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ABSTRACT

A field experiment was conducted during Kharif 2022 at Crop Research Farm, Department
ofAgronomy,SHUATS,Prayagraj(U.P) todeterminethe*“Effectof
nanozincandfoliarapplicationofboronongrowthandyieldoffingermillet(Eleusinecoracanal..)”.
Thetreatments consisted of three levels of [Nano zinc300 ppm, 600 ppm, 900 ppm] and
threelevels of foliar application of Boron at [0.1%, 0.3%and 0.5%], whose effect is observed
infinger millet. The results revealed that the treatment with application of Nano zinc 900 ppm
+Boronat0.5%recordedhigherplantheight,numberoftillers/plant,plantdryweight, CGR,RGRand
yieldparameter testweight, seedyield,stoveryield and harvestindex.

Keywords: Nanozinc;Boron;Growth; Yield.
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Introduction

Fingermillet(Eleusinecoacanal.Garten)isknownasAfricanmilletandRagiinindia.Fingermilletb
elongingtothe familyPoaceae. Thethirdmostimportantmilletcropinindia.India‘sthird-largest
millet crop. One of the main food staples in-the-some regions of eastern and central Africa and
India is finger millet. In Karnataka, Tamil Nadu, Andhra Pradesh, Orissa,
Bihar,andMaharashtratherehasbeentremendousdevelopment.EveninthemountainsofHimachal

Pradesh and Uttar Pradesh, it develops. It is—generated yearly in 1.29 million tonnes on
2.5million hectares (M/ha) of lands(aut,2019). An important grain crop, ragi is a Cs plant
withsuch a high production potential which, under perfect situations, could reach up to 40 to
50quintals per hectare.

Milletshavestehahighernutrientvaluethanothergrainslikericeandwheat. Itperformswellas a
substitute te—for rice and wheat. Proteins (5-8%), carbs (65-75%), dietary fibre (15-
20%),minerals (2.5-3.5%), and other extractives (1-2%) are all present in finger millet.
Among thecereals,it has thegreatest calcium content (344 mg/100 g).

Nano fertilizers help to improve the production of dry matter, photosynthesis, or
chlorophyll,which benefits plant growth in general (Qureshi et al., 2018). In view of this, the

goal of
thisresearchwastodevelopacroppingsystemthatincludesbioseedprimingcomposedofextractsofp
lantleavesandfoliarnanoparticlesofzincoxidenanoparticlewhichcouldbesimultaneously an

efficient and environmentally friendly, approach aathat could increase seednutrient content
for improved seed emergence, more uniform plant population, and higheryield. As in the food
industry and agriculture, nanotechnology is essential. Usually, nanoparticles(size 1-100 nm)
have sueh—a variety of applications in  industries including medical
medicineandpharmaceuticals. Fhes Severalpatentedproductsusingnano-
materials,includingnano-pesticides, nano-fertilizers, and nano-sensors, have been developed
regardless of the ongoingcontroversyabout theuseof nanoparticlesin agriculture(Prasadetal.,
2017;Kah, 2015).

Zincdeficiencyisnowrecognizedasoneofthemostwidespreadmineraldeficienciesinglobalhuman
nutrition. Zinc is required for the structural and functional integrity of about 2800proteins,
contributes to protein biosynthesis and is a key defense- defence factor in the detoxification
ofhighlytoxicexygen-oxygen-freeradicals(Andreinietal., 2009).

Concluded that foliar or combined soil and foliar application of zinc fertilizer under

| fieldconditions is a highly effective and very practical way to maximize the uptake and
accumulation ofzinc in whole wheat grain. Finger millet flour fortified with zinc-oxide was
specificallyexamined for the bioaccessibility of the fortified mineral, as measured by in-vitro,
stimulatedgastrointestinaldigestionprocedureandstoragestability (Bhumikaand
Kalpana,2010).

Nutrientsincludingzincandboronarerecommended.Zinc,amongtheessentialmicroelementsfor
both plants and animals, is essential to a plant's metabolic process since it promotes
themanufacturingofproteins,lipids,carbohydrates, DNA,andenzymes.Zincisalsoanother
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important mineral. Serves an essential function in reducing the production and cytotoxicity
offree radicals that can damage membrane lipids a lack of zinc affects both vegetative
andproductive growth, as-according to research Since the establishment of essentiality of
boron forthe growth and development of higher plants (Warington 1923), our knowledge
about Itsimportancein agriculture has grown rapidly.

In addition to helping with cell division, cell elongation, cell membrane strength,
flowering,pollination, seed set, and sugar translocation, boron is essential for the growth and
nutrition ofcrop plants. Although calcium and boron are necessary to improve grain yields,
their mixedapplication can have an effect on the accessibility and use of boron by plants
(Kanwal et al.,2008).

Thebiologicalresponsesofplants,suchascellelongation,cellmaturation, meristematictissuedevelo
pment,andproteinsynthesis,allbenefitfromthepresenceoftheelementborax(Mengeland Kirkby,
1982). The use of boron to finger millet is essential for improving the crop'sgrowth,
development, and yield. The application of boron also promotes the soil's uptake ofnitrogen,

| that-which improves plant height and dry weight (Jing et al., 1994). The information onfinger
millet's boron content in Karnataka is important. Thereby, the aim of this research wasto
Research the effects of graduated boron doses on the growth and yield of finger millet,
animportant staple food crop in Karnataka's Eastern Dry Zone. Although many-much research
havehasbeenperformedsimultaneously,athoroughlyrepeatedexperimentinvariousKarnatakareg
ionsis needed to determinethe considered valid.
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MATERIALSANDMETHODS:

Theexperimentwasconductedduringthe kharifseasonof2022atCropResearchFarm,Department
of Agronomy, SHUATS, Prayagraj (U.P). The soil of the field constituting a partof central
gangetic alluvium is neutral and deep. The soil of the experimental field was sandyloam in
texture, nearly neutral in soil reaction (pH 7.4),low level of organic carbon
(0.51%),availableN(108.69Kg/ha),P(80.5kg/ha),K(83.3kg/ha) ThetreatmentconsistsofNanozin
c@ 300ppm + Boron@ 0.1%, Nano zinc @ 300ppm + Boron@ 0.3%, Nano zinc @ 300ppm
+Boron@0.5%,Nanozinc@600ppm+Boron@0.1%,Nanozinc@600ppm+Boron@0.3%,Nano

zinc @ 600ppm + Boron@ 0.5%, Nano zinc @ 900ppm + Boron@ 0.1%, Nano zinc
@900ppm+ Boron@0.3%, Nano zinc @900ppm+Boron@0.5%and control.

TheexperimentwaslaidoutinRandomizedBlockDesign,with10treatmentsreplicatedthrice.Theob

servationswererecordedforplantheight,plantdryweight,Cropgrowthrate(g/m?/day),Relativegro

wthrate(g/g/day),testweight(g),seedyield(t/ha),stroveryield(t/ha)andharvestindex  (%). The
| collected data was-were subjected to statistical analysis by analysis of variancemethod.

3. RESULTS AND
‘ DISSCUSSIONGrowthparameters
Plantheight:

| Thedatarevealedthata significantandhigherplantheight(36.3cm) wasobservedin
treatmentT9[ZnO(900ppm)+Boron(0.5%)]However,treatmentTs[ZnO(900ppm)+Boron(0.3%)
| Jwherestastiscally- statistically atpar with thetreatmentTs[ZnO(900 ppm)+Boron(0.5%)].

Improved nutritional uptake and absorption, notably of zinc and boron, which were lacking
inthe soil at the experimental site, may have contributed to the increase in plant height. The
risein plant height brought on by the administration of micronutrients may be linked to the
cropreceiving the right nutrition, which promotes growth. In addition to enhancing the
nutrientsupply, the addition of FYM may have enhanced the physical qualities of the soil,
fosteringfavourableconditionsforcropgrowth. Thetallerplantsseenwithmicronutrienttreatmentm

| aybearesultofenhancedmeristamaticmeristematiccellactivityandcellelongation,whichraisespla
ntheight.In conjunction with Zn spraying, Dadhich and Gupta (2005) and Jakhar et al.,
(2006) alsonoted increased plant height. According to Mubsharet al., (2012), boron spraying
increasedplant height.
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| NumberThe numberofTillers/plant:

The data revealed that treatment To [ZnO (900 ppm) + boron (0.5%)] recorded a significant

andmaximumnumberoftillers/plant(6.4)whichwassuperiortoallthetreatmentsandthetreatmentT

g [ZnO (900 ppm) + Boron (0.3%)] and T7 [ZnO (600 ppm) + Boron (0.5%)] were
| statiseatbystatisticallyatparwith thetreatmentTo[ZnO(900ppm)+Boron (0.5%)].

The increased number of tillers due to the application of these micronutrients might be
relatedtotheirphysiologicalroleinplants. ThestimulatoryeffectofZnonenzymesandonthe
tnereasedincreasedavailability of major nutrients might have caused fer-an increased number
of tillers in the presentstudy. These results corroborate the findings of Dadhich and Gupta
(2005) and Mubsharetal., (2012). The results very clearly indicated that;the application of
both the———nutrients increasedthenumberoftillersperhillandalsotheneedforthe
applicationofboronatanearlystageofthe:

croptoincreasetillernumbers. Theseresultsareinaccordancewiththe:

findingsofM uhammadetal.,(2012).‘ Formatted: Font: Not Bold, Condensed by 2.9
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" pt

Plantdryweight(g):

Results revealed that treatment To[ZnO (900 ppm) + Boron (0.5%)] recorded
siginificantlyhigher plant dry weight (8.24). which was superior to all the treatment and
treatment Tes [ZnO(600 ppm)+ Boron (0.5%)],were statistically at par with treatment Tg [ZnO
(900 ppm)+ Boron(0.5%)].

Kobraeeet al., (2011) claimed that zinc, iron and boron application at the same time
couldleadtohigherdrymatterandseedyieldascomparedtousingthemseparately.Foliarapplication

| withmicronutrients(Fe,BandZn)mightbeduetotheircriticalroleincropgrowth,involving )
photosynthesis processes, respiration and other biochemical and

| physiologicalaetivatesactivitiesand thus theirimportancein achieving higheryields(Salih,
2013).

CropGrowth Rate (g/m?/day):

The data recorded that during 60-80DAS that treatment To [ZnO (900 ppm) + Boron
‘ (0.5%)]wasthe highest crop growth rate (28.50 g/m?/day).

ReleativeGrowthRate(g/g/day):

Thedatarevealedthatduring60-80D AS, treatmentT1ocontrol:100:50:50(NPKkg/ha)recordeda
siginificantly higherrelativegrowth rate(0.046g/g/day).

Yieldparameter:
Testweight:

| Significant-A significant and maximum test weight (3.82) was recorded in treatment T [ZnO
(900) +

| boron(0.5%)].However,treatmentTs[ZnO(900ppm)+boron(0.3%)]wasstatistical lyatparwiththe
treatmentTo[ZnO(900) +boron (0.5%)].

Seedyield(t/ha):



UNDER PEER REVIEW

Significant and higher seed yield (2.69 t/ha) was obtained in treatment Ty [ZnO (900) +
boron(0.5%)],and therewereno statisticallyat parvalues.

Consequently, providing zinc and boron to a—soil low in those elements improved
plantdevelopmentandgrowthingeneral,whichinturnwillincreasecropyieldsofgrainandstraw.Ag
ainseveralresearchinvariouscrops,suchasthosebyShrivastavaetal.(2003),Sammauria (2007),
Singh et al., (2009), Tripathi et al., (2011), and Jat et al., (2015), alsosupport these
conclusions. The combined use of Zn and B in this experiment improved
cropyieldmuchmorethanbothelement'selements‘applicationalone. Theseresultsaresimilarsithto
Muhammad et al., (2012) and Qudduset al.,(2011)

Stoveryield(t/ha):

Significant and higher seed yield (4.29 t/ha) was obtained in treatment Ty [ZnO (900) +
| boron(0.5%)],and therewereno statistically at parvalues.

Sandhya Rani et al., (2017) reported higher grain and straw yield (78.1q ha™and 33.7q ha
respectively)offingermilletwiththe
applicationofl50%RDF+ZnSO4@0.5%Foliarspray+FeSO4+@0.2%.Thus,the
applicationofzincandboroninasoildeficientinzincandboronimproved the overall growth and
development of plants and ultimately the grain and straw yields.Thesefindings arealso
supported byShrivastava et al., Sammauria, Singhetal.

Harvestindex(%o):

Significant-A significant and higher harvest index (38.59 %) was obtained in treatment
To[ZNnO (900) +boron(0.5%)], and therewereno statistically at par values.

Baktear Hossain et al., (2001) also reported a similar improvement in the growth and yield
offinger millet crops with the application of NPK and Zn. The greater growth,
higherphotosynthetic activity, and movement of photosynthates from source to harvest are
theresults of which the yield qualities have improved. The increased supply of nutrients
providedby the application of FYM to get fertilizers there with chemical fertilisers may be the
cause ofthe improvement in growth as a result of better physiological processes in plants.
Moreover,the application of FYM might have enhanced the physical, chemical, and
biologicalcharacteristics of the soil,whichcollectively mighthave favoured theprocesses inthe

soilthat change nutrients, leading to an increase in the availability of nutrients. Nutrient ( Formatted: Font: 12 pt, Font color: Red

uptake bythe crop was-mprevedhas improvedby-the rise in nutrient availability, the increase
in nutrient availabilityimproved the crop's nutrient uptake, which ultimately led to an

improvement in growth andproduction parameters. According to Jena et al., (2006) and
Mohamed et al., (2010), theapplication of zinc and boron may have enhanced the transfer of
photosynthates from sourceto sink, which may account for the higher values of yield
attributes (2015). Increased plantvigour, improved photosynthesis, and better transfer of
photosynthates from source to
sinkmayallcontributetothebetteryieldparametersbroughtonbythecombinedapplicationofN,P,
K, Zn, and B. (Ramachandrappaet al., 2014)



UNDER PEER REVIEW

Tablel.EffectofNanozincandfoliarapplicationofboronongrowthof Fingermilletcrop

60DAS 60-80DAS

1 ZnO(300ppm) +Boronat (0.1%) 34.0 5.0 7.48 26.37 0.044

3 ZnO(300ppm) +Boronat (0.5%) 35.1 57 8.00 2768 0.043

5 ZnO(600ppm) +Boronat (0.3%) 355 59 8.06 2755 0.043

7 Zn0O(900ppm) +Boronat (0.1%) 35.0 56 791 27.33 0.043

9 ZnO(900ppm)+Boron at (0.5%) 36.3 6.4 8.24 2850 0.043

Ftest S S S

CD(P=0.05) . 0.49 0.11
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Table2.EffectofNanozincand foliarapplicationofborononyieldparameterof Fingermilletcrop

Sl Treatment Testweight(g) Seedyield(t/ha) Stoveryield (t/ha) Harvestindex (%)

|
5]

2 ZnO(300ppm) +Boronat (0.3%) 357 191 356 34.96

4 ZnO(600ppm) +Boronat (0.1%) 361 1.98 371 34.80

6 ZnO(600ppm) +Boronat (0.5%) 378 2.34 4.14 36.15

8 ZnO(900ppm)+Boron at (0.3%) 3.77 220 4.09 34.92

10 Control(100:50:50 NPK kg/ha) 345 1.78 322 35.62

SEm(z) 0.05 0.05 0.05 0.56
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CONCLUSION

It can be concluded that the application of nano zinc(900ppm) and Boron (0.5%) s foliar

spray

asperformedbetteringrowthparametersandyieldattributesoffingermillet(GPU-

67).Sincethefindingsare based on oneseason, further trats—trials areneededto confirm
theresults.
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