties Under Different Dates of Sowing.
Biological Forum – An International Journal, 14(1): 275-281.


