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Abstract

The experiment was conducted with twelve treatment combinations of four irrigation levels and three varieties in a strip
plot design and replicated thrice. The results indicated that foxtail millet growth parameters and yield attributes were
significantly higher in four irrigations at sowing, 15 DAS, 35 DAS and 55 DAS which is on par with three irrigations at
sowing, 15 DAS and 35 DAS. Grain and straw yields were also significantly higher with four irrigations at sowing, 15 DAS,
35 DAS and 55 DAS. Monetary returns like gross and net returns were also recorded higher values with four irrigations
at sowing, 15 DAS, 35 DAS and 55 DAS followed by three irrigations at sowing, 15 DAS and 35 DAS. Among varieties,
Renadu (SiA 3223) recorded higher grain, straw yield and monetary returns. However, four irrigations at sowing, 15 DAS,
35 DAS and 55 DAS recorded higher values of soil moisture content (%) at 0-30 cm soil depth and higher water use

efficiency was recorded at one irrigation at sowing.
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Millets, particularly foxtail millet (Setaria italica) are
gaining renewed attention as climate resilient crops that offer
nutritional security, especially in semi-arid and rainfed regions.
Millets, often termed “nutri-cereals,” are regaining importance
in global food systems because of their resilience to climate
variability, low input requirements, and high nutritional value.
Among them, foxtail millet (Setaria italica) stands out as one
of the oldest cultivated millets, widely grown in Asia and parts
of Africa [1]. It is especially well-suited for semi-arid and
rainfed regions where erratic rainfall, prolonged dry spells, and
degraded soils limit the productivity of major cereals like rice,
wheat, and maize. Its short growing season, efficient C4
photosynthetic pathway, and remarkable capacity to withstand
drought and marginal soil fertility make it a climate-resilient
crop capable of stabilizing yields under stress conditions [2-3].
From a nutritional standpoint, foxtail millet contributes
significantly to food and nutritional security. The grains are rich
in dietary fiber, resistant starch, essential amino acids
(especially methionine and lysine), vitamins (notably B-
complex), and minerals such as iron, calcium, magnesium, and
zinc, making them superior to many staple cereals [4]. With a
low glycemic index, foxtail millet is particularly recommended
for managing diabetes, obesity, and lifestyle-related disorders,
addressing both undernutrition and the growing challenge of
non-communicable diseases. Additionally, its gluten-free
nature makes it a valuable food for individuals with celiac
disease or gluten intolerance [5-6].

In the context of climate change, foxtail millet supports
agroecological sustainability by thriving with minimal
irrigation, tolerating temperature fluctuations, and requiring

fewer chemical inputs. Its ability to grow on poor, degraded, or
shallow soils without significant yield loss further underscores
its role in restoring degraded lands and sustaining smallholder
farmers’ livelihoods [7]. Moreover, as global food systems shift
towards climate-smart agriculture, the revival of millet
cultivation including foxtail millet diversifies diets, enhances
resilience of cropping systems, and contributes to achieving
Sustainable Development Goals (SDGs) such as zero hunger,
good health and well-being, and climate action [8].

Foxtail millet is one of the oldest cultivated millets,
characterized by its short life cycle, drought tolerance, and
adaptability to poor and marginal soils. It is a staple food in
several parts of India and Asia and plays an important role in
dryland agriculture due to its low water requirement and
resilience to environmental stress [9]. The total area under
foxtail millet in India wide is 0.87 lakh ha with an annual
production of about 0.66 lakh tonnes with an average
productivity of 0.76 t ha'!. India ranks second globally in area
and production with 70,000 ha and 0.66 lakh t. The average
productivity of Andhra Pradesh is 0.8 to 1.0 t ha' [10]. In recent
years, with increasing population pressure and water scarcity,
optimizing water use in agriculture has become a critical
challenge. Efficient water management through appropriate
irrigation scheduling has the potential to enhance crop
productivity while conserving precious water resources.
Though foxtail millet is typically grown under rainfed
conditions, supplemental irrigation can significantly influence
its growth, yield components, and overall productivity,
especially when grown during the rabi season or under
controlled environments [11].
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The response of foxtail millet (Setaria italica) varieties
to irrigation schedules clearly demonstrates that, although the
crop is recognized for its resilience under water-limited
conditions, timely and adequate irrigation at critical growth
stages substantially enhances its performance. Research
indicates that water availability during panicle initiation,
flowering, and grain filling stages is vital for promoting tiller
survival, efficient pollination, seed set, and proper grain filling,
thereby directly improving yield and grain quality. Short-
duration varieties often show better adaptability under deficit
irrigation as they can escape terminal drought stress, while
long-duration and high-yielding varieties exhibit greater
responsiveness to multiple irrigations, achieving higher
biomass and productivity when assured water supply is
available [12]. Moreover, varietal differences in root
architecture and water use efficiency (WUE) underline the
importance of genotype-specific irrigation strategies, where
some cultivars sustain yields under minimal irrigation while
others demand frequent watering to realize their full genetic
potential. Importantly, efficient irrigation scheduling, such as
one or two irrigations at key stages or maintaining soil moisture
at 50-60% depletion, strikes a balance between yield
maximization and water conservation [13]. Thus, corroborating
evidence suggests that integrating varietal characteristics with
strategic irrigation schedules not only enhances foxtail millet
productivity and nutritional quality but also supports climate-
resilient, water-efficient, and sustainable millet-based farming
systems. The response of different foxtail millet varieties to
irrigation schedules varies depending on their genetic makeup
and water use efficiency [14]. Understanding the interaction
between irrigation timing and variety performance is crucial for
developing sustainable and high yielding millet-based farming
systems. However, limited research exists on the combined
effect of irrigation regimes and varietal responses under field
conditions. Hence, the present study was undertaken to evaluate
the performance of foxtail millet varieties under different
irrigation schedules, with an objective to identify suitable
irrigation strategies and varieties that can maximize water use
efficiency, enhance yield and promote sustainable millet
cultivation under limited water conditions.

MATERIALS AND METHODS

A field experiment was conducted during rabi, 2024 at
College Farm, Agricultural College, Mahanandi on sandy loam
soils with pH 7.46, OC 0.43%, EC 0.29 dS m!, available N
(138.7 kg ha™'), available P,Os (36.1 kg ha'') and available K,0
(562.8 kg ha'). A total of 31.99 mm rainfall received during
crop growth period. The experiment was laid out in strip plot
design and the treatments were replicated thrice. The treatments
consisted of five irrigation level treatments viz., one irrigation
at sowing (I1), two irrigations at sowing and 15 DAS (1), three
irrigations at sowing, 15 DAS and 35 DAS (I3) and four
irrigations at sowing, 15 DAS, 35 DAS and 55 DAS (I4) and
three varieties viz., Suryanandi (SiA 3088) (Vi), Mahanandi
(SiA 3159) (V2), Renadu (SiA 3159) (V3). Sowing of all
varieties were done on 16" November, 2024. Seeds were treated
with Thiram 42-S @1g kg™ of seed. Hand dibbled at a depth of
2 cm. Fertilizer doses were calculated as per the treatment
schedule and applied in the form of inorganic fertilizers i.e.,
urea, single super phosphate (SSP) respectively to all the plots.
Half dose of nitrogen fertilizer and full dose of phosphorous
were applied as basal and remaining half dose of nitrogen
fertilizer was applied as top dressing at 30 days after sowing
(DAS). Gap filling and thinning was done at 15 days after
sowing (DAS) to maintain optimum plant population in all the

plots. The crop was maintained by adopting the recommended
package of practices. Weeding is done two times at 20 and 40
DAS to keep the plots free from weeds. The data on plant yield
attributing characters, yield and water use efficiency were
recorded as per standard statistical procedures. Soil moisture
percentage was estimated at different crop growth stages by
gravimetric method. Water use efficiency (kg ha! mm™) was
calculated by using formula:

Grain yield (kg ha™)
Amount of water given (mm)

Water use efficiency (kg ha')=

RESULTS AND DISCUSSION

Plant growth parameters

Irrigation level treatments and varieties significantly
influenced plant height (cm) but was not influenced by their
interaction effect (Table 1). Plant height was significantly
higher in four irrigations at sowing, 15 DAS, 35 DAS and 55
DAS (14), followed by three irrigations at sowing, 15 DAS and
35 DAS (I3) and recorded lower in one irrigation at sowing (I).
Among the varieties, Renadu (SiA 3159) (V3) recorded tallest
plants and it is comparable with Mahanandi (SiA 3159) (V2)
while, the lowest plant height is observed in Suryanandi (SiA
3088) (V1). This may be due to plants receiving optimal or
higher availability exhibited more vigorous vegetative growth
compared to those under limited irrigation conditions [15]. Dry
matter accumulation (kg ha™!) was significantly influenced by
irrigation level treatments and not influenced varieties by their
interaction effect. Dry matter accumulation (kg ha') was
significantly recorded higher in four irrigations at sowing, 15
DAS, 35 DAS and 55 DAS (I4) and by three irrigations at
sowing, 15 DAS and 35 DAS (I3) and was recorded lower in
one irrigation at sowing (I1). This result might be due to
adequate soil moisture availability enhances vegetative growth
and biomass production and helps in metabolic processes such
as photosynthesis, nutrient uptake and cell expansion all of
which directly contribute to dry matter synthesis. Leaf area
index was significantly influenced by irrigation level treatments
and not influenced varieties by their interaction effect [16]. Leaf
area index was significantly recorded higher in four irrigations
at sowing, 15 DAS, 35 DAS and 55 DAS (I4) and by three
irrigations at sowing, 15 DAS and 35 DAS (I3) and was
recorded lower in one irrigation at sowing (I;). This indicates
that water stress and overwatering both negatively affect
canopy development. An optimized LAI enhances light
interception and photosynthesis, thereby supporting yield
potential [17].

Yield attributing characters and yield

Number of tillers m?, number of panicles m2, panicle
length (cm), panicle weight (g), weight of the grains panicle’!
(g), test weight (g), grain yield and straw yield (kg ha™)
presented in (Table 2) indicated significant differences due to
irrigation level treatments, and their varieties and interactions
between them were found non-significant. Irrigation level
treatments significantly influenced the yield attributing
characters viz., Number of tillers m, number of panicles m?,
panicle length (cm), panicle weight (g), weight of the grains
panicle’! (g), test weight (g) was recorded higher with four
irrigations at sowing, 15 DAS, 35 DAS and 55 DAS (I4) which
is on par with three irrigations at sowing, 15 DAS and 35 DAS
(Is) and was recorded lower in one irrigation at sowing (I).
Varieties are not significantly influenced by number of seeds
pod!, number of pods plant’!, seed weight plant' and test
weight (g) [18-20].
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Table 1 Plant growth parameters of foxtail millet as influenced by irrigation levels and varieties during rabi, 2024-2025

Treatments Plant height Dry matter accumulation  Leaf area index
(cm) (kg ha') (LAD
Irrigation levels - 04

Ii: One irrigation at sowing 114.1 3027.2 1.18
I,: Two irrigations at sowing and 15 DAS 117.8 4031.5 1.28
I5: Three irrigations at sowing, 15 DAS and 35 DAS 122.2 5548.2 1.48
I4: Four irrigations at sowing, 15 DAS, 35 DAS and 55 DAS 128.2 5685.3 1.49
SEm + 2.06 181.12 0.052
CD (P =0.05) 7.78 526.03 0.152

CV (%) 9.5 10.0 9.2

Varieties - 03

Vi: Suryanandi (SiA 3088) 117.5 4185.5 1.26
V,: Mahanandi (SiA 3159) 118.8 4622.6 1.39
V;: Renadu (SiA 3159) 125.1 4911.1 1.47
SEm =+ 2.53 221.82 0.063

CD (P=0.05) 4.57 NS NS

CV (%) 3.3 11.3 10.5

Interaction (I x V)

SEm + 1.46 128.07 0.032

CD (P=0.05) NS NS NS

CV (%) 9.2 9.7 9.2

Table 2 Yield attributing characters, grain and straw yield

of foxtail millet as influenced by irrigation levels and varieties

during rabi, 2024-2025

No. of Panicle Panicle Weight of Test L .
Treatments tilIIIe (;s ?ﬁ_z panicles length  weight grains weight G(rl?mh};_?)ld S?i?wh};?)l d
m?  (m) (9 panicle'(d)  (2) £ £
Irrigation levels — 04
Ii: One irrigation at sowing 58.2 48.3 14.1 4.9 3.2 242 1215 1819
I,: Two irrigations at sowing and 15 DAS 63.4 52.3 15.9 5.8 3.9 2.63 1620 2415
I3: Three irrigations at sowing, 15 DAS
and 35 DAS 66.8 56.1 17.9 8.2 5.6 2.67 2210 3337
I4: Four irrigations at sowing, 15 DAS, 35

DAS and 55 DAS 70.1 59.1 20.7 8.6 5.8 2.69 2269 3415
SEm + 243 2.04 0.65 0.27 0.18 0.097 72.3 108.8
CD (P =0.05) 7.48 6.28 2.00 0.80 0.53 NS 210.1 316.0

CV (%) 10.0 10.1 9.4 7.5 5.5 5.4 10.0 10.2

Varieties — 03

Vi: Suryanandi (SiA 3088) 59.5 49.9 15.8 6.3 4.2 2.40 1674 2514
V,: Mahanandi (SiA 3159) 65.2 54.7 17.3 7.0 4.7 2.63 1848 2776
V;: Renadu (SiA 3159) 69.1 57.9 18.3 7.4 4.9 2.78 1963 2949
SEm =+ 2.98 2.50 0.79 0.33 0.22 0.119 88.6 133.2

CD (P=0.05) NS NS NS NS NS NS NS NS

CV (%) 11.4 11.4 9.4 6.8 5.9 5.5 11.3 11.4

Interaction (I x V)

SEm =+ 1.72 1.44 0.46 0.19 0.12 0.069 51.1 76.9

CD (P=0.05) NS NS NS NS NS NS NS NS

CV (%) 9.2 9.4 9.3 7.2 5.8 4.8 9.7 9.8

Economics

The calculated monetary data were presented in (Table
3), which showed that irrigation level treatments are
significantly influenced but varieties and their interaction
between both were found to be non-significant. Higher amount
of gross and net returns was recorded with four irrigations at
sowing, 15 DAS, 35 DAS and 55 DAS (I4) which is on par with
three irrigations at sowing, 15 DAS and 35 DAS (I3) with
significant difference between them significantly lower returns
noticed with one irrigation at sowing (I;). Benefit cost ratio
invested in raising foxtail millet were influenced by irrigation
level treatments but not by varieties. The interaction effect

between irrigation levels and varieties has been found to be non-
significant. Regarding irrigation level treatments, four
irrigations at sowing, 15 DAS, 35 DAS and 55 DAS (I4) which
was recorded significantly higher B:C ratio followed by three
irrigations at sowing, 15 DAS and 35 DAS (I3) both were
significantly superior over one irrigation at sowing (I;)
respectively [21-22].

Soil moisture content (%)

The soil moisture content was estimated at each before
and after irrigation and was estimated and presented in Table 4.
The results indicated that irrigation levels significantly
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influenced the soil moisture content at every irrigation.
Whereas, varieties and their interaction with irrigation levels
and varieties failed to show a significant difference. Among the
irrigation level treatments, soil moisture content is non-
significant in first irrigation whereas, from second irrigation,
the highest soil moisture content was recorded in the treatment
with four irrigations at sowing, 15 DAS, 35 DAS and 55 DAS
(Is), followed by three irrigations at sowing, 15 DAS, 35 DAS
(I3), two irrigations at sowing and 15 DAS (I») and the lowest
in one irrigation at sowing (I;). The increase in soil moisture
after irrigation was consistent across all events, indicating the
effectiveness of scheduled irrigation in maintaining optimal

moisture levels. At the fourth irrigation, soil moisture content
after irrigation under I4 reached 38.5 % at 0-15 cm depth and
39.6 % at 15-30 cm, significantly higher than I; which showed
only 20.5 % and 21.3 %, respectively. Across all treatments,
slightly higher soil moisture was generally observed in the 15-
30 cm depth compared to the 0-15 cm depth, both before and
after irrigation. This indicates better retention of moisture in
deeper layers, potentially beneficial for deeper rooted crops like
foxtail millet. These differences were statistically significant at
later stages (3™ and 4" irrigations). Similar results are reported
by Choudhary et al. [23] in quinoa, Pawar and Dahat [24] in
pearl millet and Gond et al. [25] in wheat.

Table 3 Monetary returns of foxtail millet crop as influenced by irrigation levels and varieties during rabi, 2024-2025

Treatments GI'(();ShI:_tll)lmS ch’;r}cle:ll_llgns B:C ratio
Irrigation levels - 04

Ii: One irrigation at sowing 39971 17005 1.74
Io: Two irrigations at sowing and 15 DAS 53289 29723 2.26
I5: Three irrigations at sowing, 15 DAS and 35 DAS 72722 48556 3.01
I4: Four irrigations at sowing, 15 DAS, 35 DAS and 55 DAS 74657 49891 3.02
SEm =+ 2380.6 2380.6 0.098
CD (P =0.05) 6915.6 6915.6 0.284

CV (%) 10.0 10.0 9.9

Varieties - 03

Vi: Suryanandi (SiA 3088) 55070 31204 2.29
V,: Mahanandi (SiA 3159) 60810 36944 2.53
V3: Renadu (SiA 3159) 64599 40733 2.69
SEm + 2915.6 2915.6 0.121

CD (P=0.05) NS NS NS

CV (%) 11.3 11.3 9.9

Interaction (I X V)

SEm + 1683.3 1683.3 0.121

CD (P=0.05) NS NS NS

CV (%) 9.7 9.7 9.7

Table 4 Soil moisture content (%) before and after irrigation of foxtail millet as influenced by irrigation levels and varieties
during rabi, 2024-2025

1% Irrigation

2™ Trrigation

3" Irrigation 4™ Trrigation

Treatments Before After Before After Before After Before After
irrigation irrigation irrigation irrigation irrigation irrigation irrigation irrigation
Soil depth 0-15 15-30 0-15 15-30 0-15 15-30 0-15 15-30 0-15 15-30 0-15 15-30 0-15 15-30 0-15 15-30
cm cm c¢m _ c¢m _cm _cm _cm _ cm _cm_ cm _cm _cm __cm __cm __cm _ cm
Levels — 04
L 153 162 305 313 143 152 143 152 123 13.1 123 13.1 104 11.8 104 11.8
L: 157 165 303 328 175 181 305 31.5 155 16,5 155 165 146 151 146 15.1
L3 158 167 30.7 322 178 185 31.6 324 169 17.6 358 364 156 162 156 16.2
Ly 159 169 306 326 182 189 329 335 176 183 365 372 16.1 169 385 39.6
SEm + 058 0.61 095 1.0 0.64 0.67 1.11 1.14 059 062 1.06 1.08 0.55 057 0.81 0.83
CD((P=0.05 NS NS NS NS 191 20 298 3.04 176 185 3.08 3.16 158 1.69 271 284
CV (%) 10.1 10.1 10.1 101 9.8 98 94 94 98 98 107 106 9.7 98 119 119
Varieties — 03
Vi 145 153 304 329 156 162 250 258 143 150 227 234 130 13.8 183 192
Va: 159 16.7 307 312 17.1 17.8 276 284 157 16,5 253 261 143 151 20.0 20.1
Vs 16.7 17.7 30.1 328 181 189 293 302 166 175 270 278 151 16.0 21.0 21.2
SEm + 071 0.75 1.16 123 0.79 082 136 140 0.73 076 129 132 0.67 070 0.99 1.02
CD®P=0.05 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
CV (%) 116 116 116 116 114 114 11.1 11.1 113 113 11.7 11.7 11.3 113 10.6 10.7
Interaction (I x V)
SEm + 041 043 0.67 071 045 047 0.79 081 042 044 0.74 076 039 040 0.57 0.59
CD(®P=0.05 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
CV (%) 92 92 92 92 93 93 100 100 94 94 104 103 96 94 100 99
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Table 5 Water use efficiency (kg ha'! mm™) of foxtail
millet as influenced by irrigation levels and varieties during
rabi, 2024-2025

Water use efficiency

Treatments

(kg ha! mm™)
Irrigation levels: 4
Ii: One Irrigation at sowing 15.19
I,: Two Irrigations at sowing and
15 DAS 12.74
I5: Three Irrigations at sowing, 13.99
15 DAS and 35 DAS '
I4: Four Irrigations at sowing, 15 8.69
DAS, 35 DAS and 55 DAS '
SEm + 0.465
CD (P=0.05) 1.459
CV (%) 10.0
Varieties: 3
Vi: Suryanandi (SiA 3088) 12.14
V,: Mahanandi (SiA 3159) 12.78
V3: Renadu (SiA 3223) 13.03
SEm =+ 0.569
CD (P=0.05) NS
CV (%) 12.3
Interaction (I X V)
SEm =+ 0.328
CD (P=0.05) NS
CV (%) 9.0

Water use efficiency

The water use efficiency of foxtail millet was
significantly influenced by different irrigation level treatments,
while varietal differences were found to be non-significant. The
interaction between irrigation levels and varieties was also
found to be non-significant. The data is indicated and presented

in (Table 5). A clear inverse relationship was observed between
the frequency of irrigation and water use efficiency. The highest
WUE was recorded under the treatment with one irrigation at
sowing (I;) which is on par with three irrigations at sowing, 15
DAS and 35 DAS. This was significantly higher than the WUE
observed in other irrigation treatments. As the number of
irrigations increased, the WUE decreased, with the lowest value
observed under four irrigations at sowing, 15 DAS, 35 DAS and
55 DAS (I4). These results suggest that excess irrigation reduces
water use efficiency, likely due to diminishing returns in yield
response per unit of water applied. The statistical analysis
confirmed significant differences among irrigation levels
indicating that water saving irrigation schedules could enhance
water productivity in foxtail millet cultivation [26-28].

CONCLUSION

The renewed attention towards foxtail millet is not only
a response to its climate resilience but also to its ability to
provide nutritional security in vulnerable ecosystems, making it
a strategic crop for the future of food and farming in semi-arid
and rainfed regions. Based on the present study, it can be
concluded that irrigation scheduling had a significant impact on
the growth, yield attributes and yield of foxtail millet, whereas
varietal differences were mostly non-significant. Among the
treatments, four irrigations at sowing, 15 DAS, 35 DAS and 55
DAS (I4) recorded the highest plant growth, yield attributes,
grain and straw yield and economic returns, although it showed
lower water use efficiency. The variety Renadu (SiA 3223) (V3)
exhibited comparatively better growth performance. Overall
optimum irrigation scheduling with irrigation at critical stages
of crop growth played a crucial role in improving foxtail millet
productivity under sandy loam soils at scarce rainfall zone
during the rabi season.
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