
_____________________________________________________________________________________________________ 
 
*Corresponding author: E-mail: monikarayouat@gmail.com; 
 
 
 

Current Journal of Applied Science and Technology  
 
39(31): 116-124, 2020; Article no.CJAST.61656 
ISSN: 2457-1024 
(Past name: British Journal of Applied Science & Technology, Past ISSN: 2231-0843,  
NLM ID: 101664541) 

 

 

Effect of Climate Change on Productivity and 
Profitability of Chickpea Cultivars under Various 

Dates of Sowing in Rice Fallows 
 

M. Ray1*, K. C. Sahoo1, T. R. Mohanty1, P. Mishra2, N. Mishra1,  
S. K. Sahoo1 and S. Tudu1 

  
1
Regional Research and Technology Transfer Station [RRTTS] (OUAT), Keonjhar, 

 Odisha – 758002, India. 
2
College of Agriculture, Powarkheda, JNKVV, India. 

 
Authors’ contributions 

 
This work was carried out in collaboration among all authors. Author MR and PM designed the study, 

performed the statistical analysis, wrote the protocol and wrote the first draft of the manuscript. 
Authors KCS and TRM managed the analyses of the study. Authors NM, SKS and ST managed the 

literature searches. All authors read and approved the final manuscript. 
 

Article Information 
 

DOI: 10.9734/CJAST/2020/v39i3130997 
Editor(s): 

(1) Dr. Nhamo Nhamo, Zimbabwe Open University, Zimbabwe. 
Reviewers: 

(1) Bala Gambo Jahun, Abubakar Tafawa Balewa University, Nigeria. 
(2) Jamilah, Universitas Tamansiswa Padang, Indonesia. 

Complete Peer review History: http://www.sdiarticle4.com/review-history/61656 

 
 
 

Received 27 July 2020  
Accepted 02 October 2020 
Published 20 October 2020 

 
 

ABSTRACT 
 
A field experiment was carried out during rabi  season of three consecutive years of 2017-18, 2018-
19  and 2019-20  at Field Experimental Block, RRTTS, Keonjhar, Odisha  to study the effect of heat 
and thermal unit use of chickpea  cultivars under various dates of sowing. The experiment was laid 
out in a Split plot Design with twelve treatments combinations, four dates of sowing (1st November, 
15th November, 30th November and 15th December) kept in main plots, and three varieties of 
chickpea (JAKI - 9218, JG-14, JG-16) in sub plots with three replications. The results of the 
experiments revealed that chickpea sown on 15th November registered the maximum mean grain 
yield of 1040 kg/ha, fetched maximum mean net return of Rs. 26895/- per ha with B:C of 1.89. 
Growing chickpea variety JAKI 9218 fetched maximum mean net return of Rs. 27850/- per ha with 
B:C of 1.67. The maximum GDD to reach maturity (2316.3 days) and heliothermal unit was recorded  
on 1st November while minimum GDD of 1860.5 days was observed on 15th December. Among 
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cultivars, JAKI 9218 had higher thermal unit requirement. Photothermal unit from date of emergence 
to maturity stage accounted higher with 1st November sowing, while lowest PTU were observed 
with the crop sown on 15th December during both all the years.  Variety  JAKI 9218 accounted non-
significantly higher PTU than JG14 and JG 16 at all the phenological stages of the crop during all 
the years. 
 

 
Keywords: Chickpea; sowing dates; climate change; GDD; helio thermal unit; photo thermal unit. 
 

1. INTRODUCTION  
 
In India Chickpea (Cicer arietinum L.) is grown as 
a winter crop during post-monsoon as it requires 
cool and dry weather conditions for optimum 
growth. It is grown in area of 9.4 million hectare 
with annual production of 10.13 million tones and 
average productivity 10.73 q/ha [1]. In Odisha 
chickpea is grown in an area of 60 lakh hectares 
with annual production of 50 thousand tones and 
average productivity 8.3 q/ha [2] 
 
The selection of appropriate variety with respect 
to date of sowing and expected temperature rise 
during the crop growth period is necessary to get 
an optimum yield under high-temperature stress 
conditions [3]. Among the climatic parameters 
temperature, rainfall and light are most important 
for optimum crop growth and development and 
thereby it exploits the potentiality of a crop. 
Among these parameters, temperature is the 
most important as it plays a vital role in almost all 
biological processes of crop plants.  The growth 
and yield of chickpea as influenced by different 
time of sowing as well as temperature has been 
studied under field conditions through the 
accumulated heat units by [4]. 
 
Photoperiod and temperature are the most 
important factors affecting chickpea productivity 
[5]. Plants have a definite temperature 
requirement before they attain certain 
phenological stages. High temperature, moisture 
stress and low humidity during flowering damage 
the flowering and the foliage, desiccation of 
pollen and interfere with the pollination resulting 
in poor grain formation [6]. Higher temperature 
about 30-35°C has a detrimental effect on the 
growth of chickpea. During crop growing season, 
suboptimal photo thermal requirement are known 
to have profound effect on productivity. Sowing 
time of chickpea governs the crop phonological 
development and economic yield, therefore it is 
an important non-monetary input which has been 
recognized as the most critical factor in 
influencing the yield of chickpea [7,8]. To 
maximize the yield of chickpea the phenology of 
the cultivar should match well to the resources 

and constraints of the production environment 
[9]. The environmental conditions during the 
reproductive phase have a major impact on grain 
yield therefore the flowering time is very 
important. The onset of flowering often 
determines the entire crop duration [10].  The 
crop sown at the optimum time has longer growth 
duration which consequently provides an 
opportunity to accumulate more grain yield as 
compared to late sowing and henceforth 
manifested in higher grain and biological yield 
[11,12,13,14]. Delay in sowing results in a lower 
yield, the growth is hampered and the seed 
development period is shortened [15,16,17]. 
Studies have shown that early winter sowing 
(mid-October to mid-November) is the optimum 
period. Late sowing, after November 18 reduced 
yield by 28 percent for every 10 days interval 
delay [18]. 
  
The thermal units approach is widely used for 
quantifying the thermal relation of crops [19] and 
it has been further modified to include 
photothermal units and heliothermal units [12]. 
This photothermal unit concept provides a 
reliable index for the progress of the crop that 
can be used to predict the yield of any crop.  This  
concept has been used by several workers to 
compare the performance of different varieties  at 
several dates in different crops [20,21] . Growing 
Degree Days and Heat Use Efficiency based on 
temperature are very useful in predicting the 
growth and yield of chickpea. Another important 
aspect is the utilization of heat in terms of dry 
matter. The efficiency of conversion of heat 
energy into dry matter depends upon genetic 
factors, sowing time and type of crop [12]. 
However, the growing degree day (GDD) 
concept may mislead as to the minimum and 
maximum temperatures are being considered for 
calculating GDD which are the events occurring 
at a particular point of time in a day. As the 
planting is delayed beyond optimum date/ideal 
time the chickpea yields go down. 
 
Information from photothermal units can be used 
to predict the yield of any crop. According to [22] 
timely and early sowing allowed the higher 
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accumulation of heat sum and photothermal units 
which in turn resulted in better growth and yield 
of the crop. The optimum sowing date results in 
flowering of the crop when the risk of cold 
temperatures is low, as extremely low 
temperatures can kill chickpea plants [23]. Too 
early sowing can expose the crop to more rain 
events which can increase the risk of Ascochyta 
disease, increase in crop biomass, lodging, and 
also soil moisture deficit during grain fill. Late 
sowing can result in shorter plants due to the 
harvesting difficulties [24]. Crops require specific 
thermal time as they go through different growth 
stages, and these have to do with mean ambient 
temperatures [25,26,27,28]. 
 
Optimum sowing time of chickpea varies from 
one cultivar to another and also from one region 
to another due to the variation of agro-ecological 
conditions [29,30]. So a field experiment was 
conducted at RRTTS, Keonjhar, Odisha to study 
the productivity and profitability of Chickpea 
cultivars under various dates of sowing, the 
effect of Growing Degree Days (GDD) on dry 
matter production, heat use efficiency and yield 
response of chickpea genotypes to Helio-
Thermal Units (HTU). 
 
2. MATERIALS AND METHODS 
 
A field experiment was carried out during rabi  
season of three consecutive years of 2017-18, 
2018-19  and 2019-20  on loamy sand soil  at 
Field Experimental Block, Regional Research 
and Technology Transfer Station, Keonjhar, 
Odisha  state (India). Geographically, the 
experimental site is situated at 14°.0’ to 14°.1’ N 
latitude and 75°.40’ to 75°.42’ E longitude at an 
altitude of 650 meters above mean sea level. 
The normal rainfall of experimental site was 
1331.2 mm (75 rainy days) with maximum 
temperature being recorded in the month of April 
(39.2°C) and minimum temperature (9.3°C) 
during January (Table 1). The soil of the 
experimental field was having pH

 

8, electrical 
conductivity-0.15dS/m, organic carbon (0.50%) 
and N(107 kg/ha) and K (78 kg/ ha) status was 
low whereas  P (21 kg/ha) status was medium.. 
The experiment was laid out in a Split plot 
Design with twelve treatments combinations, four 
dates of sowing (1st November, 15th November, 
30th November and 15th December) kept in 
main plots, and three varieties of chickpea (JAKI 
- 9218, JG-14, JG-16) in sub plots with   three 
replications. The crop was sown with a row 
spacing of 30 cm as per the dates of sowings. N 
and P2O5 were applied through urea and single 

SSP and given as basal just below the seed at 
the time of sowing. All recommended package of 
practices were followed for cultivation.  
 
Growing degree days at different phenological 
stages were calculated by summation of daily 
mean temperature above base temperature for a 
corresponding period from sowing, as suggested 
by [31] taking a base temperature of 5°C  
 

���	 = 		�
(����	 + 	�	���)	

2
	− 		�	���� 

 
Where, Tmax, Tmin and are maximum, minimum 
temperature. 
  
T base is base temperature was taken as 100 C.  
 
Heat use efficiency was calculated as:  
 

���	 =
�����	���	������	(�	�2)

���
 

 
The index helio thermal unit (HTU) serves to be 
effective in taking into account and expressing 
the effect of varying ambient temperature on the 
duration between the phenological events for 
comparing the crop response to the ambient 
temperature between phenological stages. Helio 
thermal unit was calculated using the formula 
given by [32].  
 

HTU =  GDD x Cumulative Sun Shine Hours 
(from sowing to physiological maturity)  

 
Helio-thermal use efficiency was calculated by 
using the formula:  
 

����	(��/���) 	= 	
�����	(��)

���
 

 
Thermal indices during different phenophases of 
chickpea as affected by various treatments 

 
3. RESULTS AND DISCUSSION 
 
Data pertaining to plant height, number of 
branches per plant, number of pods per         
plant and number of seeds per pod as   
influenced by sowing time and cultivars are 
presented in Table 2. Both early and delay 
sowing affected the chickpea plant growth, yield 
and grain quality. Sowing chickpea on15

th 
of 

November resulted in significantly taller plants as 
compared to delayed sowing. Significantly taller 
plants were recorded in JAKI 9218  than all other 
cultivars. 
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Table 1. Monthly meteorological data for the year 2017, 2018 and 2019 against normal at RRTTS, Keonjhar, Odisha 
 

Month 

  

Total Rainfall (mm) Mean max. temp (°C) Mean min temp (°C) Mean RH max (%) Mean RH min (%) Cumulative BSH 

N 2017 2018 2019 N 2017 2018 2019 N 2017 2018 2019 N 2017 2018 2019 N 2017 2018 2019 2017 2018 2019 

Jan 30.4 0 0 0.1 26.6 26.4 26.5 26.5 11.8 11.3 9.3 10.1 75.6 83.5 75.7 64.6 47.8 45.3 19.7 53.6 36.4 37.7 38.2 

Feb 20.6 0 0 61.7 29.6 31.4 31.3 31.3 15.0 15.2 15.8 14.4 68.3 77.6 65.3 66.3 42.3 40.2 16.5 43.1 112.5 110.1 109.5 

Mar 34.8 27.4 21.1 55.7 33.6 33.4 34.8 34.8 18.6 18.6 19.3 18.3 76.9 71.7 75.9 77.8 39.7 42.1 14.1 53.6 130.6 132.2 131.2 

Apr 69.4 8.4 61.1 37.7 36.8 39.2 35.2 35.2 22.0 23.5 21.4 22.4 74.5 75.6 72.5 64.7 23.4 15.6 21.2 34.8 144.6 142.6 142.5 

May 100.9 140.0 43.2 178.5 37.1 38.0 36.3 36.3 23.5 23.9 23.0 24.2 71.2 75.9 67.3 69.3 41.2 20.2 53.2 40.3 103.6 105.2 101.5 

Jun 208.6 234.0 145.0 143.2 33.4 34.4 34.1 34.1 23.8 24.8 24.4 24.8 76.8 75.3 73.3 75.4 58.9 36.1 61.8 56.5 163.9 165.3 161.6 

July 268.3 273.1 314.3 204.6 30.2 29.3 30.1 30.1 23.4 23.8 23.9 24.1 87.1 85.0 87.7 83.1 68.3 56.4 83.1 71.0 74.7 75.6 73.7 

Aug 273.1 296.1 263.0 332.3 30.0 31.0 30.3 30.3 22.9 24.0 23.4 24.0 89.8 85.9 88.6 87.0 79.0 58.9 82.2 81.0 24.4 26.1 21.2 

Sept 191.1 151.0 294.1 326.8 30.3 32.0 30.3 30.3 22.4 24.0 22.8 23.3 90.2 86.5 87.7 93.4 75.7 60.6 81.6 84.0 66.8 81.4 54.2 

Oct 103.4 183.9 103.0 137.5 30.0 30.7 29.9 29.9 19.7 21.3 19.1 21.0 79.6 82.9 73.0 89.0 66.8 61.7 57.9 81.0 85.7 119.6 76.1 

Nov 20.7 15.9 0 1.7 28.2 26.9 28.7 28.7 15.3 15.5 15.9 16.3 81.7 80.4 73.4 88.1 65.6 43.5 60.7 71.3 53.7 54.1 52.8 

Dec 9.9 0 85.9 7.4 26.0 26.1 23.9 23.9 11.4 11.3 11.6 12.7 76.5 75.0 67.3 85.1 67.4 33.6 63.2 66.7 18.3 19.7 16.9 
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Table 2. Mean growth and yield attributing characters of Chickpea 

 
Treatments Plant height No of branches/plant No of pods/plant No of seeds/pod 

Primary Secondary   
D1 (1 st Nov)  32.0 3.2 11.8 63.7 1.6 
D2 (15

th
 Nov)  32.4 3.4 12.1 71.1 1.9 

D3(30
th
   Nov)  31.7 3.1 10.9 58.8 1.5 

D4 (15
th
  Dec)  30.6 2.9 10.3 52.1 1.3 

Sem(±)  0.79 0.26 0.75 1.16 0.03 
CD(0.05)  1.98 0.63 0.89 4.39 0.10 
V1(JAKI 9218)  32.7 3.3 12.0 70.1 1.8 
V2(JG 14)  31.6 3.1 11.6 67.8 1.5 
V3(JG 16)  30.9 2.9 10.9 60.4 1.4 
Sem(±)  0.81 0.25 0.79 1.3 0.03 
CD(0.05)  1.78 0.59 0.84 4.5 0.15 

 
Table 3. Yield, Cost and Return analysis of maize based intercropping systems at North Central Plateau Zone of Odisha 

 
Treatment  Chickpea yield(kg/ha)  Gross Return (Rs./ha)  Net Return (Rs./ha)  B:C  

2017  2018  2019  Mean  2017  2018  2019  Mean  2017  2018  2019  Mean  2017  2018  2019  Mean  
D1 (1 st Nov)  904  949  917  923  54240  52200  50435  52292  22240  20200  18435  20292  1.70  1.63  1.58  1.67  
D2 (15

th
 Nov)  1028  1071  1020  1040  61660  58924  56100  58895  29660  26924  24100  26895  1.93  1.84  1.75  1.89  

D3(30
th
   Nov)  837  871  848  852  50213  47889  46640  48247  18213  15889  14640  16247  1.57  1.50  1.46  1.54  

D4 (15
th
  Dec)  732  788  747  756  43907  43330  41085  42774  11907  11330  9085  10774  1.37  1.35  1.28  1.36  

Sem(±)  34  40  29  34  -  -    -  -    -  -   -  
CD(0.05)  116  138  100  118  -  -    -  -    -  -   -  
V1(JAKI 9218)  1046  1089  1035  1057  62735  59891  56925  59850  30735  27891  24925  27850  1.96  1.87  1.78  1.92  
V2(JG 14)  843  880  868  864  50585  48386  47740  48904  18585  16386  15740  16904  1.58  1.51  1.49  1.55  
V3(JG 16)  737  791  745  757  44195  43481  40975  42884  12195  11481  8975  10884  1.38  1.36  1.28  1.37  
Sem(±)  23.7  26.2  16.2  21  -  -   -  -  -   -  -  -   -  
CD(0.05)  71.2  78.6  48.5  64  -  -   -  -  -   -  -  -   -  
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Table 4. Thermal indices during different phenophases of chickpea as affected by various treatments 
 

Treatments Thermal indices indices Emergence Vegetative 50% flowering Podding Maturity 
Sowing dates Days taken 7 111 126 151 167 
D1 (1 

st 
Nov) GDD 107.7 1355.8 1616.8 1919.5 2316.3 

PTU 1160.4 14733.6 17602.7 20897.3 25388.8 
HTU 874.1 11086.3 13235.9 15721.6 19175.6 

D2 (15
th
 Nov) Days taken 8 103 119 139 156 

GDD 118.7 1219.4 1465.6 1737.17 2043.9 
PTU 1291.1 13262.8 15967.7 18909.4 22265.2 
HTU 968.9 10058.7 12015.6 14228.9 16754.4 

D3 (30
th
   Nov) Days taken 9 98 113 127 148 

GDD 119.3 1017.6 1304.6 1493.5 1866.8 
PTU 1298.1 12128.3 14209.6 16308.1 20559.4 
HTU 971.6 9123.5 10684.6 12268.1 15464.5 

D4 (15
th
 Dec) Days taken 10 94 110 121 142 

GDD 115.3 1011.7 1300.6 1489.6 1860.5 
PTU 1291.5 12122.4 14201.8 16303.2 20454.6 
HTU 969.3 9121.8 10682.2 12262.4 15460.8 

Genotypes Days taken 8 105 120 141 160 
V1(JAKI 9218) GDD 118.7 1238.3 1454.6 1739.8 2102.1 

PTU 1279.5 13483.9 15831.6 18953.5 22946.2 
HTU 963.8 10144.2 11909.4 14459.8 17863.1 

V2(JG 14) Days taken 7 101 116 136 155 
GDD 115.6 12155.8 1454.7 1695.1 2082.5 
PTU 1246.8 13249.3 15830.8 18461.5 22675.7 
HTU 938.6 998.3 11810.7 13889.1 17265.2 

V3(JG 16) Days taken 6 85 109 135 154 
GDD 118.7 1219.5 1456.4 1687.9 2015.7 
PTU 1268.6 13258.7 15845.4 18352.7 22620.7 
HTU 956.5 9734.3 11918.5 13808.5 17058.6 
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Chickpea sown on 15th of November produced 
significantly highest number of pods per 
plant(71.1)  as well as number of  seeds per pod 
(1.9) than early and delayed sowing. Delayed 
sowing gradually decreased the number of seeds 
of chickpea. The lowest number of pods per plant 
(52,1) and seeds per pod (1.3) was recorded 
from December 15 as the temperature during 
grain filling stage might be the possible reason of 
a lower number of pods per plant  and seeds per 
pod of chickpea with delayed sowing.  Maximum 
number of pods (70.1) and seeds per pod (1.8)  
was recorded in JAKI 9218 and least number of 
pods per plant(60.4) and seeds per pod (1.4)  
was obtained by the cultivar JG 16. 
 

Chickpea sown on 15th November registered the 
maximum mean grain yield of 1040 kg/ha 
followed by 1st Nov sowing (923 kg/ ha)(Table 
3). Studies have shown that early winter sowing 
(mid-October to mid-November) is the optimum 
period. Late sowing, after November 18 reduced 
yield by 28 per cent for every 10 day interval 
delay. Maximum yield in November15 sowing 
was a result of a favourable climatic condition 
which provided the suitable vegetative and 
reproductive growth stages for chickpea plant. 
November 15 sowing increased seeds weight 
and seed yield of chickpea compared to early 
and  late sowing and this result was due to the 
moderate tem regime during the grain filling 
stages [33].  Among the chickpea varieties, JAKI 
9218 produced the maximum yield of 1057 kg 
/ha followed by JG 14 (864 kg/ha). 
 

Sowing chickpea on 15th November fetched 
maximum mean net return of Rs. 26895/- per ha 
with B:C of 1.89  followed by 1st Nov sowing  
which  fetched mean net return of Rs. 24100/- 
per ha with B:C of 1.67. Growing chickpea 
variety JAKI 9218 fetched maximum mean net 
return of Rs. 27850/- per ha with B:C of 1.67. 
Chickpea variety JAKI 9218 should be sown on 
or around 15th November  for  higher income. 
 

Days taken to vegetative stage was recorded 
maximum (111 days) and minimum (94 days) 
when crop was sown on 1st November and 15th 
December, respectively. Delay in sowing by one 
and half month reduced the vegetative phase by 
17 days over 1st November sowing and 9 days 
over 15th November sowing (Table 4). These 
findings are in confirmation with [34] and [35]. 
The maximum GDD to reach maturity (2316.3 
days) was recorded  on 1st November followed 
by 2043.9 days on 15th November while 
minimum GDD 1860.5 days was observed on 
15th December which indicated that the crop 

exposed sub-optimal thermal regime with delay 
in sowing [36]. 
 
The requirement of Heliothermal unit to attain 
different phenophases could be seen in Table 4. 
Heliothermal unit from sowing to maturity ranged 
between 15460.80 to 19175.60°days hr. 
Heliothermal unit was recorded highest in 1st 
November followed by 15th November due to 
higher growing degree days [37] while lowest 
value was recorded at 15th December. Among 
cultivars, JAKI 9218 had higher thermal unit 
requirement due to comparatively longer duration 
of maturity followed by JG 14 and JG 16. The 
varietal differences of chickpea for phasic 
duration and thermal units was also reported by 
[35]. 
 
Photothermal unit from date of emergence to 
maturity stage accounted higher with 1st 
November than 15th November sowing, while 
lowest PTU were observed with the crop sown 
on 15th December during both all the years this 
was also reported by [38]. The photothermal unit 
ranged from 20454.6 to 25388.8°days hrs.  
Variety  JAKI 9218 accounted non-significantly 
higher PTU than JG14 and JG 16 at all the 
phenological stages of the crop during all the 
years. PTU increased as the sowings were 
delayed for all the varieties. (Table 4). 
  

4. CONCLUSION 
 
A general trend was observed that early and 
delay in sowing dates decreased the average 
yield and quality of chickpea. Both early and 
delayed sowing affected the chickpea plant 
growth, yield and grain quality .Maximum results 
were obtained when chickpea var JAKI 9218  
was sown  on  November 15. Therefore we can 
conclude that the chickpea variety JAKI 9218 
should be sown on or around 15th November  for  
higher income in the North Central Plateau Zone 
of Odisha. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Directorate of economics & statistics, DAC 

& FW, Agricultural Statistics at a Glance; 
2019. 

2. E-Pulses data book (state-wise). ICAR, 
Indian Institute of Pulse Research; 2015,  



 
 
 
 

Ray et al.; CJAST, 39(31): 116-124, 2020; Article no.CJAST.61656 
 
 

 
123 

 

Available:https://iipr.icar.gov.in/e-pulse-
data-book-state-wise.html 

3. Mamta K, Vinaya KY, Rajender SC, 
Ramesh KS. Management practices to 
mitigate the impact of high temperature on 
wheat. Journal of Wheat Research. 2015; 
1-12. 

4. Indu BS, Meena S, Parveen K, Hooda VS  
Anil K.  Heat unit required in relation to 
phenology of chickpea cultivars as 
influenced by sowing time and seed rate. 
Int. J. Curr. Microbiol. App. Sc. 2018;7(7): 
3556-3559  

5. Summerfield RJ, Minchin FR, Robert EH, 
Hadley P. The effect of photoperiod and air 
temperature on growth and yield of 
chickpea (Cicer arietinum L.). Proceedings 
of International Workshop of Chickpea 
Improvement, Hyderabad, 28 Feb. -2 
March, 1979, Patancheru, ICRISAT. 1980; 
121-149. 

6. Brouwer R, Jenneskens PJ, Borggreve. 
Growth responses of shoots and roots to 
interruptions of irrigation supply. Jaarb Ibs. 
1970;29-36.  

7. Fallah S. Effects of planting date and 
density on yield and its components in 
chickpea (Cicer arientinum L.) genotypes 
under dry land conditions of Khorram-
Abad. J. Sci. Technol. Agric. Natural Res. 
2008;12:123-135. 

8. Iliadis C. Evaluation of six chickpea 
varieties for seed yield under autumn and 
spring sowing. J. Agril. Sci. 2001;137(4): 
439-444. 

9. Summerfield RJ, Virmani SM, Roberts EH, 
Ellis RH. Adaptation of chickpea to agro-
climatic constraints. In chickpea in the 
nineties: Proceedings of the 2nd 
International Workshop on Chickpea 
Improvement (Eds Walby BJ, Hall         
SD), Patancheru, India: ICRISAT. 1990;61-
72. 

10. Egli DB. Seed biology and the yield of 
grain crops. Walllingford, Oxford: CAB 
International, New York; 1998;  
ISBN: 10: 851992412.  

11. Gurung GB, Rijal DK, Gurung BD. Effect of 
sowing time on grain yield of chickpea 
under rainfed condition at Pakhribas. PAC 
Technical Paper Pakhribas Agril. Centre. 
1996;172:22. 

12. Rao VUM, Singh D, Singh R. Heat use 
efficiency f winter crops in Haryana. J 
Agrometeorol. 1999;1:143-148. 

13. Singh S, Pal M. Growth, yield and 
phonological response of wheat cultivars to 

delayed sowing. Indian Journal of Plant 
Physiology. 2003;8:277-287. 

14. Husnain MS, Mahabub ST, Mazed HEMK, 
Habib ZFB, Pulok MA. Effect of sowing 
time on growth, yield and seed quality of 
chickpea (BARI Chola-6). Intl. J. 
Multidisciplinary Res. Development. 2015; 
2(7):136-141. 

15. Girma N, Fikre A, Ojiewo CO. The 
genotypic and phenotypic basis of 
chickpea (Cicer arietinum L.) cultivars for 
irrigation based production in Ethiopia, J. 
of Agric. Sci. 2017;9(8). 

16. Mubvuma MT, Ogola JBO, Mhizha T. 
Growth and yield response of chickpea to 
planting date under different watering 
regimes. J. Int. Scien. Pub. 2015;3(2):267-
273. 

17. Tripathi P, Singh AK, Sheobardan, Shabd  
A. Growth and thermal unit of chickpea 
(Cicer arietinum L.) genotypes under 
variable weather conditions of Eastern 
Uttar Pradesh. Asian Journal of 
Environmental Science. 2009;3(2):164-
168. 

18. Ray K, Singh D, Jat BL. Effect of sowing 
time and seed rate on growth and yield of 
chickpea cultivars Adv. Res. J. Crop 
Improv. 2017;8(1):1-16. 

19. Ramteke SD. Heat unit requirement of 
chickpea genotypes for various 
phenological stages during kharif and rabi 
seasons. Annals of Plant Physiology. 
1996;10(2):176-181. 

20. Aggarwal KK, Shaker U, Upadhyay AP, 
Gupta VK, Shanker U. Accumulated heat 
unit requirements for different 
phenophases of wheat (Triticum aestivum) 
cultivars as influenced by sowing dates at 
Jabalpur. J.Agrometeorol. 1999;1:173-76. 

21. Mrudala G, Ashok R, Rao SBSN. 
Quantification of heat units for chickpea 
under coastal environment of Andhra 
Pradesh. J Agrometeorol. 2012;14(1):82-
84. 

22. Ghadekar SR, Khattar KD, Chipde DL, Das 
SN. Studies on the growth, development, 
yield and photo-thermal requirements of 
wheat under different weather conditions in 
Nagpur region. Ind. J. Agric. Res. 
1992;26(4):195-204. 

23. Whish JPM, Castor P, Carberry PS. 
Managing production constraints to the 
reliability of chickpea within marginal   
areas of the northern grains region of 
Australia. Australian J. Agril. Res. 2007;58: 
396-405. 



 
 
 
 

Ray et al.; CJAST, 39(31): 116-124, 2020; Article no.CJAST.61656 
 
 

 
124 

 

24. Matthews P, Mc Caffery D. Winter crop 
variety sowing guide 2011, NSW DPI 
Management Guide; 2011. 

25. Luo Q. Temperature thresholds and crop 
production: a review. Climatic Change. 
2011;109:583-598. 

26. Salazar Gutierrez MR, Johnson J, Chaves 
CB, Hoogenboom  G. Relationship of base 
temperature to development of winter 
wheat. International Journal of Plant 
Production. 2013;7(4):741762. 

27. Parra-Coronado A, Fischer G, Chaves-
Cordoba  B. Tiempo térmico para estados 
fenológicos reproductivos de la feijoa 
(Acca sellowiana (O. Berg) Burret).            
Acta Biológica Colombiana. 2015;20(1):1-
13. 

28. Zapata D, Salazar M, Chaves B, Keller M, 
Hoogenboom G. Estimation of the base 
temperature and growth phase duration in 
terms of thermal time for four grapevine 
cultivars. International Journal of 
Biometerotolog. 2015;59:1771-1781. 

29. Prasad D, Bangarwa  AS, Satish K, Asha 
R.  Effect of sowing dates and plant 
population on chickpea (Cicer arietinum) 
genotypes. Indian J. Agron. 2012;57(2): 
206-208. 

30. Sadeghipour O, Aghaei P. Comparison of 
autumn and spring sowing on performance 
of chickpea (Cicer arietinum L.) varieties. 
Int. J. Biosci. 2012;2(6):49-58. 

31. Monteith JC. Consistency and 
Convenience in the choice of units for 
agricultural sciences. Expl. agric. 1984;20: 
115-117. 

32. Rajput RP. Response of soybean crop to 
climatic and soil environments. Ph.D. 
Thesis, IARI, New Delhi, India; 1980. 

33. Rehman  HU,  Qamar R, Rehman  AU,  
Ahmad  F, Qamar  J, Saqib M,  Nawaz S. 
Effect of different sowing dates on growth 
and grain yield of chickpea (Cicer 
arietinum L.) cultivars under 
agroenvironment of Taluka Dokri Sindh, 
Pakistan. Ameriacn J. Expt. Agric. 2015; 
8(1):46-53. 

34. Singh AK, Mishra  AN, Tripathi P. Thermal 
regime requirement and plant responses of 
chickpea cultivars under variable weather 
conditions. J. Agrometeorol. 2012;14(1): 
67-69. 

35. Pandey RK. Effect of sowing dates and 
varieties on growth, development and yield 
of Chickpea (Cicer arietinum L.) under 
irrigated conditions. M.Sc. Thesis. 
J.N.K.V.V., Jabalpur. 2013;101. 

36. Agrawal KK, Upadhayay  AP, Shankern U, 
Gupta VK. Photothermal effect on growth, 
development and yield of gram (Cicer 
arietinum L.) genotypes. Indian J. Agri. Sci. 
2002;72(3):169-170. 

37. Hundal  SS, Kaur  P, Dhaliwal LK. Growth 
and yield response of rice (Oryza sativa) in 
relative to temperature, photoperiod and 
sunshine duration in Punjab. J. 
Agrometeorology. 2005;7(2):255-261. 

38. Khichar ML, Niwas R. Thermal effect on 
growth and yield of wheat under different 
sowing environments and planting 
systems. Indian Journal of Agricultural 
Research. 2007;41:92–96. 

_________________________________________________________________________________ 
© 2020 Ray et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/61656 


