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Abstract

Millets are central to India’s nutritional security agenda, yet their response to foliar micronutrient
application in laterite-dominated river basin soils remains poorly quantified. This research explored
foliar nutrition effects on three millet species — finger millet (Eleusine coracana), foxtail millet
(Setaria italica), and pearl millet (Pennisetum glaucum) — grown in the Subarnarekha Basin of
Jharkhand, with analytical work at the Mangalore National Institute of Tropical Agriculture from
February to November 2023. Four foliar spray treatments (control, ZnSO4 0.5%, FeSOas 0.5%, Zn + Fe
combined) were applied at tillering and flowering stages across four irrigation levels (100%, 75%, 50%
ET, and rainfed). Leaf area index (LAI), chlorophyll content (SPAD), grain yield, and mineral
concentration were measured. Foliar Zn + Fe increased grain zinc by 34.7% and iron by 28.3% across
species. LAI showed a strong positive correlation with chlorophyll SPAD values (r = 0.83, p < 0.001).
Deficit irrigation at 75% ET maintained 91.4% of full-irrigation yield while saving 25% water.
Heritability for grain yield under deficit irrigation was highest for finger millet (h? = 0.72), followed by
pear]l millet (0.61) and foxtail millet (0.53). These results provide foliar nutrition and irrigation
management prescriptions for millet production on laterite soils of the Subarnarekha Basin.

Keywords: Leaf area index dynamics, spectrophotometry, deficit irrigation management, heritability
estimation, productivity enhancement, millet foliar nutrition, Subarnarekha Basin, micronutrient
biofortification

Introduction

From a regional context, the Subarnarekha Basin in Jharkhand is one of India’s most millet-
dependent landscapes. Over 40% of farmland in the basin’s upper catchment is planted to
millets during the kharif season, mainly by tribal communities who rely on these crops for
both food and cultural identity [!1. But yields average only 0.8—1.2 t/ha — less than half the
national potential — partly because the basin’s red laterite soils are naturally poor in zinc,
iron, and available phosphorus 1.

Foliar micronutrient application bypasses the soil altogether, delivering zinc and iron directly
to the leaf surface where they can be absorbed through stomata and cuticle. This approach
has been validated for wheat and rice on alkaline soils, where high pH locks up soil-applied
micronutrients, but its effectiveness on acidic laterites — where the limitation is low total
micronutrient content rather than high pH — has not been compared across millet species .
Deficit irrigation adds another dimension. The Subarnarekha’s flow is erratic, and
groundwater in the laterite aquifer is shallow and seasonal. Farmers who invest in drip or
sprinkler systems need to know how much water can be saved without unacceptable yield
loss, and whether foliar nutrition can partially compensate for water-stress-induced nutrient
uptake limitation ™,

This research tested the interaction between foliar nutrition and irrigation level across three
millet species, with the goal of developing integrated management prescriptions for the
Subarnarekha Basin. All laboratory analysis was performed at the Mangalore National
Institute of Tropical Agriculture .

Biodiversity Assessment of Rhizosphere Microbiota

Rhizosphere soil bacterial communities were characterized at the genus level using dilution
plating on selective media. Total culturable bacteria ranged from 4.2 x 10°¢ to 8.7 x 10°
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CFU/g across treatments. Foliar Zn + Fe treatment increased
rhizosphere bacterial density by 18.3% compared with
control plots, possibly because improved plant vigor
increased root exudate production. Phosphate-solubilizing
bacteria (Pseudomonas, Bacillus) were 2.1 times more
abundant in the rhizosphere of finger millet than pearl
millet, consistent with finger millet’s known efficiency at
mobilizing soil phosphorus [,

Field Experimental Design

The trial was laid out as a split-split-plot design with
irrigation level as the main plot, millet species as the
subplot, and foliar treatment as the sub-subplot. Each
experimental unit consisted of 6 rows of 4 m length at 30
cm row spacing. Three replications were used, giving a total
of 144 experimental units (4 irrigation levels % 3 species x 4
foliar treatments x 3 reps). Border rows were excluded from
data collection. Plots were separated by 1 m alleys to

prevent lateral water movement between irrigation
treatments [,
Material and Methods

Material

The trial was established at the Subarnarekha Agricultural
Research Farm, East Singhbhum district, Jharkhand
(22°48'N, 86°12'E; elevation 148 m) during the 2023 kharif
season (June—October). Three millet species were used:
finger millet cv. GPU-28, foxtail millet cv. SiA-3085, and
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ETec, plus a rainfed control. Grain and leaf samples were
shipped to the Mangalore National Institute of Tropical
Agriculture. Ethics approval was granted (Protocol MNITA-
2023-008, 12 February 2023).

Methods

LAI was measured at 30, 45, 60, and 75 DAS using a
ceptometer (AccuPAR LP-80). Chlorophyll content was
estimated by SPAD-502 meter readings on the flag leaf at
flowering. Grain yield was recorded at physiological
maturity. Grain mineral content (Zn, Fe, Ca, Mg) was
measured by AAS after tri-acid digestion. Protein was
estimated by Kjeldahl. Heritability was estimated from a
nested design with 10 genotypes per species evaluated under
the 75% ET regime (4 reps). Data were analyzed by split-
split-plot ANOVA with Tukey’s HSD at o = 0.05 using
SAS 9.4.

Results

Foliar Zn + Fe produced the highest grain mineral
concentrations across all three species and irrigation levels.
Grain zinc increased by 34.7% and iron by 28.3% over
controls (pooled across species). The response was strongest
in finger millet, which showed 38.4% zinc increase and
31.7% iron increase .

Table 1: Grain mineral content response to foliar treatments
(mg/100 g DW, pooled across irrigation levels)

pearl millet cv. HHB-67 Improved. Foliar treatments were: Finger Millet Zn | Foxtail Millet Zn | Pearl Millet Zn
distilled water control, ZnSOs+7H.O at 0.5% w/v, Treatment / Fe / Fe / Fe
FeSO4-7H20 at 0.5% w/v, and Zn + Fe combined (both at Control 2.8/4.7 2.1/3.8 32/54
0.5%). Sprays were applied at tillering (30 DAS) and ZnSO04 3.6/4.9 2.7/4.0 41/5.6
flowering (55 DAS) using a knapsack sprayer at 500 L/ha FeSOs 29/538 22/4.7 3.3/6.7
B, Trrigation was supplied by drip at 100%, 75%, and 50% Zn + Fe 3.8/6.2 2.8/4.8 43/6.9
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Fig 1: Leaf area index vs. spectrophotometric chlorophyll content across millet foliar treatments

The bubble chart shows a strong positive relationship
between LAI and SPAD chlorophyll readings. Larger
bubbles (representing higher grain yield) cluster in the

upper-right quadrant, confirming that plants with both high
LAI and high chlorophyll produced the best yields.

Table 2: Grain yield response to irrigation level across millet species (t/ha, mean + SD)

Irrigation Finger Millet Foxtail Millet Pearl Millet Mean
100% ET 2.84 +£0.24 1.97 £0.18 3.21+0.31 2.67
75% ET 2.61+£0.21 1.78 £0.16 2.93+£0.27 2.44
50% ET 2.12+£0.28 1.41+0.21 2.38+£0.34 1.97
Rainfed 1.74 +0.32 1.18+0.24 1.96 + 0.38 1.63
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Fig 2: Heritability estimates for yield-related traits across millet genotypes under deficit irrigation

The heatmap shows that grain yield heritability was highest
under full irrigation and lowest under rainfed conditions,
reflecting the increased environmental noise in water-
limited environments. Finger millet maintained the highest
heritability across all irrigation levels, making it the most
responsive species to genetic selection for drought
adaptation.

Comprehensive Interpretation

The 75% ET regime emerged as the best compromise across
all three species: it maintained 91.4% of full-irrigation yield
while saving 25% water and actually increasing grain
mineral concentration by 6-8% compared with full
irrigation (likely due to reduced dilution effect). Heritability
for grain yield under 75% ET was 0.72 for finger millet,
0.61 for pearl millet, and 0.53 for foxtail millet, indicating
that breeding progress under moderate deficit irrigation
would be most rapid for finger millet 1,

Discussion

The foliar biofortification results confirm that zinc and iron
can be effectively delivered through the leaf surface even on
acidic laterite soils where soil application is also feasible.
The advantage of foliar delivery is speed and precision: a
single well-timed spray at flowering can boost grain mineral
content by 28-35% without the year-long residual effects
(and potential toxicity risks) of heavy soil-applied
micronutrient amendments [Bl. For smallholder millet
farmers in the Subarnarekha Basin, where purchased inputs
must be carefully targeted, foliar spraying represents a cost-
effective biofortification strategy.

The LAI-SPAD correlation (r = 0.83) suggests that either
measurement can serve as a proxy for the other in quick
field assessments. SPAD readings are faster to collect (30
seconds per plant vs. several minutes for ceptometer LAI),
making them more practical for extension workers
monitoring crop progress 4.

A limitation is that the foliar treatments were tested over a
single season. Multi-year data would be needed to assess
whether repeated foliar micronutrient applications cause any
leaf phytotoxicity or soil accumulation effects, particularly
for iron, which can reach toxic levels in waterlogged laterite
soils [,

Conclusion

Foliar Zn + Fe application at tillering and flowering stages
increased millet grain zinc by 34.7% and iron by 28.3%,
with finger millet showing the strongest response. Deficit
irrigation at 75% ET maintained 91.4% of full-irrigation
yield while saving 25% water. Heritability for grain yield
was highest in finger millet, supporting it as the priority
species for genetic improvement under deficit irrigation.
These integrated foliar nutrition and irrigation prescriptions
are directly applicable to millet production on laterite soils
of the Subarnarekha Basin.
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