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Evaluation of Proso Millet (Panicummiliaceum L.) Ger mplasm for
Yield and Related Traitsin Godawari Municipality, Kailali, Nepal *

Sanjay Kumar Raut, Rakshya Sharma, Ritambar Ghimire, Devra] Rajbanshi, & Binod
Bohara

Abstract
Proso millet (PanicummiliaceumL.), a short-duration C4 plant, is sparsely grown in mid
hills of Karnali and Far western province during summer and rainy season. This crop has
hugepotential for enhancing the food security in Nepal. To explore its suitability as a
catch crop after wheat harvest in Terai, a field experiment was carried out considering 6
genotypes and 2 local varieties from Bajura, at Godawari municipality-8, Kailali. The
experiment employed a randomized complete block design with 8 treatments and three
replications. Data on plant height, panicle count/m?, panicle length, grain yield, straw
yield, days to panicle emergence and maturity were analyzed and treatment means were
compared at 5% level of significance. Results showed significant variation in growth,
yield and yield attributes among the genotypes and varieties. Malchino exhibited smallest
height, highest number of paniclesm? smallest panicle, lightest seed, lowest grain
sterility and short period to panicle emergence and maturity. Hence, Malchino yielded 3
times more grains and 2 times less straw than Dudhe chino, another popular variety from
Bajura. Straw yield was significantly lower in Malchino, followed by NGRCO 7346,
NGRCO7340, and Dudhe chino. NGRCO7339 produced significantly higher yield,
revealing its potential to be grown as fodder crop in terai region. A significant positive
association (r=0.96) between grain yield and harvest index, indicating that higher harvest
index tend to produce higher yields, while an inverse correlation (r = -0.94) between
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grain sterility and grain yield suggested that lowering grain sterility could improve yield.
The genetic analysis showed strong heritability and advancement for grain yield,
highlighting its potential as a drought tolerant crop. The results also revealed that proso
millet, a short cycle crop, is suitable for cultivation during the fallow period between two
cropping season. The finding also suggests that further research needed to be conducted
on date of planting to reduce grain sterility.
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Background

Millet crops distribution across world among them Proso millet
(Panicummiliaceum L.) is a C4 short-duration important indigenous small seeded cereal
crop belongs to Poaceae family with big potential. Proso millet is tetraploid (2n=4x=36)
species. It is commonly known as bird seed, broomcorn millet, hog millet, white millet,
yellow millet, or common millet. Around 10,000 years ago it is believed to be
domesticated (Rajasekaran et a., 2023). It iswidely cultivated in Hindu Kush Himalayan
region countries i.e. India, Burma, Sri lanka, Pakistan, Nepal and south eastern countries
(Joshi et al., 2023).The plant characteristics that set unique in that the seed husk (palea
and lemma) stay attached to seedling roots. The inflorescence of Proso millet is compact,
drooping in nature that is 4-18 inch (10-45 cm) long. The inflorescence is made up of
many ovoid, stalked spikelets (Sheahan, 2014).

In Nepal, proso millet (Chino) is the second most important millet crop for food
and nutrient security among a group of millets that have a wide range of culinary use
such as boiled rice, Rice pudding (kheer), bread and traditional distilled alcoholic
beverage (fermented raksi) (Ghimire et al., 2018). Proso-millet varieties have short
growing cycle from sowing to harvest of 60-110 days (Habiyaremye et a., 2017). This
crop can be grown in the tropical, subtropical and even at an altitude of 3500 masl
(Ghimire et al., 2018). Under dry areas, the grain yield ranges from 500 to 700 kg per
hectare, and under irrigated or ideal circumstances, it ranges from 1500 to 2000 kg per
hectare (Tonapi et al., 2015).

In Nepal, proso millet's potential has not been fully realized; it can be serving as a
catch crop. In plain area of far-western province less rainfall occurs due to this field
remain fallow of many farmers. Proso millet offers the advantage of being an extra cash
crop in a wheat- proso millet-fallow rotation. Proso millet is drought tolerance, and
generally can be grown as catch crop in tropical region. (Baltensperger, 1996)
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Proso millet is high yielding variety within a broad collection of millets crops
reveals its significant role for food security. Not much study and research has been done
on the neglected and underutilized crops, especially in tropical region. Prosomillet
landraces have unique traits for both biotic and abiotic tolerance that can help to adapt
crop in diverse terrains (Joshi et a., 2023, Kheya et al., 2023). Proso millet can tolerate
temperature as high as 42 c¢ and millet grain are 70% more water efficient than rice
(Kheyaet al., 2023).

As limited research has been conducted for selection of suitable prosomillet
variety in Kailali condition, this field research has been conducted to find out the ability
to adopt in tropical condition and with suitable variety for catch crop with better yield.
The objective of this research was to analyze morphological traits and yield in proso
millet germplasm through characterization and evaluation using agro-morphological data.

Materials and methods

Site selection and experimental material

The experiment was conducted in Far-western province, Kailali district at
Godawari Municipality-8, Phakalpur, Nepal during March to May 2024. The research
site lies in tropical agro-ecological belt around 200 masl. The research field had sandy
clay loamsoil with soil pH 7.32. The field contains organic matter (0.71), available
Nitrogen (0.04%), Phosphorus (12.58%) and Potassium (88.15%) with good water
holding capacity of 52.34.

RESEARCH SITE AT GODAVARI MUNICIPALITY-8, FAKALPUR, KAILALI

Figure 1 Research site
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Treatment source

A total of eight proso millet accessions collected for the varietal characterization.
Among them, six accessions (NGRCO 7338, NGRCO 7339, NGRCO 7340,NGRCO
7341,NGRCO 7342and NGRCO 7346) were collected from National Agriculture Genetic
Resources Centre, Lalitpur and two accessions (Dudhe Chino and Ma Chino) were
collected from farmers of Bajura district. Whereas,dudhe chino was used as check variety.
Experimental design

The experiment comprised as single factor with Random complete block design
(RCBD) design with three replication and eight treatments. Individual plot size: 3 m?
(2mx1.5m), maintaining 1m distance betweenreplications. Total experiment area: 182.75
m? (21.5 mx8.5m).

Cultural practices

The land was initially plowed using a power tiller as primary tillage on 9"
February 2024. FYM was applied @ 12.5 t/ha and ploughed into soil as secondary
tillage. Crop residue, weeds were removed and make fine soil before seed sowing.The
seeds were sown continuous at about3.0 cm deep on rows with inter row spacing of
25 cm on 9" March 2024 followed by thinning after one week.

Data collected

Data were recorded on ten randomly selected plantsin each plot in each
replication and their average value was calculated for agro-morphological and yield
attributing traits.

Daysto 50% panicle emergence

Days to 50% panicle emergence, days were recorded by observing each plot,
when around 50% of seed germinated then data was recordedand number of days was
calculated from the date of sowing.

Plant height (cm)

The height of plant was measured from the base of the plant above the ground
level to thetip of the plant at the time of harvest using measuring scale and mean value of
sample plant were expressed in centimeter.

Number of tiller per m?

Total number of productive effective and nonproductive tiller were counted using

guadrate before harvesting.
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Panicle length

The panicle length was measured from node using measuring scale from 10
sample plants and mean value was expressed in centimeter
Daysto maturity

When 100% plants of individual genotype got ready to harvest, date was
recorded, and number of days was cal culated from the date of sowing.
Grain sterility per panicle

Grain sterility was calculated based on number of empty sink present and number
of filled sink.
Yield (kg/ha)

The yield was calculated using formulafor hectare.
(Grainyield(kg/ha)=(plotyield(kg)x10,000)/plotsizei nsquare meters)
Harvest index

Harvest index was used to express the efficiency of plant in allocating its
economic output to harvestable part.
Harvest Index=Biological Yield/Economic Yield
Statistical analysis

Analysis for mean and standard deviation, Genetic parameters was done by using
R studio (4.3.3). Analysis of Variance (ANOVA) was used to assess genotypic effect and
check if the mean of two or more treatments significantly different from each other by
the least significant difference (LSD) test at 5% level of significance. Correlations and
genetic parameter between important traits were eval uated.

Resultsand discussion

Plant height and effectivetillers

Among eight varieties evaluated, the taller plant was recorded in NGRCO 7339
followed by NGRCO 7338, with significant differences between them. While shorter
plant was produced by Malchino. The pooled data showed that NGRCO 7339, NGRCRO
7338, NGRCO 7341 and NGRCO 7342 varieties were significantly superior over other
varieties with respect to plant height (Table 1). Rajasekaranet al.(2023), indicate
thatprosomillet plant height range from 45 to 130 cm. This result is accordance with
Khatun et al.(2023) found significant differences in plant 97 germplasm. Similarly,
Singode et a.(2023), while evaluating 634 germplasm of prosomillet found significant
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difference in plant height at the altitude of 476.5 masl. This result is also accordance with
salineet a.(2010).
Productive tiller/ m?

The result indicated a significant variability in number of productive tiller /m?
among the tested varieties. Mal chino recorded significantly higher number of productive
tiller /m? among the other tested varieties. While least number of effective tiller/m? plants
was produced by NGRCO 73340.

Nonproductivetiller/m?

Among the tested germplasm total number of nonproductive tiller (Sterile tiller)
were significantly influenced by the varietiess. NGRCO 73340 showed maximum
nonproductive tiller among tested varieties. While, Malchino showed lessnumber of
nonproductive tiller followed by dudhe chino, NGRCO 7346 and NGRCO 7338.

Tablel

Plant height and productive and nonproductive tillers of proso millet genotypes

Treatments Plant height (cm)  Productivetillersm®  Nonproductive tiller sm?
NGRCO 7338 111.90® 141.00c 9.82b
NGRCO 7339 120.86% 157.33c 12.10ab
NGRCO 7340 102.60° 91.00d 18.13a
NGRCO 7341 111.60% 125.00c 10.97ab
NGRCO 7342 106.83% 147.67c 10.99ab
NGRCO 7346 72.93% 205.67b 6.11b
Dudhe chino 86.93° 194.33b 5.08b
Mal chino 66.36" 251.33a 4.81b
LSDo.os 14.13 32.34 6.9
SEm(+) 4.66 10.66 2.27

F teg * k% *k* *
Pvalue 5.24e-% 1.33e% 0.015
CV (%) 8.27 11.25 40.44
Grand mean 97.05 164.16 9.75

Daysto panicle emer gence

The genotypes showed significant differences for days to 50% panicle emergence
for each treatment. NGRCO 7346 needed less day for days to panicle emergence
followed by dudhe chino and Malchino (Table2). This difference is due to genetic
composition of genotypes not only due to environment. This finding was in accordance
with Joshi et al. (2023).
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Daysto maturity

The days to maturity shows highly significant differences among the varieties
under consideration. Among the tested varieties Malchino mature earlier due to its fast
vegetative growth followed by dudhe chino and NGRCO7346.Days to maturity are one
of the important indicators to assess the variability of germplasm. The research
conducted sixteen meter above sea level to four hundred seventy meter above sea level
also indicated variability in days to maturity. So, this finding was correlated with Khan et
a.(2023), Vetriventhan & Upadhyaya(2018), Elangovan et al.(2023), Joshi et al.(2023).
Table2

Phenological traits of Proso millet genotypes

Treatments Days to panicle emer gence Daysto maturity
NGRCO 7338 51.00° 72.33°
NGRCO 7339 51.33" 73.00°
NGRCO 7340 51.33° 73.66°
NGRCO 7341 49.67° 73.66°
NGRCO 7342 52.67° 73.66°
NGRCO 7346 37.67¢ 69.00°
Dudhe chino 38.33¢ 68.66°
Mal chino 38.33¢ 62.66°
LSDo.os 0.82 2.08
SEm(+) 0.27 0.68
F test * k% * %%

P value 2.20¢e’1° 1.49e%’
CV( %) 1.01 1.68
Grand mean 46.29 70.83

The agro morphological traits were highly significant for panicle length, filled grain per
panicle and thousand grain weights. Similarly, grain sterility was also found significant
among the tested germplasm (Table 3).
Panicle length

The panicle length of proso millet was significantly influenced by variety. The
panicle length varied from 21.10 to 37.53 cm. The result indicated that the longest
panicle length was observed in NGRCO 7341. The shortest panicle length was observed
in Mal chino. Khatun et al. (2023) conducted research 16 mad with 97 germplasm also
found significant difference in length of panicle. This result is also accordance with
Elangovan et al. (2023).
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Filled grain per panicle

The number of filled grain varied from 124 to 243. When panicle sink was
counted in sample plant, highest number of filled grain was obtained in NGRCO 7341
and least number of filled grains was obtained in Dudhe chino. The increase in number of
filled grain per plant increase economic yield. The result of Elangovan et a.(2023) also
found significant difference for grain per plant; his result is accordance with analysis of
variance result in table 3.

Grain sterility per panicle

It was observed that grain sterility was varied from 35.30 to 69.81 percentages.
Lowest number of grain sterility was observed in Malchino and highest number of
sterility was observed in NGRCO 7342.

Thousand grain weight(g)

Thousand grain weights varied from 3.39 to 5.07 g,highest thousand grain
weights was observed in NGRCO 7338 due to bold and large seed size and lowest weight
was observed in mal chino due to its seed size. The result of analysis of variance shows
highly significant difference for thousand grain weight. This result is supported by
Khatun et al.(2023), Elangovan et al.(2023), Salini et a. (2010), Joshi et al.(2023).

Table3
Yield attributing traits of Proso millet genotypes
Panicle length Filled grain Grain Thousand grain

Treatments (cm) per panicle sterility (%) weight (g)
NGRCO 7338 37.20° 235.53% 57.81° 5.072
NGRCO 7339 36.06% 170.33% 67.62° 4.65°
NGRCO 7340 36.77% 190.40°¢ 65.96% 4.45°
NGRCO 7341 3753 242 532 62.00% 4.82°
NGRCO 7342 34.56% 123.90° 69.81% 4,59
NGRCO 7346 28.06° 146.40% 57.61° 4.50%
Dudhe chino
(check variety) 30.93° 118.40° 69.30° 4,55
Mal chino 21.10° 194.50™ 35.30° 3.39
LSDoos 2.91 43.81 8.39 0.10
SEm(<) 0.96 14.44 2.76 0.035
F test * %% * k% * %% * %%
Pvalue 6.63¢%8 0.00012 8.36e° 8.10e®
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CV (%) 5.08 14.07 7.89 1.36
Grand mean 32.77 177.75 60.68 450

| Grainyield (t/ha)

A wide significant variation was observed for grain yield in Table 4. The highest
grain (economic yield) was recorded in mal chino while low yield was obtained from
NGRCO 7342 Anuradha et al.(2020) reported differences among 20 prosomillet
accessionsfor grain yield. Thisresult is also supported by Saliniet. al. (2010), Adhikari et
a. (2018), Vetriventhan & Upadhyaya (2018), Khatunet a. (2023), Elangovan et
al.(2023),Joshi et al.(2023).

Straw yield (t/ha)

Straw yield varied from 14.10 to 4.30 t/ha. Highest straw yield was measured in
NGRCO7339 and mal chino have low straw yield. Prosomillet crop can be utilized for
both grain and fodder, The straw is used as quality forage for livestock is becoming
increasingly important for livestock farming. This result is accordance withBhat et al.
(2019), Anuradha et al. (2020), Joshi et a.(2023), Rgjasekaran et al. (2023).

Harvest index

The prosomillet genotypes showed significant differences on harvest index, which
ranged from 0.03 to 0.28. The highest harvest index was found in Malchino while lowest
was found in NGRCO 7338 and NGRCO 7339.

Table4

Grainyield and straw yield of Proso millet genotypes
Treatments Grain yield (t/ha) Straw yield (t/ha) Harvest | ndex
NGRCO 7338 0.47° 12.522 0.03¢
NGRCO 7339 0.49° 14.10° 0.03¢
NGRCO 7340 0.43° 7.80° 0.05°
NGRCO 7341 0.41° 11.05% 0.03¢
NGRCO 7342 0.40° 12.39° 0.03¢
NGRCO 7346 0.55° 5.84™ 0.08
Dudhe chino 0.54° 8.09° 0.06°
Mal chino 1.672 430° 0.282
LSDo.os 0.19 291 0.01
SEm(z) 0.063 0.96 0.0039
F test * %% * %% * k%
P value 1.49e%® 3.19¢® 1.79e
CV (%) 17.61 17.49 8.69
Grand mean 0.62 0.96 0.077
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Correlation study

Filled grain / panicle
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Figure 1: Correlation matrix among different traits for eight prosomillet genotypes

In figure 1, the correlation coefficient value of harvest index and grain yield (t/ha)
i 0.96, indicating a very strong positive relationship among traits. In case of plant height
and panicle length, it is 0.86 and among grain sterility and grain yield, it is 0.75 showing
strong positive relationship.

Moderate positive correlation is found between days to maturity and plant height
(0.58) followed by days to panicle emergence and plant height (0.51). The result aso
revealed negative correlation among the traits. Grain sterility and grain yield (t/ha)
showed a strong negative correlation with correlation coefficient of -0.94. It was found
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that both the variables move in opposite direction i.e., when grain sterility increases grain
yield decreases and vice versa.

When we observe key traits like grain yield (t/ha), it is strongly positively
correlated with harvest index (0.96). Similarly, harvest index aso showed strong positive
correlation with grain yield (0.96). Grain sterility indicated negatively correlated with
effective tillers and grain yield, which implies that higher grain sterility results in lower
grain yield and fewer numbers of effective tillers. This result is in accordance with
Saliniet a. (2010).

Estimation of PCV, GCV, GA and H?
Table5
Genetic variability, heritability and genetic advance of quantitative traits

(GCV= genotypic coefficient of variation, PCV= Phenotypic coefficient of variation,
GA= Genetic advance, GAM= Genetic advance as percentage of mean, H?%; - Broad
sense heritability)

Traits GCV (%) | PCV (%) |H%s |GA GAM (%)
PH 19.76 21.42 0.85 36.60 37.53
PL 17.40 18.12 0.92 11.27 34.39
Filled grain/panicle 18.22 24.55 055 | 4213 27.86
Grain sterility 21.61 22.90 089 |26.94 42.01
Effectivetillers 31.92 33.42 091 | 99.96 62.80
Tiller sterility 40.14 51.24 061 |6.58 64.77
DPE 14.73 14.77 0.99 14.02 30.28
DM 5.40 5.66 091 |752 10.62
Thousand grain weight | 10.87 10.96 0.98 1.00 22.22
GY 67.68 69.94 094 |0.84 134.94

The value of PCV obtained for yield and attributing characters ranged from 5.66
for days to maturity to 69.94 for grain yield. The value of GCV ranged from 5.40 for
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days to maturity to 67.68 to grain yield. This result is in consonance with earlier studies
of Anuradha et al. (2020) and Hawlader (1991). High broad sense heritability and high
GAM were recorded for grain yield and effective tillers indicates preponderance of
additive gene action and additive gene action is very much selection responsive.
Conclusion

The research findings indicate that there was notable variation among the eight
proso millet cultivars assessed, namely in terms of plant height, tiller output, and grain
yield. Mal chino was the most promising variety for producing grain and fodder since it
had the best grain yield and the lowest sterility, but NGRCO 7339 and NGRCO 7338
demonstrated superior plant height. Similarly, days to plant maturity range from 62.66 to
73.66. Days to maturity make proso millet ideal catch crop. Additionaly, the study
showed a substantial negative link between grain sterility and yield and a large positive
correlation between essential features such as grain yield and harvest index, suggesting
that decreased sterility leads to higher grain production. Genetic component shows that
grain yield and efficient tillers are important qualities, the study found significant genetic
diversity and heritability, suggesting a great opportunity for selection and improvement
through breeding. While, traits with significant genetic advance, such as grain yield,
suggest that additive gene action plays a crucia role
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