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Abstract 
Foxtail millet (Setaria italica L. Beauv) categorized as an underutilized crop in Nepal persist a large diversity among different germplasms and 

accessions found in the country. Ten foxtail millet accessions were collected from different parts of Nepal and were evaluated for assessing 

the diversity in different characters at Institute of Agriculture and Animal Science, Rampur, Chitwan. The accessions were experimented in 

Randomized Complete Block Design with three replications. Observations were taken for qualitative traits i.e. tip of first leaf, anthocyanin at 

leaf base, lobe compactness, length of bristles, anthocyanin presence, leaf blade altitude, flag leaf color, lobe in panicles, panicle lodging, 

inflorescence compactness, overall color, panicle anthocyanin, panicle shape and growth habit. Shannon Weiner index and Evenness were 

calculated to assess the diversity in the accessions under study. The maximum number of diversity in traits of lobe compactness of panicle 

(1.3624) followed by panicle lodging (1.1595), inflorescence compactness (1.1235) and length of bristles (1.0681). Least diversity was 

observed in trait of growth habit (0.3926) followed by panicle anthocyanin coloration (0.4505) and lobes in panicles (0.5799). The finding of 

existence of wide diversity in the studied accessions could be a pivotal information for further study of genetic variation of foxtail millet 

germplasms. 
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Introduction 

Millet, considered as a major cereal crop of Nepal, is 

cultivated in an area of 271,183 ha with the production of 

304,105 metric tons and productivity of 1,121 kg/ha 

(MoAD, 2014). Foxtail millet (Setaria italica L. Beauv), a 

self-pollinating crop (2n=18) is grouped under the family 

Poaceae and subfamily Panicoideae (Fedorov, 1974). It is 

cultivated in about 26 countries, and ranks second among 

the millets regarding world production. Around six million 

tons of foxtail millet is produced globally; mostly in the 

southern part of Europe, in tropical, sub-tropical and 

temperate Asia (Marathee, 1993). Millets were 

domesticated some 8000 years ago in the highlands of 

central China (Amgai et al., 2011). Foxtail millet is an 

important cereal since old times and has critical role in 

advancement of human civilization in Asia and Europe (Li 

et al., 1996; Lu et al., 2009). Foxtail millet is a model crop 

that calls up international attention, which is the second 

most widely cultivated species of millet, mainly in East 

Asia. It comprises the oldest history of cultivation among 

the millets. (Lin et al., 2012). It is one of the type of millets 

comes under the category of underutilized and neglected 

crops in Nepal. It is small grain millet mainly cropped in the 

unirrigated and marginal water regime condition of mid and 

high hill areas of Nepal, mainly in the Karnali region of 

Nepal (HMGN/MFSC, 2002). Foxtail millet is hardy and 

has the potential to develop well in drought stressed 

conditions (Singh et al., 2015). Foxtail millet generally 

grown in semi-arid regions, has a low water requirement 

and can be considered as a second crop after wheat or 

barley, the major cereals. This is because of its short life 

cycle (Brink, 2006). 

Nepal has high genetic diversity in foxtail millet 

(HMGN/MFSC, 2002). In Nepal, foxtail millets are grown 

up to the altitude of 3150m, resulting a diverse and large 

collection of the genotypes (Upreti, 1999). About 790 millet 

accessions have been identified from parts of Nepal (Gupta 

et al., 2000). High genetic diversity has been noted among 

different foxtail millet accessions of Nepal collected by 

Nakayama et al. (1999). Amgai et. al., (2011) studied five 
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accessions of Nepalese foxtail millet collected from Mugu, 

Dolpa, Bajhang, Bajura and Lamjung districts of Nepal. 

They observed a wide range of variability for different 

agromorphological traits. 

Nepalese foxtail millet indigenous germplasms can be 

classified into tropical group based on Pro2f allele of 

prolamin. Pro2b allele was rare in the crop (Nakayama et 

al., 1999). Furthermore, Kawase and Sakamoto (1984) also 

discovered variation in esterase in Nepalese foxtail millets. 

Positive phenol coloration was mainly found in accessions 

collected for the study from Philippines, Taiwan, India, and 

Nepal (Kawase and Sakamoto, 1982). 

There are limited research and handful of publications on 

this underutilized crop in the country. Thus, this research 

can act as a pivotal study as an initiation as well as a 

reference for further researches on foxtail millets. The 

objective of this study was to evaluate the diversity among 

foxtail millet accession collected from different parts of 

Nepal which may help to explore the variability of 

germplasms available in Nepal, which ultimately contribute 

in exploitation of genetic makeup of available accessions 

and characteristics of plants for future breeding research. 

Methodology 

Ten foxtail millet (Setaria italica (L.) Beauv.) accessions 

collected from different parts of Nepal were studied (Fig 1). 

The seed samples were obtained from National Genetic 

Resource Centre, Khumaltar, Lalitpur, Nepal. The research 

plot was laid out in Randomized Complete Block Design 

(RCBD) with 10 foxtail millet accessions as treatment and 

three replications. The accessions used in the study are 

presented in Table 1. The research area was located at 

27.642453° latitude and 84.345760° longitude with an 

elevation of 190 masl. The research location is 

characteristics of subtropical climate. The unit plot size was 

1 m2 and had 4 rows of crop sown at a distance of 25 cm 

between the rows. Inter block spacing of 1m and inter plot 

spacing of 50 cm was maintained. Fertilizer application was 

done at the rate of 30:20:0 kg NPK per ha. The seeds were 

sown continuous at about 2.5 cm deep on rows with inter 

row spacing of 25 cm.  

 

Fig. 1: Diversity in the panicles of foxtail millet accessions under the study 

Table 1: Details of 10 foxtail millet accessions included in the study 

SN Accession Local name District Altitude (m, asl) 

1 Co-1896 Kaguno Jumla 2,290 

2 Co-3474 Kaguno Bajhang 1,764 

3 Co-5148 KaloKaguno Humla 2,200 

4 Co-5645 SetoKaguno Lamjung 1,800 

5 Humla-149 RatoKaguno Humla 2,300 

6 Humla-150 KaloKaguno Humla 2,300 

7 Humla-164 PiyaloKaguno Humla 2,100 

8 Humla-213 KaloKaguno Humla 2,200 

9 Humla-522 SetoKaguno Humla 2,050 

10 Humla-523 RatoKaguno Humla 2,050 
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Qualitative Observations 

Characters were evaluated following the foxtail millet 

descriptor (IBPGR, 1985). First leaf shape: assessed at 

Zadok’s scale 11, seedling anthocyanin coloration of basal 

leaf sheath: assessed at Zadok’s 15, plant anthocyanin 

coloration of leaf pedestal assessed at Zadok’s 35, foliage 

colour: assessed at Zadok’s 35, plant growth habit: assessed 

at Zadok’s 35, leaf altitude of blade: assessed at Zadok’s 47, 

panicle anthocyanin coloration of bristles, anther color: 

assessed at Zadok’s 65, length of bristles: assessed at 

Zadok’s 65, panicle shape: assessed at Zadok’s 91 and 

panicle attitude in relation to stem: assessed at Zadok’s 91 

were evaluated based on the description given in IBPGR 

foxtail millet descriptor. 

Shannon Weiner index 

The Shannon index has been a popular diversity index, 

where it is also known as Shannon's diversity index, the 

Shannon–Wiener index, the Shannon–Weaver index and 

the Shannon entropy (Spellerberg and Fedor, 2003). It is 

calculated as follows: 

𝐻′ = − ∑ 𝑝𝑖  𝑙𝑛 𝑝𝑖

𝑅

𝑖=1 

 

Where 𝑝𝑖  is the proportion of the traits,  

i.e. 𝑝𝑖 =
𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑏𝑒𝑎𝑟𝑖𝑛𝑔 𝑔𝑖𝑣𝑒𝑛 𝑡𝑟𝑎𝑖𝑡

𝑡𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛
 

Evenness 

The distribution of traits over the population can be taken as 

the evenness. Evenness denoted by “J” can be defined as 

(Peet, 1974): 

𝐽 =
𝐻′

ln(𝑆)
 

Where, 𝐻′= Shannon Weiner index and 𝑆 = number of cases 

Data entry and processing was carried out using Microsoft 

Excel 2016 and Microsoft Word 2016 software. Diversity 

was assessed with the help of MS Excel 2016. The above 

mentioned indices were calculated from the collected data. 

Result and Discussions 

The frequency of appearance of all the traits observed are 

presented in Table 3. A fair amount of diversity was found 

in the collected germplasms in which the experiment was 

carried out. The diversity was assessed with the help of 

Shannon Wiener index presented in Table 2. The maximum 

number of diversity in traits of lobe compactness of panicle 

(1.3624) followed by panicle lodging (1.1595), 

inflorescence compactness (1.1235) and length of bristles 

(1.0681). Least diversity was observed in trait of growth 

habit (0.3926) followed by panicle anthocyanin coloration 

(0.4505) and lobes in panicles (0.5799). The Shannon 

Weiner index for other traits can are explained in the Table 

2. 

Table 2: Shannon Weiner index and Evenness of the traits of foxtail millet accessions under study 

Traits Shannon Wiener index 

(H’) 

Evenness 

(J) 

Tip of first leaf 0.693 1.000 

Anthocyanin at leaf base 0.684 0.987 

Lobe compactness 1.362 0.983 

Length of bristles 1.068 0.972 

Anthocyanin Presence at Zadoks 15 stage 0.673 0.971 

Leaf blade altitude 1.014 0.923 

Flag Leaf color 0.983 0.895 

Lobe in panicles 0.580 0.837 

Panicle lodging 1.160 0.836 

Inflorescence compactness 1.124 0.810 

Overall color 0.868 0.790 

Panicle anthocyanin 0.451 0.650 

Panicle shape 0.639 0.582 

Growth Habit 0.393 0.567 
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Table 3: Frequency of different traits under study 

Traits studied   Frequency Percent Valid 

Percent 

Cumulative 

Percent 

Tip of first leaf Pointed 15 50.0 50.0 50.0 

 Pointed to 

Round 

15 50.0 50.0 100.0 

 Total 30 100.0 100.0   

Overall color Light green 5 16.7 16.7 16.7 

Medium green 20 66.7 66.7 83.3 

Dark green 5 16.7 16.7 100.0 

Total 30 100.0 100.0   

Anthocyanin Presence at Zadoks 

15 stage 

Absence 18 60.0 60.0 60.0 

Presence 12 40.0 40.0 100.0 

Total 30 100.0 100.0   

Growth Habit Erect 26 86.7 86.7 86.7 

Semi erect 4 13.3 13.3 100.0 

Total 30 100.0 100.0   

Erect 26 86.7 86.7 86.7 

Anthocyanin at leaf base Absence 17 56.7 56.7 56.7 

Presence 13 43.3 43.3 100.0 

Total 30 100.0 100.0   

Leaf blade altitude Semi erect 7 23.3 23.3 23.3 

Horizontal 16 53.3 53.3 76.7 

Drooping 7 23.3 23.3 100.0 

Total 30 100.0 100.0  

Length of bristles Short 7 23.3 23.3 23.3 

Medium 10 33.3 33.3 56.7 

Long 13 43.3 43.3 100.0 

Total 30 100.0 100.0   

Panicle anthocyanin Absence 25 83.3 83.3 83.3 

Presence 5 16.7 16.7 100.0 

Total 30 100.0 100.0   

Flag Leaf color Light green 11 36.7 36.7 36.7 

Medium green 15 50.0 50.0 86.7 

Dark green 4 13.3 13.3 100.0 

Total 30 100.0 100.0   

Lobe in panicles Absence 8 26.7 26.7 26.7 

Presence 22 73.3 73.3 100.0 

Total 30 100.0 100.0   

Lobe compactness Loose 10 33.3 45.5 45.5 

Medium 6 20.0 27.3 72.7 

Compact 6 20.0 27.3 100.0 

absent 8 26.7    

  73.3 100.0  

 Total 30 100.0     

Panicle lodging Erect 6 20.0 20.0 20.0 

Semi erect 16 53.3 53.3 73.3 

Horizontal 6 20.0 20.0 93.3 

Drooping 2 6.7 6.7 100.0 
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Table 3: Frequency of different traits under study 

Traits studied   Frequency Percent Valid 

Percent 

Cumulative 

Percent 

Total 30 100.0 100.0   

Inflorescence compactness Loose 3 10.0 10.0 10.0 

Medium 15 50.0 50.0 60.0 

Compact 10 33.3 33.3 93.3 

Spongy 2 6.7 6.7 100.0 

Total 30 100.0 100.0   

Panicle shape Conical 3 10.0 10.0 10.0 

Cylindrical 24 80.0 80.0 90.0 

Duck mouth 3 10.0 10.0 100.0 

Total 30 100.0 100.0   

 

The evenness of the germplasm of different traits calculated 

revealed that tip type of first leaf (cotyledonary leaf) was 

very even (J=1) followed by anthocyanin pigmentation at 

leaf base (J=0.9871) and lobe compactness in panicle 

(J=0.9827). The growth habit (J=0.5665) followed by 

panicle shape (J=0.5816) and panicle anthocyanin 

pigmentation (J=0.6500) were the least even traits found in 

the germplasms. The evenness of others traits can be studied 

from Table 2. 

A lot of variation was observed among the ten germplasms 

used in the experiment. Shannon Wiener diversity index 

explains the condition of the diversity in the given trait and 

species. Higher the value of the diversity index, more the 

diversity present in the trait. Highest diversity was exhibited 

by the trait panicle lodging (1.159) followed by length of 

bristles of the panicles (1.0681). This means that the 

germplasms had shown most diversity in these traits. 

Growth habit had the least diversity index (0.392), which 

means that the ten germplasms were least diverse in case of 

their growth habit. Phenotypic variation of the foxtail millet 

accessions was related to the diverse geographic origins. 

Most of studied traits (Table 2) are qualitative and the 

extensive variability among accessions is probably 

attributed to the genetic differences as well as the 

environment in which they were regenerated (Moriss, 

2009). 

Evenness value gives the equality in the distribution of the 

traits in the population. Evenness value equal to one means 

a completely even population i.e. the traits and population 

are equally distributed. The ten germplasms were highly 

even in some traits whereas they were observed to have 

unevenness in the distribution as well. Tip of cotyledonary 

leaf had evenness of one i.e. the tip leaf type oval and 

pointed shape were equally distributed among the 

population. The next trait having higher evenness value was 

found to be anthocyanin pigmentation at leaf base (0.987). 

The trait which had least evenness was observed to be 

growth habit of the germplasms (0.566) which also had the 

lowest diversity index (H). Higher level of variability can 

be found in Nepalese foxtail millet. Therefore, Nakayama 

et al; (1999) concluded that Nepal could be one of the 

centers of diversity for foxtail millet. 

The study of diversity in performance of crops revealed a 

wide diversity in different qualitative traits and less 

evenness in the distribution of the traits in the population. 

Higher level of variability was found in the ten germplasms 

used in the experiment. Therefore, it could be a beneficial 

information for the exploration of further genetic diversity.  
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