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ABSTRACT: Climatic factor is one of the vital issues facing farming in Nigeria. It is very challenging for the farmer
when the climatic conditionisnotfavorabletotheirproduct. So, this paper used correlation to shows the degree of
association between the climatic factors for year 2019 and 2021. For year 2019, the correlation analysis indicates that,
the correlation between the climatic factor positively influence the production of tomatoes in Nigeria except the
correlation climatic factor RAIN and any other climatic factor, which do not really have influence on the performance
(vield) of tomatoes in Nigeria. Foryear2021, the correlation analysis indicates that, the correlation between the climatic
factor positively influence the production (yield) of tomatoes in Nigeria except the correlation between TMEAN &
RH and TMAX & RH, which influence the production of tomatoes negatively. The analysis of variance (ANOVA)
shows the variability in the four (4) varieties of tomatoes that, the varieties of tomatoes significantly contribute to the
growth of tomatoes which can influence the yield of tomatoes in Nigeria positively.

[Oladimeji O.A, Akinlosoye J.J. Awolu T.E, Uzohuo U. I IMPACT AND VARIABILITY OF CLIMATIC FAC
TOR SON THE YIELD OF TOMATOES IN NIGERIA. N'Y Sci J 2023;16(7):1-7]. ISSN 1554-0200 (print); 1SS

N 2375-723X (online). http://www.sciencepub.net/newyork. 01. doi:10.7537/marsnys160723.01.

Keywords: Climate factor, Significantly, Tomatoes, Variability-analysis, Negatively, Association, Correlation.

INTRODUCTION
Amomentouschangeinclimateonauniversalscalewillimp
actagricultureandaccordinglyaffecttheworld’sfoodsuppl
y.Climatechangeintrinsicallyisnotnecessarilyharmfulbu
ttheproblemsarisefromeventsthataredifficulttopredict. T
herecordsofinconsistentrainfallpatternsandunpredictabl
ehightemperaturespellsconsequentlyreducecropproducti
vityinthetropics.Latitudinalandaltitudinalshiftsinecologi
calandagro-economiczones, land degradation, extreme
geophysicalevents,reducedwateravailability,theriseinse
alevelandsalinizationaresuggested,unlesspromptdecisio
nareundertakentomitigatetheeffectsofclimatechange,foo
dsecurityindevelopingcountrieswillbeunderthreat.Inthe
humidtropics,therainy(wet)andlate(dry)sowingseasonsa
reassociatedwithchangesinclimaticattributeswhichtoagr
eatextentinfluencetheproductivityofagriculturalfood(ve
getablecrops).Vegetablesarethebestmeansofovercoming
micronutrientdeficienciesandprovidepeasantfarmerswit
hsustenanceincomeandmorejobsperhectarethanstaplecr
ops.Broadly,vegetablecropsaresensitivetoenvironmenta
Icondition,hightemperaturesandexcessivesoilmoisture(r
ainfall),whicharethemajorcausesoflowyieldsinthetropic
sandthiscanbefurtherexaggeratedbyotherclimaticfactors
suchasradiationandcloudcover.Tomato,cabbage,onion,h
otpepperandeggplantareamongfewimportantvegetables
consumedandorprocessedforutilizationinAsiaandSub-
SaharanAfricaregion. Tomato(Lycopersiconesculentum
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Mill.),animportanthorticulturalcropgrownworldwideisa
fruitvegetablebelongstotheSolanaceae.Developingcount
ries’agriculturalsystemsarevulnerabletoclimatechangeb
ecausetheytendtobelesscapitalandtechnologyintensivea
ndbecausetheytendtobeinclimatezonesthatarealreadytoo
hotandwillprobablygethotter(14).Manycountriesintropi
calregionsareexpectedtobemorevulnerabletowarmingbe
causeadditionalwarmingwillaffecttheirmarginalwaterba
lance..InthesouthernAfricanregions,theeffectofclimatec
hangecouldbeexacerbatedfurtherduetoitshighriskcroppi
ngenvironmentandthemarkedintra-seasonalandinter-
annualvariabilityofrainfall(6). Theaimofthispaperistodet
erminehowclimatechangemayinfluencetheproductionof
tomatoes(Lycopersiconesculentum)inNigeria,whiletheo
bjectiveswere;todeterminethemonthlymeanweatherreco
rdedfromthemeteorologicalunitforyear2019and2021,toe
valuatethecorrelationbetweentheweatherparametersonm
onthlyrecordsforyear2019and2021andtoanalyzetheimpa
ctofclimatevariabilitybasedondifferentvarietiesoftomato
eswiththeirrespectiveweightsontomatoesproductioninNi
geriausingANOVA..Nigeriahasaspatialvariationoftomat
oproductionandclimatechangeorvariability. Thisresearc
husedFederalUniversityofTechnology,Akure(FUTA)to
matofarmclimaticchangedatasetontomatoproduction.Du
ringrainyseasonsinNigeria,floodingmayoccurinoverexte
nsiveareaswithinAkure.Thepotentialforclimatechangein
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Akureasinducedbyglobalwarmingisthereforeanissueofg
reatimportanceinNigeria.

2.1RELATEDSTUDY
Anincrementofthismagnitudeisexpectedtoaffectglobala
griculturesignificantly(4).Inaddition,suchchangesinclim
aticconditionscouldprofoundlyaffectthepopulationdyna
micsandthedistributionofcroppestsasreportedin(24).The
seeffectscouldeitherbedirect,throughtheinfluencethatwe
athermayhaveontheinsects’physiologyandbehavior(9);(
10);(2);(21);(19);(15),ormaybemediatedbyhostplants,co
mpetitorsornaturalenemies(9);(2).Intemperateregions,m
ostinsectshavetheirgrowthperiodduringthewarmerpartof
theyear(2).Inthefirstcase,thegeneralpredictionisthatifglo
baltemperaturesincrease,thespecieswillshifttheirgeogra
phicalrangesclosertothepolesortohigherelevations,andin
creasetheirpopulationsize(23;9;2;21).Inagreementwitht
hisprediction,manyexamplesmaybefoundintheliterature
(8;18;16).
Speciesdistributionsareexpectedtochangedramaticallyin
responsetofuture
rapidclimatewarming(1),andgenerallyclimatechangemo
dellingpredictsthattherisksofspecieslosswillincrease(17)
.Therefore,improvingourunderstandingofthefactorscont
rollingpotentialspeciesdistributionsunderfutureglobalw
armingscenarioshasbecomeacentralgoalinecologytoday
(7).Predictionofknownoccurrencesofglobalwarmingcon
stitutesanimportanttechnigueinanalyticalbiology,withap
plicationsinconservationmodelingofspecies’geographic
distributionsbasedontheenvironmentalconditionsofsites
andreserveplanning,ecology,evolution,epidemiology,in
vasivespeciesmanagementandotherfields(20;22).Global
warmingposesasignificantthreattofutureeconomicactivit
iesandthewellbeingofasignificantnumberofhumanbeing
s(11).Amongalleconomicsectors,theagriculturalsectora
ppearstobethemostsensitiveandvulnerable(3).Plantprod
uctionisinfluencedbyclimatefactorssuchastemperaturea
ndrainfall.Eachcrophasoptimalconditionsforgrowth.The
refore,anychangeintheclimatecanhaveaseriousimpacton
thecropproductionsector.lthasbeenshownthatatgloballe
vel,theimpactswillbesmallsinceproductionreductioninso
meareasisbalancedbygainsinothers(12).
Overall,climaticchangeswillaffectagricultureeithernegat
ivelyorpositivelydependingonthelocation. Thereiswidec
oncernthattheagriculturalsectorinAfricawillbeespecially
sensitivetofutureclimatechangeandvariability(14).Inthis
paper,thetomatocropwasused. Thetomato(Lycopersicon
esculentum)belongstothefamilyofSolanaceae.ltiscomm
erciallyimportantglobally,forboththefreshfruitmarketan
dtheprocessedfoodindustriesTheTomatooriginatedinthe
drywestcoastoftropicalSouthAmerica. Thegrowingseaso
ninthisregionhastemperaturesthataremoderatewithanave
rageminimumnighttemperatureof15°Candaveragemaxi
mumdaytemperatureof19°C(5).Theplantthrivesintempe
raturesbetween10°Cand30°Candistolerantofneitherfrost
norwaterloggedconditions(13).
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3.METHODOLOGY
ThispaperwascarriedoutattheResearchFarmoftheFedera
IUniversityofTechnology,Akure,(lat7.17°N,long5.8°E),
atropicalrainforestzoneofsouthernNigeriaTheclimateoft
heareawascharacterizedbyheavyrainfallduringthemonth
sfromApriltoJulyandAugusttoNovember. Thesandyloa
msoilatthesiteofstudyisanalfisolclassifiedasclayeyskelet
aloxic-paleustalf(USDASoilSurveyStaff,2009). The
nutrient  statusofsurfacesoilfor0-15 cm at the
experimental site before planting are: pH6.8;N
(0.19mg/kg); P(7.69mg/kg); K, Ca and Mg (1.75,
0.84,4.39cmol/kgsoilrespectively);organicmatter(2.42g/
kg),bulkdensity(1.28mg/m3).Thefieldsitewasmanuallyc
leared.Seedsoffourtomatovarieties:Ibadanlocal(lb.local)
,UC,RomaVFandBeskewerenursedon5thofMarch,2019
forearly/rainingseasonplantingandtransplantedtothefiel
don2™ofApril,2019.Thelateseasonplantingwason4ofS
eptemberandtransplantedtothefieldon1%ofOctober. Thee
xperimentwasrepeatedinthecroppingseasonsofyear2020
.TheexperimentaldesignwasaRandomizedCompleteBlo
ckDesign(RCBD)withthreereplications. Theunitplotsize
was2mx2m.Thetomatovarietyseedswerenursedinawellp
ulverizedrichloamysoilandwastransplantedintothefielda
fterSweeksataplantingdistanceof90cmby30cm. Twowee
ksintervalrecordsofplantheight(cm),numberofleavesper
plant,leafareaperplant(cm?),dryweightofleavesandfruits
perplant(g),numberofflowerclustersperplant,numberoffr
uitsperplant,weightofindividualfruit(g),weightoffruitspe
rplant(kg),weightoffruitsperplot(kg)andfruityield(t/ha)
weretakenuptomaturityandtomatoyieldwasassessedatth
efinalharvest.Weatherdataincludesrainfall(RR),maximu
mtemperature(T_max),minimumtemperature(Tmin)and
relativehumidity(R/H)wastakensimultaneouslyonweekl
ybasisintwoplantingseasons.Datawereanalyzedtoestabli
shtherelationshipbetweenvariousgrowthstagesandweath
erelementsconsideredusingmultiplecorrelationmethoda
ndANOVA.

3.1 VARIABILITYANALYSIS
ThedatawereanalyzedbytheuseofIBMSPSSStatisticsver
sionl7andRpackages.Whilethedescriptivestatisticswere
representedintheformoftablesandgraphs,theinferentialst
atisticsinvolvedtheuseofmultiplecorrectionandanalysiso
fvariance(ANOVA).Themultiplecorrelationswasusedto
establishthedegreeofassociationbetweendifferentclimati
cconditionswhiletheANOV Atestformeansanalysiswase
mployedtofurthertestthesignificanceoftherelationshipsb
etweendifferentweathervariabilityontomatoproductiona
t5percentsignificanceleveland95percentconfidencelevel
foryear2019and2021.
Themultiplecoefficientsdenotingacorrelationofonevaria
blewithothervariablesdenotedasR apcp.. kWhichdenoteth
atAiscorrelatedwithB, C, and Dupto K. For example,
ifyouwanttocomputemultiplecorrelationsbetweenA,B,a
nd C, it can be express as
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_ |rap+Téc—2CaBTacTBe
Ra.Bc= 5

1-Tgc
WhereRa.gcisthemultiplecorrelationsbetweenAandlinea
rcombinationbetweenBandC,I" agisthecorrelationbetwee
nAandB, T'acisthecorrelationbetweenA and CandI'scis
the correlationbetweenBandC.
Signific ancetesting ofR?
Ho:p?=0
Against
H1:p27ﬁ0

Thepopulationvalueof R? isp? .Hence, R% isanestimatorof
2
p

Teststatistic: TheFstatisticisusedfortestingthesignificanc
eofR? andisgivenas

Fcal—

_(n—-k-1)R?
k(1-R2)

and Ftab:Fk,n—k,a

_R2 —
WhereR? =1 — %which is the percentage of

varianceintheconstantvariableexplainedbylinearcombin
ationoftheregressionmodel.

4.0ANALYSISOFDATA

MONTHLY DATA RECORD FOR YEAR 2019
AND 2021 AT THERE SEARCH FARM OF THE
FEDERAL UNIVERSITY OF TECHNOLOGY,
AKURE(FUTA)

Table4.1:Monthlydatarecordforyear2019atFUTAresearchfarm

2019 Jan | Feb | Mar | Apr May | Jun Jul Aug | Sep Oct Nov | Dec
Tmean 259 | 265 | 26.7 |26.6 |26.0 |252 |243 |246|248 |251 |254 |252
Tmin 219 1229 | 238 | 235 |233 |228 |220 |21.8|224 |226 |228 |216
Tmax 304 | 31.0 | 30.7 |30.6 |296 |285 |275 |284|280 |286 |286 |29.2
RH 89.1 | 834 | 847 |844 |870 |84 |904 |882|905 |894 |899 |837
Rain 51.6 | 99.1 | 120.0 | 439.2 | 281.4 | 466.6 | 119.6 | 83.6 | 343.6 | 247.5 | 4115 | 101.6
Wind speed 19 |22 |24 2.1 2.0 2.2 2.5 26 |22 1.9 1.8 1.9
Table4.2:Monthlydatarecordforyear2021atFUTAresearchfarm
2021 Jan Feb Mar Apr May | Jun Jul Aug Sep Oct Nov Dec
Tmean 25.9 26.5 26.5 26.2 26.2 25.6 24.8 24.5 25.1 25.7 25.1 25.9
Tmin 22.1 22.8 23.6 23.4 23.3 23.3 22.2 22.2 22.6 22.8 22.6 21.9
Tmax 30.3 31.1 30.3 29.9 29.8 28.8 27.8 27.8 28.3 29.2 28.3 30.3
RH 79.1 81.2 85.5 86.2 86.2 89.8 90.5 90.5 90.0 88.1 90.0 77.8
Rain 36.3 80.6 224.8 | 433.0 | 489.5 | 339.0 | 154.6 | 452.5 | 223.9 | 419.6 | 223.9 | 20.7
Wind speed 1.8 1.9 2.3 2.1 1.8 2.2 2.6 2.2 1.9 1.7 1.9 1.6
Table4.3:Growthandyieldearlyrainfedandlaterainfedseasonoftomatoes.
Seasonsofsowing Root Shoot No. of | Plant 50 % | Fruit Fruit yield
weights weights branches height flowering weights (kg/ha)
(@) (@) (cm) days (9)

Early (rainfed) (March- | 14.7 33.1 22 122 56 15720 4.37
June)
Late (rainfed) (August- | 13.4 31.2 19 109 54 12847 3.12
December)
Tabled.4:Varietaleffects(acrosstheseasons)ontheperformanceoftomatoes
Varieties Root Shoot No.ofbranch | Plant height | 50%flowerin | Fruit weight | Fruit yield Harvest

weights(kg) | weight(g) es (cm) gdays Q) (kg/ha) index
Beske 11.24 1210.3 17.5 104.7 54.3 346.9 19354.7 0.31
Ibadan 11.43 1950 21.0 123.4 53.3 369.5 20447.3 0.22
local
Romavf 7.82 415.3 11.3 80 55.7 134.8 9320.5 0.33
VC 9.9 330.5 9.7 76 56 120.2 6348.2 0.33
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4.2CORRELATIONBETWEENTHEDIFFERENTCLIMATICFACTORS
Table4.5:Degreeofrelationshipbetweentheclimaticfactorsforthemonthsintheyear2019

RH RAIN WD TMEAN TMIN TMAX
RH 1.0000
RAIN 0.4219 1.0000
WD 0.9190 0.2627 1.0000
TMEAN 0.9802 0.3997 0.9083 1.0000
TMIN 0.9735 0.3682 0.9046 0.9989 1.0000
TMAX 0.9847 0.4415 0.9174 0.9970 0.9924 1.000

Tabled.5showsthecorrelationsbetweentheclimaticfactor
sarepositiveandstatisticallysignificantat5%level. Howev
er,thedegreeofassociationbetweenRAINandWD, TMEA
N,TMINandTMAXisweakpositivewhiletherestassociati
onsarestrongpositive. Theseindicatesthat,thecombinatio
nsofclimaticfactorRAINandanyotherfactorsdonotreally

haveeffectontheproductionoftomatoesinNigeriawhileth
ecombinationsofotherfactorsareveryimportantfactorstoi
nfluencetheyieldoftomatoesinNigeriapositively. Thatis,t
heyieldoftomatoesinNigeriaforyear2019withreferenceto
thecombinationsofclimaticfactorsWD, TMAX, TMIN,R
HandTMEANwillgivemuchquantityofqualitytomatoes.

Table4.6:Degreeofrelationshipbetweentheclimaticfactorsforthemonthsintheyear2021

TMEAN TMIN TMAX RH RAIN WD
TMEAN 1.0000
TMIN 0.5543 1.0000
TMAX 0.9380 0.2563 1.0000
RH -0.6497 0.2500 -0.8549 1.0000
RAIN -0.1354 0.5402 -0.3510 0.6226 1.0000
WD -0.3311 0.2015 -0.4544 0.5504 0.1328 1.0000

Tabled.6showsthecorrelationsbetweentheclimaticfactor
STMEAN&TMIN, TMEAN&TMAX, RAIN&TMIN,
RH&RAINandWD&RHarestrongpositive, which
indicates therelationshipbetweenthosecombinations
would havepositiveinfluence(qualityandquantity) on the
yieldoftomatoesinNigeria.
ThecorrelationbetweentheclimaticfactorsTMEAN&RH
andTMAX&RHisastrongnegativerelationshipwhichindi
catesthat,thecombinationofthefactorshasaverystrongneg
ativeinfluenceontheyieldoftomatoesinNigeria.
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ThecorrelationshetweentheclimaticfactorsTMIN&TMA
X, TMIN&RH, TMIN & WD and RAIN and WD is
aweak  positiverelationshipwhichindicatesthat,  the
combination of thefactorsmayormaynotreallyhaveany
positive influenceontheyield(qualityandquantity)of
tomatoes in Nigeria.
ThecorrelationsbetweentheclimaticfactorsTMEAN&R
AIN, TMEAN&WDand TMAX&RAIN is a weak
negativerelationshipwhichindicatesthat,thecombination
ofthefactorsmayormaynotreallyhaveanynegativeinfluen
ceontheyield(qualityandquantity)oftomatoesinNigeria.
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4.2.1ASSUMPTIONOFNORMALITY
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Figure4.1plotofweightsoftomatoeswithanormalitycurve

4.2.2ANALYSISOFVARIANCEONTHEWEIGHTSOFTOMATOES

Table4.7:analysisofvarianceonvarietaleffects(acrossseason)oftheperformanceoftomatoes

Sourceofvariation | Degreeoffreedom | Sumofsquares Meansumofsquares | F-ratio Pr(>F)
Treatment 3 5.902 1.967 2.819 0.130
Blocks 2 241.075 120.538 172.704 0.000
Error 6 4.188 0.698

Total 11 421.990

Table4.7showstheresultoftheanalysisofvarianceonvariet
aleffectsoftheperformanceoftomatoesandtheinterpretati

onisasfollows:

Comparisonsoftreatmenteffects
Ho: thetreatmentmeansarenotsignificantlydifferent
Hi:thetreatmentmeansaresignificantlydifferent

0=0.05
P—value=0.130
Decision

rule:

rejectHoifP—

valueissignificantlylessthanthelevelofsignificancea,

otherwise accept.
Conclusion:

lookingattheaboveanalysis,

P

valuewhichis0.130isgreaterthanthelevelofsignificancea

=0.05,

wedonotrejectHoandconcludethatthemeansofthetreatme
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nteffectsarenotsignificantlydifference.Simplyput,thevar
ietiesofthetomatoes(acrossseasons)significantlycontribu
tetotheperformance(yield)oftomatoes.
Comparisonsofblockeffects

Ho:
themeansoftheblockeffectarenotsignificantlydifferent.
Hi:themeansoftheblockeffectaresignificantlydifferent.
0=0.05

P—value=0.000

Decision rule: rejectHoifP—value is less than the level of
significancea, otherwise accept.

Conclusion: lookingattheaboveanalysis, P—value which
is 0.000islessthanthelevelofsignificancea=0.05,
wedonotacceptHoandconcludethatthemeansoftheblocke
ffectsaresignificantlydifference.Thatis,theblockeffectoft
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hemeansdonothaveanysignificancecontributionontheper
formance(yield)oftomatoes.

4.2.3POSTHOCTESTFORBLOCKEFFECTSUSIN
GTUKEYHSD

Table4.8: MultipleComparisonsofthemeansonblockeffect Dependent Variable: theweightsoftheyieldoftomatoes.

TukeyHSD
(DWEIGHTKINDS | (J)WEIGHTKINDS [Mean Difference |Std.Error  [Sig.  [95%Confidencelnterval
(1-3) Lower Bound  [Upper Bound
SHOOTWEIGHT 9.1197" .59074 .000 [7.3071 10.9322
[ROOTWEIGHT FRUITWEIGHT 9.8539" .59074 .000 [8.0413 11.6664
ROOTWEIGHT -9.1197" .59074 .000 }-10.9322 -7.3071
SHOOTWEIGHT FRUITWEIGHT 7342 .59074 474 1-1.0783 2.5467
ROOTWEIGHT -9.8539" .59074 .000 |-11.6664 -8.0413
FRUITWEIGHT SHOOTWEIGHT -.7342 .59074 474 |-2.5467 1.0783

Table4.8showstheposthocanalysisofthemeansofblockef
fecttoknowwhichofthemeanweightmakestheanalysissig
nificantlydifferent.Lookingattheaboveanalysis,theP—
value(shootweights—fruitweights) which is 0.474 is
greaterthanthelevel ofsignificanceo=0.05, then, the
mean effectofshootweights—fruitweightsarenot
significantly  differentwhilethe  othermeanweights
(rootweights—shootweightsandrootweights—
fruitweights) aresignificantlydifferent.

5.1SUMMARY
Thisprojectworkexaminedtheimpactandvariabilityofcli
maticeffectontheyieldoftomatoesinNigeria. Thespecific
objectivesaretodeterminethemonthlymeanweatherrecor
dedfromthemeteorologicalunit,FUTAfor2019and2021.
Also,toevaluatethemultiplecorrelationbetweentheweath
erparameterswithrespecttothetomatoesvarietiesandlastl
y,analyzedtheimpactandvariabilityofvarietiesoftomatoe
sontomatoesyieldinNigeria.

5.2CONCLUSION
Thisresearchstudywasundertakenwithpriormotiveofkno
wingtheimpactandvariabilityofclimaticeffectontheperfo
rmanceoftomatoesinNigeria.Multiplecorrelationwascarr
iedoutonmonthlydatabetweentheclimaticfactorsconside
redinthisresearchworktoknowtheirimpactontomatoesyie
Id.Foryear2019,itcanbededucedthat,thecorrelationsbetw
eentheclimaticfactorsarepositiveandstatisticallysignific
antat5%level. ThecombinationsofRAINanyotherclimati
cfactorsdonotreallyhaveeffectontheproductionoftomato
esinNigeriawhileotherfactorscombinationinfluencesthe
productionoftomatoesinNigeriapositively.Alsoinyear20
21,basedontheclimaticfactorscombinationsTMEAN&T
MIN,TMEAN&TMAX,RAIN&TMIN,RH&RAINand
WD&RHarestrongpositive,whichindicatespositiveinflu
enceontheyieldoftomatoesinNigeriawhilethecorrelation
betweentheclimaticfactorsTMEAN&RHandTMAX&R
HhasanegativeinfluenceontheproductionoftomatoesinN
igeria. Analysisofvariancewasconductedonfootweight,ro
otweightandshootweightagainstwithrespecttothefour(4)
varietiesoftomatoesinthisresearchstudy.ltwasdeducedth
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at,thetreatmentmeansarenotsignificantlydifferent,which
simplymeans,thevarietiesofthetomatoes(acrossseason)p
ositivelycontributetothegrowthofthetomatoeswhichhelp
sinproductionoftomatoesinNigeria.

5.3RECOMMENDATION
Thispaperrecommendsthat,
thefarmershouldtaketheweatherfactorsveryimportantasi
tisanimportantinfluenceonthegrowth(yield)oftomatoesi
nNigeria.
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