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Effect of Iron and Boron on Growth and Yield of Foxtail millet

ABSTRACT

The field experiment was conducted durifeid season 2023 at experimental field of Crop
Research Farm, Department of Agronomy, Naini Adtical Institute, Sam Higginbottom
University of Agriculture, Technology and SciencBsayagraj, Uttar Pradesh, India. The soll
of experimental plot was sandy loam in texturesigazeutral in soil reaction (pH 7.8), low in
organic carbon (0.62%), available nitrogen (22%&yy/ available phosphorus (38.2 kg/ha) and
available potassium (240.7 kg/ha). The experimeas ¥aid down in Randomized Block
Design with ten treatments which are replicateicéhrThe experiment consists of Iron and
Boron. The treatment combinations akelfon 0.25% + Boron 0.25% 2Tlron 0.25% + Boron
0.50%, E&: Iron 0.25% + Boron 0.75% 4TIron 0.50% + Boron 0.25%,5TIron 0.50% + Boron
0.50%, &: Iron 0.50% + Boron 0.75%,7TIron 0.75% + Boron 0.25%,sTIron 0.75% + Boron
0.50%, B: Iron 0.75% + Boron 0.75%,1d Control (RDF 50:30:20 NPK kg/ha). Results
revealed that significant and higher plant hei@#. 43 cm), maximum number of tillers/hill
(8.60), higher plant dry weight (14.41 g), highanjele length (15.33 cm), number of grains/
panicle (1263.00), test weight (4.34 g), graingigl.99 t/ha), straw yield (3.39 t/ha), maximum
gross return (INR 66480.00), net return (INR 4348%and B:C ratio (1.85) were recorded in
treatment 9 [Iron 0.75% + Boron 0.75%].
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Foxtail millet is one of the world's oldest cultfed crops, widely grown in Asia and

Africa’'s arid and semi-arid regions, as well asdme other economically developed countries
where it is more commonly used as bird feed. Thisla provides a thorough examination of
the physicochemical and health-functional propemiEfoxtail millet, as well as the processing
techniques used to improve these properties aradecreore palatable food products. Foxtail
millet has high protein, fiber, mineral, and phytemical content. Anti-nutrients in this millet,
such as phytic acid and tannin, can be reducedetpigible levels by using appropriate



processing methodSwar oop and Debbar ma 2022. Millet is also said to have hypolipidemic,
low-glycemic index, and antioxidant properties. Aating to this review, foxtail millet, like
most millet varieties, is under-utilized as a fammrce. It is, however, receiving increased
research and commercial attention, because itsatitin is not overly demanding in terms of
agricultural inputs, and it can grow in difficuéirtains. It is reasonable to believe that foxtail
millet has the potential to improve nutritional &odd security. Foxtail millet has an excellent
nutritional profile and is miles ahead of rice avitkeat in terms of protein, fiber, minerals, and
vitamins. It has good nutritive value as it is rintproteins (12.3 g), carbohydrates (60.9 g), fat
(4.3 g), crude fiber (8.0 g), calcium (3.1 g), miias and thiamin (50 mg) per 100g. The grain
is a good source of Beta carotene, which is theupser of Vitamin A(Murugan and
Nirmala, 2006). Worldwide production of millets is 89.17 m.m.tofim an area of 74.00
m.ha in 2076. In India area under the cultivatibsroall millets is 0.459m.ha, production is
0.33m.tons and its productivity is 809 kg/ha, Foxtallet predominates all millets in terms of
productivity, yielding about2166 kg/H&OI, 2021-22).

Iron is a micronutrient that is required by almaHtliving organisms because it is
involved in metabolic processes such as DNA syighesspiration, and photosynthesis. Iron
also activates many metabolic pathways and isstipetic group constituent of many enzymes.
The primary causes of iron chlorosis are an imhd®etween the solubility of iron in soil and
the plant's demand for iron. Although abundant iostmwell-aerated soils, iron has low
biological activity because it forms highly insolalferric compounds at neutral pH levels. Iron
is important in many physiological and biochemipathways in plants. It is required for a
wide range of biological functions because it mbemponent of many vital enzymes, such as
cytochromes of the electron transport chain. Iomvolved in the synthesis of chlorophyll in
plants and is required for the maintenance of dplast structure and functiddrace et al.,
2023.

Boron is a trace element that can be applied inasoivell as foliar. It is many times
observed that foliar applied boron causes incre@sedeld more than soil applied boron
because boron is required more at reproductive stag foliar applied is instantly present for
plant in compared to soil applied boron. Boronagswimportant in plant metabolism through
acting activity of certain enzymes, cell divisiozgrbohydrate transport, and calcium and
potassium uptake and protein synthesis; ultimatehay enhance in pod and seed formation.
Boron ranks third place among micronutrients ircdacentration in seed and stem as well as
its total amount after zinc. Boron is an essemtiaronutrient for plants, but the range between
deficient and toxic B concentration is smaller tifan any other nutrient element. Plant



responds directly to the activity of B soil solutiand only indirectly to B adsorbed on the soil
constituents. Soil factors affecting availability B to plants are viz, pH, texture, moisture,
temperature, organic matter, and clay mineraldgyalia et al., 2020. Boron is necessary in

the synthesis of one of the bases for RNA formadioa in cellular activities and promote root
growth. It is essential for pollen germination agrdwth of the pollen tube and formation of
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RESULTSAND DISCUSSIONS
Growth parameters
Plant height (cm)
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to be statically at par with treatment 9.

This might be due to iron role in starch formatin protein synthesis as well as maintenance

and synthesis of chlorophyll in plants. The incegbm the availability of iron to plant might



have stimulated the metabolic and enzymatic aw#ithereby increasing the growth of the
crop. Similar results are obtained g a, RP. et al. 2022. Boron enhances the differentiation
of tissue cell division and nitrogen absorptiomirthe soil. Similar result was found Bingh

et al. 2014.

Plant dry weight (g)
% Iron + 0.75 % Boron). However. Treatment 8 (149290.75 % Iron + 0.50 % Boron) was
found to be statically at par with treatment 9.

This might be due to iron application which has ynemportant functions in plant growth and
development, such as involvement in the biosynshefschlorophyll, respiration, chloroplast
development and improves the performance of phetesys, which resulted in higher dry

well as carbohydrate metabolism, which leads taientt uptake and finally results in an
increase in growth and finally resulting in incredslry weight. Similar results are obtained by
Naiknaware et al. 2015.

Tillerghill

At 80 DAS, [Table 1] more tillers/hill (8.60) wasaorded in treatment 9 (0.75 % Iron + 0.75
% Boron). However. Treatment 8 (8.40) (0.75 % lro®.50 % Boron) was found to be
statically at par with treatment 9.

This might be due to iron application which isastural component of porphyrin molecules,
cytochromes, hemes, hematian, ferrichrome and tegbglben. These substances are
involved in oxidation-reduction reactions in resgpion and photosynthesis. Similar results are
obtained byChoudhary et al. 2015. The application of Boron which resulted in thergase

in growth attributes, may be due to the translocatif plant nutrients due to foliar application
of it to growing plant parts and more photosyntheghich in turn may have promoted more
tiller per plant. Similar results are obtainedkogder et al. 2013

Crop Growth Rate (g/m?day)

(0.75 % Iron + 0.75 % Boron). However. Treatme(it.899 g/r/day) (0.75 % Iron + 0.75 %
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Boron) was found to be statically at par with treant 9.
Yield attributes and yield
Panicle length (cm)

At Harvest, [Table 2] significantly higher panidéngth (15.33 cm) was recorded in treatment
9 (0.75 % Iron + 0.75 % Boron). However. Treatm@r{t.5.10 cm) (0.75 % Iron + 0.50 %
Boron) was found to be statically at par with treant 9.

Iron provides potential for many of the enzymatansformations. Several of these enzymes
are involved in chlorophyll synthesis, grain forinat and dry matter production, which
ultimately lead to increase in yield characterg lganice length. Similar results are obtained
by Maharana and Singh 2021. Boron is important for root and shoot growth, aug
translocation and protein synthesis as well asas® translocation of photosynthates which
characters and ultimately resulted in increaseld vitributes like panicle length. These results
agree with the findings @reelatha et al. 2004.

Graingpanicle

At Harvest, [Table 2] significantly more grains/jida (1263.00) was recorded in treatment 9
(0.75 % Iron + 0.75 % Boron). However. Treatme(it331.33) (0.75 % Iron + 0.50 % Boron)

was found to be statically at par with treatment 9.

Boron, required for cell differentiation, developmend growth of pollen grains. It acts as a
greater role in translocation of photosynthatesulteng in increased pollination and seed
setting and plant metabolism. Similar results dtaioed byMovalia et al. 2020.

Grain yield (t/ha)

(0.75 % Iron + 0.75 % Boron). However. Treatme(it.84 t/ha) (0.75 % Iron + 0.50 % Boron)

was found to be statically at par with treatment 9.

Iron plays a major role in the biosynthesis of 1a&d especially due to its role in the initiation

of primordial reproductive parts portioning of pbsynthetic towards them which promotes

processes and plant Growth and adequate nutrgtiarcritical for increases yield and quality
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of crops. Similar result was reported Bsnoth et al. 2022.

Straw yield (t/ha)

(0.75 % Iron + 0.75 % Boron). However. Treatme(®.81 t/ha) (0.75 % Iron + 0.50 % Boron)

was found to be statically at par with treatment 9.

This might be due to favourable effect of iron dw tproliferation of roots and thereby
increasing the uptake of the plants nutrients ftieensoil supplying in to the aerial parts of the
plant and ultimately enhancing the vegetative ghoeftthe plant. Similar results are obtained
by Rao, S. G. B. et al. 2019.

Economics

Higher Gross returns (66,480.00 INR/ha), Net resu@B,186.00 INR/ha) and Benefit cost

ratio (1.85) was found to be highest in treatmefit@n 0.75% + Boron 0.75%). [Table|3]. -

Conclusion
Based on above findings, it is concluded that th@ieation of 0.75% Iron along with 0.75%

Boron in foxtail millet, performed better in growgimd yield and also proven profitable.
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Table 1: [Effect of Iron and Boron jon Growth attributes of Foxtail Millet

‘\\ {Commented [MC25]: Please describe the treatments

S. No. Treatments ~ Plant Height (cm) Dry Weight (g) Tillershill |CGR (60-80 DAS)
1. Iron 0.25% + Boron0.25% 8040 1328 647 1 5411
2. Iron 0.25% + Boron 0.50% 82.60 13.40 6.53 5.857
3. Iron 0.25% + Boron 0.75% 81.07 13.53 7.00 5.697
4. Iron 0.50% + Boron 0.25% 81.47 13.60 7.33 6.077
5. Iron 0.50% + Boron 0.50% 82.13 13.73 7.47 6.880
6. Iron 0.50% + Boron 0.75% 82.37 13.88 7.73 6.858
7. Iron 0.75% + Boron 0.25% 83.07 14.10 8.20 6.907
8. Iron 0.75% + Boron 0.50% 83.50 14.29 8.40 7.199
9. Iron 0.75% + Boron 0.75% 84.43 14.41 8.60 7.315
10. Control (RDF 50:30:20 NPK kg/ha) 80.30 13.16 136. 5.868

F-test S S S S
SEm(x) 0.35 0.05 0.08 2.367
CD (p = 0.05) 1.03 0.15 0.23 3.945
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Table 2: [Effect of Iron and Boron |on Yield and Yield Attributes of Foxtail Millet

Yidd Attributesand Yied

S. No. Treatments . .. " .. N ___ .
“Paniclelength (cm) ~ Graing/panicle(no.) [Grainyield (t/ha)  Straw yield (t/ha) | {
1. Iron 0.25% + Boron 0.25% 13.47 1108.67 1.63 2.63 ‘
2. Iron 0.25% + Boron 0.50% 13.53 1124.33 1.67 2.74
3. Iron 0.25% + Boron 0.75% 13.73 1131.67 1.71 2.89
4. Iron 0.50% + Boron 0.25% 13.87 1144.67 1.76 2.98
5. Iron 0.50% + Boron 0.50% 14.27 1176.00 1.81 3.04
6. Iron 0.50% + Boron 0.75% 14.53 1200.00 1.84 3.11
7. Iron 0.75% + Boron 0.25% 14.73 1215.00 1.89 3.2
8. Iron 0.75% + Boron 0.50% 15.10 1231.33 1.94 3.31
9. Iron 0.75% + Boron 0.75% 15.33 1263.00 1.99 3.39
10. Control (RDF 50:30:20 NPK kg/ha) 13.40 1087.33 1.59 2.58
F-Test S S S S
SEm (1) 0.09 10.77 0.03 0.04
CD (p = 0.05) 0.27 31.99 0.09 0.11
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Table 3: Effect of Iron and Boron on Economics of Foxtail Millet\
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Economics
S No. S Grossreturn (INR/ha) Net returns(INR/ha)  BCratio(B: C) . {f.gg:;;‘f::;:Mfgfh‘;f:P'easedm”be the treaments }

1. iron 0.25% + Boron 0.25% 54160.00 31426.00 1.38
2. Iron 0.25% + Boron 0.50% 55580.00 32566.00 1.41
3. Iron 0.25% + Boron 0.75% 57080.00 33786.00 1.45
4. Iron 0.50% + Boron 0.25% 58760.00 36026.00 1.58
5. Iron 0.50% + Boron 0.50% 60380.00 37366.00 1.62
6. Iron 0.50% + Boron 0.75% 61420.00 38126.00 1.63
7. Iron 0.75% + Boron 0.25% 63100.00 40366.00 1.77
8. Iron 0.75% + Boron 0.50% 64820.00 41806.00 1.81
9. Iron 0.75% + Boron 0.75% 66480.00 43186.00 1.85
10.  Control (RDF 50:30:20 NPK kg/ha) 52860.00 30806 1.35




