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3       AgronomicadaptabilityofsomeselectedNericaricevarietiesinresponsetobiofertilizer 
 

4                                                                 applicationinnorthenCameroun 
 

5      Abstract 
 

6      Afieldstudywasconductedin agro-ecologicalzoneI(Yagoua)andII(Wakwa)inCameroon 

7      duringthe2008and2009croppingseasons.Theobjectiveofthisresearchwastoevaluatethe 

8      responsesofsomeselectedNericaricevarietiestobiofertilizerapplicationontheirgrowth 

9      andyieldperformancesinthefield.Theexperimentalsetupwasfactorial(4x5x3),inwhich 

10      thetypeoffertilizationwasthemainfactorortreatments,eachofwhichwasrepeatedthrice, 

11      whilethericevariety(FKR56-N,FKR58-NFKR60-N,FKR62-N,DIR-95)wasconsideredas 

12      thesecondfactor.Treatmentswere:T0,whichhasreceivednoneofthefertilizers;TE,which 

13      hasreceivedonlythechemicalfertilizerNPK(14-24-14);TEM,whichhasreceivedchemical 

14      fertilizer(NPK)andbiofertilizer(mycorrhizae); TM,whichhasreceivedonlybiofertilizer. 

15      Fromthisexperimentwasasbiofertilizereffectiveasthecommercialchemicalfertilizeron 

16      ricegrowthandyield,butatdifferentdegreesdependingontheseedvariety.Seedvarieties 

17      FKR60-NandFKR62-Nsignificantlyexpressedthehighestdegreeofrootcolonizationby 

18      biofertilizeratYagoua(p=0.001)andWakwa(p=0.004)comparedtoothervarieties.This 

19      differed betweenvarieties ofthefirst  (p=0.002)  andthesecond cropping seasons (p= 

20      0.0001).Riceplantsthatreceivedeachofthefertilizersexhibitedanimportantheightwhen 

21      compared tothecontrol. The numberoftillers  wassignificantly (p<0.05)increased by 

22      biofertilizerapplicationatYagouaandWakwaduringbothcroppingseasons.Nericavarieties 

23      FKR58-N,FKR60-N,aswellasthelocalvarietyDIR-95recordedhighergrainyield/ha)and 

24      panicles/m
2
withineachoftheagro-ecologicalzone.Ontheoverall,therewasasignificant(p 

25      <0.05) varietal changes on growth parameters and grain yield/ha.Results revealthe 

26      contributionofthisbiofertilizerinsustainingtheintensificationofsafeandenvironmentally 

27      friendlyrizicultureinnorthernCameroon. 

28      Keywords:Nericarice,biofertilizer,growthandyieldperformances,Yagoua,Wakwa 

29 
 

30      1.Introduction 
 

31      RiceofthegenusOryzaisacerealcultivatedworldwide,andwhereitconstitutesthemain 

32      componentofhumannutrition[1].Itisanutritionalfoodsourceforwhichtheconsumptionis 

33      more important, and rises up more than the demographic explosion. Cultivation ofrice 

34      «Oryzaglaberrima»has  an  ancient origin, anterior to introduction of  Asiatic origin rice 

35      «OryzasativaL.»[2].Farmershavefoundinricesomeorganolepticqualitiesgreaterthan 

36      thoseofAsiaticrice[3].Therefore, theAfricanInitiativeforRice(AIR)waslaunchedin 

37      2002topromotediffusionofNericaricewhichmeans«NewRiceforAfrica»,aninterspecific 

38      hybridfromthecrossingbetweenthelocalrice(Oryzaglaberrima)andtheexoticAsianrice 

39      (Oryzasativa).NericariceiswelladaptedtoSub-Saharan Africa,duetoitsbriefgrowth 

40      period  whichallowsricegrowers tobenefitfromtheshortrainyseasonwithinthezones 

41      exposedtodrought[4].Thisriceisparticularlyindicatedforsecuringrizicultureinlowland, 

42      evenwithbadwatermanagementpractices.Hence,thepossibilityofadaptingthevarieties 

43      knownasflexibleorpolyvalent,thatalsosupporthightemperaturefluctuationsopensnew
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44      interestingperspectives. 
 

45       Like other African countries in Central Africa, Cameroon possesses the agro- 
 

46      ecological conditionsfavorable tointensive rice production [5]. Despite thisenormous 
 

47      potentialthatcanensureitsself-dependence,thecountrystilllinesupwiththesub-regional 
 

48      tendencyofimportingrice.Withaprevisionof60000haofirrigatedsurfacetowardthe2030 
 

49      horizon,whichisequivalenttoanaverageproductionof120000tonsofpaddywithinthe 
 

50      actualconditions,Camerooncouldnotsatisfytheovergrowingdemandinrice[5]. 
 

51                     The fast growing population innorthern Cameroon invites thoughts on  long term 
 

52      environmentally friendlysolutions forastrategic rehabilitation ofriziculturalsurfaces for 
 

53      highyields.Hence,restoration ofsoilfertility,andthesocio-economic criteriahavetobe 
 

54      takenintoaccountpriortoanysustainableagriculturaldevelopmentoperation.Theutilization 
 

55      ofchemical fertilizershasbeenpreconized asoneofthesolutions, butitshighcostand 
 

56      availabilitytothecommonpoorfarmer,aswellasitshazardouseffectonpopulationand 
 

57      environment [6]are themainconstraints. Inaddition, thebadcultural practices lead  our 
 

58      tropicalsoilstomultipleerosions,andmineralleachingthatintensifythelowsoilproductivity 
 

59      [7]. 
 

60                      The «Agenda 21»adopted atRio-De-Janerohassuggested thenecessity forthird 
 

61      world countries to establish agricultural production systems that takes into account the 
 

62      ecological equilibrium[8]. Biological agriculturetechniques seem to be appropriate and 
 

63      adaptedtoagivenregionatlowcost,andwithoutharmfuleffecttotheenvironment[9,10]. 
 

64      In fact, more than 90% of cultivated plants can establish a symbiotic relationship with 
 

65      mycorrhizalfungi,inwhicheachofthepartnergainbenefitfromtheother[11].Mycorrhizae 
 

66      haveproventheirpotentialsasbiologicalcontrolagentagainstcertainplantpathogens[12], 
 

67      orpests[13].Tomanyknownavantagesofmycorhizaeonplantgrowth,canbeaddedtheir 
 

68      positiveimpactonsoilmicroflora,reductionofabioticandbioticstresses[14].Basedonthis 
 

69      wideadvantagesrelatedtoplantsandenvironment,onecouldthinkthatmycorrhizaecanbea 
 

70      solutiontoseveralproblemslinkedtoagriculturalproductionandplantprotection[15].The 
 

71      unequaldistributionofefficientmycorhizaestrainsincultivatedsoilsjustifiestheintroduction 
 

72      ofinoculationtechnics([9,16,17]thatcouldimprovericeyieldsattributes,aswellasthe 
 

73      physico-chemical propertiesofharvested seeds. From ourbasic knowledge, although few 
 

74      studieshaverecentlyfocusedoninteractionsbetweenNericaandmycorrhizalinoculation[18, 
 

75      19],nonehasyetcomparedmycorrhizaeasbiofertilizertochemicalinputasfarastheplant 
 

76      growthandyieldimprovementareconcerned.Therefore,themainobjectiveofthisstudywas
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77      toimproveNericariceproductionthroughlowcostandsafestrategiesthatincreasethesoil 
 

78      fertilityandtheincomeofricegrowers. 
 

79      Itisexpectedthatbiofertilizer-rice symbiosiscouldincreaseNericaricegrowthandyield 
 

80      components,asaresponsetoitsadaptationtoselectedagro-ecologicalzonesinCameroon. 
 

81      The results from study sites in northern Cameroon are discussed, preliminary to the 
 

82      establishmentofabiologicalrizicultureprograminthispartofthecountry. 

 

83      2.Materialandmethods 
 

84      2.1.DescriptionofLocationandExperimentalSite 

 

85      FieldexperimentswerelocatedinYagouawithintheSEMRYplantationalongtheLogone 
 

86      river in agro-ecological zone I (sudano-sahelian, 10°30’ of latitude north and 5°30’ of 
 

87      longitudewest),andWakwa-Ngaoundereinagro-ecologicalzoneII(12°30’oflatitudenorth 
 

88      and8°30’oflongitudewest).InzoneI,soilsareferruginouslessiviatedandinduratedonhard 
 

89      motherrock,averagelydeepwith82%ofgranulometryonthesoilsurface.Theirtexturesis 
 

90      sandywithinthefirst15cmdepth(67.2%sand;30.1%limon;2.7%clay).InzoneII,soilsare 
 

91      alsolessiviatedwithspotsandconcretions,averagelydepthwith4%ofgranulometryonthe 
 

92      soilsurfacewithsandytexturewithinthefirst15cmdepth(82.1%sand;11.7%limon;6.2% 
 

93      clay). 

94 
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2.2.Biologicalandchemicalinputs 
 

Mycorrhizaeusedasbiofertilizerwasproducedat theUniversityof Ngaoundere,andwas a mixture of  

soil, root fragments and  spores of  the genus Glomusand Gigaspora(10-25 

spores/1gofsoil).ThechemicalfertilizersNPK(fertilizer®),withthe formula14:24:14,was 

purchasedfromanagriculturalchemicalfertilizerstoreinNgaoundereandYagoua,thetwo 

maintownsofrespectivestudysites.NericaricegrainswereprovidedbyAfricaRiceCentre and were 

acomposite of  four Nericavarieties namely: FKR56-N; FKR58-N; FKR60-N; FKR62-

N,andonelocalvarietynamedDIR-95.Thenames,originsand growthcyclesofthe 

selectedseedvarietiesaredetailedintable1.
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108 Table1.CharacteristicsofNericaricevarietiesusedinthisstudy
 

Varietalnames Geneticorigin 

(parents) 

Geographicorigin Homologated 

names 

Sowing- 

fruitsset 

Cycle 

(DAP) 

Sowing- 

maturity 

cycle 

(DAP) 

WAS161-B-9- 

3 

TOG5681/4*IR64 WARDA(ADRAO) 

StLouis,Senegal 

 

 

FKR56-N 

 

 

86 

 

 

116 

WAS191-9-3 IR64/TOG5681// 

4*IR64 

WARDA(ADRAO) 

StLouis,Senegal 

FKR58-N 86 116 

WAS122-IDSA- 

1-WAS-1-1-B 

TOG5681/.3*IR64 WARDA(ADRAO) 

StLouis,Sénégal 

FKR60-N 85 115 

WAS122-IDSA- 

1-WAS-6-1 

TOG5681/3*IR64 WARDA(ADRAO) 

StLouis,Senegal 

FKR62-N 88 118 

IR46 // Adamawa(Mbe, 

Cameroon) 

DIR-95 80 115 
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114 

 

115 
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117 

 

118 

 

119 

 

120 

 

121 
 

122 

 

123 

 

124 

 

125 

 

126 

 

127 

 

128 

 

129 

 

130 

 

131 

 

132 

FKR:Farako-BâRice; DIR: localvarietyfromMbeinAdamwa;N=Nerica*:NewRiceforAfrica;DAP:DaysAfter 

Planting 
 
 
 
 

2.3.Preparationofriceseedlingsfortransplantation. 
 

Toobtainseedlingsforfieldexperiment,1kgofeachseedvariety(figure1a)wasstored in20cmx 40 

cmbags,andsoakedfor48hwithin15Lplasticbasketscontainingtapwater (figure1b).Thepre-

germinatedseedsforeachvariety(figure1c)wereevenlydistributedon1 

m
2
plots,halfpartofwhichhasreceiveda smalllayerofbiofertilizerpriorto sowing.Allthe 

plotswerethencoveredwitha layerofdriedhay(figure1d)tomaintainhumidityandsecure seeds 

fromdevastating birds. Pre-germinated  seeds wereallowed to grow under wet 

conditionsfor21days,beforetransplantationinthefield. 
 

2.4.Experimentalfield,designandtreatments 
 

Fieldexperimentswereconductedandrepeatedin eachstudysiteduringthegrowingseason extending  

from mid-February  to June 2008 and 2009 in Yagouaand Wakwa.  The 

experimentalsoilwasmanuallycleared,ploughedanddelimitatedinelementaryplotswith 

dikes.Thetrialwasafactorial(4x5x3),inwhichthetypeoffertilizationwasthemain factor or  

treatments, each of which was repeatedthrice, and 5  rice varieties (FKR56-N, FKR58-

N,FKR60-N,FKR62-NandIR-95)thesecondfactor.  Transplantationofplantlets 

waseffectedtwoperplantingholewith0.20mx 0.20m withinandbetweenthelines.An 

elementaryplotwasa16m²area,eachofwhichcomprises20linesof4mlength,withan 

averagedensityof250.000plantlets/ha
-1

.Weedingwasmanuallyperformedtwiceafterevery 
 

twomonths.Plantgrowthparametersandseedyieldwereestimatedonthemiddlelinesto 

avoidborderingeffects.
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Themaintreatmentswere:biofertilizer(TM),inwhichexperimentalunit wasinoculatedby 

dippingnurseryplantsrootsintobiofertilizer(containing10 à25 sporesGlomusand 

Gigaspora/1gofsoil)beforetransplantation;chemicalfertilizer(TE),inwhicheachplantof 

theexperimentalunitreceived150kg.ha
-1

offertilizer®NPK(14-24-14)and75kg.ha
-1 

of 

46%ureaat30daysafterplanting(DAP);biofertilizer-chemical fertilizer(TEM)inwhich 
 

nurseryplantsrootsweredippedintobiofertilizer(containing  10à25sporesGlomusand 

Gigaspora/1gofsoil)beforetransplantation,  withadditional75kg.ha
-1 

offertilizer®NPK (14-24-14) 

and25kg.ha
-1

of46%ureaat30DAP;control(T0)inwhichno experimentalunit 

receivednoneofthefertilizertype.Chemicalfertilizerswereappliedtwiceduringtheplant 

growthcycle:oneatsowing,andtheother50DAPcorrespondingtopaniclesemergence. 
 
 

 

a b

c    d 
 

Figure1.Growingstepsofseedlingsforfieldexperiment 
Breakingofdormancybystoring seedsinbags(a)andsoakinginwater (b);pre-germinatedseeds48hlater(c); sownseeds 
coveredwithdriedbiomasstomaintainhumidityandsecureseedsfromdevastatingbirds(d).
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2.5.Assessmentofthedegreeofrootcolonizationbybiofertilizers 
 

Themethodusedwasthatofrootcolonizationdescribed[20]by PhillipsandHayman 

(1970),butmodified[21]byKormanikandMcGraw(1982).Stainedrootsprovidea contrast 

allowingeasyvisualizationoffungalstructures(mycelium,vesicles,arbuscules).Thedegree 

ofbiofertilizerrootcolonizationwasexpressedusingtheintersectionlinemethoddescribed 

[22,23]byMcGonigle etal.(1990)  andBrundrett etal.(1996).  Hence, 10stained  roots 

fragmentswithintactcortexwerearrangedontoslides andprotectedwitha coverslide.The 

mountedslideswereobservedat20X-40Xunderalightmicroscope.Thepresenceorabsence 

ofmycorhizalstructureswasevidencedoneachandeveryfragment.Thedegreeof root colonization 

bybiofertilizer  wasdetermined  astheratiobetweenthenumberoffragments 

bearingmycorrhizalstructuresandthetotalnumberoffragments. 

2.6.Evaluationofgrowthandyieldparameters 
 

Growthparameters wereevaluated at60DAPon10randomly  selected  plantsper 

experimental unit. The number of productive tillers at 60  DAP was assessed by  visual 

counting,whereastheheightofplantsweremeasuredusingagraduatedruler. 

At maturity,yieldcomponentswereassessedon 10 randomlyselectedplantsper 

experimentalunit.Thus,thepaniclesnumber/plant,thegrainnumber/panicleweredetermined by 

countingthegrainperpanicle[24](Ngakouetal.,2013).AnelectronicbalancePGW153i 

(Max150g,0.001sensibility) wasusedtoevaluate theweightof1000grains.Fromthe weight of grains 

per experimental   unit, the grain yield per hectare as estimated by extrapolationforeachof 

thericevarieties.Seedyieldexpressedint/hawasestimatedat14% relativehumidity. 

2.7.Statisticalanalyses 
 

All the obtained data were subjected to  an  analysis of variance (ANOVA) using the 

Stagraphicplus Programversion5.00.Meanswere comparedbetweentreatmentsthroughthe Least   

Significant  Difference  (LSD)  procedure.  Correlations  between  parameters  were 

assessedusingtheStatisticalPackageforSocialScience(SPSS)program. 

 
 

3.Resultsanddiscussions 
 

3.1.Influenceoffertilizationtypeonrootcolonization,growthandmaturitycyclesof 

selectedNericaricevarieties 

Figure2illustratesthevariationsinthedegreeofrootcolonization bymycorrhizae 
 

(biofertilizer)asinfluencedbydifferenttreatmentswithinthestudiedsitesofthetwoagro- ecological  

zonesI(Yagoua1,2)andII(Wakwa1,2).Thedegreeofrootscolonizedby
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biofertilizerwasdifferentbetweentreatmentsand varietiesatbothexperimentalsites.Hence, 

plantrootsfromtreatmentT0(4.34-5.94%atYagoua,5.73-8.38%atWakwa),andTE(5.25- 

7.97%atYagoua,8.44-9.15%atWakwa)weresignificantlylesscolonizedbybiofertilizer 

thanthoseoftreatmentTEMandTM(62.96-77.23%  atYagoua,59.29-69.05%atWakwa) 

thatexpressedthehighestdegreeof colonizationinboth experimentalsitesforeachofthe 

repeatedcroppingseasons. 

 
 

Figure2.Degreeofrootcolonizationbybiofertilizeras influencedbytreatmentsin 

croppingseasonswithinsites(Yagoua,Wakwa) 

 
AtYagoua,TEM-plantedseedvarietiesFKR60-NandDIR-95respondedsignificantly 

(p=0.006)tobiofertilizationthanalltheothervarieties,whereasnodifferencewasobserved atWakwa. 

Asfarastreatment  TMisconcerned, seedvarieties FKR60-N andFKR62-N 

significantlyexpressedthehighestdegreeofrootcolonizationbybiofertilizeratYagoua(p= 

0.001)andWakwa  (p=0.004)compared toothervarieties. Similarly, thedegree  ofroot 

colonizationby biofertilizerdifferedbetweenvarietiesof thefirst(p=0.002)andthesecond 

croppingseason(p=0.0001). 

The decrease in root colonization by  biofertilizer in negative control (T0) and 

chemicalfertilizer(TE)treatmentslineswithrecentresults[17]thatclaimedthatefficient strains of  

biofertilizer are not  homogeneously distributed incultivated soils. The present 

resultsconfirmtheinfestationofricevarietiesby incomingstrainsofbiofertilizer,butalso revealsthat 

theindigenousstrainswerepresentin thesoil,althoughlesscompetitive/efficient [9].
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Figure3 illustratesthevariationsexpressedindaysofsowing-paniclecycleoftherice 

varietiesrespondingtovarioustreatmentsconductedat Yagouaand Wakwa.Generally, 

treatmentshavesignificantly(p< 0.001)affectedthesowing-paniclecycleofallvarieties,the 

longest(over90 days)accountingfor thenegativecontrol(T0)whenvarietyFKR62-Nwas sown.  

Onthereverse, treatment TEMcontributed toshortening thecycleoflocalvariety DIR-95to69daysin 

Yagoua.At Wakwa,therewasalsoasignificantdifferencebetween 

treatmentsforthisparameter.Insuch,whereasthelongestsowing-paniclecyclewasascribed to 

treatmentT0(91,91, 90daysrespectivelyforFKR62-N,FKR58-NandFKR56-Nseed 

varieties),theshortestaccountedfortreatmentTEMofthelocalDIR-95variety(69days). 

 
 

Figure3.Sowing-paniclessetcycleofNericaricevarietiesasinfluencedbytreatments in 

croppingseasonswithinthesites(Yagoua,Wakwa). 
 
 

The sowing-panicle cycle didnot vary between the first  and the second cropping 

seasons,neitherat Wakwa,noratYagoua.Thiscycleissuewashighlysignificant(p<0.001) 

betweenNericaseedvarietiesinthefirstandsecondcroppingseasons,varyingfrom72-87 

daysforthelocalDIR-95andFKR62-Nvarietiesthefirstyear,andfrom72-87daysforthe 

samevarietiesthesecondyear.Asfarasthesowing-maturitycycleisconcerned(Figure4), 

therewasahighlysignificantdifference(p< 0.001)betweentreatmentsat eachofthe 

experimentalsite.Hence,thetimetomaturityvariedfrom112-121,110-117,112-117,and 

112-116days,respectivelyfortreatmentsT0,TE,TEMandTMatYagoua.AtWakwa,this
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variation  was   similar,  with   respectively  117-120,  111-117,111-116  and112-117  days 

attributed in this order to the same treatments. A consistent and significant (p <0.001) 

variationofthesowing-maturitycyclewasobservedatYagouabetweenNericaseedvarieties of 

thesamecroppingseason,from110-116daysthefirstyear,and  112-119daysthesecond 

year.AtWakwa,thesevaluesvariedbetween111-117daysforthefirstcroppingseason,to 

114-118daysforthesecond. 
 

The maturity phase that runs from flowering to complete   seed set lasted for 

approximately30 days.Thefloweringperiodwasseedvarietydependent,andcouldbe consideredasa 

secondaryselectioncriteriaas previouslypointedout[25].Thereductionof maturitycycle(days)of 

severalvarietiesbybiofertilizerwasalsoseenaspredilectioncriteria thatpositively  

affectstheculturalcalendar.  Thisprecocitylineswithreduction ofclimate 

change[25].Theshorteningofculturalcycleinanadaptationtoseasonallengthwasreported 

asaclassicalmostusedmethodforbreeders,andprobablyremainsnowadays, oneofthe 

mostefficientmethodsrecommendedforyieldimprovement[26,27]. 

 

 

 
 

Figure4.Variation  inthesowing-maturity cycleofricevarietiesasinfluenced by 

croppingseasonswithinthesites
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 0.027(5.62) 

a 
b 

0.016(6.71) 

a 
b 

0.017(6.31) 

number/m-2              
TM                  194.63

a
 

a 
187.32b 

a 
194.43b 

b 
216.0b 

a 
198.76b 0.016(17.26) 

p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001  
(LSD) (42.2) (46.01) (77.53) (85.13) (89.33)  

       

 T0 18.56
ab

a 
b 

18.62a 
ab 

17.73a 
b 

19.5a 15.07a
a
 0.012(3.55) 

 TE 25.18
a
b 26.11b

a
 26.23b

a
 27.03b

a
 26.75b

a
 

0.837(ns) 

Panicles TEM 24.89
a
b 25.86b

a
 28.20b

a
 27.79b

a
 26.18b

a
 0.379(ns) 

length(cm) TM 19.02a
a 27.89b

b
 28.17b

b
 16.88a

a
 17.98a

a
 <0.0001(8.86) 

 p-value 0.0001 0.012 0.0003 0.0004 <0.0001  

bb 

bc c 288.06 
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3.2.EffetoffertilizationonproductiveandyieldparametersofselectedNericarice varieties 

Table2indicatesthatatYagouaduringthefirstcroppingseason,thenumberoffertile 

tillers/m
2  

varied from one seed variety to  another, and within a  seed variety, from one 

treatmenttoanother.Forallthevarieties,treatmentTEandTEMsignificantly(p<0.001) 

increasedthenumberoffertiletillers/m
2  

morethantreatmentTMandT0.Inallthecases,the 

controltreatmentproducedlessfertiletillersthananyothertreatment.Whenconsideringeach 

treatment,theseedvarietyFKR62-Nsignificantly(p≤0.0004)producedmorefertiletillers 

thananyothervariety,thelessperforming varietybeingFKR58-N. Thenumberoffertile 

tillerswasconsistently  (p<0.001)moreelevatedinthefirst(Yagoua1)thanthesecond 

croppingseason(Yagoua2)(Seetable3). 
 

 
Table 2. Variation of growth parameters between varieties as affected by treatments at

267Yagoua1(duringthe croppingseson1).   

Growthparameters   Treatments                                                           Ricevarieties                                                       p-value(LSD) 

FKR56-N       FKR58-N      FKR60-N         FKR62-N      DIR-95

T0                    103.63
a 

94.52a                99.69a                     156.26b             108.60a                  0.001(47.65)
a                             a                                a                                        a                                a

Tiller TE                   238.72
a 

235.52a             278.33b                  321.91cc             293.89b                 <0.0001(39.41)
c                                c                                c                                                                        c

number/m-2 
TEM                251.39

ab 237.25a             273.33bc                303.51d             290.22cd                0.0009(30.17)
c                              c                                c                                     c                                c

TM                  196.27
a 

191.44
a             

199.45
a 

218.38
b             

200.89
a                 

0.027(17.48)b                                b                                  b                                   b                                b 
 

p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

(LSD) (42.65) (44.08) (73.88) (62.12) (89.33) 

T0                    96..04
a 

104.88
b             

99.26
a                     

96.83
a                

97.83
a

a                                 a                             a                                     a                                a 

a                                    b                                a                                     a

Plantheight 

at maturity 

TE                   106.09b              112.80b 

TEM                104.01a                 112.29b
 

105.45b 

106.88b
a
 

104.66b 

106.88b
a
 

105.47 

106.98

TM                  103.88a 110.69 b           104.70a                 104.88a             104.07a                 0.006(5.81)(cm)b ab b b b  

p-value 

(LSD) 

0.0003 

(7.84) 

0.0113 

(7.41) 

a
 

0.0014 

(5.44) 

b
 

0.022 

(7.43) 

b
 

0.005 

(7.64) 

 

 
b                    0.003(47.65)T0                    92.13

b
a                  80.42a 85.59a 142.16a 94.50b

TE                   236.83
a 

233.33a             276.96b                  319.53c             291.75b                 <0.0001(40.13)
c                                c                                c                                     c                                c

Panicle TEM                247.3ab
c                235.06c

a              271.96c 301.13c 
bc                0.0009(29.16) 

c

b 
 

 
 
 
 
 
 
 
 
 

268 

269 

270 

271 
 

272 

273 

274 

Foreachgrowthparameterandeachseedvariety withinacolumn,valuesaffectedbythesamelowercaseletterarenot 
significantlydifferentbetweentreatments atthelevelindicated.Foreach growth parameter andeachtreatmentwithinaraw, 

valuesaffectedbythesameuppercaseletterarenotsignificantlydifferentbetween 
 

 

Forboth years, theseedvariety  FKR58-N exhibited thehighest number  offertile 

tillers,whereasthelowestaccountedfor varietyFKR56-N.Similarly,theplantheightdiffered 

fromonevarietytoanotherandwasaffectedbytreatments.Foreachoftheseedvariety,the
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TM                  111.31
a
 

a 
106.34b 

a 
111.18b 

b 
125.85b 

a 
114.10b 0.016(11.74) 

p-value 0.0001 <0.0001 <0.0001 <0.0001 <0.0001  
(LSD) (28.70) (31.3) (52.74) (54.69) (50.6)  

T0 15.13
ab

a 
ab 

15.19a 
a 

14.30a 
b 

16.07a 11.74a
a
 0.013(4.32) 

a

bb c

a

bc e 174.87 

 

 
 

275 

276 

277 

278 

279 

280 

281 

282 

283 

plantheightofcontrolledplantsinall theplantedseedvarietieswassignificantly(p≤0.0003) 

shorterthanthat ofalltheothertreatments(TM,TEMandTE),thetallest(113.94cm)being observed in  

treatment TE  and TEM for variety FKR58-N. Apart from the seed variety FKR58-

Nforwhichnodifferencewasnoticedin theplantheightbetweencroppingseasons, 

plantsofthefirstcroppingseasonweresignificantly(p≤0.03)tallerthanthoseofthesecond 

fortheseedvarietiesFKR56-N,FKR60-N,FKR62-NandDIR-95. 
 

 
Table 3. Variation of growth parameters between varieties as affected by treatments at

284Yagoua2(duringthe croppingseson2)   

Growthparameters   Treatments                                                           Ricevarieties                                                       p-value(LSD) 

FKR56-N       FKR58-N      FKR60-N         FKR62-N      DIR-95

T0                    64.27
ab

a                56.21
a
 60.79a

ab
 

b
 

77.51a
b

 

c
 

68.67a 
ab                   0.024(21.30) 

b                 <0.0001(24.79)Tiller TE                   184.0
a
c                  180.99c

a              
218.88c 257.44c 232.89c

number/m
-2 

TEM                195.04
ab 

182.53a             214.46bc                241.16d             229.40cd                0.0009(26.70)
c                              c                                c                                     c                                c

TM                  146.25a 141.98a             149.14a 165.82b             150.34a                 0.022(15.47)b                                b                                  b                                   b                                b 
 

p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

(LSD) (37.75) (40.54) (65.31) (75.34) (79.05) 

T0                    60..47
a 

107.85c             96.67b                     95.57a                101.03b                 <0.0001(6.81)
a                                 a                             a 

bc                                     d                             a
 

a                                   a 

a                                c                  0.0002(4.64)
Plantheight 

TE                   106.3 b               115.06b 101.2b 104.40b 109.05c

at maturity TEM                108.48
c                 

115.03
d

 102.29b
a
 104.29b

a
 108.19

c                  <0.0001(2.00)

(cm) TM 108.37
b

b 112.77b
c 
100.11b

a 
102.60b

a 
103.30b

a 
0.0001(4.4)  

p-value <0.0001          0.001 0.011 0.0003 0.0001 

(LSD) (45.82)          (4.92) (3.44) (7.02) (2.27) 

T0                    57.79
a
a                  49.42

a
 54.59a

a
 71.16a

a
 63.50a 

a                     0.347(ns)

TE                   140.02
a 

137.64a             167.32b                  196.28c             177.36b                 <0.0001(18.91)
c                                c                                c                                     c                                c

Panicle 

number/m-2 

TEM                147.14
ab

c             138.82c
a              

163.92c 183.76c 
cd                0.0009(19.84) 

c

b 

 

 
 

  

 
TE 

 
21.75

a
b 

 
22.66b

a
 

 
22.77b

a
 

 
23.6b

a
 

 
23.31b

a
 

 
0.836(ns) 

Panicles TEM 21.46
a
b 22.41b

a
 24.48b

a
 24.36b

a
 22.75b

a
 

0.410(ns) 

length(cm) TM 15.55a
a 24.44b

b
 24.15b

b
 13.45a

a
 14.55a

a
 <0.0001(8.6) 

 p-value 0.0001 0.012 0.0002 0.0004 <0.0001  
 (LSD) (5.90) (7.22) (8.46) (7.50) (8.02)  
285 

286 

287 

288 

289 

 

290 

 

291 

 

292 

 

293 

 

294 

Foreachgrowthparameterandeachseedvariety withinacolumn,valuesaffectedbythesamelowercaseletterarenot 
significantlydifferentbetweentreatments atthelevelindicated.Foreach growth parameter andeachtreatmentwithinaraw, 
valuesaffectedbythesameuppercaseletterarenotsignificantlydifferentbetween 

 
Biofertilizer andchemicalfertilizerssignificantly (p<0.001)improved  thepanicle 

number/m
2  

contrarytothecontrol,andfromoneseedvarietytoanotherforagiventreatment. 

ThelengthofpanicleswasenhancedbytreatmentsTEMandTEinalltheseedvarieties.For 

alltheassessedgrowthparameters,theresultof thefirst croppingseasonwasalways 

significantlygreaterthanthatof thesecond,exceptfortheplantheightinthe seedvariety FKR62-

Nthatdidnotdifferbetweenthecroppingseasons(table2and3).
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296 

 

297 

 

298 

 

299 

 

300 

 

301 

 

302 
 

303 

304 

The replication of growth parameters atWakwa (Table 4and 5)also  indicated a 

consistentenhancementof thenumberof fertiletillers,theplantheightand thepanicle number/m
2
, 

allattributedtotreatments  TE,TEMandTM,comparedtothecontrol.Apart 

fromtheplantheight(p<0.0001)andthepanicleslength(p≤0.0001)thatshowedsignificant 

differencebetweenvarietiesforeachtreatment,onlytreatmentTMcontributedtoincreasing the 

number of  panicles/m
2
. Foreach  of  the growth parameters, thesignificant difference 

betweenthecroppingseasons1(Wakwa1)and2(Wakwa2)wasonlyobservedonseed varietyFKR56-

N(table5). 

Table 4. Variation of growth parameters between varieties as affected by treatments at 

Wakwa1(duringthecroppingseson1).

Growthparameters      Treatments                                                  Ricevarieties                                                  p-value(LSD) 

FKR56-N     FKR58-N        FKR60-N        FKR62-N          DIR-95

T0                298.51
c 

158.75a                285.28bc             255.43b                  272.43bc       0.0001(40.08)
a                             a                                   b                                  b                                      b

 
Tillernumber/m-2 

TE               300.43
b

a            234.29b
a                

272.14b
ab              

272.48b
ab                 

285.17b
ab       0.013(66.14)

TEM            348.18
c 

225.14
a                

288.59
bc             

280.33
ab                 

300.44
bc       0.015(63.44)

b                             b                                   b                                  b                                      b

TM              307.76
c 

249.70
b                

220.39
b                

220.36
b                   

141.52
a         

0.0001(58.06)a                             b                                   a                                   a                                      a 

 

p-value        0.034             0.020              0.020               0.014                 0.004 

LSD             40.41            66.39               51.74               35.07                 130.91 

T0                40.86
a
a               84.71a

b                    
97.33a

d                   
91.81a

c                        
99.10a

d            <0.0001(5.52)

TE               78.04
a
c               107.02

d
 101.16b

b
 104.90b

cd
 102.66b 

bc     <0.0001(3.74)

Plantheightat TEM            78.78a
c               103.84b

b                104.24b
b                102.32b

b                   102.63b
b         <0.0001(23.85) 

bmaturity(cm) TM              59.97
a
b               103.86b

b                
101.27b

b                
101.43b

b                   
100.71a 

 

p-value        <0.0001        0.0001            0.006               0.0006               0.0006 

LSD             18.06            19.12               3.82                 9.62                   1.92 

b
 

<0.0001(40.73) 
 
 

 
b        0.009(73.52)T0                254.65

b
a            134.8a

a                    
243.10ab

b              
208.32a 220.63b

TE               296.15
b

ab          231.47b
b                

271.56ab
ab            

268.57b
ab                 

281.85b
ab       0.017(64.67)

 

Paniclenumber/m
-2 TEM            343.13b

b            224.66b
a
 287.98b

ab
 279.07b

ab
 296.15b 

ab       0.018(63.31)

TM              295.81
c 

249.17
b                

219.92
b                

219.56
b                   

124.92
a         

<0.0001(5.90)ab                           b                                   a                                   a                                      a

 
 
 
 
 
 
 

Panicleslength(cm) 

 

p-value        0.0287           0.002              0.011               0.004                 0.003 

LSD             88.48            89.86               68.05               49.01                 95.70 

T0                14.29a
a               13.93a

a                    27.52a
c                   23.98bc

ab                  22.25a
ab          0.0104(13.23) TE               

19.88
a
b               31.57c

c                    
27.93a

bc                 
28.03c

bc                    
25.14a

b            0.0007(5.26) TEM            

20.34a
b               20.08b

a                    27.69a
b                   18.32ab

a                    19.88a
a            0.042(7.35) TM              14.92

a
a               

29.68c
c                    

20.83a
b                   

14.59a
a                        

19.48a
ab          

0.0007(5.90) 
 

p-value0.0024           <0.0001         0.4044             0.0247               0.6085 

LSD             4.95              6.14                 ns                    9.39                   ns

305 

306 

307 

308 

309 

310 

311 

312 

Foreachgrowthparameterandeachseedvariety withinacolumn,valuesaffectedbythesamelowercaseletterarenot 

significantlydifferentbetweentreatments atthelevelindicated.Foreach growth parameter andeachtreatmentwithinaraw, 

valuesaffectedbythesameuppercaseletterarenotsignificantlydifferentbetweenvarietiesatthelevelindicated. 

 
The  importance oftillering isbased onseed  variety, butisinfluenced bycultural 

practices.ThericevarietyFKR62-Nhadthegreatestnumberof tiller/m
2
intreatmentsTEand TEM  

atYagoua, whereas  thelowestwasvarietyFKR58-N indifferent treatments. The 

numberoftillerswassignificantly(p<0.05)increasedbybiofertilizerapplicationatYagoua
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314 

315 

316 

317 

318 

319 

320 

321 

322 

323 

324 

andWakwaduringbothcroppingseasons,similartootherreportedresults[19].Riceplants 

thatreceivedeachofchemicalor biologicalfertilizersexhibitedanimportantheightwhen compared  

tothecontrol. Thesefindings  linewithimproved plantgrowthbymycorrhizae throughincrease 

nutrient uptake,particularly nitrogen  andphosphorus [28,29].Similarly, 

mycorrhizaewererevealedtocontributeto23.63%enhancementofplantheightascompared 

tounfertilizedplants[30].Thisis inagreementwithsignificantlyimprovementofriceplants 

height,numberoftillersand grainyieldsbybiofertilizer[31,32, 33].Incrementof27.11%in 

paniclenumber/plantduetobiofertilizerinoculationoveruninoculatedplantswasreporded 

[34],andsuggestedefficientnutrientandwateruptakeasunderliningmechanisms. 
 

 
Table  5.Variation ofgrowth parameters between varieties asaffected bytreatments atWakwa 2 

(duringthecroppingseson2)

Growthparameters      Treatments                                                  Ricevarieties                                                  p-value(LSD) 

FKR56-N     FKR58-N        FKR60-N        FKR62-N          DIR-95

T0                195.12
a 

240.43
ab              

241.55
ab              

318.64
b                

281.75
 ab       0.012(115..51)

a                             a                                   a                                   a                                    ab

TE               254.21
a 

33.62
a                   

339.42
a               

221.07
a                 

275.55
 a         0.202(ns)

Tillernumber/m-2 a                          a                                      b                                  a                                    ab

TEM            265.13
a 

366.77
b                

272.79
 a              

277.02
a                 

338.41
ab         0.007(89.75)

a                             a                                   ab                                 a                                    b

TM              256.34
a 

264.04
a                

237.66
a                

238.391
a              

244.54
a           

0.974(ns)a                             a                                   a                                      a                                a 

 

p-value        0.227             0.282              0.045               0.272                 0.015 

LSD             ns                  ns                     97.87               ns                      93.87 
 

T0 

TE 

28.87
a
a 

96.96
a
b 

97.85a
b

 

101.6b
ab

 

94.15a
b                   

98.23a
b                      

93.86a
b            <0.0001(64.9) 

105.69
b                

101.47
ab                 

106.06
b        0.037(8.73) 

c                                   b                                      b 

Plantheightat                  TEM 

maturity(cm)                   TM 

96.20a
b 

92.30
a
b 

b 
105.61c 

105.0c
c
 

b 
103.38bc 

99.98b
b

 

b 
102.64b 

100.22b
b

 

104.14b
b

 
b 

102.03a 

0.003(6.64) 

<0.0001(2.97) 

p-value <0.0001 0.0001 0.007 0.021 0.016  

LSD 63.34 3.40 5.83 3.23 8.17  

T0                148.75
a 

202.04
ab              

205.43
ab              

257.02
b                   

268.51
 b       0.029(106.26)

a                             a                                   a                                   a                                      ab

TE               250.25
a 

334.42
a                

331.41
a               

218.86
a                   

274.54
 a       0.206(ns)

b                             a                                   b                                  a 

a                                b                                     a                                 a
 

ab 

b        0.015(54.23)
Paniclenumber/m-2 TEM            262.69b            329.52a 270.77ab 275.29a 337.07b

TM              253.26
a 

252.7
a                   

233.29
a                

231.22
a                   

221.82
a         

0.899(ns)b                          a                                      a                                   a                                      a 
 

p-value        0.034             0.139              0.033               0.484                 0.047 

LSD             101.49          ns                     101.12             ns                      125.23 

T0                27.6
b

b                  15.24a
a                    

22.31a
ab                 

26.97ab
b                    

26.87b
b            0.046(11.62)

TE               18.20
ab

a             13.16a
a                    

28.8
c
 17.34a

ab
 22.22ab 

b          0.001(6.58)

 
Panicleslength(cm) 

TEM            26.73
a
b               26.41b

a                    
24.65a

a                   
22.52ab

a                    
24.63ab

a          0.914(ns) 

TM              27.60
ab

b             25.77b
b                   

31.29a
b                   

29.39b
ab                    

16.26a
a            

0.0001(5.51) 
 

p-value        0.002              0.0001           0.351               0.05                   0.013 

LSD             8.53              10.52               ns                    12.05                 10.60

325 

326 

327 

328 

329 

330 

331 

332 

For eachgrowthparameterandeachseed varietywithinacolumn,valuesaffectedbythesamelowercaseletterarenot 

significantlydifferentbetweentreatmentsat thelevel indicated.Foreach growthparameterandeachtreatmentwithinaraw, 
valuesaffectedbythesameuppercaseletterarenotsignificantlydifferentbetweenvarietiesatthelevelindicated. 

 
Increase in panicle number/plant   was attributed to improvement   and enhanced 

availabilityofnutrientsandphyto-hormoneslikeindole-aceticacidand ethylene[35,36].The 

plantheightandthepaniclenumber/m
2  

obtainedfromthisstudywererespectively1.5and3.5 

foldshigherthanthevaluesreportedinNigeria[37].
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350 

 

351 

 

352 

 

353 

 

354 

 

355 

 

356 
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359 

360 
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370 

371 
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Theyieldexpressed int/haat14%moisture significantly varied  between varieties 

respectivelyfortreatmentT0(p<0.001),TE(p<0.001),TEM(p=0.003)andTM(p= 

0.011).Foreachseedvariety,theyieldwassignificantly(p≤0.001)lowerinthecontrolthan 

anyothertreatments(TE,TEM,TM). 
 

 

Table6 summarizestheyieldcomponentsrelatedtodifferenttreatmentsconsideredat 

maturityphaseatYagoua1 and2.Theseednumber/paniclesignificantlyvariedbetweenthe 

varietiesfrom15to47forT0(<0.001),42to48forTE(p=0.079),34to40forTEM(p= 

0.003), and 26 to 36 for TM (<0.001). However,   for each seed variety, the seed number/panicle  

wasconsistently(p≤0.005)lowerinthecontrolthanothertreatments,the 

greatestvalueaccountingfortreatmentsTEor TEM.Treatmentdidnot affectthe1000seed 

weightofvarietiesFKR62-N,DIR-95and FKR58-N,butbiofertilizerand chemicalfertilizer 

significantlyincreased(p<0.0001)theseedweightofvarietiesFKR56-NandFKR60-N. 

At Wakwain theagro-ecologicalzoneII,asignificantenhancementofthe seed 

number/panicle was revealed by  treatments TE  and TEM for all  the seed varieties as 

comparedtoeachofthetreatmentscontrolorTMalone(Table7).ApartfromtreatmentT0 for  which the 

seed number/panicle was averagely the same for  all  the planted varieties, FKR56-N,FKR58-

N,FKR60-Nand DIR-95producedmoreseeds/paniclethanFKR62-Nfor treatments TE and TEM. 

In  contrast, varieties FKR62-N and FKR60-N were the most performing in  seeds/panicle 

production following inoculation at  sowing with biofertilizer (TM).Asfar as 

weightof1000seedsis concerned,nosignificantdifferencewasobserved 

betweenseedsvarietiesfortreatmentsT0 andTE.Instead,the1000seedweightofvarieties FKR60-

NandDIR-95wasconsistentlyincreasedbytreatmentsTEMandTMcomparedto 

othervarieties.UnliketreatmentT0,alltreatmentsimprovedthe1000seedweightsofeach ricevariety.
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 FKR56-N  FKR58-N  FKR60-N FKR62-N DIR-95  

Yagoua1 

T0 15.86
a
a  18.86

a
a  17.93

a
a20.08

a              
47.66

a 
aa 

0.92  

ns 

1.49
b

 a 0.0001(0.56) 

4.54
b

 
 

c 0.0008(0.92) 

3.77
b

 
 

c 0.045(1.24) 

2.79
b

 
 

b 0.039(1.02) 

 p-value <0.0001 0.0001 0.0001 <0.0001 0.0002 

LSD 1.04 0.78 1.56 0.79 0.96 

376  
T0 

 

14.07
a
a 

Ya 

17.07
a
a 

goua2 

16.14
a
a 

 

18.3
a
 

 

45.87
b

 

Pvalue <0.0001 0.0002 <0.0001 <0.0001 0.014 

LSD 10,55 9.33 10.26 18.16. 11.32 

T0 28.16a
a 30.50ab

a 32.34b
a 32.21b

a            32.13b
 

b b a b

b b b b b

b

ab

b b

a

b ab a

a a a

c c b

b b a

b

b
a a

a

c

a

d

a

b

b b b a

 

 
 

375 Table6.Changesinyieldcomponentsbetweenvarietiesas affectedbytreatmentsatYagoua 
 

Yield

components 
Treatments Seedvarietiesp-value  

 
 

 
 

 
TE               41.89

b
b                  45.79

c
 

 
47.66

c
 

 
48.07

a
 

 
43.69

c
 

<0.0001(27.5) 

0.45(ns)

TEM           39.75
a

 34.25
a
 43.73

a
 44.66

a
 40.70

a
 0.004(8.48)

Seed/panicle 
TM              31.73

a
a                  28.20

a
a                      28.20

b
a                     26.49

c
 36.00

ab
a 0.006(5.23)

Pvalue       0.0001            0.0002              <0.0001          <0.0001    0.013 

LSD             8.02                9.33                  10.26               6.40.           11.65

T0               25.41
a
a                  27.75

ab
a                    29.59

b
a                     29.46

a
 29.38

b
a 0.014(0.56)

TE               29.36
bc

 27.75
ab

a 26.67
a
a 30.42

c
 27.86

ab
a 0.05(2.55)

1000-seedweight TEM           31.53
b

b                  27.75
ab

a                    27.50
ab

a                   26.53
a
 28.06

ab
a 0.016(4.99)

(g) TM              29.35
a

 29.12
a
a 29.12

a
a 27.75

a
 28.75

a
 0.942(ns)

Pvalue       0.008              0.815                0.226               0.09 

LSD             3.93                ns                      ns                     ns

T0               0.41a
 0.48a

 0.68a
a 1.25b

TE               3.31
a
 3.30

a
 4.22

b
c 4.76

b

b                         3.77 4.32
b

Yield(t/ha)at 
TEM           3.24ab

b                   2.52a                                      b
c                                     b

14%moisture TM              2.90
a
 2.12

a
 2.20a

a 1.79
a

 
 
 

 
TE               40.10

a 

 
44.0

c 

 
45.87

a 

 

a 

46.29
a 

 

b 

41.90
a 

<0.0001(31.7) 

0.45(ns)d                              d                                         c c                            ab

TEM           37.90
ab

c                32.46
a
c                      40.94

b
c                     42.87

b
c            38.91

ab
ab          0.014(8.48)

Seed/panicle 
TM              27.60

a                                  ab
 

ab                                   a                            c
b                  26.41 b                    26.41 b                  24.70b            34.55a             0.0001(2.90)

 

 
 

 

TE               32.11
ab

 

 

 

30.50
ab

a 

 

 

29.42
a
a 

 

 

39.83
b

a 

a 
a 

30.61
ab

a 

0.014(3.96) 

0.019(10.41)

b                  30.50 30.25
a
 

34.95
a

 

30.81
a
 

0.827(ns)1000-seedweight 
(g) TEM           32.61a

 

TM              31.43
a

 

ab 
a 

31.87
a

a 

a 

31.87
a
a 

a 

30.50
a
 

a 

31.50
a
 

0.955(ns)

Pvalue       0.045              0.815                0.299               0.564          0.924 

LSD             3.27                ns                      ns                     ns               ns

T0               0.22
a
 

TE               1.78
a
 

0.25
a
 

1.73
a
 

0.30
ab

a 

2.27
a
c 

0.43
b

 

3.75
b

 

0.89
c
a 

2.22
a
c 

<0.0001(0.17) 

0.002(1.48)

c                         1.90 2.68
b

 

2.03
ab

 

0.025(1.32)Yield(t/ha)at 
TEM           2.05

ab
c                   1.36

a
 

ab 
c                                   b                              b

14%moisture TM              1.17
a
 0.86

a
 0.92

a
 0.96

a
 1.16

a
a 0.161(ns)

 
 
 

377 

378 

379 

p-value        <0.0001         <0.0001            <0.0001           0.0028         0.0014 

LSD            0.61                 0.36                  0.61                1.72            0.87 

Foreachyieldparameterandeach seedvariety withinacolumn,valuesaffected bythesamelowercaseletterarenot significantly 
differentbetweentreatmentsatthelevelindicated.Foreachyieldparameterandeachtreatmentwithinaraw, 
valuesaffectedbythesameuppercaseletterarenotsignificantlydifferentbetweenvarietiesatthelevelindicated. Comment [M40]: Not visible 
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1.86  0.022  

1.33
b

 
 

a 1.16
ab

  

TM 1.09
a
 1.62

a
 1.45

a
 1.25

a
 0.98

a
 

p-value 0.001 0.002 0.002 0.048 0.0001 

LSD 2.01 0.92 1.65 0.59 0.69 

3.68
b

 
 
c 0.024(1.29) 

1.33
b

 
 

a 0.001(1.01) 

ns  

1.06
b 

a
 

3.34
c
  

2.99ab

1.63ab

 

b 
 
a 

a a

b a c

a a

b b

b ab a

a a

b c

a

b b c

a a

b b a b

b b b b b

b

b a a

a a

a a

a

a

ab

b

c

a b

 

 
 

381 Table7.Changesinyieldcomponentsbetweenvarietiesas affectedbytreatmentatWakwa 
 

Yield

components 
Treatments Seedvarietiesp-value  

 
 

FKR56-N       FKR58-N         FKR60-N        FKR62-N   DIR-95 
 

Wakwa1

T0               17.25a
a                  17.81a

a                      19.85a
ab                   17.29a

 22.37
a
 0.40(ns)

TE               41.02
bc

 

TEM           41.85
c 

45.57
c
c 

36.87
c 

39.78
b

c 

29.41
b 

24.44
a

 

21.54
a 

40.19
bc

 

34.80
bc 

0.0001(13.23) 

0.0009(13.23)b                                  b                                      b                                    a                              b
Seed/panicle 

TM              14.74
a
a                  20.58

a
a                      19.43

a
a                     22.37

a
 20.62

a
 0.397(13.23)

Pvalue       <0.0001        <0.0001          <0.004             0.411          <0.0001 

LSD             23.76              8.70                  9.98                 ns               5.39

T0               23.69
a
a                  25.76

a
a                      26.67

ab
a                   32.07

bc
 33.18

c
 0.024(6.3)

TE               28.14a
a                  28.68a

a                      30.09a
 30.30

a
 29.04

a
 0.361(ns)

1000-seedweight TEM           26.60
a
a                  26.58

a
a                      31.95

b
c                     28.32

a
 28.47a

 0.023(3.48)

(g) TM              23.15
a
a                  29.10

b
a                      28.92

ab
 29.79

b
a 40.18

c
 <0.0001(5.95)

Pvalue       0.214              0.504                0.0005             0.018          0.77

LSD             ns                   ns 

T0               1.17
ab

a                   0.56
a
 

TE               3.18
bc

b                   2.55
ab

c                       3.75
c
 

 

 
a 

1.77
a
 

0.026 

1.67
c
c 

2.92bc
 

 

 
0.05(0.76) 

<0.0001(1.15)

b                     2.24b 3.12
bc

 

1.18
a
 

2.81
b

 

0.001(1.00)Yield(t/ha)at 
14%moisture TEM           3.81

c                                  b 
c 

 
a                                  b 

b                                  a                             c 
 
a                                     b                            a 

0.42(ns)

 
 

Wakwa2 

T0               15.33
a
a                  17.36

a
a                      19.56

a
a                     23.20

a
 

 
16.85

a
 

 
0.33(ns)

TE               29.91b
b                  39.68c

 38.13
c
 22.79

a
 38.95

c
 0.002(7.12)

TEM           32.86
a

 39.88
a
 36.93

a
 38.53

a
 38.20

a
 0.60(ns)

Seed/panicle 
TM              14.88

a
a                  16.86

a
a                      22.60

b
a                     40.19

c
 19.09

ab
a <0.0001(5.74)

Pvalue       0.0006            0.0001              0.0004             0.005          0.0001 

LSD             14.58              22.50                14.32               15.33          19.11

T0               30.33
a
 27.47

a
a 26.60

a
a 27.78

a
 24.88

a
 0.415(ns)

TE               27.87a
a                  29.99a

a                      26.15a
a                     28.86a

 28.50
a
 0.70(ns)

1000-seedweight TEM           27.21
ab

a                22.46
a
a                      30.27

b
a                     26.76

ab
a          27.86

ab
a            0.025(7.81)

(g) TM              27.33
ab

a                23.15
a
a                      29.40

bc
 27.90

ab
a 33.42

c
 0.019(5.52)

Pvalue       0.036              0.161                0.226               0.541          0.339

LSD             ns                   ns ns               ns

T0               0.68
a
 1.01

a
 1.88

b
 1.19

ab
a 0.05(0.81)

TE               2.10ab
 3.99

c
 b                       1.66a

 3.05
bc

 0.002(1.23)

b                     2.88 3.20
b

Yield(t/ha)at 
14%moisture

 TEM           2.38
a
 

TM              1.05
a 

ab 
b 

1.05
a 

c 

2.64
c

a                                  a                                                                              bc 
 

p-value 0.0007 0.0004 0.0006 0.023 0.002 

LSD 1.05 1.10 1.35 0.98 1.72 

382 

383 

384 

Foreachyieldparameterandeach seedvariety withinacolumn,valuesaffected bythesamelowercaseletterarenot significantly 
differentbetweentreatmentsatthelevelindicated.Foreachyieldparameterandeachtreatmentwithinaraw, 
valuesaffectedbythesameuppercaseletterarenotsignificantlydifferentbetweenvarietiesatthelevelindicated. Comment [M41]: Not visible 
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420 
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Although the seed yield (t/ha) at 14% moisture was significantly (p <0.001) 

influencedbytreatmentTE,TEM,TMcomparedtothecontrolT0forricevarietiesFKR56- N,FKR58-

N,FKR60-NandDIR-95,thisparameterdidnotsignificantly(p= 0.2591)change 

fromonetreatmenttoanotherforvarietyFKR62-N.Theseedyieldsignificantlyvariedfrom 

oneplantedseedvarietytoanother,thebestyieldsaccountingforvarietiesFKR62-N(1.88 

t/ha),FKR58-N(3.99t/ha),DIR-95(3.68t/ha),FKR62-N(2.64t/ha),whentreatmentsT0, 

TE,TEM,TM,wererespectively  takenintoconsideration. Inallthecases,thenumberof 

seeds/panicleand theseedyield(t/ha)not only consistentlydifferedbetweenvarietiesof the 

sameseason,butalsovariedfromoneseasontoanother. 

Yieldsfromdifferentvarietieswerebyfarlowerthanthepotentialitiesindicatedby 

FAO[38].Thiseventcouldbejustifiedby thereducedsolarraysduringtheculturalseason.It 

hasbeenreportedthatsolarradiationistheenergysourceforphotosynthesis,whichofcause 

areimportantforagoodseedyield[39].Shade,whichisappropriateforvegetativegrowth 

exertslittleinfluenceonyield,buthasanegativeimpactonthereproductivephase,actingon thepanicle 

number, thusconsiderably reducing theseedyieldandthefertilepanicles. In 

short,theincrementofyieldwascloselydependentonthelengthandnumberofpanicles. 

Thisisunderstandable,sincetheseparametersareusedtodirectlyorindirectlyestimatethe seed yield 

[40]. The increased plant development and yield parameters in  response to 

inoculationendorsedthefactthatbiofertilizersdohaveoneor moregrowthpromoting 

mechanismsincludingmobilizationandefficientnutrientsuptake[41,42], as wellas solubilization 

ofinsolublephosphates[43].Elsewhere,  uplandricewasrevealedtoexhibit increasedyield(2.51t/h) 

for1 t/ha+ 20kgN/ha)comparedtononeapplicationof anyofthe 

organicandinorganicfertilizers[44],justifyingthedependenceofriceto thebestfertilizers 

combinationforyieldimprovement. 

 
 

Conclusion 
 

Thisstudyhasproventhat applicationofbiofertilizersresultedin comparativelybetter 

performance   in terms of growth, development   and yield in all Nerica rice varieties 

investigated.  All  the  five  Nerica  rice  varieties  favorably  responded  to   biofertilizers 

inoculation,   with varieties FKR58-N, FKR60-N, as well as the local variety DIR-95 

exhibitinghigheryieldanddevelopmentalrate.Therefore,thesetwo varietiescouldbe 

recommendedtofarmersasalternativeperformantvarietiestothelocalDIR-95. 
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