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Influence of Biofertilizers and ZincSulphate on growth and yield of
Maize(Zea mays L.)

ABSTRACT

ThefieldexperimentwasconductedduringRabiseasonof2022attheCropResearchFarm,Department of
Agronomy, Naini Agricultural Institute, Sam Higginbottom University
ofAgriculture, TechnologyAndSciences,Prayagraj(U.P.)India. TostudytheResponseofBio-fertilizers
andZinc Sulphateonthe growthandyieldofMaize. Thetreatmentsconsistof PSB, Azotobacter, PSB +
Azotobacter, and Zinc Sulphate 20, 25, and 30 kg/ha. The soil of the experimental plot was
sandy loamy in texture,nearly neutral in soil reaction (pH 7.8),andlow-in.organic carbon (0.35%).
Results revealed thatthe higher plant height (159.03 cm), higher plant dry weight (162.70 g/plant),
higher cropgrowth rate (26.250 g/m?day), number of cobs/plant®(1.8), a higher number of
rows/cob (16.8),number of seeds per cob (553.4), higher 100 seed weight (29.3 gm), higher Grain
yield

(6.5t/ha)higherstrawyield(12.9t/ha),and Harvestindex(33.8)weresignificantlyinfluencedwith[t@pp,ljg,,,/{ Comment [ALK1]: The application

ation of PSB + Azotobacter + zinc Sulphate 30 kg/ha.
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INTRODUCTION

Maize(ZeamayslL.)isthethirdmostimportantcereals.nexttowheatandriceinin _the worldaswell’,,/{Comment (AL Wi Ve Gy

as in India (Paramasivan et al., 2010). It is grown successfully in warm
temperateregionsaswellasinthehumidandsub-tropicalzonesandisalsocultivatedinthe

tropics.Maizeproduction holds a special position historically, commerciallyand
agronomically. It is
usedasfood,feedandfodderandrewadaysitisgainingimmenseimportanceonaccountofitspotenti
al uses in the manufacture of starch, plastic, rayon, dye, resins, boot polish,
syrupsethanol,etc. Maizegraincontainsabout70%carbohydrate,10%protein,4%oil,2.3%crudefi
ber, 10% aluminizes, and 1.4% ash. The productivity of maize is very high because of its
C4nature of plants and it is very efficient in converting solar energy intothe production of
drymatter. It is a miracle crop and that is why it is called “Queen of cereals” (Singh et
al.,2017). Maize is being cultivated in almost all the-part of the country from the latitude 50°
N  to40°S,fromsealeveltohigherthan3000maltitudeandinareasreceivingyearlyrainfallof250to



500 mm(Alley etal., 1972).

Biofertilizerisamaterialcontainingmicroorganism(s)addedtoasoiltodirectlyorindirectly make
certain essential elements available to plants for their nutrition. Varioussources of
biofertilizers include nitrogen fixers, Phyto stimulators, phosphate
solubilizingbacteria,plantgrowthpromotingrhizobacteria,etc...(Shekh,2006).Applicationofbi
ofertilizers became of great necessity to get a yield of high quality and to avoid
theenvironmentalpollution(Shevananda2008).Bio-fertilizerusuallycontainsmicroorganisms
having  specific  function such as  Azospirillum to  fixNy%. and P
solubilizingbacteriatosolubilizePfromthesoilandfertilizertobeavailabletotheplants(Saraswati
&Sumarno 2008). Several researchers had conducted the experiments to evaluate
theresponses of various plants such as young Robusta coffee ‘(Junaediet al., 1999),
soybeanandturfgrass(Guntoroetal.,2007)tothebio-fertilizer application, but the results were

still inconsistent. Further research is stillneeded in this area.

Zinc is the micro-nutrient that most commonly limits=maize yield in North America
andworldwide.Zinciscommonlyappliedtomaizecropinphysicalblendswithphosphorus(P)or
potassium (K) fertilizers. Zinc sulphate is most commonly used zinc source (Alloway,2009).
Maize is the most susceptible crop to zinc deficiency. Because high yielding maizevarieties
are selectively grown, chemical fertilizers used have been of increased purity
andcroppinghasbecomeincreasinglyintensive;zincdeficiencyinsoil-
cropsystemhasbecomemaore prevalent in last decades (Fageria N.K. 2010). Zinc plays an
important role in
thecorrectfunctioningofmanyenzymesystems,thesynthesisofnucleicacidsandauxins (plant
hormone), _protein metabolism and normal crop development and growth
(MengelandKirkby1982).Phosphorusandzinc,essentialforplantgrowth,areantagonistictoeach

other in_certain circumstances, such as when phosphorus supplied in high level and

MaterialsandMethods

The experiment was conducted during Rabi of 2022,Crop Research Farm, Department of
Agronomy, Naini Agriculture Institute, Sam Higginbottom University of Agriculture
Technology And Sciences, Prayagraj, Uttar Pradesh. Which is located at 25.24 42”°N
latitude, 8150 56” E longitude and 98m altitude above the mean sea level (SL). The

experiment was conducted in Randomized Block Design with 10 treatments each replicated

{ Comment [ALK3]: Objectives of the study.?

)




thrice. The plot size of each treatment was 3m x 3m. Factors are Bio-

(20,25,30 kg/ha). The maize crop was sown on 17 November 2022. Harvesting was done
by taking 1m? area from each plot.-And—from-itFfive plants were randomly selected for
recording growth and yield parameters. The treatment details are as follows, T, -(PSB
+ZnS04- 20kg/ha), T, -(PSB+ZnS0O4 -25kg/ha), T3 — (PSB+ZnZnSO4 - 30kg/ha), T, -
(Azotobacter+ZnSO4 - 20kg/ha), Ts -(Azotobacter+ZnSO4- 25kg/ha), Te -
(Azotobacter+ZnSO4- 30kg/ha), T; -(PSB+ Azotobacter+ ZnSO4- 20kg/ha), Tg-(PSB+
Azotobacter+ ZnSO4- 25kg/ha), Te -(PSB+ Azotobacter+ ZnSO4 -30kg/ha);=and Cantrol
Plot. The observations were recorded for plant height, dry weight,Crop growth rate, number
of No.ofcobs/plant, No.ofseeds/cob, No. of seed row/cob,Seed index,” see yield
andstoveryield. The data was subjected to statistical analysis. by analysis of variance
method (Gomez and Gomez, 1976).

ResultsandDiscussion
Growthparameters:
PLANT HEIGHT -At Harvest,—the significantly-higher plant height (159.03 cm) was
observed in treatment-9(PSB+Azotobacter+ZnS0O4 -30kg/ha).However,treatment-8(PSB +
Azotobacter + ZnSO4 -25 kg/ha) was = statistically at par withtreatment-9(PSB
+Azotobacter+ ZnS0O4 -30 kg/ha)-

A
> ct

Hi i i trg—Significant variation in theplant height is
due to in time “availability of the nutrients to the plant at the important
growthstagesandapplicationofzinchasledtoproductionofl AAresultinginincreasedplantheig
ht.Bacterization ‘of maize with Azotobacter and foliar application of zinc inelinedto
stimulatedthegrowthoftreatedplantsascharacterizedbytheincreaseofrootandshootlengths.Si
milarresults’ were reported by Garima Joshi and Aaradhana Chilwal (2018) and Alka

JyotiSharmaet al. (2020).

Dry weight/plant-At Harvest, the significantly higher plant height (162.70 gm) was observed
in treatment-9(PSB+Azotobacter+ZnS0O4 -30kg/ha).However,treatment-8(PSB + Azotobacter
+ZnS04 - 25 kg/ha) was statistically at par withtreatment-9(PSB +Azotobacter+ ZnSO4
-30 kg/ha).Remarkably fresh weight and dry weight of plant was recorded with the inoculation

ofAzotobacter. Azotobacter can affect plant growth not only by fixing nitrogen but also

byaltering microbial balance, suppression of pathogenic microorganisms, metabolism of

o
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soilphosphate and by providing metabolites that stimulate plant development after
germination(MeshramandShende,1982). TheeffectondryweightofplantwithAzotobacterinoculati
onare in line with the earlier report of Jarak et al., (2012) in maize. Ghodpageet al.
(2008)reported that the increase in yield could be attributed to the proper supply of Zn up
toharvesting stages in soil and which might have led to increased photosynthetic activity
forlonger period and their beneficial effect on metabolism of plants thereby finally increaseddry-

matteraccumulation.

Crop growth rate - At60-

80DAS fthesignificantlycropgrowthrate(64.12g/m?/day)wasobservedintreatment-9 (PSB - Comment [ALK6]: Language needsto be edited |

+Azotobacter + ZnSO4 - 30 kg/ha). However,treatment-8(PSB+Azotobacter+ZnS0O4 -

25kg/ha)wasstatistical lyatparwithtreatment-9(PSB+Azotobacter+ZnS04 -30kg/ha). Increase in
soil nitrogen through fixation by inoculation of Azotobacter has increased ithecrop growth as
found by Monibet al., (1979). According to Falliket al., (1988) theenhancement of root and
shoot in Zea mays were observed under controlled conditions.Although only relatively small
amounts of fertilizers are required during the very earlystages of plant.growth, high concentration
of nutrients in the root zone at that ‘time = arebeneficialin  promoting
earlygrowth(Ritchieetal.,1993).

YIELD ATTRIBUTES:
Numberof Cobs/plant-

ThesignificantandhighernumberofCobs/plant(1.8)wereobservedintreatment-

9with(PSB+Azotobacter+ZnSO4  -30kg/ha),whichwassignificantlysuperior ~ over  rest  of

khetreatmenti. However, treatment-8 (PSB +Azotobacter + ZnS0O4 -25 kg/ha), was found to be __--| Comment [ALK7]: Is the study suggesting that
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" bacterial inoculation can replace chemical fertilizers?

statistically at par with treatment-9(PSB+ Azotobacter+ZnS04-30 kg/ha). A significant increase
in number of cobs per plant as a consequence of seed
inoculationwithAzotobacterandPSBinthepresentinvestigationisattributedtoanimprovementinnutritio
n status.of the;soil and creation of congenial environment for better root growththrough secretion of
growth promoting substances such as Gibberellin, cytokinin andauxin and availability of nitrogen

fixed by the micro-organisms (Singh and Totawat,2002).

NumberofSeeds/cob

The significant and higher number of Seeds/cob (553.4) were observed in treatment-9 with(PSB
+Azotobacter + ZnS04 - 30 kg/ha), which was significantlysuperior over rest of thetreatments.
However, treatment-8 (PSB + Azotobacter + ZnS0O4 -25 kg/ha), was found to be statistically at
par with treatment-9(PSB+ Azotobacter +ZnS04 -30

kg/ha).Combinedapplicationofbiofertilizersandzinchasincreasedthenumberofgrainspercobinsignific



antly in this field experiment. The increment in number of grains per cob
mightbeduetothepresenceofmagnesiuminmulti-nutrientssolutionasgrainsnumberaredirectindex  of

pollen viability and where magnesium is proved to increase fruit set and pollenviability and

(2008).
NumberofRows/cob

The significant and higher number of Rows/cob (16.85) were observed in treatment-9 with(PSB
+Azotobacter+ ZnS04 - 30 kg/ha), which was
significantlysuperioroverrestofthetreatments.However treatment-8(PSB+Azotobacter+. ZnSQ4 -
25 kg/ha), was found to be statistically at par with treatment-9(PSB+Azotebacter+zZnS04 -30
kg/ha). ThesignificantandhighernumberofRows/cob(15.5)wereobservedwiththeapplicationof Zinc.
The positive response of yield components of maize because of due-to the greateravailability of
zinc and metabolites for growth and development of reproductive
structurewhichultimatelyledtorecognitionofhigherproductivityefindividualplant. Thefindingsofprese
ntinvestigation aresupported byGupta et al., (2018).

Seed Index (gm)

ThesignificantandhigherTestweight(29.35gm)wereobserved  intreatment-9with(PSB ~ +
Azotobacter + ZnSO4 -30 kg/ha),~which was significantlysuperior over rest of
thetreatments. However, treatment-8 (RSB +Azotobacter + ZnSO4 - 25 kg/ha), was found
to be statistically at par with treatment-9(PSB + Azotobacter+ZnS04-30 kg/ha).The
increase in the yield components might be due to the increased of the availability
ofnitrogen which restlted in the increase of the leaf area. The obtained results were
inagreementwithfindingsof(Kaderetal.2002)whoreportedthatbio-
fertilizer(Azotobacter)increasesNitrogenavailabilityinthesoilwhichcouldenhancethenumber

sofgrainsand 100-grain weight.

9with(PSB+Azotobacter+ZnSO4  -30kg/ha),whichwassignificantlysuperiorover rest  of
thetreatments. However, treatment-8 (PSB + Azotobacter+znSoO4 -
25kg/ha),wasfoundtobestatisticallyatparwithtreatment-9(PSB +Azotobacter+zZnS0O4 -
30kg/ha)-Application of biofertilizer proved beneficial for development of corn vyield
attributingcharacters mainly due to availability of nutrients in proper amount during
reproductivephase of the crop. The increase in yield attributes due to application of zinc, which
hasincreased chlorophyll content. Seed treatment with biofertilizers had apparently a

positiveeffectonphotosyntheticactivity,synthesisofmetabolitesandgrowthregulatingsubstances,oxid
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ationandmetabolicactivitiesandultimatelybettergrowthanddevelopment of crop, which led to

increase in yield attributes of baby corn. These resultsare
inagreementwiththefindingsofShaikhWasimChandet al., (2017) andChandra Naik et al.,
(2020).

Stover Yield (t/ha) - ThesignificantandhigherStoveryield(12.9t/ha)wereobservedintreatment-
9with(PSB + Azotobacter+ ZnSO4 - 30 kg/ha), which was significantlysuperior over rest of
thetreatments. However, treatment-8 (PSB +Azotobacter +ZnS04 - 25 kg/ha), was found to

be statistically at par with treatment-9(PSB + Azotobacter +ZnSO4 -30. kg/ha).Zinc

fertilization has beneficial effect on plant metabolism and plant growth|, which leadsto.higher yield. - -{ comment [ALK10]: Is this study suggesting that
) i i F i biofertilisers and foliar spraying of zinc can
Increase in  green cob and green fodder yield with application of zinc compensate the RD of chemical fertilizer?
How?

andbiofertilizerssuchasAzotobacterandtheresultsweresupportedbythefindingsof, Tariget al. (2014)
andPalaiet al.(2018).

Harvestindex(%o)

ThesignificantandhigherHarvestindex(33.8%) wereobservedintreatment-9with(PSB

-1 Comment [ALK11]:

Studies by Abdul Saboor et al, 2021. suggest that
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to be statistically at par with treatment-9(PSB+ Azotobacter+ZnSO4 -30 kg/ha).positive

effect of biofertilizer may resulted from its.ability to increase the availability ofphosphorus and SoilAgriculture 2021, 11(4),
. . . 310; https://doi.org/10.3390/agriculture11040
other  nutrients  especially under - the specialty of the calcareous nature 310

ofthesoilwhichcausedecreasingonthenutrientsavailability, resultsagreewithAfzaletal.

CONCLUSION

It was concluded-that with the application of (PSB + Azotobacter + ZnSO4- 30kg/ha) has

condueted.in one season ,So further testing may be required to confirm results.



Table 1. Influence ofBio-fertilizers and zincSulphateon growth parameters ofMaize.

S. No. Treatment combinations Plant height Plant Dry Weight Crop growth rate
1. PSB+ ZnSO4 -20kg/ha 148.23 142.72 52.50
2. PSB+ ZnSO4 -25kg/ha 149.87 148.33 54.75
3. PSB+ ZnSO4 -30kg/ha 152.45 151.32 57.75
4, Azotobacter+ ZnSO4 - 20kg/ha 151.99 152.70 60.37
5. Azotobacter+ ZnSO4 - 25kg/ha 154.04 156.71 60.16
6. Azotobacter+ ZnSO4 -30kg/ha 155.72 158.72 61.61
7. PSB+ Azotobacter+ ZnSO4 -20 kg/ha 154.97 159.00 63.75
8. PSB+ Azotobacter+ ZnSO4 -25 kg/ha 156.65 161.32 62.62
9. PSB+ Azotobacter+ ZnSO4 -30 kg/ha 159.03 162.70 64.12
10. Control RDF (120-60-40) kg/ha 143.50 146.07 53.62

F test S S S
SEm(+) 2.88 2.07 1.63
CD (p=0.05) 8.54 6.15 4.85




Table 2. Influence of Bio-fertilizers and zincSulphateon yield attributes of Maize.

S. No. Treatments No. of. No. of. No. Seed Grain Stoveryi Harvestin
Cobs/plant Rows/Cobs of.Seeds/C index(g. yield(t/ha) eld(t/ha)  dex(%)
ob m)
1. PSB+ ZnSO4 -20kg/ha 1.3 12.1 332.6 26.0 3.6 7.4 32.1
2. PSB+ ZnS04 - 25kg/ha 1.4 14.1 351.5 26.8 3.8 8.9 30.4
3. PSB+ ZnSO4 - 30kg/ha 15 14.5 383.4 27.6 3.9 9.8 28.6
4. Azotobacter+ ZnSO4 -20kg/ha 13 12.7 = 3783 26.9 40 105 277
5. Azotobacter+ ZnS04 - 25kg/ha 16 147 4254 274 42 111 276
6. Azotobacter+ ZnSO4 - 30kg/ha 17 149 4637 27.9 45 114 2903
7. PSB+Azotobacter+ ZnSO4 -20 kg/ha 16 144 4953 279 54 119 01
8. PSB+Azotobacter+ ZnSO4 -25 kg/ha 19 16.1 5197 8.4 6.3 123 334
9. PSB+Azotobacter+ ZnS0O4 -30 kg/ha 18 16.8 553.4 9.3 6.5 129 138
10. Control RDF (120-60-40) kg/ha 1.4 124 3364 26.7 43 9.9 30.7
F-Test S S S NS S S S
SEm(+) 0.05 0.38 6.51 0.74 0.07 0.85 0.77

CD(p=0.05) 0.14 113 19.34 0.22 2.52 2.28
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