
 Finger millet, scientifically known as Eleusine Coracana, 
Poaceae family and is often referred to as mandua or ragi in India. 
The cultivation of finger millet in India spans an area of around 
1.19 million hectares, resulting in an output of 1.98 million metric 
tons and a productivity rate of 1661 kg per hectare (Padmaja et al., 
2021). In Odisha, the annual production of finger millet is 30,910 
metric tons over 55,000 ha areas, with a productivity rate of 5.62 
quintals per hectare (Sial et al., 2022). The adaptability, durability, 
and greater yields of Odisha’s agricultural practices make it popular 
among tribal people and farmers, particularly on marginal soils 
without irrigation. The optimal conditions for the crop occur in 
regions with an annual precipitation range of 700-1200 mm. The 
crop is not tolerant of excessive rainfall during the grain ripening 
stages. It thrives in dry conditions and is well-suited for elevations 
ranging from 1000 to 2000 meters, with an average temperature of 
270C. Finger-millet exhibits resilience to three types of stressors: 
warming stress, water stress, and nutrition stress. This remarkable 
ability qualifies it as a Climate Change Compliant Crop (CCCC). 
Agrometeorological information like the maximum and minimum 
temperature, rainfall, humidity, daylight hours, wind speed, and other 
environmental conditions regulate most plant biological functions 
like photosynthesis, respiration, and transpiration. Sowing timing is 
a major non-monetary crop yield factor. The best period to cultivate 
crops provides a suitable environment during all phenophases. 
Timely crop sowing produces healthy, strong plants that maximize 
yield (Bashir et al., 2015). Heat units above the basic temperature 

accumulate during crop growth from sowing to maturity. Quantified 
heat units are needed to reach a phenophase (Pradhan et al., 2018).  

 A field experiment was conducted at Experimental Block, 
Regional Research and Technology Transfer Station, Keonjhar, 
Odisha, India during the Kharif season for two consecutive years 
i.e. 2020 and 2021 to find the Crop and weather relationship of 
Finger millet varieties under various dates of sowing in North 
Central Plateau Zone of Odisha. The field experiment was laid 
out in split plot design with three replications and two factors, the 
first one being the dates of sowing (Factor A) and the second one 
is varieties (Factor B). There were 4 dates of sowing in Factor A 
(D1-20 June, D2-30 June, D3- 10 July , D4- 20 July) and 3 varieties in 
factor B (V1-Bhairabi , V2-Arjuna and V3- Kalua. Altogether there 
were 12 treatment combinations. All the recommended packages 
and practices were followed. The crop was harvested after reaching 
maturity in accordance with the varieties time frame, when more 
than 50% of the plants’ ear heads and straw had become brownish 
in colour. From the net plot of each treatment, the straw and ear 
heads were separately harvested. Ears were harvested manually. 
The grain was separated from ears by winnowing then weights were 
separately recorded. 

 The crop duration of ragi was divided into six phenophases; 
P1- Sowing to germination, P2- Germination to vegetative stage, P3-
Vegetative stage to flowering stage, P4-Flowering stage to heading 
stage, P5- Heading stage to grain filling stage, P6- Grain filling stage 
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Table 1: Influence of date of sowing and varieties on yield and yield attributes of Finger millet (Pooled data of 2020-2021)

Treatments Grains per panicle Grain yield (kg ha-1) Straw yield (kg ha-1)
Date of sowing    
D1(20th June) 1195 1031.6 1229.8
D2(30th June) 1138 970.9 1181.5
D3(10th July) 1029 878.4 1100.2
D4(20th July) 965 820.1 1024.5
S.Em. (±) 41.3 32.39 43.27
CD at 5 % 126.0 99.74 128.33
Varieties    
V1(Bhairabi) 1268 1031.5 1279.8
V2(Arjuna) 1011 862.8 1071.6
V3(Kalua) 988 831.7 1065.5
S.Em. (±) 37.3 31.77 40.21
CD at 5 % 148.2 107.52 154.89
Interaction    
S.Em. (±) 67.4 60.16 79.74
CD at 5 % NS NS NS

Table 2: Correlation coefficient between seed yield and weather parameters variables of cultivars of finger millet 

Correlation coefficient
 Parameters P1 P2 P3 P4 P5 P6
V1(Bhairabi)
Rainfall -0.648** 0.878** 0.707** -0.789** 0.986** ….
Rainy Days -0.671** 0.934** 0.726** -0.968** 0.968** ….
Max Temp 0.984** -0.906** -0.548* -0.985** -0.942** 0.973**
Min Temp 0.843** 0.717** 0.997** -0.084 0.976** 0.984**
RH-I -0.896** 0.944** -0.392 0.691** 0.997** 0.965**
RH-II -0.843** 0.932** 0.943** 0.877** 0.997** -0.754**
Evp 0.942** -0.883** -0.991** -0.777** -0.975** 0.961**
BSS 0.713** -0.865** -0.997** -0.101 -0.931** -0.966**
Wind Speed -0.299 -0.725** 0.855** 0.983** 0.678** -0.066
V2(Arjuna)
Rainfall -0787** 0.536* 0.791** -0.542* 0.901** ….
Rainy Days -0.463* 0.702** 0.877** -0.844** 0.842** ….
Max Temp 0.716** -0.454* -0.878** -0.992** -0.831** 0.964**
Min Temp 0.784** 0.721** 0.714** 0.786** 0.646** 0.660**
RH-I -0.522* 0.817 -0.206 0.929** 0.963** 0.957**
RH-II -0.691** 0.622** 0.984** 0.935** 0.957** -0.294
Evp 0.826** -0.661** -0.908** -0.950** -0.876** 0.968**
BSS 0.298 -0.383 -0.984** -0.615** -0.832** -0.727**
Wind Speed -0.827 -0.927** 0.942** -0.622** 0.801** 0.085
V3(Kalua)
Rainfall -0.762** 0.560** 0.835** -0.532* 0.879** ….
Rainy Days -0.417 0.795** 0.937** -0.791** 0.795** ….
Max Temp 0.844** -0.473* -0.881 -0.983** -0.927** 0.895**
Min Temp 0.691** 0.802** 0.947** -0.092 0.889** 0.903**
RH-I -0.661** 0.771** -0.104 0.726** 0.947** 0.992**
RH-II -0.696** 0.614** 0.994** 0.932** 0.959** 0.064
Evp 0.832** -0.642** -0.899** -0.984** -0.887** 0.846**
BSS 0.537* 0.214 0.032 -0.888** -0.862** -0.828**
Wind Speed -0.802** -0.927** 0.915** 0.211 0.916** -0.351

*-5% Significant; **-1% Significant; P1- Sowing to germination,  P2- Germination to vegetative stage, P3-Vegetative stage to flowering stage, 
P4-Flowering stage to heading stage, P5- Heading stage to grain filling stage, P6- Grain filling stage to Maturity stage
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to maturity stage. The total amount of rainfall (mean of two years) 
received during 20th June, 30th June, 10th July and 20th July sowing 
was 505.2 mm, 475.5 mm, 430 mm, and 398.8 mm respectively. The 
agrometeorological indices were calculated as follows:

 Growing degree days (GDD): The sum of effective 
temperature (heat) accumulated during the growth of a crop is called 
the growing degree days. GDD is calculated using Nuttonson (1955) 
method given as follows: 

 GDD(days) = ∑[ ( Max temperature ( 0C ) + Min 
temperature ( 0C ) ) ÷ 2 ] – Base temperature. Base temperature is 
10.0 0C (Pradhan et al., 2018)

 Photo thermal units (PTU): Photo thermal units =Growing 
degree days × day length (Day length was estimated by calculating 
the sun rise and sun set.

 Helio thermal units (HTU): Helio thermal units = Growing 
degree days × actual sunshine hours.

Yield and yield attributes 

 Maximum grains per panicle (1195), grain yield (1031.6 
kg ha-1) and straw yield (1229.8 kg ha-1) was recorded in the crop 
sown on 20th June(D1) (Table 1). 20th June sowing had received the 
maximum rainfall during its growth period, specifically phenophase 
P3 i.e. vegetative to flowering had received the highest level of 
rainfall which might be the probable reason of higher yield and yield 
attributing characters. The grain yield and straw yield of 20th June 

(D1) sowing was at par with 30th June sowing (D2) (970.9 kg ha-1 

and 1181.5 kg ha-1) respectively.  D4(20th July) sowing recorded the 
lowest grains per panicle (965), grain yield (820.1 kg ha-1) and straw 
yield (1024.5 kg ha-1).  Among the different varieties Variety V1 
(Bhairabi) recorded the maximum grains per panicle (1268), grain 
yield (1031.5 kg ha-1) and straw yield (1279.8 kg ha-1) which was 
statistically superior to the rest of the varieties.

Correlation analysis

 Seed yield of all the three varieties Bhairabi, Arjuna 
and Kalua was negatively correlated with rainfall at phenophases 
P1 and P4 however, it was positively correlated at phenophases 
P2,P3 and P5.Seed yield was positively correlated with maximum 
temperature at phenophases P1 and P6, with minimum temperature at 
phenophases P1, P2 ,  P3,  , P5 and P6, withRH-1 at phenophases P2, P4, 
P5 and P6,with RH-2 phenophases P2 ,  P3, P4 and  P5, with evaporation 
at phenophases P1 and P6, with BSS only at phenophase P1 and with 
wind speed at phenophases P3, P4 and P5 stage ( Table 2).

Growing degree days (GDD) 

 During the life cycle of the finger millet crop i.e. from 
phenophase P1 to P6 the mean growing degree days of the four 
sowing dates and 3 cultivars (mean of two years) was 493 0C day. 
Taking into account the first date of sowing (20th June), the mean 
heat unit requirement was 501 0C day which was followed by D2 
(30th June), D3 (10th July) and D4 (20th July) i.e. 488 0C day, 495 0C 
and 485 0C day respectively. This indicates that there is decrease 
in the mean heat load with delay in sowing dates of finger millet. 

Table 3:  Effect of date of sowing and varieties on Growing Degree Days (GDD) in 0C, Photothermal unit (PTU) in 0C day h and Helio thermal 
unit (HTU) in 0C day h at different phenophases of Finger millet crop (Pooled data of 2020-2021)

Treatments
 

P1 P2 P3
GDD PTU HTU GDD PTU HTU GDD PTU HTU

D1 (20th June) 123 1545 406 391 5041 1005 1080 13849 3341

D2 (30th June) 111 1522 576 412 5333 425 1068 13649 4028

D3 (10th July) 136 1767 430 523 6748 1693 1033 13244 4842

D4 (20th July) 148 1863 350 532 6821 1854 1016 13040 5270

V1 (Bhairabi) 153 1981 432 465 5988 1243 1038 13317 4385

V2 (Arjuna) 108 1399 286 478 6075 1265 1058 13510 4342

V3 (Kalua) 127 1651 314 461 5896 1220 1053 13518 4374

Treatments
 

P4 P5 P6
GDD PTU HTU GDD PTU HTU GDD PTU HTU

D1(20th June) 399 5255 2836 446 5927 2923 570 7546 5054

D2(30th June) 415 5495 3030 428 5639 3327 494 6593 4368

D3(10th July) 420 5570 2674 452 5950 4026 406 5373 3706

D4(20th July) 458 5965 3681 408 5379 3529 351 4652 3220

V1(Bhairabi) 421 5549 3103 445 5894 3558 478 6327 4293

V2(Arjuna) 435 5803 3175 412 5449 3274 445 5834 3959

V3(Kalua) 405 5356 2892 448 5818 3520 447 5934 4015

GDD : Growing Degree Day,  PTU: Photothermal unit, HTU:  Helio thermal unit,  AGDD: Aggregate Growing Degree Day, APTU: Aggregate 
Photothermal unit, AHTU: Aggregate Helio thermal unit
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Aggregate growing degree days were maximum in D1 (20th June) 
(3011.3 0C day) in comparison to the rest of the treatments as the 
mean maximum temperature of the air was more during the growth 
period of the finger millet crop sown on 20th June. The heat units 
declined with the advancement in sowing dates. The lowest Growing 
degree days (2914 0C day) was observed in 20th July sowing which 
might be due to the decrease in the temperature during the life cycle 
of the crops with subsequent sowings. From this it is evident that 
Growing degree days of Finger millet is affected by the prevailing 
air temperature during its life cycle. In 20th June sowing phenophase 
P3 i.e. vegetative to flowering stage recorded the maximum heat 
units i.e. 1080 0C day. Among the cultivars the mean heat unit 
requirement of V1 (Bhairabi) was the maximum (500 0Cday) during 
the life cycle of the crop, followed by V2 (Arjuna) and V3 (Kalua) 
i.e., (489 0C day) and (490 0Cday) respectively. The difference in the 
GDD of the different cultivars may be due to the inherent character 
of the varieties or due to the difference in the maturity dates of the 
varieties. 

Photo thermal unit (PTU)

 PTU differed with dates of sowing and crop, daily average 
temperature and lengths of the day. The average photo thermal unit 
was 6407 0 C day h which was accumulated during the various dates 
of sowing, however, the maximum photo thermal unit was observed 
in 20 June sowing (6527 0C day h) at all the phenophases which was 
followed by sowing of finger millet crop on 10th of July (6442 0C day 
h). Among the genotypes, the total Photo thermal unit accumulated 
during the crop growth period was 6509 0C in Bhairabi, 6345 0C in 
Arjuna and 6362 0C in Kalua (Table 3). Differences in the maturity 
dates of the different varieties might be the reason for variation in 
Photo thermal unit accumulated values. 

Helio thermal unit (HTU)

 Among the four dates of sowing, the number of helio-
thermal units accumulated at various phenophases and growth 
period of finger millet varied with the variation in mean daily air 
temperature and bright sunshine hours. It is observed that the mean 
helio-thermal unit was the highest in 20th July sowing (29840C day 
h) which was followed by 10th July sowing (2895 0C day h) and 30th 
June sowing (26260C day h) (Table 3). This might be due to the 
lower air temperature and less bright sunshine hours for a greater 
number of days prevailing under late sown conditions (Prasad et. 
al., 2017).  The lowest Helio thermal unit was recorded with 20th 
June sowing (2594 0C day h).

 Hence, it can be concluded that the finger millet variety 
Bhairabi sown early i.e. on 20th June recorded the Maximum 
grains per panicle, grain yield and straw yield. Also, the crop 
variety Bhairabi sown on this date performed better in terms of 
accumulation and utilization of heat units at North Central Plateau 
Zone of Odisha.
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