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ABSTRACT

The present study was conducted during the kharif season 2022 at the School of Agricultural Sciences,
Nagaland University (NU: SAS) to evaluate the performance and variability for yield and yield contributing
characters of finger millet varieties against different dates of sowing under rainfed conditions of Nagaland.
The experiment was conducted in Split Plot Design (SPD) with three replications. The treatment combination
consisted of three varieties (Simhadri, Bharathi and CO-15) and three dates of sowing (20* June, 30" June
and 10* July). The results revealed that finger millet yield and its attributing character were significantly
affected by different dates of sowing and varieties. The result showed that the first date of sowing (20*
June) recorded the highest growth and yield attributes at all the growth stages. Among the three varieties
used, number of tillers plant™ (2.96) number of green leaves (24.04) and length of finger (7.39 cm) were
higher in variety CO-15. However, plant height (93.53cm), dry weight (21.37 g plant?), LAI (5.02), number
of ear heads plant?(3.76) and harvest index (34.94) were maximum with the variety Simhadri. The result
also revealed that among the varieties, Simhadri recorded the highest straw yield (4641.69 kg ha®) and
grain yield (2506.96 kg ha) followed by variety CO-15 (4517.32 kg ha', 2347.11 kg ha™). Among the sowing
dates, crop sown on 20" June produced the highest grain yield followed by the 30" June. After a comparative
study of different sowing dates and varieties of finger millet, it was found that variety Simhadri sown on
20* June was most suitable followed by variety CO-15.
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Introduction

Finger millet (Eleusine coracana) commonly known as
ragi is a valuable grain used for food, fodder and
other commercial purposes. It is an important millet
grown in India and serves as the main cereal crop
for the monsoon season in some hilly areas. Ragi
belongs to the family Graminae or Poaceae. It origi-
nated in East Africa approximately 5000 years ago

and was introduced into India, 3000 years ago
(Upadhyaya et al., 2007).

Millet grains are sometimes referred to as “Nutri-
cereals” since they are excellent providers of miner-
als and have much larger amounts of nutrients in-
cluding carbohydrates, protein, dietary fibre, and
good quality fat. Although the proportion of miner-
als varies according to the type, millet is often higher
in calcium, iron, and other nutrients than rice and
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wheat. The carbohydrate content of finger millet
grain is 81.5%, the protein content is 9.8%, the crude
fibre content is 4.3%, and the mineral content is
2.7%, which is comparable to rice, wheat, maize, and
other millets. It has significantly greater crude fibre
and mineral content than wheat (1.2% fibre, 1.5%
minerals) and rice (0.2% fibre, 0.6% minerals). It has
a more balanced protein profile than other millets,
with higher lysine, threonine, and valine than other
millets (Gull et al., 2014). Finger millet is a relatively
simple crop that has proven to be reliable in situa-
tions where other cereal crops would have perished
due to famine or adverse agro-ecological conditions.
Ragi has a wide range of ecological and geographi-
cal compliancy and is resilient to a variety of agro-
climatic condition, allowing to grow in adverse
agro-ecological conditions with minimal input, tol-
erance to moisture stress, low pest and disease sus-
ceptibility, and ability to sustain on marginal land.
Finger millet is particularly adaptable to higher el-
evations and is cultivated up to an altitude of 2300
m in the Himalayas. (Bhat et al., 2019).

India is the world’s largest producer of millets
with a share of 41 percent in 2020 (Anon., 2022). In
Nagaland finger millet is grown in an area of about
350 ha with the production of 340 MT and
Mokokchung district rank highest in area (80 ha)
and production (80 MT) in the year 2020-21 (Anon.,
2022)

The low production and productivity of finger
millet are due to an imbalance nutrient manage-
ment, insufficient irrigation, heavy weed infestation,
use of local varieties, incident of blast disease and
late sowing etc. The time of sowing is one of the
most important non- monetary inputs influencing
finger millet production, and hence timely sowing is
paramount important to ensure higher productivity.
Timely sowing of crops usually offers ample time
for root development and vegetative growth, allow-
ing for the best accumulating of available nutrients
and radiant energy (Soler et al., 2008). Delay in sow-
ing reduce the values of all parameters and decrease
yield (Iping, 1997).

The varieties play an important role in the pro-
duction of crop, and a varieties potential for yield
within genetic boundaries is limited by its environ-
ment. The yield of any crop is determined by the
production potential of the cultivar as well as the
climatic, edaphic and management practices to
which the cultivar is subjected (Sarawale et al., 2016).

Keeping in view the importance of interaction
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between the sowing dates and finger millet varieties,
the experiment entitled “Effect of sowing dates and
varieties on growth and yield of finger millet
(Eleusine coracana) under rainfed condition of
Nagaland” was conducted at the Agronomy farm of
the School of Agricultural Sciences (SAS),
Medziphema campus during the kharif season 2022.

Materials and Methods

The experiment was conducted during the kharif
season from June to November, 2022 at the
Agronomy farm of School of Agricultural Sciences
(SAS), Medziphema campus. The farm is located at
25°45' 43" North latitude and 95° 53' 04" East longi-
tude with elevation of 310 m above mean sea level
(MSL). The experiment site has tropical sub-humid
climate. During kharif season, the weekly mean of
maximum temperature ranged from 31 °C to 34 °C
with an average of 35 °C and the weekly mean rela-
tive humidity was 67%. The annual rainfall of the
region varies from 2000 - 2300 mm.

The experiment was laid out in Split Plot Design
(SPD) with three replication. The treatment con-
sisted of three dates of sowing viz., 20™ June, 30"
June and 10* July as main factor and three varieties
viz., Simhadri (V)), Bharathi (V,) and CO-15 (V,) as
sub-factor. The treatment combination comprised of
three different dates of sowing against three variet-
ies with 24 treatment combinations. The seed mate-
rial of finger millet variety was obtained from
Andhra Pradesh, south India. Based on the soil
analysis the soil of the experiment field was classi-
fied as sandy loam in texture, uniform levelled and
well drained having pH 4.5 high in organic carbon
and medium in Nitrogen, Phosphorus and Potas-
sium. The total plot size was 27 x 11 m* and the plots
size 4.5 m x 3 m was maintained. The row to row
and plant to plant spacing was maintained at 25 cm
x 10 cm for the experiment. The recommended dose
of fertilizer (RDF) 40:20:20 kg ha was applied in the
form of Urea, SSP and MOP. Entire quantity of
phosphorus, potash and % nitrogen was applied as
basal dose and the remaining dose of nitrogen was
applied in two equal split at 30 DAS and 60 DAS.
Observations was recorded from five randomly se-
lected plants for growth and yield attributes and
then by calculating the average value for each plot.
Biometric observation on growth, yield attributes
and grain yield were recorded. The tabulated data
were statistically processed by standard method of
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analysis of variance for the split plot design and test
of significance as given by Gomez and Gomez
(1984).

Results

The observation data recorded during the course of
the investigation were carefully analysed statisti-
cally to assess the degree of variance due to different
treatments and the results obtained are prescribed
and illustrated below.

Effect of sowing dates and varieties on growth
attributes

Plant height (cm)

The tallest plant height (93.53 cm) was produced
when the crop was sown at D, (20" June) than that
of D, (30" June) and D, (10* July). However, D, (30™
June) was found to be statistically at par in respect to
plant height at all growth stages, while sowing on D,
(10* July) recorded the shortest plant height (75.08
cm) (Table 1).

The variation in plant height due to different fin-
ger millet varieties was statistically significant at 60
DAS and it was found to be non-significant at 30
DAS and 90 DAS. Among the different varieties
used the highest plant height was recorded from
variety Simhadri (17.71 cm, 81.05 cm and, 85.92 cm)
at all the stages of observation. The lowest (55.81cm)
was recorded with V, (CO-15) at 60 DAS.

Number of tillers plant?

Among the sowing dates, the maximum number of
tillers plant™ (3.04) was observed with D, (20* June)
which was also found to be statistically at par with
D, (30" June). There was an increased in the number
of tillers at 30 DAS and 60 DAS, and it was also
found that number of tillers decrease slightly at 90
DAS among the varieties (Table 1).

It was observed that there was a significant dif-
ference in the number of tillers plant® among the
varieties. The Maximum numbers of tillers (2.96)
was recorded with variety V, (CO-15) and was
found at par with the variety V, (Simhadri) and the
minimum number of tillers (2.23) was recorded with
V, (Bharathi).

Leaf Area Index (LAI)

The data given demonstrated that there was a con-
siderable variation in leaf area index due to different
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dates of sowing at all growth stages of finger millet
cultivars (Table 1). Among the dates of sowing,
crops planted at D, (20™ June) resulted in a higher
leaf area index (3.74) and the second highest (3.56)
with D, (30" June) followed by (2.62) D, (10" July). It
was also observed that D, (20th June) was at par
with D, (20" June) at all the growth stages of the fin-
ger millet varieties.

Among the different varieties, a higher leaf area
index (LAI) was recorded with the varietySimhadri
(2.14, 5.03) at 30 and 60 DAS. However, at 90 DAS
the trend changed and variety CO-15 (3.89) was
found to be higher in leaf area index but comparable
with variety Simhadri (3.30).

Plant dry weight (g plant™)

Data showed that sowing dates significantly influ-
enced plant dry weight at all the growth stages
(Table 1). Highest plant dry weight (2.59 g, 22.04 g,
35.26 g) was recorded with D, (20™ June). The low-
est plant dry weight (1.47 g, 13.37 g and 25.45 g) was
recorded in D, (10th July) date of sowing.

Significant variation in plant dry weight due to
variety was observed at 60 DAS. However, 30 DAS
and 90 DAS plant dry weight did not show any sig-
nificant variation. Among the different varieties
used highest plant dry weight (21.37 g) was ob-
served with V, (Simhadri) while the lowest plant dry
weight (11.73 g) was recorded with the variety V,
(CO-15).

Crop growth rate (g m? day™)

Sowing dates showed significant variance in crop
growth rate at 30-60 DAS (Table 1). It is evident
from the data that the highest crop growth rate
(25.93g m* day") was recorded with D, (20" June)
compared to the other dates of sowing, and the low-
est (15.87 g m? day) was recorded with D, (30"
June). However, at 60-90 DAS crop growth rate was
found to be non-significant.

Among the different varieties used, the highest
crop growth rate (25.60 g m? day™) was recorded
with the variety V. (Simhadri) which was also found
at par with V, (Bharathi) and the lowest crop growth
rate (12.79 g m* day™) was recorded with variety V,
(CO-15) at 30 - 60 DAS. However, later at 60 - 90
DAS, the highest crop growth rate (22.77 g m* day
') was recorded with the variety V, (CO-15) while
the lowest (13.34 g m? day™) was recorded with va-
riety V, (Bharathi).
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lowest finger length (6.30 cm) was recorded by vari-
ety V, (Bharathi). At par relation (6.68 cm, 6.30 cm)
was found in the varieties V, (Simhadri) and V,
(Bharathi).

Weight of ear head (g)

Sowing dates significantly influenced on the weight
of ear head (Table 2). The highest value of weight of
ear head (6.04 g) due to different sowing dates was
recorded with D, (20" June) and the second highest
(5.46 g) was recorded in D, (30" June) which was
also observed to be in par with D, (20" June) dates of
sowing. The lowest weight of ear head (5.02 g) was
recorded in D, (30" June).

The difference in weight of ear head due to the
varieties was found to be non-significant. The vari-
ety V, (Simhadri) recorded the maximum weight of
ear head (5.82 g) than the other two varieties.

Test weight (g)

The difference in test weight due to different date of
sowing and varieties did not show any significant
results (Table 2).

Number of grains finger

After a thorough analysis of data, it was observed
that the difference in the number of grains finger™
due to sowing dates was found to be non-significant
(Table 2). However, the highest number of grains
finger” (285.04) was recorded with D, (20* June) and
the lowest (267.81) with D, (30" June).

The effect of varieties on number of grains finger
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' was also found to be non-significant. Although, the
highest number of grains finger™ (281.38) was re-
corded in the variety V, (CO-15) and the lowest
(247 .43) was recorded with V, (Bharathi).

Grain yield (kg ha™)

A critical examination of the data revealed that sig-
nificant variation was recorded in respect to grain
yield due to different dates of sowing (Table 2). The
highest grain yield (2684 kg ha™) was recorded with
D, (20" June) which was also at par with D, (30"
June). The lowest grain yield (1778.07 kg ha) was
recorded with D, (30" June) dates of sowing.

The observation revealed that the grain yield of
finger millet was significantly influenced by differ-
ent varieties. Among the varieties, the highest grain
yield (2506.96 kg ha') was recorded in V, (Simhadri)
which was superior to other varieties. While the
lowest grain yield (2051.85 kg ha') was recorded
with the variety V, (Bharathi).

Straw yield (kg ha™)

The highest straw yield (4966.31 kg ha') was ob-
served with D, (20" June) which was also found to
be statistically at par with D, (30™ June), while the
lowest straw yield (3544.74 kg ha') was recorded
with D, (10th July) date of sowing (Table 2).

The variation in straw yield due to varieties is
found to be significant. The highest straw yield
(4641.69 kg ha) was recorded by V, (Simhadri). The
lowest straw yield (4029.43 kg ha') was recorded
with the variety V, (Bharathi).

Table 2. Effect of sowing dates and varieties on yield attributes and yield of finger millet

Treatment No. of ear  No. of Length ~ Weight of  Test No. of Grain Straw  Harvest
heads finger ear of finger ear head weight grain yield yield index
plant?! head? (cm) (8) (g) finger! (kgha') (kgha) (%)

Sowing dates

D, 3.59 6.36 7.04 6.04 2.97 285.04 2684.00 4966.31 35.04

D, 3.33 6.14 6.77 5.46 2.93 278.80  2443.85 4677.39 34.26

D, 2.52 6.49 6.56 5.02 3.02 267.81 1778.07 3544.74

33.43

SEm + 0.15 0.32 0.27 0.17 0.10 5.15 67.72 60.18 0.39

CD (p=0.05) 0.59 NS NS 0.66 NS NS 265.91 236.29 NS

Varieties

v, 3.76 6.41 6.68 5.82 3.03 275.84 2506.96 4641.69 34.94

v, 2.88 6.20 6.30 5.10 2.90 27443  2051.85 4029.43 33.70

v, 2.81 6.38 7.39 5.60 2.99 281.38  2347.11 4517.32 34.08

SEm=+ 0.14 0.20 0.14 0.21 0.07 14.49 53.75 67.70 0.32

CD (p=0.05) 0.44 NS 0.44 NS NS NS 165.61 208.61 0.99
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Harvest index (%)

After thorough analysis of the data, it was observed
that different dates of sowing did not show any sig-
nificant influence on harvest index (Table 2). How-
ever, a higher harvest index (35.04) was recorded
with the D, (20™ June).

Data revealed that higher a harvest index (34.94)
was produced by V, (Simhadri), which was also ob-
served to be at par with V, (CO-15). The lowest har-
vest index was recorded with the variety V,
(Bharathi).

Discussion

Effect of sowing dates and varieties on growth at-
tributes

Plant height (cm)

Different dates of sowing showed significant differ-
ences in plant height at all growth stages. The vari-
ance in plant height observed may be related to the
availability of favourable conditions such as tem-
perature, relative humidity and average rainfall
during the crop growth period. Gueye et al. (2015)
reported similar findings, where they observed that
early sowing of crops ensue in better plant growth
compared to later sowing dates. The experiment re-
sult was also in conformity with the finding re-
ported by Bello et al. (2022) and Vishwanath et al.
(2019).

There was a significant difference in plant height
due to different varieties of finger millet at 60 DAS.
The difference in the plant height (55.81cm) for V,
(CO-15) at 60 DAS may be due to its longer duration
of the crop as compared to V, (Simhadri) and V,
(Bharathi). However, during 90 DAS, all the variet-
ies produced similar height of the crop. The en-
hanced plant height for the finger millet variety
Simhadri could be attributed to its well-developed
rooting pattern and genetic potential, which has al-
lowed the plant to reach its maximum height. Simi-
lar line of work was also reported by Veeraputhiran
et al. (2009).

Number of tillers plant?

The number of tillers plant™ is an indicator of good
crop establishment methods as well as good growth
development. It was observed that different sowing
dates had a significant effect on the number of tillers
plant™ of finger millet. The results obtained were in
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conformity with the findings reported by Pandiselvi
et al. (2010) and Upadhyay et al. (2015).

Among the varieties there was an increased in the
number of tillers at 30 DAS and 60 DAS, and de-
crease slightly at 90 DAS. The possible explanation
could be due to the crop at 90 DAS have reached the
maturity and senescence stage of growth and devel-
opment. The current study’s findings were also in
line with the findings reported by Sendhilvel and
Veeramani (2020), Neeruganti (2021), and
Pandiselvi et al. (2010). Wu et al. (1998) found that
enhanced tillering ability related to higher yield of
the cultivars. It can be also concluded that the treat-
ment combination D, V, was the best possible combi-
nation as it produced significantly higher number of
tillers plant® compared to the other treatment com-
bination.

Leaf Area Index (LAI)

The persistence of the assimilatory surface area is a
well-known requirement for sustained photosyn-
thetic activity. The considerable variation in leaf
area index due to different dates of sowing at all
growth stages of finger millet cultivars may be at-
tributed to the early favourable conditions for the
crop growth and development. The gradual de-
crease in LAI due to delay in planting of finger mil-
let varieties was also reported by Nandini and
Sridhara (2019). Similar findings were observed by
Pandiselvi et al. (2010).

Variations in the leaf area index (LAI) was found
significant at all the growth stages of different finger
millet varieties. The change in trend in LAl is due to
the fact that the variety Simhadri has reached the
senescence stage due to its short duration in com-
parison to the variety CO-15. Among the treatment
combination the highest LAI was recorded with
D,V, which was superior to other treatment combi-
nation. Similar line of work was also reported by
Pandiselvi et al. (2010).

Plant dry weight (g plant™)

The total dry matter content produced by the plant
was determined by destructive sampling, and the
weight of each variety was recorded at three stages.
Because of the longer development time, the total
number of leaves and dry matter production is
larger with early sowing Kouressy et al. (1998). Early
sowing recorded significantly higher total dry mat-
ter production which decreased with delayed sow-
ing Hugar et al. (2001). Performance under different
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dates of sowing, a steady increase in plant dry
weight was also reported by Maurya et al. (2016) in
pearl millet.

The variation in plant dry weight due to variety
was observed at 60 DAS. This was contributed by
the higher number of tillers and plant height of va-
riety Simhadricompared to the variety CO-15. How-
ever, at later stage almost similar value was re-
corded for all the varieties. Similar line of work was
also reported by Neeruganti (2021) with variety
KMR201 having higher dry matter content at all
growth stages comparing with other varieties in-
cluding CO-15 during kharif season.

Crop growth rate (g m? day™)

Crop growth rate was recorded at 30-60 DAS and
60-90 DAS. Significant variance in crop growth rate
due to sowing dates was recorded at 30-60 DAS.
Among the different dates of sowing, a steady in-
crease in CGR during the initial stages of plant
growth and decrease at later intervals in CGR was
also reported by Maurya et al. (2016).

There was a change in trends in crop growth rate
in finger millet varieties at 30-60 and 60-90 DAS, the
possible reason could be due to the fact that the va-
riety CO-15 crop duration is longer than the other
two varieties and hence, the crop growth rate was
recorded higher at 60-90 intervals rather than 30-60
DAS.

Relative growth rate (g g* day™)

Relative growth rate is a growth relative to size that
is a rate of growth per unit time, as a proportion of
its size at that moment in time. The change in trend
was also observed in relativive growth rate which
may be due to the different duration of the varieties,
where the variety V, (Simhadri) and V, (Bharathi)
crop duration comparatively reached maturity at
90DAS than the variety V, (CO-15).

Effect of sowing dates and varieties on yield
attributes

Number of ear heads plant?

Significant variation of sowing dates on the number
of ear heads plant” is most likely since the rain is
firmly established at this time, providing the crop an
edge over the crop sowed on D, (10" July).
Pandiselvi et al. (2010) also reported a significant ef-
fect on the number of ear heads plant™ due to differ-
ent dates of sowing. The findings reported a higher
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number of ear heads hill! at June 14" date of sow-
ing.

There is also significant effect on the number of
ear heads plant™ due to different finger millet vari-
eties. Similar line of work was also reported by
Veeraputhiran et al. (2009), and Sarawale et al.
(2016).

Number of fingers ear head™

Different dates of sowing and varieties did not pro-
duce any significant result on the number of fingers
ear head™. Almost similar values of a number of fin-
gers ear head™ were recorded due to different sow-
ing dates and varieties.

Length of finger (cm)

Except for variety CO-15, the magnitude of differ-
ences in the length of fingers between varieties were
not much remarkable. The variation in finger length
of finger millet was also reported by Nigade et al.
(2020), Sarawale et al. (2016), and Dash et al. (2021).

Weight of ear head (g)

Early sowing resulted in highest value of weight of
ear head in comparison with the later sowing. De-
laying planting from 15" June significantly de-
creased panicle weight of millet Leila et al. (2008).
Changes in the period of light interception can be
attributed to a decrease in panicle weight for late
planting dates Craufurd et al. (1988). Similar line of
works was also reported by Jan et al. (2015) in pearl
millet.

Test weight (g)

The difference in test weight due to different date of
sowing and varieties was found to be non-signifi-
cant.

Number of grains finger™

After a thorough analysis of data, it was observed
that the difference in the number of grains finger™
due to sowing dates and varieties was also found to
be non-significant.

Grain yield (kg ha™)

Changes in weather and soil moisture conditions,
particularly during inflorescence and pollination,
could be attributed to the significant impacts of dif-
ferent sowing dates and varieties, which are suffi-
cient to have a negative effect on the development of
ear heads due to the direct effect of intense solar ra-
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diation. Significant variation was recorded in re-
spect to grain yield due to different dates of sowing.
Earlier planting such as May 17" and May 24"
yielded all the other planting windows reported by
Pandiselvi et al. (2010). Sarala et al. (2022) also con-
firmed that the grain yield of finger millet decreased
with a delay in sowing. Upadhyay et al. (2015), re-
ported that maximum yield can be obtained when
crop is sown on May 23 compared to May 30" or
June 10%. Similar line of work was also reported by
Revathi et al. (2018).

The higher yield of finger millet varieties V,
(Simhadri) could be attributed to the appreciably
higher yield contributing characters such as the
number of ear heads plant”, number of fingers ear
head, weight of ear head (g), and test weight (g).
Similar line of work was also reported by Nigade et
al. (2020), Veeraputhiran et al. (2009) and Sarawaleet
al. (2016).

Straw yield (kg ha™)

Straw yield is the result of better growth, dry matter
production and leaf area which was recorded more
with the respective varieties that produce higher
yield. Different dates of sowing and varieties signifi-
cantly influenced the straw yield. Similar line of
work was also reported by Sarawale et al. (2016),
Sendhivel and Veeramani (2020), Revathi et al.
(2018), Upadhyay et al. (2015) and Nigade et al.
(2020).

Harvest index (%)

A perusal of the data revealed that harvest index
was significantly influenced by different varieties
but not by the sowing dates. This may be attributed
due to varieties that produced different plant height,
numbers of tillers, and numbers of leaves and also
the different growth pattern of variety.

Conclusion

From the findings of the present investigation the
following conclusion can be drawn; Early sowing
i.e., D, (20" June) showed the best performance in
term of growth and yield attributes compared to the
later sowing dates i.e., D, (30" June) and D, (10 July).
Among the finger millet varieties, Simhadri was
found to be most adaptable followed by the variety
CO-15. The most suitable date of sowing of finger
millet (Eleusine coracana) under rainfed condition of
Nagaland was found to be 20" June according to the
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present investigation.
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