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Abstract 

 

The socio-economic importance of finger millet for African and Asian countries is quite high and the crop has considerable potential 

in dryland farming systems of semi-arid and arid regions. An experiment was undertaken to determine the magnitude and nature of 

the genotype by season interaction and the response of genotypes to different seasons. Thirty-five finger millet accessions were 

evaluated in the dry season 2010/11 and the rainy season 2011. Combined analyses showed significant differences among seasons, 

genotype and genotype by season interactions for yield per plot, 1000 seed weight, finger length, plant height and days to flowering. 

Season contributed to a large proportion of variations on yield per plot (97.4 %), 1000-seed weight (93.5 %), finger length (62.8%), 

plant height (94.6%) and days to flowering (78%). However, variations due to genotype were (38.5%) for finger number, finger 

width (41.8%) and days to flowering (16.8%). Accession IE 3618 showed low variation in yield for the two seasons while IE 4565 

had the highest variations when evaluated in the two seasons for yield per plot. Because of high yield and low variation, IE 3618 is 

promising for production in both the dry season and the rainy season. 

 

Keyword: Eleusine coracana, plant breeding, yield, yield components, correlations. 

Abbreviations: GE_Genotype × Environment interaction, GS_Genotype × Season Interaction, ICRISAT_International Crops 

Research Institute for Semi-arid Tropics, Kg ha-1_kilogram per hectare, LSD_Least Significant Difference, M asl_Meters above sea 

level, RCBD_Randomized Complete Block Design, t ha-1_tonnes per hectare, W/m2 _Watts per meter square. 

 

Introduction  
 

Finger millet was domesticated 5000 years ago from its wild 

progenitor E. coracana africana (Dida et al. 2006), and it is 

believed to have originated from East Africa mainly Ethiopia. 

The crop belongs to the family Poaceae, subfamily 

Chloridoideae. Finger millet ranks fourth among small grain 

cereals after sorghum, pearl millet and foxtail millet, and is 

considered as an important component of food security 

(Upadhyaya et al. 2007). The crop is a staple food for the 

world poorest inhabitants and is widely grown in Asia and 

Africa (Upadhyaya et al. 2010). It is known under several 

local names such as Bird foot millet, Coracana, African 

millet, and Ragi (Panwar et al. 2010). The crop is rich in 

protein (6-13%) and calcium (0.3-0.4%) (Panwar et al. 2010), 

and minerals (Bisht and Mukai 2000), and it is, therefore, an 

ideal food crop for infants and invalids (Vavidoo et al. 1998). 

Furthermore, iron content is exceptionally high in finger 

millet that helps to reduce malnutrition problem (Upadhyaya 

et al. 2007). Finger millet is a hardy crop and it is generally 

grown in low rainfall areas, where other cereals are not 

productive (Misra et al. 2010). It is, thus, a crop of choice in 

the drought prone areas of the world (Upadhyaya et al. 2007). 

The crop has a wide range of geographic adaptations 

compared to most cereals except for rice, which is highly 

resistant to water logging (Upadhyaya et al. 2004). The areas 

planted to finger millet have consistently increased in 

accordance with land degradation (Tenywa et al. 1999). 

Precise global area under production is not known because 

this crop has often been mixed with other millets (Dida et al. 

2008). The yield of finger millet is in the range of 4-5 t ha-1, 

but yields vary greatly depending on the country and regions 

(Dida et al. 2008). Low yielding of the crop compared to 

other cereals hampers its potential utilization as farmers 

prefer higher yielding crops, and the cultivars with high yield 

and better adaptation to diverse environments are not 

available for cultivation (Misra et al. 2010). Development of 

cultivars with high yield potential is a must for finger millet 

in order to gain better competition with other cereals. 

Climatic change is forcing climatic zones to move miles 

every year, while many environment are exhibiting more 

extreme weather, thus, crop need to perform in an ever 

widening range of environments or seasons including many 

that are harsh or severe. The distribution of various 

environments is shifting very quickly, especially when 

compared to the evolutionary scale in which many of these 

adaptations evolved. This then calls for plant scientist to 

make accurate predictions about how various plant genotypes 

will perform in various weather conditions. These predictions 

will be used in agriculture to precisely design crops for 

specific environments. To be able to understand and exploit 

the interaction of genotypes with environment (GE interaction), 
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Table 1. Eleusine coracana accessions and their countries of origin grown in dry and rainy season in 2010 and 2011 at Khon Kaen, 

Thailand. 

Accession Origin  Accession Origin  Accession Origin 

IE 501 India  IE 3470 India  IE 4734 India 

IE 518 India  IE 3475 India  IE 4757 India 

IE 1055 Unknown  IE 3614 Unknown  IE 4797 Maldives 

IE 2034 India  IE 3618 India  IE 5066 Senegal 

IE 2042 India  IE 3945 Uganda  IE 5201 India 

IE 2043 India  IE 3952 Uganda  IE 5367  Kenya 

IE 2217 India  IE 3973 Uganda  IE 5537 Nepal 

IE 2430 Kenya  IE 4028  Uganda  IE 6059 Nepal 

IE 2457 Kenya  IE 4121 Uganda  IE 6165 Nepal 

IE 2872  Zambia  IE 4565 Zimbabwe  IE 7018 Kenya 

IE 3077 India 

 

IE 4671 India 

 

IE 7079 Kenya 

IE 3104 India 

 

IE 4673 India 

    

 

in breeding program a lot of information is required on the 

determinant factors of the differentiated genotype response to 

environmental variables (Kang and Gorman 1989). Among 

the many  environmental variables, planting season was cited 

as one of the variables by Oliveira et al. (2006), and further 

added that studied on correlation among the variables and GE 

interaction would be helpful to broaden the understanding of 

this interaction in support of future cultivar recommendation. 

Gene expression is subject to modification by the 

environment: therefore, genotypic expression of the 

phenotype can be seasonally dependent (Kang and Gorman 

1989). Identification of yield contributing traits and 

knowledge of GE interactions and yield stability are more 

important for breeding new cultivars with improved 

adaptation to the seasonal changes prevailing in target 

environments. Crop yields fluctuate due to instability of 

varieties to different growing seasons or conditions. A 

specific genotype does not always exhibit the same 

phenotypic characteristics under all environments and 

different genotypes respond differently to a specific 

environment (Tyagi and Khan 2010). When evaluating the 

effects of maximum temperature, minimum temperature, 

rainfall and relative air moisture on GE interaction in maize, 

Kang and Gorman (1989) concluded that rainfall explained 

1.4% of this interaction, while the variables maximum 

temperature, minimum temperature and relative humidity 

explained a percentage considered negligible. Some studies 

show that the effect of each environmental variable on GE 

interaction sum of squares is low, in most cases. This fact is 

expected in view of the multiplicity of factors involved in the 

environmental characterization. Nevertheless, the 

quantification of these effects may represent an important 

contribution to understanding GE interaction nature and in 

the determination of genotypes with adaptability to specific 

environments. Ramasant et al. (1996) singled out rainfall 

among the environmental variables as the main contributor to 

the interactions. This factor contributed more to the 

magnitude of the interactions sum of squares than any other 

environmental variable in that study. Ramalho et al. (1998) 

studied the importance of some factors of the G x E 

interaction and found that the most significant interactions in 

the dry and winter seasons were genotype by growing season 

(G x S) showing that the evaluation of genotypes in several 

years and different seasons is more important than the 

evaluation at various locations. All interactions were 

significant, including genotype by season (G x S), indicating 

a differential response of genotypes to the seasons (Pereira et 

al. 2011) and the yield means in each growing season showed 

that the best-performing genotypes were not the same in both 

seasons. The conclusion drawn was that the assessment of 

genotypes in the winter and rainy growing seasons is 

indispensable for a recommendation of cultivars for both 

seasons. Higher magnitudes of mean squares due to 

environment indicate considerable difference between 

environments for all the character and that these characters 

were greatly influenced by environments. The environments 

created by seasons, sowing dates over years were justified 

and had linear effects (Tyagi and Khan 2010). The wide 

variations in weather conditions prevailing during the 

experiments was the main reason behind the considerable 

differences among the Ragi genotypes expression grown 

under different environment over two season and they finally 

concluded that none of the genotypes was stable for all the 

characters over the environments and that stability for one 

character was independent of the stability of the other 

characters (Sharathbabu et al. 2008). Information about 

phenotype stability is useful for the selection of crop varieties 

as well as for breeding programs (Akçura et al. 2005). The 

phenotypic performance of a genotype is not necessarily the 

same under diverse agro-ecological conditions (Ali et al. 

2003).Analysis of genotype performance under field 

conditions is basic to understanding environmental effects on 

crop growth at various cropping seasons and ultimate 

performance of a cultivar (Agele, 2006). Despite the 

importance of finger millet in African and Asian 

communities, research on evaluation of finger millet 

accessions under different seasons is very limited. It is not 

clear whether the crop can be produced off-season in sub-

tropical and tropical regions.  Therefore, this study was 

undertaken to determine (i) the magnitude and nature of the 

G×S interactions for yield, yield components and agronomic 

traits of finger millet and (ii) the response of genotypes to 

different seasons. 

 

Results and Discussion 

 

Seasonal variations 

 

Differences in seasons for these characters can be attributable 

to varying rainfall amounts between the two seasons, but the 

differences were not caused by soil moisture because 

supplemental irrigation which was done could supply 

sufficient water to dry season crops. Heavy rains during the 

rainy season could have an affect the flowering and seed set 

of finger millet. Yields of millet are greatly reduced if heavy 

rains are experienced during flowering and seed set stage of 

finger millet (Wet 2006). The results did not fully support the 

study of Wet (2006), who concluded that finger millet is a  
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Fig 1. The climatic weather data for the two growing season, dry season 2010/2011 and the wet/rainy season 2011, showing 

variations in the amount of rainfall, temperature and humidity for the two seasons. 

 

 

photoperiod sensitive crop; with genotypic effect contributing 

16.2% to the period taken to reach 50% flowering of 

evaluated accessions; it can be concluded that not all finger 

millet accessions are photoperiod sensitive. The results 

indicate that yield and some yield associated traits are labile 

due to environmental changes, even though some yield 

associated traits were more consistent. The traits showing 

consistent performance may be useful as selection criteria to 

improve yield. The traits fluctuated with environmental 

changes also indicated that favorable environments are 

required more full expression of these traits. In this study, dry 

season was more favorable for yield expression of finger 

millet, and it might be difficult to grow finger millet 

sustainably or profitably in the rainy season. 

 

Seasonal effect on yield 

 

Accession IE 3618 showed great stability as it recorded 

highest mean yield per plot for both seasons,  during the dry 

the highest mean grain yield per plot was recorded at 

(954.61g) and the highest mean grain yield per plot was 

recorded at (831.73g) for the rainy season for the same 

accession. The lowest mean grain yield per plot for the dry 

season and rainy season was recorded for accession IE 3952 

(132.9g) and IE 6165 (38.83g) respectively (Table 3). The 

average grain yield per plot for the two season was 435.04g 

(dry season) and 331.82g (rainy season). Yield is a very 

economic important character in plant production, 

accession/varieties with high variation for yield on different 

season will not be suitable to be adopted and distributed to 

farmers. Beiragi et al. (2011) wrote that farmers are more 

interested in cultivars that produce consistent yields under 

different growing conditions, that means when breeders 

select they have to select cultivar which have low variation in 

yields on different locations or seasons. IE 3618 recorded the 

highest mean yield in both the dry season and the rainy 

season showing minimum variation for both seasons which 

makes it a perfect choice for selection by breeders and later 

be distributed to farmers. IE 4565 recorded the highest 

variation as it recorded one of the highest yields for the dry 

season (673.08g) and one of the lowest mean yield per plot 

during the rainy season (91.07g) making it not ideal for 

adoption and distribution to farmers.  

 

Seasonal effect on days to flowering 

 

Days to flowering are very critical when more desirable 

genotypes are to be selected as response to photoperiod 

during flowering is considered one of the important aspects 

of crop improvement. Genotypes with little variation in days  
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Table 2. Analysis of variance with mean squares (% sum squares) for yield, yield components and agronomic characteristics of 35 

finger millet accessions. 

 
 

Table 3. Means for days to flowering and yield/plant of finger millet grown in the dry season 2010/11 and rainy season 2011 at Khon 

Kaen, Thailand. 
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Table 4. Correlation coefficients between yield, yield components and agronomic characteristics of 35 finger millet accessions 

grown in 2010 and 2011. 

    DTF NT PH FL FN FW DTM Y/P 

Tillers      0.01ns 

       Plant height      0.33**   -0.17* 

      Finger length      0.05ns   -0.19**   0.37* 

     Finger no.     -0.24**   -0.1ns  -0.05ns   0.08ns 

    Finger width      0.09ns   -0.20**   0.18**   0.23**   0.01ns 

   Maturity      0.68**    0.08ns   0.02ns  -0.07ns  -0.23** 0.06ns 

  Yield/plot     -0.33**    0.29** - 0.41**  -0.17*   0.12ns 0.12ns -0.08ns 

 1000 seeds 

weight     -0.32**    0.28** - 0.39**  -0.20**   0.03ns -0.09ns  0.04ns 0.51** 

*,**  indicate significant at 0.05 and 0.01 probability levels, respectively  

 

 

to flowering will be considered more suitable for breeding 

program. IE 5066, IE 5201, IE 6059 and IE 6165 had the 

biggest variation as they recorded a big difference in days to 

flowering for the two seasons with all of the showing a 

difference of more than 20 days for the results recorded for 

the two seasons. Five accessions IE 1055, IE 3077, IE 4673, 

IE 4757, IE 4797 showed low variations for days to flowering 

as they took almost the same number of days to flower in 

both seasons with IE 4797 flowering after 88 days for both 

seasons, IE 1055 at 77 and 79 for dry and rainy season 

respectively, IE 3077 at 80 (dry) and 79 (rainy) days IE 4673 

flowering at 68 (dry) and 69 (rainy) and IE 4757 flowering 

just after 77 and 79 days after emergence for dry and rainy 

season respectively. 

 

Correlations of yield and yield related characters 

 

Correlations for yield, yield components and agronomic 

characters (Table 4) showed highly significant (P<0.01); 

grain yield per plot and number of tillers showed a positive 

significant correlation  (0.29), Wolie and Dessalegn (2011) 

also reported correlation between number of tillers and grain 

yield per plot. Grain yield per plot also showed positive 

correlation with 1000 seed weight (0.51), a closely related 

correlation was reported by Nadini et al. (2010), thus 

suggesting that any positive improvement on this traits will 

subsequently give positive results for grain yield per plot. 

Grain yield per plot showed highly significant negative 

correlation with days to flowering (-0.32), similarly, 

Bezawelataw et al. (2006) and Wolie and Dessalegn (2011), 

found finger millet grain yield to be negative highly 

significantly correlated to days to flowering.  The results 

show that breeding to reduce number of days to reach 50% 

flowering and maturity is critical for improvement of finger 

millet yield. Other positive highly significant (P<0.01) 

correlations were observed for flowering and plant height 

(0.33), flowering and maturity (0.68), plant height and finger 

width (0.18: while finger length and plant height had a 

positive significant (P<0.05) correlation. Negative 

significance (P<0.01) was observed between days to 

flowering and finger number (-0.24),days to flowering and 

1000 seed weight (-0.32), number of tillers and plant height (-

0.17) and number of tillers and finger length (-0.19), plant 

height and 1000 seed weight (-0.39), yield per plant and plant 

height (-0.41), finger length and 1000 seed weight (-0.24) and 

finger number and days to maturity (-0.24); while yield per 

plant and finger length showed negative correlation at 95% 

level. This then certifies the importance of season interaction 

in understanding which traits are associated or correlated 

with yield so that they can be used in crop improvement 

process (Pereira et al., 2011). 

 

Materials and Methods 

 

Plant materials  

 

Thirty-five finger millet accessions obtained from 

International Crops Research Institute for the Semi-Arid 

Tropics (ICRISAT), New Delhi, India (Table 1), were used in 

this study. The accessions represent the germplasm collected 

from wide range of varying countries in Africa and Asia. 

 

Weather conditions 

 

The soil of the experimental site is sandy loam and the 

climate of the locality is tropical with high humidity levels, 

with annual rainfall of about 1200mm with maximum 

temperature of about 40ºC in summer and 26ºC in winter 

season (Fig. 1). Seasons were different for rainfall, maximum 

temperature, minimum temperature, solar radiation and 

humidity. Received rainfall throughout the dry season was 

only 13.5 mm, whereas higher rainfall of 1283.5 mm was 

recorded in the rainy season. Average solar radiation was 

lower during the dry season (182 W/m2) as compared to the 

rainy season (190 W/m2). This can be attributed to the day 

length during dry season, which have shorter and cooler days 

as compared to the rainy season. Average humidity was 

higher in rainy season (90%) as compared to the dry season 

(86%). Mean maximum and minimum temperatures were in 

the range from 10ºC-25ºC during the dry season and 25ºC-

40ºC during the rainy season. The hottest months were April 

and May and the cooler months were December and January 

in both growing seasons. 

 

Experimental design and crop management 

 

A field experiment was conducted for two consecutive 

seasons during November 2010 to May 2011 and June 2011 

to October 2011 at the Field Crops Experiment Station of 

Faculty of Agriculture, Khon Kaen University , Khon Kaen, 

Thailand (16° 30' N, 102° 47' E, 204 m asl). Thirty-five 

accessions of finger millet were arranged in a randomized 

complete block design (RCBD) with three replications. The 

land was prepared by double plowing and leveling with a 

tractor, and flat plots of 1 x 5 m were made. Two splits of 15-

15-15 fertilizer at the rate of 70 kg ha-1 for each split were 

applied as basal dressing at sowing and top dressing at 40 

days after emergence. Supplemental irrigation was supplied 

to the crop grown in the dry season from planting day to soft 

dough seed stage. Weed management was done twice at 40 

days after emergence just before split fertilizer application 

and the second weeding was done at flowering. Wild pigeon 

is the most critical animal pest in the experiment.  Therefore, 

nylon net was constructed to cover all plots in the 
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experiment. Neither disease nor insect problem was observed 

during both planting seasons, and no chemical or natural 

control method was practiced. Planting was done manually in 

the two-row plots with 5 m in length and spacing of 50 cm 

between rows and 20 cm between plants within rows, giving 

at total plant stand of 52 plants per plot. Two weeks after 

emergence, seedlings were thinned down to one seedling per 

hill. 

 

Data collection 

 

Data were recorded for yield, yield components and 

agronomic traits from five competitive plants in the middle of 

every plot. The traits recorded at harvest included yield per 

plot, 1000 seed weight of filled seeds, finger length (the 

longest finger in cm), number of productive fingers per 

panicle, finger width (thickness of the finger using a digital 

vernier caliper in mm), height (taken from the ground level to 

the tip of the tallest in finger in cm) and flowering (number of 

days from emergence to 50% flowering of tillers). 

 

Data analysis 

 

Combined analysis of variance performed done for two 

seasons for yields, yield components and agronomic traits 

using MSTAT-C software. Means were compared by the 

least significant difference test (LSD) at 0.05 probability 

level, and correlation coefficient was also calculated to 

observe the relationships among yield, yield components and 

selected agronomic traits. 

 

Conclusion 

 

The results of the study indicated that there was strong 

influence of seasonal changes on yield per plot, days to 

flowering. The dry season which had the lower rainfall 

amount and cooler temperatures in the experimental season 

resulted in better ecological conditions for finger millet 

production thus giving higher yields as compared to the rainy 

season. The results thus suggests that finger millet is best 

suited to be produced in low rainfall areas or be grown as an 

off-season crop in areas that receives high amounts of rainfall 

in the rainy seasons. High variability existed among finger 

millet accessions for almost all the traits under the study. 

Overall the study on yield and days to flowering showed that 

IE 3618 had low variations for yield per plot over the two 

seasons and IE 4565 had high variation as it recorded a wide 

varying yield for the two seasons. IE 5066, IE 5201, IE 6059 

and IE 6165 had the highest variation for flowering as the 

accessions had a big difference between days to flowering for 

dry and rainy season, while IE 1055, IE 3077, IE 4673, IE 

4757 and IE 4797 are much more stable as they recorded 

almost the same number of days to flowering for both 

seasons. Both positive and negative correlation where 

observed for yield per plot and yield components, therefore to 

successfully improve yield of finger millet the traits which 

have high correlation with yield have to be taken into 

consideration during the hybridization process. 
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