Effect of Potassium Solubilizing Bacteria (KSBPSB)
ontheRerformanece-GrowthofSweetcorn
(ZeamaysL.saccharata)inPotassium Sufficient Soil

ABSTRACT

An experiment was conducted on potassium sufficient sandy loam soil (Alfisols) to evaluate
theimpactofpotassiumsolubilizingbacteria(kSBPSB)ontheperformanceofrabisweetcorn. Thestudy
consisted of 10 treatments with different doses of potassium with and without KSBPSB
treatment[Seed treatment (ST) + Soil drenching (SD)]. Result of this experiment indicated that
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1. INTRODUCTION

Corn or Maize (Zea mays L.) is one of the most important cereal crops in the
worldwithmultifarioususesafterriceandwheat.Inindia, totalcultivatedareaundermaizewas9.89M
hawithanannualproductionof31.6Mtandaverageproductivityof3,199kgha™[1].Sweetcorn (Zea
mays L. saccharata) is a type of corn grown for human consumption as raw
orprocessedfoodthroughoutthe world.

As far as plant nutriton is concerned, potassium [K¥) is a very important

macronutrientwhich controls plant water status, it regulates ionic balances, activity of
stomata cells toprevent unnecessary water loss by transpiration, K plays a significant role in
photo-synthesisand in the production and translocation of carbohydrate to areas of
meristematic growth,
fruitdevelopment,andstorageandalsoaidsinactivationofmorethan60enzymeswhichcatalysevari
ousmetabolicprocess|2].

In  India, there is wvery limited source of K-ore for manufacturing
potassicfertilizer,hence,theentirerequiredamountofK-
fertilizerisimportedfromabroadintheformofmuriateof potash (KCI) and sulphate of potash
(K2S0y4). The total import of muriate of potash (MOP)during the year 2020 was more than
5.08 Mt [3]. Govt. of India is giving subsidy of Rs. 759bag™ (50 kg) to keep the domestic
MOP price (Rs. 1675 bag™) within the reach of
farmer,wheninternationalpriceofMOPisRs.2434.61bag
![4].Itimposeshugemonetaryburdentothe Indian government. Keeping in view, in the year

2023, The Indian government planned tointroduceanewscheme—
PMPRANAM(PMPromotionofAlternateNutrientsforAgricultureManagementYojana)torelyonall
naturalwaysandresourcesinlieuofchemicalfertilizerstogrow thecrops.

Inindia,79%ofsoils are medium tohigh in inherent potassium (K>) status[5].Depending
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on the soil around 98 % of total soil K was found in unavailable form [6]. As theconversion
process of unavailable to available K is a very slow process and not sufficient toreplenish the
dearth of available potassium in crop growing Iseason, soil microorganisms|

canplayasignificantroleinsolubilizationprocessthroughacidolysis,productionoforganicacids,ch
elation, complexolysis,and ion-exchangereactions|[7].

Keeping in view high import of potassic fertilizers to India and its monetary burden
oneconomy,highpotassiumdemandbysweetcorn,sufficiencyofsoilpotassiumbutinunavailable
form and considerable potential of KSBPSB in converting un-available soil
potassiumandmakingiitavailabletothecrop,therewasaurgentneedtoassessandquantifytheeffica

cyofkSBPSBinpotassiummanagementvis-a-
visminimizingchemicalfertilizersrequirementinrabisweetcorn.

2. MATERIALSANDMETHODS

A field experiment was conducted during rabiseason (November- February) (2022-
23)atCollegefarmofProfessorJayashankarTelanganaStateAgriculturalUniversity,Rajendranag
ar, Hyderabad, India (17° 19' 18" N latitude, 78° 24' 31" E longitude, with
anelevationof542.6mabovemeansealevel)whichisundersemi-
aridtropicregion(SAT).Thesoil(p"=7.45)wassandyloamintexture,deficientinsoilorganiccarbona
ndavailableN,andrichinavailable-Pandavailable-

K Duringthecropgrowthperiod, theveeklymeanmaximumatmospherictemperaturerangedfrom

34.2°Cto28.4°Cwithanaverageof30.4°Candmeanminimum atmospheric temperature ranged
from 18.2°C to 10.8°C with an average |of 14.7°C(Figurel).
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The experiment, consisted of 10 potassium management practices, was laid out
inrandomizedblockdesignwith3replications. ThelOtreatmentswere-
T1:0%RBKRDP(Recommendeddoseofpotassium),T»:100%RBKRDP(Basal)(50kgha’

1), T3:50%RBKRDP(Basal)(25 kg ha™), T4 75% RBKRDP (Basal) (37.5 kg ha™), Ts: 50%
RBKRDP (Basal) + 50% RBKRDP [at KneeHeight (KH) stage], Te: T1 + KSBPSB [Seed
Treatment (ST + KSBPSB [Soil Drenching (SD)] at
KHstage,T7: T +KSBPSB(ST)+KSBPSB(SD)atKHstage, Ts: Tz +KSBPSB(ST)+KSBPSB(SD)at
KHstage,To: T4+KSBPSB(ST)+kSBPSB(SD)atKHstage, T10: Ts+KSBPSB(ST)+KSBPSB(SD)at
KHstage.Seeds

of variety Madhuri were treated with KSBPSB (procured from Dept. of Microbiology,

PJTSAU) @10 ml kg™ seed and for soil drenching 2.5 ml KSBPSB was mixed with 1 L of
water. Quantity ofwater used for KSBPSB soil drenching was 20 ml water plant® and the
recommended dose offertilizer (RDF) was 200: 60: 50 (N: P.Os: K20) kg ha™. Urea, single
super phosphate (SSP)and muriate of potash (MOP) were used as sources of N, P and K
respectively for
soilapplication.Thedatarecordedonvariousparameterswereanalysedanalyzedstatisticallydulyf
ollowingthe techniqueofanalysisofvarianceforrandomizedblock design[8].
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Fig 1.Weeklymaximum andminimumtemperatures(°C)duringthecropgrowthperiod

3. RESULTSANDDISCUSSION
3.1 Growthparameters:

Perusal of the data (Table 1) indicated that numerically highest plant height

wasrecorded with T10 [50% RBKRDP (Basal) + 50% RBKRDP at KH stage + KSBPSB (ST)
+ KSBPSB (SD) at
KHstage]treatmentatdifferentstages.However,atK Hstagetherewasnosignificantdifferencein

plant height owing to different treatment imposition, except T1(0% RBKRDP) and T [0%
RDKRDP +KSBPSB (ST) +kSBPSB (SD)] treatment. Numerical increment of plant height
with increase dose

ha et al. [9].

On the other hand, after KH stage there was some significant changes in [leaf
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drymater were resulted from Ti1 and Te treatment but remaining treatment were statistically
onper.AtTessellingandHarvestingstagenumericallyhighestLAlanddrymatterwererecordedfrom
Tiotreatment which was on par with Ts, T, Trand Totreatments. Whereas,
furtherreductionofpotassiumdoseirrespectiveofkSBPSBtreatmentresultedinimpairedgrowthin
bothstages, however, Tisand Tstreatment showed insignificant result and those results
weresuperioroverTy, TzandTstreatmentsintermsofLAlanddrymatterproduction. Thesefindingsar
e in closeagreementwithGnanasundari et al. [10]

Significant improvement of growth parameter due to increment in K-fertilizer or
partialsubstitute of RBKRDP with KSBPSB dose might be attributed to maintenance of cell
osmotic pressureand improvement in carbon and nitrogen assimilation and [optimization of
photosynthesis| asreportedby[11][12] [13] [14]/

3.2 Yieldattributes:

Experimentalresult(Table2)revealedthattherewassomesignificantpositiveimpactofKan
dkSBPSBoncobweightplant™,Cobgirthandnumberofkernelrow*whereas,no.ofcobplant?®, cob
length, no. of kernel row cob™were not significantly influenced by differenttreatment. Cob

N

weight plant™, cob girth, and no. of kernel row™ were increased by 40.6%,66.6% and 43.3%
respectively due to the Tio over T; treatment and Ty treatment was on
perwithTs, T7, T-.andTstreatments.Furthermore, Tqi.e.,75%RBKRDP+KSBPSB(ST+SD)resulted
intostatistically equal impact on change in cob girth, no. of kernels row-1 and cob weight
plant-

1whencomparedwiththehighesttreatment(T10).ThisindicatedconsiderablepotentialofkSBPSBI
n soil and their potential to solubilize soil mineral K into water soluble and
exchangeablefractions. Gradual inferiority of yield attributes owing to reduced K application
is also alignedwith the findings jof [10] in maize in K rich soil. Increment in yield attributes

might be resultedfrom [optimum|_() supply of K which might have helped in proper grain filling

land translocation ofphotosynthatesfromsourceto sink [15].

3.3 Yield:

Significantly highest cob yield, green fodder vyield were obtained from
Tiotreatmentwhich was statistically similar with Ts ,T7, T> and To treatments. Eventually
harvest index (Hl)was also insignificantly influenced byK management practices. It is
noteworthy that inbetween basal and 2 equal split applications of 100% RBKRDP, letter
gave the superior resultirrespectiveofkSBPSBtreatment.ltsupportsthefindingsof[16].

ThisresultalsoimpliedthatkSBPSBcouldmake75%RBKRDP (37.5kgK.Oha
Hequivalentto100% RBKRDP(50kgK.Oha ™ )withitspotentialtosolubilize theunavailablesoil-
K[17].
Thesefindingsarealsoinaccordancewith[18][10]whereapplicationofKshowedsignificant
impactincorn, despitehavinghighinherentsoil-K.

4, Conclusion

It could be concluded that in spite of having high inherent soil-K, it is imperative
tosupply 100% RBKRDP (50 kg K.O ha™) to get higher yield. However, partial substitution
ofsyntheticKuptotheextentof25%ispossiblebytreatingcornseedwithkSBPSBfollowedbysoildre
nchingatkneeheightstagewithoutcompromisingthepotentialyieldinalfisolsofsemiaridtropic.

N

‘| Comment [Dbf18]: Totally wrong

Comment [Dbf13]: Its totally wrong
assumption

Comment [Dbf14]: Wrong citation style.

Comment [Dbf15]: How these yield
attributes were calculated? Please
mention in methodology.

|

Comment [Dbf16]: Wrong citation style,
please correct it.

Comment [Dbf17]: Mention optimum
value

assumption. It is not acceptable at all.




Reference

1.

10.

Indiastat,2021.https://www.indiastat.com/data/agriculture/area-under-food-
cropsaccessedon08-04-2023.

Evans, H. J and Wildes, R. A. Potassium and ItsRole in Enzyme Activation. In H.
J.EvansandR.A.Wildes(eds.)-
PotassiuminBiochemistryandPhysiology,InternationalPotashinstitute,Berne,1971;13-19.

Knoema, 2022. https://knoema.com/atlas/topics/Agriculture/Fertilizers-Import-Quantity-in-
Nutrients/Potassium-chloride-importaccessedon 10.12.2022.

MinistryofAgriculture&FarmersWelfare,Govt.oflndia,2023. https://www.india.gov.in/website
-ministry-agriculture-farmers-welfare accessed on 05. 01.2023.

Meena, V.S., Bahadur, I., Maurya, B.R.,Kumar, A.,Meena,R.K.,Meena,S.KandVerma,
J.P.Potassium-
SolubilizingMicroorganisminEvergreenAgriculture:AnOverview.InMeena,V.,Maurya,B.,Ver
ma,J.,Meena,R.(eds.)-
PotassiumSolubilizingMicroorganismsforSustainableAgriculture.Springer,NewDelhi.2016.
https://doi.org/10.1007/978-81-322-2776-2_1

Foth, H. D. and B. G. Ellis. Soil Fertility, (2“ded). Lewis Publishers, Boca Raton,
Florida.1997;290

Meena,O.P.,Maurya,B.RandMeena,V.S.InfluenceofK-solubilizingbacteriaonrelease of
potassium from waste mica. Agriculture for Sustainable Development, 2013;1(1):53-56

Gomez KA and Gomez AA. Statistical procedures for agricultural research (2 ed.).
JohnWilleyand Sons,NewYork. 1984;680

Swetha, P., Solanki, D., Kumari, S. and S.G. Savalia. Effect of Potassium and
SulphurLevels on Yield and Yield Attributes of Popcorn (Zea mays var. everta).
InternationalJournalofCurrentMicrobiologyandAppliedSciences.2017;6(8):646—655.

Gnanasundari, R., Sellamuthu, K. M. and Malathi, P. Effect of potassium on growth,
yieldand NPK uptake of hybrid maize in black calcareous soil. Madras Agricultural
Journal.2018;106(1-3):32-37.


https://www.indiastat.com/data/agriculture/area-under-food-crops
https://www.indiastat.com/data/agriculture/area-under-food-crops
https://knoema.com/atlas/topics/Agriculture/Fertilizers-Import-Quantity-in-Nutrients/Potassium-chloride-import
https://knoema.com/atlas/topics/Agriculture/Fertilizers-Import-Quantity-in-Nutrients/Potassium-chloride-import
https://knoema.com/atlas/topics/Agriculture/Fertilizers-Import-Quantity-in-Nutrients/Potassium-chloride-import
https://www.india.gov.in/website-ministry-agriculture-farmers-welfare
https://www.india.gov.in/website-ministry-agriculture-farmers-welfare
https://www.india.gov.in/website-ministry-agriculture-farmers-welfare
https://doi.org/10.1007/978-81-322-2776-2_1

11.

12.

13.

14.

15.

16.

17.

18.

Hu, W., Jiang, N., Yang, J., Meng, Y., Wang, Y., Chen, B., et al. Potassium (K)
supplyaffectsKaccumulationandphotosyntheticphysiologyintwocotton(Gossypiumhirsutum
L.)cultivarswithdifferentKsensitivities.FieldCropResearch.2016;196:51—
63.d0i:10.1016/j.fcr.2016.06.005

Hu, W., Coomer, T. D., Loka, D. A., Oosterhuis, D. M., and Zhou, Z. Potassium
deficiencyaffects the carbon-nitrogen balance in cotton leaves. Plant Physiology and
Biochemistry.2017;115:408-417.doi:10.1016/j.plaphy.2017.04.005

Marschner, H. Marschner's Mineral Nutrition of Higher Plants. Cambridge, MA:
Academicpress.2012.

Oosterhuis,D.,Loka,D.,Kawakami,E.,andPettigrew,W.Thephysiologyofpotassiumincrop
production. Advances in Agronomy. 2014; 126: 203-234. doi: 10.1016/B978-0-12-
800132-5.00003-1

Bly,A.,Gelderman,R.H.,Gerwing,J.andMurrell, T.S.Symptomsassociatedwithpotassiumdefi
ciencyin corn. BetterCropsPlantFood.2002;86:12-15.

Igbal, A., Amanullah, A and Igbal, M., Impact of potassium rates and their application
timeondrymatterpartitioning,biomassandharvestindexofmaize(Zeamays)withandwithoutcat
tledungapplication.EmiratesJournalofFoodand Agriculture.2015;pp.447-453.

Zeng, X., Liu, X., Tang, J., Hu, S., Jiang, P and Li, W. Characterization and
potassiumsolubilizing ability of Bacillus circulans Z1-3. Advanced Science Letters. 2012;
10: 173-176.

Madar, R., Singh, Y., Meena, M.C., Gaind, S., Das, T.K.,, Verma, R.K and Halli, H.
CropResidue and Potassium Management on Crop and Soil Properties of Maize and
Wheat inNo-tillageSystems.CommunicationsinSoilScienceandPlantAnalysis.2021;
52(7):769-791.



Tablel:Influenceof PotassiumSolubilizingBacteria(kSBPSB)ongrowthparametersofrabiSweetcorn.

Treatments Plantheight(cm) LAI Drymatter(kgha™)
Knee | Tasseling | Harvesting | Knee | Tasseling | Harvesting Knee | Tasseling | Harvesting
height stage stage height stage stage height stage stage
stage stage stage
T1:0%RBKRDP
- 56.4 149.1 168.2 0.31 3.21 3.19 384 6987 14298
. 0 T
T2:100%RBKRDP(Basal)(S0kg ha™) | o1 | 180 216.4 0.52 4.92 4.81 476 9065 17186
-50%RDK T
T=:50% RDP(Basal)(25kgha”) 60.2 174.5 197.3 0.48 3.31 3.28 454 7016 14416
~750 T
Ta:T5%ROKRDE(Basa)(37.5kgha™) | g5 1 | 1789 2022 | 051 | 410 4.01 470 8037 15310
Ts:50%RBKRDP(Basal)+50%
RBKRDP(at
KH stage) 60.5 182.2 217.7 0.49 5.00 4.78 455 9185 17210
Te:T1+KSBPSB (ST)+
KSBPSB(SD)atKH 57.6 150.6 170.3 0.32 3.29 3.23 395 6994 14325
stage
T7: T +KSBPSB (ST)+
KSBPSB(SD)atkKH 63.8 180.6 218.1 0.53 4.95 4.88 480 9110 17195
stage
Ts: T3 +KSBPSB (ST)+
KSBPSB(SD)atKH 61.5 175.4 198.4 0.50 3.89 3.82 465 7990 14913
stage
To: T4+HKSBPSB(ST)+
KSBPSB(SD)atkKH 62.5 179.8 213.6 0.52 4,52 4.48 472 8987 16378
stage
T10: Ts+ KSBPSB(ST)+KSBPSB
(SD)at
KH stage 61.7 183.5 220.8 0.50 5.20 5.12 467 9200 17244
T
SEm: 2.9 7.4 8.9 0.02 0.26 0.23 19 362 581
CD(p=05) 8.6 22.1 26.5 0.07 0.77 0.69 58 1076 1726




Table2:Influenceof Potassium SolubiIizingBacteria(}KSBlPSB PSB)onyieldattributesofrabiSweetcorn.
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Treatments Yieldattributes
Cobs Cob Cob Cobgirth(cm) Number Number
plant™ weightpla length( ofkernel ofkernelsro
nt*(g) cm) rowscob™ wt
T1:0%RBKRDP
1.8 212.3 15.2 3.3 13.1 22.4
. 0, T
T2:100%RBKRDP(Basal)(50kg ha™) 17 205.6 163 53 13.7 305
=) T
T2:50%RDKRDP(Basal)(25kgha) 17 215.2 15.4 3.4 13.2 23.0
T T
T4: 75%RBKRDP(Basal)(37.5kgha™) 17 251.2 15.8 43 135 26.8
Ts:50%RBKRDP(Basal)+50% RBKRDP
(at 1.8 295.4 16.6 5.4 13.6 22.8
KH stage)
Te: T1+KSBPSB (ST)+
KSBPSB(SD)atkKH 1.7 214.6 15.4 3.4 131 20.9
stage
T7:To+KSBPSB (ST)+
KSBPSB(SD)atKH 1.7 297.6 16.5 5.4 13.8 31.7
stage
Te: Ts+HKSBPSB (ST)+
KSBPSB(SD)atkKH 1.7 2445 15.7 41 12.9 25.9
stage
To: T4+KSBPSB(ST)+ KSBPSB(SD)atKH
stage 1.8 289.5 16.1 4.8 13.3 29.1
T10: Ts+
KSBPSB(ST)+KSBPSB(SD)atkH 1.7 298.5 16.8 5.5 13.2 32.1
stage
SEm: 0.1 11.4 0.9 0.3 0.3 1.2
CD(p=.05) 0.2 33.9 2.6 0.8 0.8 35




Table3:InfluenceofPotassiumSolubilizingBacteria(kSBPSB)onyieldofrabiSweetcorn.

Treatments Green Greenfodde Harvestl
cobyield(th ryield(t ha” | ndex(HI)
a-l) 1)
T1:0%RBKRDP
15.1 17.9 45.8
. 0 T
T2:100%RBKRDP(Basal)(50kg ha™) 101 292 46.2
‘EN0, T
T3:50%RBKRDP(Basal)(25kgha™) 155 18.3 459
750, T
T4 75%RBKRDP(Basal)(37.5kgha™) 161 18.8 46.1
T5:50%RBKRDP(Basal)+50% RBKRDP(atkH
stage) 19.5 22.6 46.3
Te: T1+KSBPSB(ST)+ KSBPSB(SD)atKHstage 15.2 17.9 45.9
T7: T, +KSBPSB(ST)+ KSBPSB(SD)atKHstage
I - 19.3 22.4 46.3
Te: T3+HKSBPSB(ST)+ KSBPSB(SD)atKHstage 15.8 185 461
To: T4+ KSBPSB (ST)+KSBPSB(SD)atKHstage
I - 18.0 20.9 46.3
T10: Ts+KSBPSB(ST)+KSBPSB(SD)at
KHstage — S 19.7 22.8 46.4
+
SEmz 0.8 0.9 0.4
CD(p=.05
G ) 2.2 2.6 1.2




