
sßitiGnuvtþn’sMrab;karRsavRCavksikmμ 
(Practical Statistics for Agricultural Research or Biometry) 

 
sa®sþacarü³ biul suxa   cMnYnem:ag 45-48 em:ag nig cMnYneRkDIt³ 2 ¬1>1¦ 
mhaviTüal½yviTüasa®sþksikm μ qñaMTI 3              qmasTI³ 2        
 
A. Objectives 
 
At the end of this course, the students will able to analyze the experimental data, to 
evaluate and interpret the experiment results for the production planning.    
 
B. Course contents 
 
The course is consisted of two parts: experimental design and biometry that could be 
used in different test methods. 
 

matikaGtßbT                cMnYnem:agbRgón 
 

I.  kareFVIKMeragBiesaFn _ (Experimental design)                                       16 
!> bec©keTsERsBiesaFn_ 
 !>!> kEnøgBiesaFn_ 
 !>@> kUnERsBiesaFn_ 
 !>#>    bc©½yBiesaFn_ 
 !>$> cMnYnsa 
@> bøg;BiesaFn_ (Experimental units) 

 @>!> kareRCIserIsbøg;BiesaFn_ 
 @>@> karerobcMCabøúk 
 @>#> karerobcMbøúkedaycab;eqñat 
 @>$> vismanPaBdI 
#> karRsg;Tinñn½y (Data collection) 

 3.1.   CMh‘ankñúgkarkt;RtaTinñn½y 

3.2.   karRbugRby½tñkñúgkarRbmUlTinñn½y 

3.3.   karRbmUlTinñny½dMNaMRsUv 
 3.4.   karRbmUlTinñn½ydMNaMcMkar 
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3.5.   ÉktaeRbIenAeBlBiesaFn¾ 
 

II.  karviPaKTinñn½yBiesaFn_tamsßitivITüa                   32       
!> RbCakr nig sMNak (population and Sample)  
 !>!> RbCakr 
 !>@> sMNak 
@> karKNnabMErbMrYl (Measuring Variability)  
 @>!> bMErbMrYl 
 2.2.   karKNnaFmüm cenøaHtMél KMlatKMrU emKuNbMErbMrYl nigbMErbMrYl 
#> r)ayRbU:)ab‘IlIet (Probability distribution)  
 #>!> RbU)ab‘IlIet¼Rbhak;RbEhl 
 #>@> v:arIy:abø¼GBaØat nig r)ayv:arIy:abø  
 #>#> GnuKmn_EbgEck 
 #>$>  karEbgEckFm μta 
 #>%> karsnñidæantamsßitiviTüa 
 #>^>   cenøaHeCOCak; 
 #>&> karsakl,gsm μtikm μ 
$> kareRbóbeFobsMNakBIr®kum ¬eRbóbeFob Variance BIr-Two variances analysis)  
%> kareRbóbeFobPaBjwkjab; (Chi-square test) 

5.1. kareRbóbeFobkarEbgEckPaBjwkjab;tamRTwsþI niglT§plsegát¼PaBBit 
5.2.   karsakl,g sMrab; tarag 2 x 2 (2x2 Table) 
5.3. karsakl,g sMrab;taragExVg (Cross Tabulation) 

^> karGnuvtþn_sßitiviTüasMrab;bøg;BiesaFn_ 
&> karviPaKva:rIy:g;tam ANOVA (Analysis of variance – ANOVA)  
 &>!> karviPaKva:rIy:g;tamlkçN³gay (Simple variance analysis)  
 &>!>!> karviPaKktþaeTal (One factor analysis)  
 &>!>@> karviPaKktþaeTal nigbMErbMrYleTAtamTisCImYy (One factor and a one way source of 

extranous variation analysis)  
 &>!>#> karviPaKktþaeTal nigbMErbMrYleTAtamTisCIBIr (One factor and a two way source of 

extranous variation analysis)  
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 &>@> karviPaKva:rIy:g;tamEbbsaMjúaM (Complex variance analysis)  
 &>@>!> karviPaKktþaBIr (Two factors analysis – Split-plot design)  
 &>@>@> karviPaKktþabI (Three factors analysis – Split-split-plot design)  
*> karviPaKTMnakTMng (Correlation analysis)  
 *>!> Gtßn½yénTMnak;TMng Correlation (Meaning of correlation)  
 *>@> emKuNTMnak;TMng Correlation (r)  
 *>@>!>  Fechner correlation coefficient (rF)   
 *>@>@>  Spearman rank correlation coefficient (rS)   
 *>@>#>  Bravais correlation coefficient (rBr)  
(> karviPaK Regression (Regression analysis) 

  (>!> cMeNat nigsmIkar (Gradients and equation)  
 (>@> v :arIy :ab¼GBaØatGaRs½y nig GBaØatÉkraCü (Dependent and independent variables) 

 9.3.    bnÞat;kaer:tUcbMput  (The line of list squares)  
 9.4.    Simple linear regression 
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sßitiGnuvtþn_sMrab;ekSRtsa®sþ  
Practical statistics for agronomy (Biometry) 

 
esckþIepþIm 
 

sßitiviTüa KåCamuxviC¢amYuyKYr[mankarcab;Garm μN_kñúgstvtSr_TI 20 eRkayBIeBlEdlelak Fisher )an 
ecjpSaynUvesovePAEdlmancMNgeCIgfa³ viFIsa®sþsßitisMrab;GñkRsavRCav (statistical methods for 

research worker). CaTUeTAkñúgkareRbIR)as;sßitiviTüa vamanviFIsa®sþ eKalkarN_ nigGtßn½ydUcKña. b:uEnþ 
vaxusKñaxøH GaRs½yeTAelImuxviC¢aEdleyIgeRbIR)as;CamYymuxviC¢a EdlmandUcCa³ CIvviTüa ksikmμ esd§kic© 
sgÁm>>>>. karvaytMéleTAelIlT§plénkarRsavRCav EdleFVI[kan;EtRbesIreLIgnUvbec©kviTüasMxan;²sMrab; 
RTRTg; CivitmnusS nigstV tamry³karEklMGbec©keTsdaMduH. 

sßitiviTüa KåCaviFIsa®sþEdleRbIR)as;kñúgkartamdan kt;RtaTinñn½yénehtukarN_ nigRBitþikarN_nanaedIm,I 
eFVIkarvas;Evg viPaK nigvaytMél[mankMritCak;lak; b¤CaGtßn½y. 
 

Gtßn½yénsßitiksikm μ  (Biometry)  

Bio = CIvit 
Metry = karvas;Evg 
- viTüasa®sþsMrab;eFVIkarvas;EvgelIRKb;kmμvtßúénCIvit rYceFVIkarsnñidæaneTAelIrgVas;énkm μvtßú     
     TaMgenaH 
-    GtßRbeyaCn_kñúgvis½yBiesaFn_TUeTA 

mUldæanRKwHsMrab;sikSa Biometry   

- RTwsþIRbU:)abIlIet (Probability)  

- sßitiviTüa (Statistics)  

eKalbMNgénkarsikSa Biometry  KW³  
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sMrab;CaCMnYyeFVIEpnkar vaytMél eTAelIlT§plBiesaFn_ nigeFVIkarbkRsay ehIyTajyk 
lT§plenHeTAeRbIkñúgkareFVIEpnkarplitkm μksikmμ . 

 
edIm,ITTYl)anlT§pll¥Rtwm®tUvBIkarBiesaFn_ viTüasa®sþBiesaFn_ksikm μ®tUv)anerobcMedayEckCaBIrEpñkKW ³  

- kareFVIKMeragBiesaFn_  
- karvaytMélelIlT§pl b¤Tinñn½yénkarBiesaFn_ b¤Tinñn½yénkarGegáttamEbbsißtivITüa ¬statistics) . 

 
I- kareFVIKMeragBiesaFn_ (Experimental design)  
 
!> bec©keTsERsBiesaFn_  
 
!>!> kEnøgBiesaFn_ 
-    BiesaFn_kñúglkçx½NÐEdlGacEkécñ)an ¬mnÞIrBiesaFn_¦ 
-    BiesaFn_kñúglkçx½NÐEdlGacEkécñ)anticCag ¬eragBiesaFn_ manfñal b¤epIg¦ 
-    BiesaFn_kñúglkçx½NÐEdlxiteTArkPaBCak;EsþgkñúgsßanIy_ ¬kUnERsBiesaFn_ b¤fñalkñúglMh¦  

lkçx½NÐBiesaFn_enH TTYl\T§iBlénktþaxageRkA (exogene factors) eRcInEdlTamTar[man 
bec©keTserobcMBiesaFn_ya:gl¥itl¥n; 

- BiesaFn_elIERsksikr (on farm trial). lkçx½NÐBiesaFn_cugeRkayenH vaminRtwmEtTTYl\T§iBlénktþa 
xageRkAb:ueNÑaHeT KWvaTamTar[mankarsikSaEsVgyl;GMBIlkçx½NÐnanaEdlman\T§iBlelIRbBn½§ksikm μ 
CalkçN³RKYsarpgEdr dUcCaktþaesd§kic©-sgÁm nig ktþaRKYsarEdlmanFnFan karRKb;RKg nig 
eKalbMNg rbs;RKYsar. 
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!>@> kUnERsBiesaFn_ (Experimental plot) 

 kUnERsBiesaFn_ KWCaépÞdImYyÉkta Edl®tUvTTYlbc©½ytamviFIcab;eqñat .  RTg;RTayénkUnERsKWCa 
smamaRtrvagbeNþay nigTTwgrbs;kUnERsenaH.  müa:geTotkarkMNt;TisénkUnERs KWRsbnwgbeNþay 
énkUnERs EdleyIg)aneRCIserIs .  cMeBaHkUnERsragkaer: karkMNt;TisminCa karcaM)ac;eT .  
\T§iBlrbs;TMhMRTg;RTay nigkarkMNt;TisénkUnERs ³ 
TMhMRTg;RTay nigkarkMNt;TisénkUnERsBiesaFn_mYyGacman\T§iBlya:gxøaMgelITMhMlMeGogénkarBiesaFn_ . 
kUnERstUceBknwgpþl;lT§plminc,as;las; ehIyebIFMeBkKW\tRbeyaCn_ ®tUvxatbg;eBlevlanigR)ak;kas . 
kUnERsragbYnRCuges μ IEdlmanbrimaRttUceBk eFVI[edIm®sUvmYycMnYnrg\T§iBlCayERkg . 
TisénkUnERsGacbnßy b¤begáIt\T§iBlénTisCIkñúgERs . 

CaTUeTA lMeGogBiesaFn_fycuHeBlEdlTMhMkUnERsekIneLIg b:uEnþkarfycuHenHminsmamaRtnwg 
karekIn eLIgénTMhMkUnERseT . 
kUnERsKYr[FMl μm edIm,IGacTUTat;CYrCayERkg kalNacaM)ac;®tUveFVI .   
cMeBaHépÞdImYykMNt; cMnYnsarfycuHenAeBlEdlkUnERsekInTMhM . 
TMhMkUnERs RTg;RTay nigkarkMNt;Tis ³ 

kñúgkarBiesaFn_ kUnERsCaFm μtaEtgmanTMhMBI * - @% m@ ¬2m x 4m - 5m x 5m¦. 
TMhM nigRTg;RTayEbbNak¾edayEdlGñkeRCIserIs eFVIya:gNakuM[tUcCag %m@ putBIkarRbECgRKb;RbePT nig 
\T§iBlCayERkg manépÞRKb;RKan;sMrab;®cUtnigkMNt;Tinñpl .  kareRCIserIsTMhM nig RTg;RTayénkUnERs 
®tUvEp¥kelIbNþacMNucdUcxageRkam ³ 
- RbePTénkarBiesaFn_ 
- vismanPaBdI 
- \T§iBlCayERkg 
- PaBxSt;BUC 
- karvas;EvglkçN³epSgeToteRkABITinñpl . 
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a- RbePTénkarBiesaFn_  
rebobdaMduHEdlBak;B½n§nwgBiesaFn_ GackMNt;TMhMnigRTg;RTaykUnERsBiesaFn_edIm,IsMrYldl;kargar. 

BiesaFn_CI ®tUvkarkUnERsFMCagkarsakl,gTinñplBUC . enAkñúgkarBiesaFn_fñaMBulkMcat;stVl¥it b¤ kMcat;esμA 
ehIyEdl®tUv)aj;fñaMKImI  TTwgénkUnERs®tUvkMNt;eday cMgayCH dl;énbMBg;)aj;fñaMEdleKeRbI . 
b- vismanPaBdI  

kareRCIserIsRTg;RTaykUnERsminecaTCabBaðaxøaMgkøaeT kalNabMErbMrYldImanvismanPaB xøaMgdUcKña 
BITismYyeTATismYyeTot .  müa:geTot ebImanvtþmanénTisCI kUnERsKYrmanRCugEvg CageKeTAtamTisén 
bMErbMrYlxøaMg . dUcenHkalNaeKsÁal;TisCI EdlkUnERsmYymanragctuekaNEkg CamYynwgkarkMNt;Tis 
RtwmRtUv nwgpþl;kMritCak;lak;x<s;. b:uEnþebIsinCaminsÁal;TisCIvij eKKYreRbIkUnERs ragkaer:  ¬vaminpþl;nUvPaB 
Cak;lak;x<s; ehIyk¾minTabeBkEdr¦ . 
c- \T§iBlCayERkg  
 enAkñúgBiesaFn_sakl,gTinñplBUCEdlGacmankarRbECgrvagBUC KYreRbIkUnERsEdlya:gehacNas; 
man6CYr  edIm,IsMrYldl;karecal 1 CYrenACaynimYy²énkUnERs edayTuk 4 CYrkNþal sMrab;®cUtkat;. 
d- PaBxSt;BUC  

kalNaBUCmantic¬dUcCaenACMnan;dMbUgénkarbgáat;BUC¦Gñk®tUveRbIkUnERstUc²)anehIy .        
GñkKYrcaMTuknUvcMNucBIrya:g ³ 
- BinitüemIlTMhMénPaBxusKñaelIlkçN³rbs;edImkñúgcMeNamCMerIssakl,g. ebIsinlkçN³xøHénedImdUcCa 

kMBs;edIm lT§PaBEbkKumÖ b¤Gayukalrbs;vaxusKñaxøaMg eyIgminGac®tYtBinitü)anRtwm®tUveLIynUv 
\T§iBlénkarRbECgrvagBUCkñúgkUnERstUc²eBk. dUecñHPaBel¥ógnwgGacekItmancMeBaHlT§plBiesaFn_. 

- edIm,IFanaPaBCak;lak;énBiesaFn_ Kb,IeRbIbec©keTsCMnajbMput BIeRBaHkñúgkUnERsd¾tUc kMritel¥ógtUc Ca 
erOy²GacnwgrIkCaFM)an. kalNacaM)ac;®tUveRbIkUnERstUcsMrab;BiesaFn_ Gñk®tUvyl;RBmcMNayx<s; 
eTAelkarBiesaFn_EdlbNþalmkBIkareRbIbec©keTsCMnaj²Cagbec©keTsEdleKeRbITUeTAkñúgkUnERsFM . 

 
e- karvas;EvglkçN³epSgeToteRkABITinñpl  
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kalNa®tUveFVIkarvas;EvglkçN³énedIm Gñk®tUvkaredImbEnßmeTotsMrab;eFVIsMNak CaBiesscMeBaHdMNaM 
®sUv kalNakarvas;Evg®tUvkarkat;ykedIm®sUv enAedImdMNak;kalkMBuglUt las; dUcCakñúgkar kMNt;FatusøÜt 
b¤karkMNt;épÞsøwk. kUnERs®tUv[FMl μmedIm,IeCosvagkarRbECgrvagedIm®sUvEdlGacekIteLIgkalNaedIm 
®sUv sMNak®tUvdkecj. 
 
!>#> bc©½yBiesaFn_ (Experimental treatment)  

 bc©½yrbs;karBiesaFn_ KWCamuxdMNaM sMPar³ksikmμ b¤bec©keTsEdleyIgBMuTan;sÁal;BI RbsiT§iPaB nig  
KuNPaBrbs;muxdMNaM b¤ sMPar³ksikmμfμITaMgenaHrYmmandUcCa³ 
- BUCdMNaMEdleRCIserIsfμI b¤ BUCnaMcUlfμI 
- rUbmnþCI b¤ fñaMMBulksikm μepSg² rYmTaMgeBlevla nig viFIeRbIR)as;pg 
- bec©keTsdaMduH nig kareRsacRsBelImuxdMNaMCaedIm>>>>. tamry³karBiesaFn_ eTIbeyIgeRCIs 

erIs)an bc©½yNamYyRbesIrCageKsMrab;pSBVpSayCaTUeTAedIm,IGPivDÆksikm μ. 
 
!>$> cMnYnsa  (Number of replications)  
 cMnYnsa KWCacMnYnelIkénbc½©yTaMgGs;EdleFVIdUcKñadEdl²enAkñúgBiesaFn_mYy .  mYysa mann½yfa ³ 
! bc½©y KW ! sa énkarBiesaFn_ .  kar®cUtkat;sakelIépÞdItUcmYyecjBIkUnERsFM EdldaMBUC ! mux b¤karsegát 
tamdaneRcIndgkñúgkUnERsmYyminGaccat;TukCasaeT .  KWCasMNakbnÞab;bnSM ehIybMErbMrYlrbs;va KWCa 
lMeGogénsMNak BuMEmnCalMeGogénkarBiesaFn_eLIy (Standard deviation: SD).  GñkBiesaFn_ksikmμ 
CaeRcInman karP½nþRcLMcMeBaHbBaðaenH . 
 
\T§iBlénsa  

kñúgkarBiesaFn_nimYy²caM)ac;®tUvmancMnYnsa edIm,I)a:n;s μantMél nig kat;bnßylMeGogBiesaFn_. 
müa:geTot meFüa)ayd¾gay®sYlsMrab;begáInPaBCak;lak;enaH KWkarbegáIncMnYnsa .  b:uEnþ ebIcMnYnsaeRcInhYs 
kMritkMNt;NamYyenaH PaBCak;lak;ekIneLIgtictYceBk minsmnwgkarcMNaybEnßmeLIy. RbsinebIdl;kMrit 
enHehIy EtPaBCak;lak;enAminTan;TTYl)anc,as;las; ®tUveRbImeFüa)aydéTeTot eRkABIkarbegáIncMnYnsa . 
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cMnYnsa 
CaTUeTA enAkñúgkarBiesaFn_ eKKYreFVIBI $ eTA * sa .  enAERsBiesaFn_rbs;GuIrI (IRRI) eKeRcIneRbI $ sa . 

cMnYnsaman\Ti§BlBIry:agelIkarBiesaFn_ 1¦ cMnYnsamantic bgá[lMeGogrbs;karBiesaFn_mankan;EtFM Edl 
bNþal[manemKuNbMErbMrYl (Coefficient of variation=CV) rbs;karBiesaFn_enaHmantémøFMGacsMKal; 
PaBCak;lak;mankMritTab b:uEnþcMNayTuntic nigeBlevlaticsMrab; karBiesaFn_Edr. 2¦ cMnYnsaman 
kan;EteRcIn Gac[lMeGogmantic tMélemKuNbMErbMrYlTab nigPaBCak;lak;manx<s; EteyIgk¾RtUvcMNayeBl 
evla nigTuneRcInEdr. eKman ³ 
- KMlatKMrU KWCaKmøatmFüménrgVas; b¤tMélnimYy²BIrgVas; b¤tMélmFüm 
- KMlatKMrUkan;EttUceTA kalNargVas; b¤u tMélnimYy²  kan;EtenACitrgVas;mFüm 
- kalNaTMhMsMNakkan;ekIneT,Ig  lMeGogKMrU kan;EtxiteTArktMélmYytUc ¬rUbTI1¦ 
- kalNaTMhMsMNakkan;EtekIneLIgenaH KMlatKMrU kan;EtxiteTA CittMélefrmYy ¬rUbTI2¦ . 
 
 

     ¬rUbTI !¦ 

 
 
                               

SE

n
8......7....6......5.....4.....3.....2......1

 
 

¬rUbTI @¦ 
 
                               

 

SD

n8......7....6......5.....4.....3.....2......1

KMlatKMrU (Standard Deviation-SD/S), lMeGogKMrU (Standard Error-SE/Sx) GaRs½yelITMhMsMNak (n) 

 

Practical Statistics for Agronomy or Biometry, by Pel Sokha (MSc agr, Lecturer URA),October 2009. 6



edIm,IbegáInPaBCak;lak;kñúgkarBiesaFn_ eRkABIkarbegáIncMnYnsa eyIg®tUv ³ 
- rkPaBxusKñaénktþaTaMgLayBiessktþaxageRkA (exogene factors) Edlman\T§iBlelIkar 
BiesaFn_kt;sMKal;nigkarBar[)anl¥itl¥n; . mann½yfa³ eFVIPaBxusKñaénlkçx½NÐBiesaFn_[kan;Et tUceTA² 
 
 
- kareFVIeLIgvij eday[kMritktþa b¤ énlT§plBiesaFn_kan;EttUc 
 
 
- viFankarTaMgenHnwgeFVI[lT§plBiesaFn_kan;Etl¥Rtwm®tUvCagmun 
 
 
TnÞwmnwgenH eyIg®tUveFVIKMeragBiesaFn_c,as;las; .  ]TahrN_ ³ { etIeyIg®tUveRbIbrimaNCIb:unμanedIm,I[)an 
TinñplGtibrma ? }   mann½yfa ³ brimaNCIEdleFWV[)anTinñplGtibrma . 
 
- mundMbUg®tUveFVIBiesaFn_gay®sYlmYyEdlKitEt ! ktþa ³ 
      ]TahrN_ ³ 0  ¬KμanCI¦ 

N 
P 
K 
NP 
NK 
PK 
NPK 

 
- mundMbUgman * bc½©y .  ebIbc½©yNaK μan\T§iBl 

eTAelIdMNaMenaH ®tUvKUsecal b¤Qb;eFVIBiesaFn_ 
- ]bmafabc½©y N, NP, NK, NPK man\T§iBleTA 

elIdMNaM → eyIgTukEt $ bc½©y . 
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- karBiesaFn¾ EdlktþasMrab;eFVIBiesaFn_®tUvmanbrimaNxus²Kña.  
]> CI N ®tUveFVIBiesaFn_rkcMnYnbrma (optimum) edIm,I[)anTinñplGtibrma (maximum)  

     0  ¬KμanCI¦ 
  20 
  40 
  60 
  80 
100 
120 
140 
160 
180 

- mundMbUgman !0 bc½©y ¬ebIGaceFVI)an¦  
- cMnYnsaénbc½©ynimYy² KWEp¥keTAelITMhMénlMeGog 

BiesaFn_ nigdWeRkénPaBCak;lak;EdlGñkcg;)an . 
- RbsinebITinñplx<s;Taj)anBI $0 - *0 K>Rk¼h>t 

enaH vaGacpgEdr ^0 K>Rk¼h>t sMrab;Tinñpl 
x<s;enaH . 

 
- bnÞab;mkeyIg®tUveFVIBiesaFn_saCaf μ I EdlmankMritxusKñakan;EttUceTA 
           ]TahrN_ ³  

40 N kg/ha 
45 
50 
55 
60 
65 
70 
75 
80 

 
- man ( bc½©y 
- bc½©ynimYy² KYrmanBI $ - * sa 

 
karbegáIncMnYnsamansar³sMxan;Nas;kñúgkarbegáInPaBCak;lak;kñúgkarBiesaFn_ . eTaHbIy:agNa PaBxusKñaén 
ktþaxageRkA (exogene factors) enAEtCabBaðaEdlman\T§iBlelIlT§plBiesaFn_ . karBiesaFn_kñúgERs 
EtgEtRbQmnwgbBaðavismanPaBdIEdlTamTar[mankarerobbøg;BiesaFn_mYyRtwmRtUv .  
 
@>  bøg;BiesaFn_ 
 bøg;BiesaFn_ sMedAelIk,ÜnxñatsMrab;erobcMbc½©yenAkñúgkUnERsBiesaFn_ .  ebIeFVI)anRtwm ®tUvvapþl;nUv 
kareRbobeFobrvagbc½©yEdlGacykCakar)anehIyTb;Tl;nwgRbPBbMErbMrYlsMxan;²kñúgERsBiesaFn_ dUcCa 
vismanPaBdI . 
 bøg;BiesaFn_Rtwm®tUvmYy RtUvKitBIcMnYnsa karcab;eqñat nigkar®tYtBinitülMeGog . 
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@>!> kareRCIserIsbøg;BiesaFn_ 
 bøg;d¾l¥bMputsMrab;BiesaFn_mYy sMxan;CageKbg¥s;GaRs½yelITMhMénvismanPaBdIenAkEnøgBiesaFn_ 
RbePT nigcMnYnbc½©yEdl®tUvsikSa nigkMriténPaBCak;lak;Edlcg;)an.  kalNaGñkcab;epþImeFVIBiesaFn_ 
fμ ImYy ®tUvsYreyabl;GñksßitiEdlFøab;mankarBiesaFn_ ¬ebIGac¦ edIm,ICYy eRCIserIsbøg;dIRtwm®tUvmYyEdl 
Fana)anya:gBitR)akdnUveKalbMNgTaMgLayénBiesaFn_.  min®tUverIsykbøg;BiesaFn_EdlxVHcMNucNamYy 
éncMNucsMxan;TaMg # enHeT ³ sa karcab;eqñaterobbc½©y nigkar®tYtBinitülMeGog . bøg;BiesaFn_man 2 
EbbKW³ ¬1¦ bøg;CaRbB½n§ nig ¬2¦bøg;cab;eqñat. bøg;cab;eqñatman ¬1¦ bøg;cab;eqñateBjelj nig ¬2¦ 
bøg;cab;mineqñateBjelj. CaTUeTAenAelIERsBiesaFn_ manbøg;cab;eqñatmineBjelj 3Ebb EdleKniymeRbI 
KW³ 

- bøúkeBjelj 
- bøúkmineBjelj 
- bøg;kUnERsbMEbk ¼bøúkkUnERsbMEbk 

 
bøúkeBjelj nig bøúkmineBjelj RtUv)aneKeRbIsMrab;BiesaFn_ktþaeTal ¬mYy¦  nig ktþaeRcIn. cMENkÉ  

bøg;kUnERsbMEbkvij eKeRbIsMrab;EtBiesaFn_ktþaeRcInb:ueNÑaH. 
 
karBiesaFn¾ktþaeTal  

sMrab;ktþaeTal bøg;BiesaFn_EdleKeRbIman³ ¬1¦bøúkeBjelj ¬2¦ bøúkmineBjelj.  enAeBlenH 
´sUmelIkykEtbøúkeBjeljmkBIBN’na nigBnül; edIm,I[manPaBgayRsYldl;nisSitfñak;briBaØab½Rt.     
 
bøúkeBjelj (Complete Block Design - CBD) 

 CaTUeTA ®tUv)aneKeRbIsMrab;BiesaFn_samBaØgay². lkçN³sMKal;xøHénbøg;BiesaFn_RbePTenH KWbc½©y 
TaMgGs;manenAkñúgbøúkEtmYygay®sYlkñúgkarviPaKTinñn½y. enAkñúgbøúk (Block) nimYy²mancMnYnbc½©y 
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(Treatments) TaMgGs;esμ IKña . dUcmanbBa¢ak;xagelI bøg;enHGaceRbIsMrab;BiesaFn_ktþaeTal k¾)anktþaeRcIn 
k¾)an.  sMrab;BiesaFn_ktþaeTal bøúkeBjeljman 2 EbbKW ³ 
 
1¦ bøúkcab;eqñateBjelj  (Randamized Complete Block Design - RCBD) 

- bc©½ymancMnYnticCag !0 
- cMnYnsamanb:unμank¾)an 
- épÞdImanTisCICatiEtmYy b¤CMerlEtmYy . 

]TahrN_ ³ 
$ % ^ ! @ #  

d - karBiesaFn_Cabøúkcab;eqñateBjelj  
% ^ ! @ # $  

c       ^ bc©½y x $ sa 
^ ! @ # $ %  

b - man $ bøúkBIeRBaHenAkñúgbøúknimYy²  
! @ # $ % ^  

a       man ! sa énbc©½ynimYy² 
 

 
2¦ kaerLataMg (Latin Square Design - LS): 

    - eRbIsMrab;BiesaFn_EtktþaeTal           
- bc©½ymanBI $ eTA *    
- cMnYnsa = cMnYnbc©½y 
- cMnYnbc©½y= cMnYnbøúkCa Rows= cMnYnCYr (Columns) 
- épÞdImanTisCICatiBIrEkgnwgKña.     

     karerobcMbc©½yeTAkñúgbøg;BiesaFn¾RbRBwtþeTAedaybc©½ynimYYYYy²sßitenAbøúknimYy² nig CYrnimYy²Edr. 
bøúktambnÞat;epþkKWCa Rows. bøúktambnÞat;bBaÄrKWCa Columns .                                 
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COLUMNS 
 
I 

 
II 

 
III 

 
IV 

  
@ # $ !  

d - karBiesaFn_Cakaer:LataMg 
# $ ! @  

c           Block       $ x $  
$ ! @ #  

b - enAkñúgbøúk nigkñúg Columns nimYy²  

R
O

W
S 

! @ # $  
a       man ! sa énbc©½y b¤bc©½ypSMnimYy² 

 
 
 
 
 
 
 

manbøg;BIesaFn_eBjeljBIreTotEdleRbIsMrab;BiesaFn_elIkUnERsKW³ bøg;kUnERsePøaHCaRbB½n§ (Systematic 

twin-plots) nig bøg;cab;eqñateBjelj (Completely Randomized Design-CRD). cMeBaH 
bøg;kUnERsePøaHCaRbB½n§ eKalkarN_cab;eqñatminRtUvykmkeRbIeT. eKniymeRbIbøg;enHkñúgkarBiesaFn_elIERs 
ksikr EdlmanksikrxøÜnÉgCaGñkGnuvtþkargarBiesaFn_. ]> ¬sUmemIlcMNuc 4 b¤TMB½r 62¦. 
 

karBiesaFn¾ktþaeRcIn 
1¦ bøúkcab;eqñateBjelj ³ eRbIsMrab;bc©½ypSM. cMeBaHctuekaNEkgLataMg ³ KWCakarvivtþn_énkaer:LataMg 
EdleRbIsMrab;BiesaFn_bc©½ypSM ¬EdlktþanimYy²manEckCakMritxus²Kña-bc½©y¦. 
 
bøúkcab;eqñateBjelj 

- bc©½ypSMmanticCag 10 
- cMnYnsab:unμank¾)an 
- dImanTisCIEtmYy 
- RbsiT§PaBcMbg nig GnþrGMeBImansar³sMxan;dUcKña. 

 
kaer:LataMg ¬b¤ CactuekaNEkgLataMg¦ 

- bc©½ypSMmanBI 4 eTA 8  
- cMnYnsa=cMnYnbc©½ypSM 

Practical Statistics for Agronomy or Biometry, by Pel Sokha (MSc agr, Lecturer URA),October 2009. 11



- cMnYnsa ¬= cMnYn  Columns¦ smama®tnwgcMnYnbc©½ypSMBuMmansl;eLIy 
- dImanTisCIBIr 
- RbsiT§iPaBcMbg nigGnþrGMeBImansar³sMxan;dUcKña  
- enAkñúgbøúk nig  Columns nimYy²man ! saénbc©½ypSMnimYy² ¬]> a1b1¦. 

        ]TahrN_³ ktþa A man 4 kMrit (a1, a2, a3, a4)  nig ktþa B man 3 kMrit (b1,b2,b3) 

 
 

 I. Column II III IV  

10 11 12 7 8 9 1 2 3 4 5 6 d 

7 8 9 10 11 12 4 5 6 1 2 3 c 

4 5 6 1 2 3 10 11 12 7 8 9 b 

B
lo

ck
s a

,b
,c

,d
 

1 2 3 4 5 6 7 8 9 10 11 12 
 

a 

RCBD eRbIsMrab;bc©½ypSM 
(Combination Treatment)  

ktþa A = 4   ktþa B = 3 

$ sa $ bøúk $ Columns 

bc©½ypSMdUcKñaman 4 (1,1,1,1) 

 
 
 

# ^ @ * ! & $ % bøúk 4 
% * ^ & $ @ # ! bøúk 3 
& $ ! % * # ^ @ bøúk 2 
! @ # $ % ^ & * bøúk 1 

ctuekaNEkgLataMg  
ktþa a=2tþa b=2 ktþa c=2 
4 sa    

 
2¦ bøg;kUnERsbMEbk (Split - Plot Design) 

eRbIsMrab;EtktþaeRcInb:ueNÑaH Edlmanbc©½yrYmpSMeRcIn-eRcInRkum b¤ eRcInktþamankUnERsedayELkBIKña 
Edlbc©½ymYycMnYnTamTarTMhMkUnERsFMCagbc©½ydéTeTot. ktþaBiesaFn¾TaMgenHminsMxan;dUcKñaeT . 
duUecñH bøg;-bøúkkUnERsbMEbk GacEckCaBIrEbbKW³  The split - plot nig The split - split - plot . 
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 bøúkkUnERsbMEbk  (Split plot) 

- manktþaBIr EdlCab;Tak;Tg 
- ktþaTaMg2enH minsMxan;dUcKñaeT 
- RbsiT§iPaBcMbgénktþamYy nwgcat;cUleTAkñúgkUnERscMbg-FM ¬a main plot¦ 
- ktþamYy ¬dUcCaktþaeRbIR)as;CI b¤karEfTaMTwk¦ TamTardIBiesaFn_FMCagkUnERstUc ¬Subplot¦ ktþa    
   enHnwgcat;cUlkñúgkUnERscMbg . ]> kUnERsem b¤ kUnERsFM (main plot¦ sMrab;ktþacMbg A (N) 
  nig kUnERsbMEbk (subplot¦ sMrab;ktþabnÞab; B (V) 
 
\T§iBlrbs;kUnERsFM nigkUnERsbMEbkBuMesIμKñaeT KW³ kUnERsFMman\T§iBltUcCag\T§iBlrbs;kUnERsbMEbk . 
 

 
 
 
 
 
 
 
 
 
 
 Split split plot 
-   manktþa # EdlCab;Tak;Tg 
-  ktþaTaMgenH minsMxan;dUcKñaeT 
-  ktþaEdlsMxan;TI @ ®tUvcat;cUleTAkñúgkUnERsEdlsMxan;lμm ¬a subplot¦ EdlenAkñúg kUnERsem-   
    kUnERsFM ¬a main plot¦ 
-  RbsiT§iPaBcMbgénktþamYykñúgcMeNamktþaTaMgGs;®tUvkarépÞdIFMCagktþaénkUnERsbMEbkTI !  
    ¬a subplot¦. 
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3¦ bøg;kUnERsCacMerok (Strip- Plot Design) 

 
viFIeRKag nig erobbc©½ydak;kñúgkUnERsmanBIrdMNak;dac;edayELkBIKña³ 
- viFIeRKag nig erobbc©½yrbs;ktþaep þk (Horizontal factor) 

- viFIeRKag nig erobbc©½yrbs;ktþabBaÄr (Vertical factor) 

cUrcg;caMfa kareRKag nigerobbc©½yrbs;ktþaTaMg2K μanmYyNasMxan;CagmYyNaeT KWGacGnuvtþelImUYyNa 
munk¾)anEdr. 
]> eyIgsnμtfa A tMNag[ktþaep þk (Horizontal factor=A) B tMNag[ktþaep þk ktþabBaÄr (Vertical  

factor=B) RBmCamYyKñaenaHEdr a nig b CacMnYnbc©½yrbs;ktþanimYy² nig r CacMnYnrbs;sa. 
Edlman³ 
- ktþaep þk (Horizontal factor)  a= 6 BUCRsUv V KW V1, V2,V3,V4,V5,V6 

- ktþabBaÄr (Vertical factor) b= 3 kMritCI N KW N1, N2,N3 
- cMnYnrbs;sa (Number replications) r = 3 
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V6  V4  V5  
V5  V2  V2  
V4  V6  V3  
V3  V3  V4  
V2  V1  V6  
V1  V5  V1  
             sa 1      sa 2    sa 3 
 N1       N2        N3    N1     N2        N3                    N1      N2      N3 
 
V6    V4    V5    
V5    V2    V2    
V4    V6    V3    
V3    V3    V4    
V2    V1    V6    
V1    V5    V1    
             sa 1      sa 2    sa 3 
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@>@> karerobcMCabøúk
karerobcMCabøúk sMedAeTAelIkarcat;kUnERs b¤bc©½ymYy®kumeTAkñúgdImYybøúkEdlmanPaB Ék 

sNæan. vaCameFüa)aymYygay®sYlehIymanRbsiT§iPaBCageKkñúgkarTb;Tl;nwgvismanPaBdI. 
- \T§iBlénkarerobcMbøúk
 PaBERb®bYlkñúgbøúk GacbM)at;ecjBIbMErbMrYlBiesaFn_tamry³karerobbøúk dUcenH bMErbMrYl ®tUvfycuH 
ehIyPaBCak;lak;énBiesaFn_ekIneLIg .  kalNaPaBxusKñarvagbøúkkan;EtFM bMErbMrYl BiesaFn_kan;EttUc . 
       ÷                                         ÷ 

  
  
  Tis

CI 

  
   -   

  

Tis
CI 

 
                                                 - 

düaRkambgðajBITisCIEtmYy 
  
dUecñH edIm,Ierobbøúk[Rtwm®tUv KYrbegáIt[manPaBxusKñaFMrvagbøúk ehIyrkSakUnERsTaMgLayenAkñúg 
bøúkmYy[ritEtmanÉksNæanPaB . 
 
- reboberobkUnERskñúgbøúk  
 kalNaeKsÁal;KMrUCIéndIERsBiesaFn_ ®tUvdak;bøúkya:gNaEdlmanPaBxusKñaéndIrvagbøúkmanCa      
Gtibrma ehIyEdlenAkñúgbøúkmanCaGb,brma . 
 ]TahrN_ sMrab;ERsmYyEdlTisCImanEtmYyeTAtambeNþayERs KYrerobcMbøúkkat;TTwgERs KWEkg 
nwgTisCI .  ebIeKminsÁal;TisCIvij ®tUvecosvageRbIbøúkEvg ehIyTTwgtUc .  Kb,IeRbIbøúkEdlman ragRbEhl 
nwgragbYn®Cugesμ I eRBaHkUnERsCab;²KñaGacRbhak;RbEhlKñaCagkUnERs EdlenAq¶ayBIKña . 
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           xus                                 ÷                ®tUv 
    
    

bøúk d / B4 

 bøúk 
  

a b b d 
 

bøúk c / B3 

B1 B2 B3 B4 

    
bøúk b / B2 

    
     

Tis
CI 

bøúk a / B1 

kalNaeKminsÁal;BIKMrUCI 
éndIERs bøúkKb,I[man 
ragRbEhlnwgkaer: 

                                                 - 
 dMeNIrkarRKb;skmμPaBkargar nigRsg;Tinñn½y {edayEp¥kelImUldæantambøúkmYy²} edIm,I bgáaERkg 
mankarERb®bYlNamYyEdlGacekIteLIgkñúgdMeNIrkarénkargardaMduH k¾dUcCakñúgkarRsg; Tinñn½y . 
 Gacniyaymüa:geTot)anfa eBlNamanRbPBénkarERb®bYl ®tUvEtxMbMEbkEpñksMxan;én karERb®bYl 
nimYy² [dac;edayELktambøúk . ]bmadUcCa kalNakargarmYy ¬]TahrN_ karGnuvtþn_bc©½y  
karvas;Tinñn½y¦ minGacbBa©b;sMrab; BiesaFn_TaMgmUl)ankñúgmYyéf¶ ya:gehacNas;®tUvbegðIy [cb;kargar 
rbs;kUnERsTaMgGs;kñúg mYybøúk .  kñúgkrNIenH PaBxusKñaebImanBI 1 éf¶eTA 1 éf¶ Gac®tYtBinitü)an 
tamry³ {karerobbøúk} . 
 bec©keTsdUcKñaenH GaceRbI)anedIm,IedaHRsaykarERb®bYlkñúgcMeNamGñktamdankargar BiesaFn_ .  
eBlNaEdldwgfa kargarNamYy®tUvb:HBal;edayGñktamdan ¬]TahrN_ ³ kardak;CI b¤)aj;fñaMkarvas; kMBs; 
edIm¦ KYcat;Gñktamdanmñak;²eTAtambøúkedayELkBIKña . 
 
 
 

@>#> karerobbøúkedaycab;eqñat
 karcab;eqñat KWCaeKalkarN_RKiHmYyénbøg;BiesaFn_ .  vaeFVI[kar)a:n;sμanbMErbMrYlykCa kar)an 
¬EdlcaM)ac;sMrab;kareRbóbeFobbc©½y¦ .  KWCareboberobbBa©Úlbc©½y EdlkUnERs BiesaFn_nimYy² 
GacTTYl)anbc©½yNamYydUc²Kña . 
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- rebobcab;eqñat
 rebobcab;eqñat GaceFVIeTA)anedaytaragelxcab;eqñat b¤edaycab;Rkdaseqñat .   
kareRbIR)as;viFITaMgBIrsMrab;karcab;eqñat nigeFVIKMeragkUnERskñúgbøúkcab;eqñateBjelj edayman bc©½y ^ nig 
sa $ ®tUv)anbgðajxageRkamenH ³ 
 
 
karcucykcMNUcedImmYy 
kñúgtaragelxcab;eqñat 
¬sUmemIltaragTI 6 P¢ab;xageRkay¦ 
 
 
 
 taragelxcab;eqñat

 dMbUgkMNt;cMNuccab;epþImmYykñúgtaragelxcab;eqñat ¬eRbItaragP¢ab;xageRkay¦ .  eFVI ya:genH 
edaycucykelxNamYykñúgtaragedaybiTEPñk .  ykcMNucenHCacMNucepþIm .  sresr tYelx # xÞg;cMnYn ^ 
elxbnþbnÞab;KñaenAelIRkdasmYysnøwk edaycab;epþImBIcMNucedIm ehIyGan eTAsþaM b¤cuHeRkamk¾)an . 
]TahrN_ ³ cab;epþImBIcMNucRbsBVénCYrTI !^ nigxÞg;TI !@ ehIyGancuHeRkamykelx # tYkNþal cMnYn ^ 
elxbnþbnÞab .; 
   lMdab; 
  918    1 

772      2 

  243     3 

  494     4 

  704     5 

  549    6 
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TI @ ³ tMerobelxBItUceTAFM 
   lMdab;  cMNat;fñak; 

918     1       6 

772     2       5 

243       3       1 

494     4       2 

704        5       4 

549    6       3 

 
TI # ³ eRbIelxcMNat;fñak;Caelxbc©½y ehIyelxlMdab;CaelxkUnERs rYcerobcMbc©½yEdlmanelx 
®tUvKñanwgelxkUnERsenAkñúgbøúk .  dUcenH kñúg]TahrN_enHeyIgcat; ³ 
 bc©½yelx ^  eTAkñúgkUnERsTI ! 
 bc©½yelx %  eTAkñúgkUnERsTI @ 
 bc©½yelx !  eTAkñúgkUnERsTI # 
 bc©½yelx @  eTAkñúgkUnERsTI $ 
 bc©½yelx $  eTAkñúgkUnERsTI % 
 bc©½yelx #  eTAkñúgkUnERsTI ^ 
 

KMnUsRBagénbøúkTI I ¬B1 b¤ a¦
 

elxkUnERs  bøúkTI I ¬B1 b¤ a¦ 
   

!  bc©½yelx ^ 
@  bc©½yelx % 
#  bc©½yelx ! 
$  bc©½yelx @ 
%  bc©½yelx $ 
^  bc©½yelx # 
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TI $ ³ GnuvtþCMhanTaMg # elIksaeLIgvijsMrab;bøúkTI  II  rYcsMrab;bøúkTI  III  ehIyTIbBa©b;sMrab; bøúkTI  IV . 
 

 
 viFIcab;Rkdaseqñat  

TI ! ³ sresrelxBI ! dl; ^ ¬manbc©½y ^¦ elIRkdas ^ snøwktUc²b:un²Kña .  mUrRkdasenaHehIydak;eTA 
kñúgRbGb;mYy . 
TI @ ³ RkLúkRbGb;edIm,I[RkdasLÚkLMKña rYccab;Rkdaseqñat ! snøwkecj .  cuHelxehIykuMdak;Rkdas; 
eqñatenaHcUlvij cab;RkdaseqñatTI @ .  eFVIdEdldUceBldMbUg rhUtdl;Gs;Rkdaseqñat . 
]TahrN_ ³   elxlMdab;  elxelIRkdaseqñat 

1 4 
2 2 

 3 1 
 4 5 
 5 6 
 6 3 
 

TI # ³ erobcMbc©½yTaMg ^ eTAkñúgkUnERsTaMg ^ énbøúkTI  I  edayeRbIelxelIRkdasCaelxbc©½y 
elxlMdab;CaelxkUnERsenAkñúgbøúk  .  dUcenHKMnUsRBagénbøúkTI  I KW ³  
 

elxkUnERs  bøúkTI I ¬B1 b¤ a¦ 
   

!  bc©½yelx $ 
@  bc©½yelx @ 
#  bc©½yelx ! 
$  bc©½yelx % 
%  bc©½yelx ^ 
^  bc©½yelx # 

 

TI $ ³ GnuvtþCMhanTaMg # elIksaeLIgvijsMrab;bøúkTI  II rYcsMrab;bøúkTI  III  ehIyTIbBa©b;sMrab; bøúkTI  IV . 
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@>$> vismanPaBdI  
 vismanPaBdI sMedAeTAelIdIEdlK μanÉksNæanPaBBIEpñkmYyénERs eTAEpñkmYyeTot.  eTaHCakñúg 
épÞdId¾tUcmYy dIGacERb®bYlya:gxøaMgelIsNæansac;dI PaBeRcaHTwkéndI nigFatuGaharciBa©wm.  karERb®bYl 
enH CaTUeTAEtgekItmaneTaHCaenAkñúgERsmYyEdlhak;dUcCamanÉksNæan PaBk¾eday . 
 karBiesaFn_mYyd¾manÉksNæanPaB enAksidæanBiesaFn_GuIrI )anbgðaj[eXIjnUvkarERb 
®bYlKYr[kt;ekSRtviTüaelITinñpl®sUvBIEpñkmYyeTAEpñkmYyeToténERs . 
 

EpnTIvNÐvgÁCICatidI 
bgðajBITinñpl®sUvén 
BiesaFn_ EdlmanPaB 
ÉksNæankñúgERsBIrenA 
ksidæanBiesaFn_GuIrI . 
TinñplkñúgERsnimYy² 
sßitenAcenøaHrvag 5/8 
eTA 9/3 etan¼hikta 
 
 

 
 
 
 
 
 
 

 
- \T§iBlénvismanPaBdI  
 vismanPaBdI KWCaRbPBd¾FMénbMErbMrYlkñúgERsBiesaFn_ .  vabBa©ÚlnUvkMritminc,as;las; mYyeTAkñúg 
esckþIsnñidæanEdlecjBITinñ½y .  ebIKμanviFankarRtwm®tUveT vabegáInbMErbMrYlBiesaFn_ dUcenH vabnßyPaB 
Cak;lak;énlT§plBiesaFn_ . 
 
- karbnßyvismanPaBdI ³ meFüa)ayxøHsMrab;bnßyvismanPaBdIKW ³ 
1 ecosvagTIkEnøgEdlBImunmk®tUveKeRbIsMrab;BiesaFn_ EdlCab;Tak;Tgnwgbc©½yEdlman\T§iBleFIV[ 

manlkçN³dIxus²Kña .  bc©½yEdlCab;Tak;TgnwgCIKImI BUCEdlmanGayukalxusKña b¤cenøaHKum<xusKña 
GacTTYl\T§iBlenH ¬\T§iBlénvismanPaBdI¦ .  elIdIrebobenH ®tUvdaMdMNaMÉkPaB Kñamþg b¤eRcIndg 
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munnwgdaMBiesaFn_ .  ebIsinCaGñk®tUvkareRbIkEnøgenaHPøam² ®tUveRCIserIsrkbøg;mYy EdlGnueRKaH 
dl;karerobbøúkbEnßm Ep¥kelIbc©½yEdleRbIenABiesaFn_mun . 

 

2 ecosvagépÞdINaEdlkñúgenaH pøÚvrvagkUnERs®tUvTuk\tdaMduHenAeBldaMdMNaMelIkmun .  enA kEnøgenH 
KYreFVIkardaMduHCaÉksNæanPaBmþg b¤eRcIndgmunkardaMduHBiesaFn_ .  ebIGñk®tUv eRbIkEnøgRbePTenH 
Pøam²sMrab;BiesaFn_ ®tUvTukTMhMERs nigcenøaHpøÚvenaHdEdl sMrab; BiesaFn_bnþbnÞab; 

 

3 erIskEnøgEdlmanRbvtþiedIménkareRbIR)as;dIrYcehIy .  Bt’manenH GacCYy[Gñkrk eXIjmUlehtu 
énvismanPaBbEnßmEdlbNþaleLIgedaykardaMduHelIkmun . dUecñH GñkGacrkeXIjviFankarsmRsb 
sMrab;edaHRsay)an  

 

4 ebIGaceFVI)an Kb,IdMeNIrkarBiesaFn_ÉksNæanPaBenAelIkEnøgEdleyIgcg;eFVIBiesaFn_ KWdaMenAelI 
épÞdITaMgmUledayeRbIBUCEtmYy nigeRbIrebobdaMduH ehIyEfTaM[manlkçN³ÉksNæan .  kardaMduH 
ÉksNæanGacCYybnßyvismanPaBdIxøH ehIyPaBÉksNæan énTinñn½yrbs;Tinñpl GaceRbI)an 
sMrab;BN’naBIKMrUénvismanPaBdIkEnøgenaH edIm,IeFVIkarkMNt;TiskUnERs nigbøúk[Rtwm®tUv . 

 
- karbnßy\T§iBlénvismanPaBdI

eTaHCaGacbM)at; b¤bnßyvismanPaBdIedayÉg²EtbnþicbnþÜck¾eday bec©keTsBiesaFn_smRsbGac 
bnßyya:geRcInnUv\T§iBlénvismanPaBdIeTAelIlT§plénBiesaFn_ . 

 
- eRCIserIsbøg;BiesaFn_smRsb
 eRCIserIsbøg;BiesaFn_mYyedaymankarerobbøúkRtwm®tUv edIm,I[smeTAnwgvismanPaBdI . ]TahrN_ 
³ CamYynwgcMnYnbc©½ytUcl μm bøg;bøúkcab;eqñateBjeljGaceRbI)ansMrab;karBarTisCI EtmYyenAkEnøgenaH 
bøg;kaer:LataMgGaceRbIsMrab;TisCIBIr ¬sUmemIllMGitBIbøg;ERsBiesaFn_¦. 
 
- eRCIserIsTMhM nigRTg;RTaysmRsb
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 ®tUveRCIserIsTMhM nigRTg;RTayénkUnERsBiesaFn_Edlman\T§iBlénvismanPaBdICaGb,brma . 
]bmadUcCakareRbIkUnERsFMbnþicsMrab;vismanPaBdIedayEpñk² ¬KWfakalNaTMnak;TMngrvagplitPaBénépÞdI 
Cab;KñamankMritTab¦ . eRCIserIsykkUnERsragkaer: RbsinebIminsÁal;KMrUCIenAkEnøgenaH . 
 
                       xus                                              
      

      kUnERsTI ! 
kUnERs kUnERs kUnERs kUnERs kUnERs kUnERsTI @ 
TI ! TI @ TI # TI $ TI % kUnERsTI # 
     kUnERsTI $ 
  TisCI   kUnERsTI % 
      

 

karkMNt;kUnERsenAkñúg 
bøúk edIm,Ibnßy\T§iBl 
énTisCImYy 

TisCI 
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#> karRbmUlTinñn½y (Data Collection)                                               
 
karRbmUlTinñn½y KWCakarkt;RtaTukkñúgbBa¢InUvv:arIy:abø b¤ témørbs;lkçN³ekSRtviTüa X Edl)an 

eRCIserIsRsbeTAnwgeKalbMNgénkarBiesaFn_ ¬]Ta>kMBs;edImeBat b¤cMnYnKum<EbkéndMNaM®sUvEdltag 
eday X ¦. CMh‘anEdlRtUvGnuvtþn_tamkñúgkarkt;RtaTinñn½yGacERbRbYl c,as;las;eTAtamRbePTkargar 
TMhMkargar nigRbsiT§PaBrbs;Gñktamdan .  CaTUeTAkarRbmUlTinñn½yRbRBwtþeTAtamCMha‘nepSg². 
 
3>1> CMh‘ankñúgkarkt;RtaTinñn½y 

 
karRbmUlTinñn½y RbRBwtþeTAtam 7 CMh‘andUcteTA³ 

 
CMh‘anTI 1³    BinitüemIleLIgvijnUvbøg;BiesaFn_ nigeKalbMNgBiesaFn_edayRbugRby½tñ 
CMh‘anTI 2³ cuHbBa¢InUvlkçN³ekSRtviTüaEdlRtUvkt;Rta. RbsinebIlkçN³ekSRtviTüaTaMgenH)ankMNt;enA 

kñúgBiFIRsasþBiesaFn_rYcehIy RtUvemIleLIgvijedayRbugRby½tñ 
CMh‘anTI 3³  RtUvyl;dwgnUvvKÁlUtlas;rbs;dMNaM[)anc,as;las; 
CMh‘anTI 4³ sMercelIkaryksMNak ¬cMnYnsMNakEdlRtUvvas;Evg¦ nigTMrg;sMNak ¬rebobeRCIs erIs yk 

sMNaknimYy²¦ 
CMh‘anTI 5³ eFIVkmμviFI ¬eBlevlaEdlTak;TgnnwgvKÁlUtlas;rbs;dMNaM¦. eBlNaEdlRtUveFIVkarvas;Evg 

RbkarenHCYy[eyIgeRbIeBl)ansmRsb nigeRCIserIsbuKÁlik)anl¥ ehIykarGnuvtþn_rbs; 
buKÁlikk¾)anRbesIrEdr 

CMh‘anTI 6³ eFIVkarvas;EvgEdlcaM)ac; nigkt;RtaTinñn½yedayRbugRby½tñenAelIRkdas;Rsg;Tinñn½y edIm,IeCos 
vagkarxus 

CMh‘anTI 7³ kt;Rtaéf¶ Ex qñaM eRkayeBldaM nigvKÁlUtlas;rbs;dMNaMkñúgeBlEdleyIgeFIVkarvas;Evg. 
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3>2> karRbugRby½tñkñúgkarRbmUlTinñn½y 
karRbugRby½tñEdlRtUvykcitþTukdak; enAeBlkt;RtamandUcteTA³ 
 

1> RtUvR)akdfa pøakrbs;kUncMkarnImYy² b¤rbs;sMNaknimYy²KWKitfaRtwmRtUv 
2> eBlEdlTMhMkargarFM b¤ karvas;EvgminGaceFIVehIykñúgry³eBl 1éf¶ RtUvEteFIV 1samþg 1 samþg 
3> PaBxusKñakñúgkarvas;Evg GacekItkñúgcMeNamGñksegáteRcInKña enAkñúgkrNIxøHdUcCakarvas;Evg kMBs;edIm 

éf¶ecjpáa b¤ éf¶TMu.l. edIm,IeCosvagkarlMeGogenH GñksegátRtUvmancMnYny:agtic bMput 
CakarRbesIrKWKYrmanGñksegátEtmñak;b:ueNÑaH edIm,IeFIVkarvas;EvgkñúgmYyBiesaFn_. 

4> emIlsareLIgvijnUvTinñn½yEdlRbmUl)anPøam²enAkñúgéf¶EtmYy b¤éf¶bnÞab; b¤enAeBlmankar sgS½y 
RtUvRtYtBinitüPøamebIsinCaGaceFIVeTA)an 

5> eBlvas;Evg ecosvageFIVkarKitKUrbUkelx. b:uEnþ pÞúyeTAvij RtUveFIVkarvas;EvgpÞal; nUvTinñn½y edIm 
rYcsimeFIVkarKitelxCaeRkay enAkñúgéf¶CamYyKña b¤éf¶bnÞab;. 

 
3.3. karRbmUlTinñn½ydMMNaMRsUv (data collection for rice crop) 
 
 

\T§iBlénCayERkg\tdaMduH 
 kalNakUnERs enACitCayERkg\tdaMduH edImRsUvEdlenACYreRkAeKbg¥s; ¬KWCYrTI 1 CitcenøaH\tdaM 
duH¦ pþl;Tinñplx<s;CagedImenACYrkNþal. maneBlxøHTinñplGacekIneLIgelIsBI 100° (IRRI, 1972). 
 
\T§iBlénkarRbECgrvagBUC 
 kalNakUnERsCitxagKña RtUvdaMduHedayBUCxusKña elIkMBs;edIm lT§PaBEbkKum< b¤Gayukal CaTUeTA 
CYrCayERkg 1CYr b¤2CYr Etgmankarb:HBal;eyaleTAtamlkçN³ekSRtviTüa EdlxusKña nigTMhMénPaB 
xusKñaenaH. BUCEdlEbkKum<eRcInCag b¤BUCEdlmanedImx<s;Cag EtgeFIV [fyTinñplénCYrCayERkg rbs; 
kUnERsCitxag. kalNaBUCEdlmanGayukalxusKñaRtUv)andaMCitKña CYrCayERkgénBUCEdmanGayuxøIpþl; 
Tinñplx<s;CagCYrkNþalkUnERs. 
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\T§iBlénkar deNIþmCI 
 kalNakUnERsCitxagKña TTYlbc©½yCIxusKñaenaH \T§iBlCayERkgnwgGacekItman Rbsin ebIkUnERs 
min)anx½NÐKñaedayPøWERseT.  
 
karkarBar b¤ bnßy\T§iBlCayERkg 
 eyIgGacbnßy\T§iBlCayERkg edaymeFüa)aymYycMnYn³ 

- eCosvagTukcenøaH\tdaMduH edIm,Ix½NÐkUnERsBiesaFn_. ebIsinCaRtUvkarcenøaH minRtUv[FMCag 40 
s>m eLIy. 

- edayCayERkg\tdaMduH CMuvijBiesaFn_TaMgmUlCaTUeTAFMCagcenøaHrvagkUnERs cUrdaMBUCRsUv karBar 
CayERkgdUc²Kña 2-3 CYr tambrimaRtCMuvijERsBIesaFn_ebIm,Ibnßy\T§iBlénCayERkgelIkUnERs 
EdlsßitenAtamCayxagénERsBiesaFn_TaMgmUl. 

- elIkPøWx½NÐkUnERs EdlTTYlbc©½yxus²Kña. 
 
karedaHRsayCamYYynwg\T§iBlCayERkg 
 minRtUvvas;EvglkçN³ekSRtviTüaTaMgLay TinñplRKab; b¤smasPaKTinñplenACYrCay ERkgEdl 
TTYl\T§iBlCayERkgeLIy. CYrcMnYnb:unμanEdlRtUvelIkElgBIkarvas;Evg GaRs½yeTA tamRbePTén\Ti§Bl 
CayERkg. kalNaminc,as; b¤TMhMkUnERs¼cMkarFM RtUvecalCYrCayERkg y:agehacNas; 2 CYr¬b¤ 2Kum<xag 
eK¦ b¤ecalcenøaHRbEvg 40 s>mBICaymçag²énkUnERs. 
 
\T§iBlénKum<)at; 
 enAkñúgERssnÞÚg Kum<)at;sMedAelIKum<mYy EdlsnÞÚgmYyKum<gab;muneBlTMu. vtþmanénKum<)at;mann½y 
fa Kum<TaMgGs;EdlenAsl;kñúgkUnERsminmancenøaHKum<esIμKñaeT ehIyk¾BMurgkarRbECgrvagedImdUcKñaeLIy. 
kñúgkUnERsBiesaFn_ edImRsUvEdlenACab;nwgKum<)at;lUtlas;EbøkBIKum<Fmμta ¬Kum<EdlB½T§CMuvijedayKum<rs;¦. 
Kum<TaMgenH CaTUeTAlUtlas;l¥CageK ehIypþl;Tinñplx<s;Cag Kum<Fmμta. TMhMénkMeNInTinñpl CaTUeTA 
xusKñaeTAtam³ BUC cenøaHKum< kMritCI nigrdUvdaMduH. GaRs½yehtuenH karekIteLIgénKum<)at;ecaTCabBaða 
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BIrsMxan;KW³ ¬1¦ etIRtUvkMNt;TinñplénkUnERsEdl)at;Kum< 1 b¤ eRcIny:agNa? ¬2¦ etIRtUvcat;TukKum< Edl 
sißtenACitKum<Edl)at;CaKum<Fmμta)anb¤eT ? kñúgkareFVICasMNaksMrab;vas;EvglkçN³ekSRtviTüa?. 
 
karedaHRsayCamYynwgKum<)at; 

ebImanKum<)at; minRtUvvas;EvgTinñplRKab; smasPaKTinñpl b¤ lkçN³ekSRtviTüaNamYy BIKum<TaMg 
4 EdlsißtenACab;nwgKum<)at;eLIy. KWRtUvRcUtkat;Kum<Na EdlB½T§CMuvijedayKum<rs;dUcKña ehIysMrYlTMgn; 
RKab;[RtUveTAtamcMnYnKum< EdlRtUvRcUtkat;. ]TahrN_ ebIkñúg 100 Kum<RsUv eyIgRcUt)anEt 95 Kum< edIm,I 
rkTinñplénkUnERs RtUvKuNTMgn;RKab;énRsUv 95 Kum< nwg 100¼95 ¬b¤ 1>0526¦. ebIkarcuHfycMnYn 
Kum<bNþalmkBImanKum<)at;enAkñúgkUnERsNa mYyelIsBI 20° éncMnYnKum<srubEdlRtUvRcUtkñúgERsFm μtamin 
RtUvkMNt; TinñplkUnERsenHeT RtUvcat;TukdUc Ca   : kar)at;Tinñn½y  : kñúgkarviPaKsßiti. 
  
3.4.karRbmUlTinñn½ydMNaMcMkar (Data collection for non rice crops)  

 
eBat (Corn -zea mais) 

 karRbmUlTinñn½y)anl¥TamTar[mankaryl;dwgnUvvKÁlUtlas;rbs;dMNaM[)anc,as;las; . 
]TahrN_ sMrab;dMNaMeBat vKÁlUtlas;mandUcxageRkam³ 
vKÁ 0 ³ munduHsWøk 
vKÁ 1 ³ karduHBnøkecjeLIgenAelIdI 
vKÁ 2 ³ swøkTI1las;ecjeBjelj 
vKÁ 3 ³ swøkTI2las;ecjeBjelj 
vKÁ 4 ³ ksWøkrbs;swøkTI 4 )anelcecj GacemIleXIj. b¤stamfñaMg)anduHecj 
vKÁ 5 ³ ksWøkrbs;swøkTI 8 )anelcecj GacemIleXIj. sWøkTI 1 nig swøkTI 2 Gacgab;vij 
vKÁ 6 ³ ksWøkrbs;swøkTI 12 )anelcecj GacemIleXIj. sWøkTI 3 nig swøkTI 4 Gacgab;vij 
vKÁ 7 ³ kMBUlpáaelcecj GacemIleXIj  
vKÁ 8 ³ sk;eBat GacemIleXIj 
vKÁ 9³ TMu. cab;BIEpøeBateBjrUbrag RKab;dak;TwkedaH rhUtdl;RKab;cab;epIþmTMu nigrIgs¶Üt. 
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 CaTUeTA eBatRtUv)andaMCaCYr. karRsg;Tinñn½yGacRtUvGnuvtþn_)anesÞIrEtRKb;edImTMagGs; elIkElgEt 
CYrNaEdldaMeFIVCarbgkarBar nigedImNaEdlsßitenAk,alCYr nigcugCYrecj. 
  
 karvas;EvgTinñn½y CalkçN³ekSRtviTüasMrab;dMNaMeBatman³ 
- kMBs;edIm (Plant Height) ³  kMBs;edIm KWKitBIépÞdIeLIg rhUtdl;kMBUlEmkpáaTI 1 . tamFm μta eyIg 

vas;edayKitCa s>m>. karvas;EvgKb,IeFIVy:agticbMputcMnYn ³ 10 edImEdleRCIserIsedayécdnüenAkñúg 
kUncMkarnImYy².  

- éf¶ecjpáa 50 ° (Days of Flowering 50%)  ³  éf¶ecjpáa KWCacMnYnéf¶Edlrab;cab;taMgBI éf¶daM rhUt 
dl;éf¶ecjpáa)an 50 PaKry éncMnYnedImTaMgGs;kñúgkUncMkarBiesaFn_. eKGac eFIVedaykarsegát elIkUn 
cMkarTaMgGs; b¤ edayrab;Cak;EsþgcMnYn 25 edIm EdleRCIserIseday écdnü. 

- kMBs;Epø (Ear Height) ³  kMBs;Epø KWKitBIépÞdIeLIg rhUtdl;fñaMgxagelIbMputEdlecjEpø. Tinñn½yenH 
Kb,IykcMnYn 10edIm EdleyIg)aneFIVkarvas;EvgkMBs;edImrYcBImunmk. CaFmμta eyIgKitxñat Ca s>m>.  

- kardYlrlM (Lodging) ³  kardYlrlMman 2RbePT. kñúgkarBiesaFn_eBat kardYlrlMEdlRtUvkt;Rtaman³ 
kardYlrlMb¤s nig kardYlrlMedIm. Tinñn½yenHRtUveFIVmuneBlRbmUlplRbmaNCa 20 éf¶. kardYlrlM 
KWCacMnYnedImTaMgGs; EdlmanTMertcab;BI 30 GgSaeLIgeTA.  kardYlrlMedIm KWCacMnYnedImEdl)an)ak; 
rlMEpø. karrab;cMnYnedImdYl nig)ak;eRkamEpø Kb,IeFIVedayEp¥kelIkarrab;Cak;EsþgcMnYnedImTaMGs;enAkñúg 
kUncMkar. Tinñn½yRtUvbBa¢ak;CaPaKry ¬°¦. 

PaKryénedImdYlrlM = cMnYnedImrlM x 100 
cMnYnedImTaMgGs; 

- éf¶TMu (Days of Maturity) ³ KWCacMnYnéf¶ cab;taMgBIéf¶daMrhUtdl;éf¶EdlmanEpøcMnYn 80 PaKry TMuGac 
RbmUl)an.  

- Tm¶n;Rss; (Field Weight) ³  KWCaTm¶n;srubénEpøTaMgGs;kñúgcMkarnimYy². eyIgKitTm¶n;Ca KILÚRkam 
¬K>Rk¦. eyIgRtUvføwgEpøeBatenaHPøameBlEdlkac;BIcMkar.  

- Tm¶n; 1000 RKab; (1,000 Grain Weight) ³ KWCaTm¶n;Edl)anhal[s¶ÜtkñúgLkMedAcMnYn 75 GgSa 
ry³eBl 72 em:ag ¬b¤ 3éf¶¦ eBlEdlmansMeNImkñúgRKab;cMnYn 15 PaKry. karrab; b¤ føwgGacCaTm¶n; 
srubénEpø EdleFIVeTA)anedayyk 3 sMNakenAkñúgkUncMkarnimYy² .  
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- PaKryénTm¶n;RKab; (Shelling Percent) ³ PaKryénTm¶n;RKab;GackMNt;ykcMnYnmFümBI 5-6Epøl¥² 
enAkñúgkUncMkarnImYy².  

     Tm¶n;RKab; x 100 
PaKryénTm¶n;RKab; =  -------------- 
                  Tm¶n;Epø  
CaTUeTA PaKryénTm¶n;RKab; RtUv)ansnμt; 80PaKry. 

- TinñplRKab; (Grain Yield) ³ Tm¶n;RKab;GackMNt;ykcMnYnmFümBI 5-6Epøl¥²enAkñúgkUncMkarnImYy². 
eyIgkMNt;edayeRbIrUbmnþdUcteTA³ 

       100-MC 
TinñplRKab; =  FW x S x ----------- 
         85 
FW = Tm¶n;Rss;enAkñúgcMkarKitCa K>Rk 
S = PaKryénTm¶n;RKab; 
MC = sMeNImkñúgRKab;eBlRbmUlplPøam.  
TinñplRKab; KYrKitCaKILÚRkam ¬K>Rk¦ b¤ etankñúg 1 hikta ¬h>t¦. 
 

- Cm¶W nig stVl¥itbMpøaj (Diseases and Insect Damage) ³ karrIksayénCm¶W nigstVl¥it Kb,IsMKal; 
nigbBa¢ak;edaykMritbMpøajtamry³kardak;BinÞúBIsUnü ¬0¦= Kμankarratt,at eTABinÞú 5= CmW¶ nigstVl¥it 
bMpøajy:agxøaMgkøa. 
cMeBaHCm¶WbMpøajedImpg PaKryénedImEdl)anekItCm¶WenHRtUveFIVkarkt;Rta. cMeBaHCmW¶rlYyEpø RtUvrab; 
nigbBa¢ak;CaPaKry ¬°¦. xñatrgVas; eRbIsMrab;Cm¶WrlaksøwkRtUv)an bBa¢ak;CaBinÞúdUcteTA³ 
0 ³ KμandMe)Asøaksñam 
1 ³ dMe)AsøaksñamenAelIswøkmanBI 1-10 
2³ dMe)AsøaksñamenAelIswøkmanBI 11-25 
3³ dMe)AsøaksñamenAelIswøkmanBI 26-45 
4 ³ dMe)AsøaksñamenAelIswøkmanBI 46-65 
5 ³ dMe)AsøaksñamenAelIswøkmanelIsBI 65 PaKry. 
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sENþk)ay (Mung bean) 
 

karRbmUlTinñn½yBiesaFn_sENþk)ay tamFm μtaRtUv)aneKGnuvtþn_tamrebob 3 y:agKW ³ 
1> karsegátemIledImkñúgkUncMkarTaMgGs; 
2> eRCIserIscMnYn 10 edImedayécdnü 
3> ykTinñn½yenAelIépÞdIRbmUlpl . 

karvas;EvgTinñn½yCalkçN³ekSRtviTüasMrab;dMNaMsENþkman³ 
- éf¶ecjpáa (Days of Flowering)  ³  KWKittaMgBIéf¶daMrhUtdl;éf¶EdlpáaTI 1 cab;epþImrIk  : ebIk : 

karkt;RtaedayEp¥kelIkarsegátemIl elIRKb;kUncMkarTaMgGs;. 
- kMBs;edIm (Plant Height) ³  KWKitCa s>m edayvas;BIépÞdIrhUtdl;kMBUledImem : edImx<s;CageK : . 

karsegátGaceFIVedayyky:agticcMnYn 5 edImEdleRCIserIsedayécdnü enAkñúgkUncMkarnImYy² .    
- kardYlrlM (Lodging) ³  BinÞúBI 1 dl; 5 GaceRbIkñúgkarkMNt;kMritdYlrlM EdlsegátenAeBlRbmUlpl .  

1- K μandYlrlM 
2- dYlrlMticCag 25 PaKry 
3- dYlrlMBI 26-50 PaKry 
4- dYlrlMBI 51-75 PaKry 
5- dYlrlMeRcInCag 75 PaKry 

- éf¶TMu (Days of Maturity) ³ KWCacMnYnéf¶ cab;taMgBIéf¶daMrhUtdl;éf¶EdlmanEpøcMnYn 90 PaKry eRtom 
RbmUlpl)an .  CaTUeTA eKsnñidæanedaykaremIlnwgEPñkFmμta . 

- cMnYnedIm (Plant Population) ³  karkt;RtacMnYnedIm GacGnuvtþn¾edayrab;cMnYnedIm Edl)anRbmUlpl 
kñúgEm:Rtkaer: (1 m²) . kar)a:n;s μandg;sIueténedIm GacCYyBnül;bkRsaynUvTinñplTabkñúgkUncMkar 
nimYy² EdlmanedImtic . eKkt;RtaCacMnYnedImkñúg 1 Em:Rtkaer: . 

- cMnYnEpø  : kYr  : (Number of Pods) ³  KWCacMnYnEpømFümEdlrab;Cak;Esþg nUvcMnYn 5 edImy:agticEdleK 
eRCIserIsedayécdnüenAkñúgcMkarnImYy² .  CYnkalkarRbmUlplRtUv)anebHBI 2 eTA 3 dg . kñúgkrNI 
enHRtUvdak;pøak;sMKal;edIm EdleK)anebHEpø elIcMnYnedImEdlRtUv)aneRCIserIsedayécdnü . cMnYnEpøkñúg 
1 edIm KWRtUvykcMnYnEpøTaMgGs; Eck[cMnYnedImEdleK)anebH .  
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- cMnYnRKab; (Number of Seeds) ³  KWCacMnYnmFüménRKab;kñúgcMnYn 10 edImy:agticEdleK)aneRCIserIs 
edayécdnü ehIyeKkt;RtaCacMnYnRKab;kñúg 1 Epø . 

- Tm¶n; 1 000 RKab; (1,000 Seed Weight) ³ enAkñúgkUncMkarnImYy² eKyk 5 sMNakEdlkñúgsMNak 
nImYy² eKeRCIserIsykRKab;edayécdnücMnYn 100 RKab;  . bnÞab;mk eKføwgrkTm¶n;kñúgsMNaknimYy² 
rYceKrkTm¶n;mFüm . cugbBa©b; eKKuNnwg 10 edIm,IrkTm¶n; 1000 RKab; . TMgn;RKab;RtUvKitCaRkam 
ehIyRKab;Kb,ImansMeNImcMnYn 12 PaKry.   

- TinñplRKab; (Yield)³TinñpledayKitsMeNImkñúgRKab;cMnYn 12 PaKryRtUvKNnatamrUbmnþdUcxageRkam ³  
 
TinñplRKab; ¬K>Rk¼kUncMkar¦= TMgn;RKab;kñúg 1 kUncMkar ¬K>Rk¦ x 100 – PaKrysMeNImkñúgRKab; 

                                                               88; 
 sMeNImkñúgRKab;vas;eRkayeBlRbmUlplPøam.  
 TinñplRKab;RtUv)anKitCaKILÚRkam ¬K>Rk¦ b¤ etankñúg 1 hikta ¬h>t¦. 
 
TinñplRKab; ¬K>Rk¼h>t¦=TMgn;RKab;kñúg 1 kUncMkar ¬K>Rk¦ X 10000 m² x 100 – PaKrysMeNImkñúgRKab; 

    épÞdIRbmUlplkUncMkar ¬ m²¦                       88; 
 

- stVl¥itbMpøaj b¤ karbMpøajénstVl¥it (Insect Infestation) ³ RbePTstVl¥itRtUv)ankt;sMKal; nig  
kt;Rta . karxUtxaténEpøRtUv)ankt;RtaedayeRbIxñatkMritbMpøajdUcteTA ³   

0 ³ KμankarxUcxat 
1 ³ xUcxatticCag 5 PaKry 
2³ xUcxatBI 6-15 PaKry 
3³ xUcxatBI 16-25 PaKry 
4 ³ xUcxatBI 26-40 PaKry 
5 ³ xUcxateRcInCag 40 PaKry . 
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3.5. ÉktasMxan;²eRbIenAeBlBiesaFn_   
     

1 cMeBaHTinñpl ³     
         

                                                               emKuN  100 
           

 karviPaKelIdMNaM¼rukçCati KWKitCaPaKry ¬°¦ 
]Ta>  - GgÁFatus¶Üt KitCa ° 
 - CIvCati KitCa ° ¬®bUetGuInman @°¦ 
 

 karviPaKdI ³ 
 - mg énCICati kñúg !000 g dI   mg/1000 g = kg 
 
          

  
 CIKImI b¤CIFm μCati KWKitCa kg/ha  

ebICMerAP¢YrdIman 20 cm .  dImanrUbsa®sþFmμta KWdg;suIet ϕ = 1,5  mann½yfa  
            

 dg;suIet           emKuN  1000 
 
                                         
           

 
ebICMerAP¢ÜrdIman 20 cm (0,2 m)  kñúg 1 ha eyIgman 
100 m ¬beNþay¦ x 100 m ¬TTwg¦ x 0,2 m ¬CMerAP¢Ür¦ x 1500 kg = 3000 000 kg dI 

 
    2000 m3

 
ebICICatiman ]Ta>  1 ppm  enaHmann½yfa dImanCICati        3 kg/ha 

→=→

=→

ha
/ 2 dtmKg

h
dt

mm
mdtm

100*.............

.100
10000*

10000*01.0/ 2

2
2Kg

a2

1000000
1

.1000000
=→ ppm

mg
mg

millionperpartppm ..=

→=== 333
3 0 kgggP =

1500150000
1000000*
1000000*5.1/5.1

mmcm
cmg
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II-  Biometry 

 
!> RbCaBlkr nigsMNak (Population and sample)

!>!> RbCaBlkr (Population)

        RbCaBlkrTaMgGs;KWCabrimaNkmμvtßú Edl®tUvBinitüemIledayRbU)ab‘ÍlIeténlkçN³ekSRtviTüa  
(Characteristics) . RbCaBlkrTaMgGs;CaBaküsMrab;ekSRtviTüakñúgsßiti .  n½yrbs;va ®tUvCMnYsedayRbCa 
BlkrmankMNt; EdlTak;TgnwgkarvaytMélpÞal;sMrab;lkçN³ekSRtviTüamYy. RbCaBlkrmankMNt;enH 
KWRbCaBlkrTak;TgtMél (Parameter) . 
!>@> sMNak (sample)

 sMNak KWCabrimaNFatu b¤]bkrN_BiesaFn_rbs;RbCaBlkrTak;TgtMél .  brimaN sMNak 
EdlenAsl;BIkar)at;bg; sMrab;eFVIBiesaFn_pÞal; nigRsg;Tinñn½y (Data collecton) KWsMNakTak;TgtMél . 
sMrab;eFVIkarviPaKkñúg Biostatistic eKehAya:gxøIcMeBaH ³- 
- RbCaBlkrTaMgGs; nigRbCaBlkrTak;TgtMélfa { RbCaBlkr }  
- brimaNFatu b¤]bkrN_BiesaFn_ nigsMNakTak;TgkarRsg;Tinñn½yfa { sMNak } . 

karBN’naGMBIRbCaBlkrmanPaBBuMsUvc,as;las; BIeRBaHsMNakRKan;EtCaEpñkmYyrbs;RbCa Blkr. 
ehtudUecñHehIy)anCakarBN’natam BiostatisticCakarBN’naRbU)ab‘ÍlIet (Probability). 
 
TMnak;TMngrvagsMNak nigRbCakr 
 karbkRsay

RbCaBlkrTaMgGs; RbCaBlkrTak;TgtMél 
 
 
 
 
 
 

karRsg;Tinñn½y

 

sMNak sMNakTak

x
stx .ααμ ±=

;TgtMél 
%,CVsx +
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@> karKNnabMErbMrYl (Measuring Variability) 

 

 @>!> v:arIy:abø nig karcuHbBa¢I (variables and registration) 

v:arIy:abø KWCalkçN³ekSRtviTüa ¬Tinñn½y¦TaMgLayNaEdlbgðajnUvbMErbMrYl dUcCabMErbMrYlTMhMén 
lkçN³ekSRtviTüaTaMgLayenAkñúgkarBiesaFn_ . RbsinebIK μanbMErbMrYl (Variability) enAkñúgRbCakreT 
enaHvamincaM)ac;mansißtiviTüaEdr . 

cMeBaHrukçCati³ kñúgkarbNþúHkUneQI1BUCkñúgfñalCamYyKña eBlevla nigbec©keTsEtmYydUcKñaEdr . 
eRkayBIlUtlas;mYyry³eBl ¬RbmaN1Ex¦ eyIgsegáteXIjkarlUtlas;FMFat;rbs;rukçCatikñúgfñalTaMg 
mUlk¾minesμIKñaeT KWman³ tUc FM Tab nig x<s; ehIyeyIgsegáteXIjfabMErbMrYlrbs;karlUtlas;enH manRKb; 
edImTaMgGs;. karlUtlas;rbs;rukçCatiRbRBwtþeTAeRkam)atuPUtTaMgLay (Phenomena)  énbMErbMrYl 
(Variability). mUlehtuEdlbNþal[manbMErbMrYlénkarlUtlas;énrukçCatixagelIenH KW vismanPaBkñúgfñal 
EdlGacmanRbPBmkBI³ vaynPaBdI PaBrabesμ Irbs;dI sMeNImrbs;dI CICatidI>>>. rukçCati 
mYyedIm²kñúgfñalTaMgmUlenHehIy ehAfa varIy:abø. 

bMErbMrYlman @ ya:gKW ³- 
 

bMErbMrYlbrimaN (quantitive variability)  
- karvas;Evg ¬kMBs;/ RbEvg/ TTwg¦ 
- karføwg ¬TMgn;¦ 
- karrab; ¬cMnYn¦ 

bMErbMrYlKuNPaB (qualitative variability) 
- kar[tMél ¬b¤dak;BinÞú¦ eTAelIlkçN³ekSRtviTüa 

EdlelceLIg dUcCa³tUc/ minl¥/RKb;RKan; >>>> 
→ lkçN³ekSRtviTüaEdlminGacvas;)an 

bMErbMrYlbrimaN  
 
bMErbMrYlbnþ (Continuous variability) 
- karvas;Evg  
- karføwg  

]TahrN_ ³ Tinñpl KitCa  dt / ha  bJ t / ha 

bJ faMg  / h>t . 

 
 
bMErbMrYlminbnþ (Discrete or discontinuous 
                       variability) 
- karrab; 

]TahrN_ ³ cMnYnedImbMpøajedaystVl¥it 
                 cMnYnRKab;¼ 1KYr . 
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eKalbMNgBiesaFn_man ³ 
 
karBinitüemIllkçN³ekSRtviTüa  x  
¬cMNat;fñak;KuNPaBénktþaBiesaFn_¦ 
]TahrN_ ³ sikSaBIkMBs;edImeBat b¤®sUv 
                énRbePTBUC 4 epSg²Kña 

 
 
karBinitüemIlktþaBiesaFn_epSg² 
¬cMNat;fñak;brimaNénktþaBiesaFn_¦ 
]TahrN_³ etIkarlUtlas;l¥éndMMMMMMMMNaMeBat b¤®sUvRtUvkar 
brimaN CI N b:unμan ? → CI N kg / ha 

1> bMErbMrYlKuNPaB (Qualitative variability)³ rukçCatiRtUv)ankt;RtaCakardak ;BinÞú (scores) b¤Ca 
xñatmaRtd§an (scales) sMrab;kt;sMKal;KuNPaBdUcCa³ karxUcxat (damages)  PaBFn;RTaM (resistance) nwg 
CMgW. PaBedkdYl (lodging)  rbs; edImRsUvmun b¤eRkayeBlecjpáa dUcmanCa]TahrN_kñúgtarag xageRkam³ 
 
tarag  ³ karRsg;Tinñn½yedayBinÞú (Recording in score) 

BinÞú kMriténkardYledkrbs;edImRsUv ¬KitCaépÞdI1Ékta¦ 
0 edImRsUvenAQreBjERs eRkayRsUvTMuRsuH 
1 edImRsUvdYlticCag 20° eRkayRsUvTMuRsuH 
3 edImRsUvdYlBI 21° eTA 40° eRkayRsUvTMuRsuH 
5 edImRsUvdYlBI 41° eTA 60° eRkayRsUvTMuRsuH 
7 edImRsUvdYlBI 61° eTA 80° eRkayRsUvTMuRsuH 
9 edImRsUvdYlelIsBI 80° eLIgeTA eRkayRsUvTMuRsuH 

Source: standard evaluation system for rice (IRRI) 1998, page 11 

 
2>bMErbMrYlbrimaN(Quantitative variability)³karkt;RtanUvtYelx EdlGacvas;Evg føwg nigrab;)an dUcCa³ 
- TinñpldMNaMnanaRtUvkt;RtaCaetan¼h>t b¤ K>RK¼kUnERs 
- brimaNCIKImIsMrab;eRbIR)as;kñúgépÞdI1h>t 
- cMNuHTwk sMrab;layfñaMBulksikm μkñúgkMritNamYy edIm,I)aj;eliépÞdI1h>t 
- kMBs;rukçCati k¾RtUvkt;RtaCaEm:Rt ¬m¦ b¤sgÞIEm:Rt ¬s>m¦. 
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@>@> karKNnaKMlatKMrU emKuNbMErbMrYl nigbMErbMrYl (Standard deviation CV and Variability)  
cMeBaHbMErbMrYlbrimaNEdlmanlkçN³bnþ (continuous variation) karEbgEckPaBjwkjab; 

®tUvbgðajkñúgtaragPaBjwkjab;Edlman ³- 
- RBMEdnéncMNat;fñak; 
- mFüméncMNat;fñak; 
- cMnYnBitPaBjwkjab; (f) 
- GRtaPaBjwkjab; (f %) 
- plbUkcMnYnBitPaBjwkjab;  
- plbUkGRtaPaBjwkjab; 

karEbgEckCafñak;maneKalbMNg eFVI[bMErbMrYléntémø 1 cMnYnrbs;lkçN³ekSRtviTüaGaceTArkPaBesμ IKña .  
 
]TahrN_TI ! ³ 
!> karRsg;Tinñn½yénlkçN³ekSRtviTüa {kMBs;edImeBat} !( edIm ¬ 19 sMNak¦ 
bBa¢I (List)   kMBs;edImeBat  (cm) 

sMNak TI  1. 170 
2. 175 
3. 163 
4. 174 
5. 180 
6. 167 
7. 179 
8. 184 
9. 180 
10. 173 
11. 172 
12. 170 
13. 165 
14. 170 
15. 158 
16. 173 
17. 174 
18. 165 
19.     189   
 
n = 19        

cm
n

x
xx 7.172

19
32813281 ===→= ∑∑
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@> cenøaHtémø (Range)  
 xñatgaybMputénbMErbMrYlrbs;sMNakmYyKW cenøaHtémø. cenøaHtémø  KWPaBxusKñarvagtémøFMCageKbMput 
nigtémøtUcCageKbMputenAkñúgkarEbgEckmYy .  
tam]TahrN_xagelI  

cmw
xxw
cmx
cmx

.31158189

.158
.189

minmax

min

max

=−=
−=

=
=

     
     

sMKal;³  max. = maximum ¬Gtibrma¦   nig   min. = minimum  ¬Gb,brma¦. 
 
#> karerobcM karerobrykñúgtaragdMbUg
 158  

 163 

 165 

 165 

 167 

 170 

 170 

 170 

 172 

 173 

 173 

 174 

 174 

 175 

 179 

 180 

 180 

 184 

 189 
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$> taragPaBjwkjab ; ( frequencey table)  
 

cMNat;fñak; 
Class 

témømFüm 
Mid point 

PaBjwkjab; 
Frequency 

cMENkPaBjwk 
jab; (relative 

GRtaPaBjwk 
jab ;(%) 

plbUkGRtaPaBjwk 
jab; (%) Sums 

Interval  Tallies absolute 
Bit 

Frequency Frequency 
rate 

of Frequency 
rate 

156-160 
161-165 
166-170 
171-175 
176-180 
181-185 
    > 185 

158 
163 
168 
173 
178 
183 
188 

I 
III 
IIII 
IIIII 
III 
I 
I 

1 
3 
4 
6 
3 
1 
1 

0.0526 
0.1579 
0.2105 
0.3158 
0.1579 
0.0526 
0.0526 

 5.26 
15.79 
21.05 
31.58 
15.79 
 5.26 
 5.26 

 5.26 
21.05 
42.10 
73.68 
89.47 
94.73 
99.99 

 
%> düaRkambgðajkarEbgEckPaBjwkjab;énkMBs;edImeBat (cm)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

f %    40 

Frequency histogram 
 30 

Frequency polygon 

 20 

 10 

X  188 183 178 173  168  163  158 

mFüménkMBs;edImeBat
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^> karKNnatémømFüm  
eKkMNt;CaTUeTAKW ³ témømFüm (mean) b¤mFümnBVnþ (arithmetic mean)  
sresr ³    μ (mu) = témømFüménRbCakr 
                              = témømFüménsMNakKitkñúgsßiti (Statistics)  x

 
 
 
     
  
 
 

                               plbUktémøsrub 

                                                     TMhMsMNak 
tam]TahrN_xagelI eyIg)an³  

    
 
 
 
&> karKNnava:rIy:g; (Variance)  
Variance (S2)   KW CamFümkaer:énKMlat b¤kaer:énKMlatKMrU. 
mUldaænsMrab;KNnavarIy:g; Variance enaHKW KMlat            éntMélnimYy² xi BItémømFüm     . 
 

   
 
 
 

SS = srubkaer: bMErbMrYl (Sums of Squares) 
DF = kMritesrIPaB (Degrees of Freedom)     
 

  
 
 

   

n
x

xOr
n

xi∑
x

N
x

Or
N

N
xxxx

N

i

N

i
i

n

∑

∑

==

==
x∑

+++
=

=

=

...

...

.........

1

1

321

μμ

μ
+

cmx

cmx
n

7.172
19

3281
3281

19

==

=

=

∑

( )
DF
SS

n
xx

S i =
−

−
= ∑

1

2

2

( )xxi − x

( ) ( )

( )

1

2
2

2
22 ∑

2

−

−

−=−=

∑∑

∑

=

∑

n
n
x

x

n
x

xxxSS i

S
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*> KMlatKMrU (S or SD = Standard deviation)  
KMlatKMrU KWCab¤skaer:viC¢manénv:arIy:g; (S2 = Variance) nigCaKMlatmFüméntémøv:arIy:abønimYy² 

BItémømFüm. va KWCargVas;énkMritbMErbMrYlBImFümsMNak. KMlatKMrU mantMélkan;EttUceTA² kalNatémø 
énv:arIy:abønimYy²xitkan;EtCittémømFüm.  KMlatKMrUenHmanrUbmnþdUcxageRkam³ 
 

              ( )
1

2

  
2S

−

−
== ∑

n
xx

S i

             

tam]TahrN_xagelI ³ 
x x2

158 
163 
165 
165 
167 
170 
170 
170 
172 
173 
174 
174 
175 
179 
180 
180 
184 
189 

 
Σx = 3 281 

24 964 
26 569 
27 225 
27 225 
27 889 
28 900 
28 900 
28 900 
29 584 
29 929 
30 276 
30 276 
30 625 
32 041 
32 400 
32 400 
33 856 
35 721 

 
Σx2 = 567 609 

 
 

 
 

( )

( )

cmS
n

n
x

x
S

n
x

n
x

x

60.757.7

3.57
18

1032
119
566577567609

1

566577
19

3281;..7.172
19

3281

2
2

22

≈±=

==
−
−

=
−

−
=

=====

∑ ∑

∑∑
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sMNakRkumedImeBat 19 edImmanmFüm kMBs;ERbRbÜlkñúgcenøaH³                                  EdlmankMBs;³  cmx 7 ±s 6.7.172=±

Gtibrima (Maximum)³ 172.7 + 7.6 cm = 180.3 cm 
Gb,brma (Minimum)³ 172.7 -7.6 cm = 165.1 cm 
 cmcm 3.1801.165 −−−−−

cMeBaHlkçN³ekSRtviTüa ³ sBaØa ¬-¦mann½yfa³tUcCagmFüm     
                        ¬÷¦mann½yfa³FMCagmFüm        témøenHsßitenACuMvijtémømFüm    . x

 
(> lMeGogKMrU (éntémømFüménsMNak) (Standard Error -Sx or SE)  

mkdl;RtwmcMNucenH eyIg)anKNnaEtKMlatKMrU S éntémønimYy²enACuMvijtémømFüm (μ). karKNna 
témømFüménsMNakmYyk¾manlMeGogEdr (Sx) BIeRBaHkarvas; nigKNnasaeLIgvijnUvsMNakdUcKña Edl 
TMhMsMNakkan;EtFMenaHBuMpþl;nUvtémømFüm  dUcmuneToteT. KMlatKMrUéntMélmFümrbs;sMNakRtYv)an[ 
eQaμHfa lMeGogKMrU (The standard deviation of sample means is called the STANDARD 

ERROR).  

x

 
n

S
n

SS
n

SS
xx ==→=

22
2

 
tam]TahrN_xagelI ³ 

    
cmS

x
7.1

4.4
6.7

19
6.7

±=
±

== 

 
kalNaTMhMsMNak ¬n¦ kan;EtekIneLIg enaH Sx nwgxiteTArktMélkan;Etefr . 
 
!0> emKuNbMErbMrYl (CV = Coefficient of variation)  
 ebIsinCaeKeRbobeFobKMlaténsMNak @ Rkum eK®tUvKitfa GBaØatmanTMhMFM b¤témøFMmanKMlatFM nig 
GBaØatmanTMhMtUc b¤témøtUcmanKMlattUc . GaRs½yehtuenH témørbs;sMNakFMEtgmanKMlatFMCag.  kñúg 
krNIenH eKBuMGacsnñidæanfa vamanbMErbMrYlFMeLIy xñatmYyEdleK®tUvykcitþTUkdak;KW emKuNbMErbMrYl 
¬rbs;elak K. Pearson¦. emKuNbMErbMrYl KWCaKMlatKMrUKitCaPaKryéntMélmFüm. emKuNbMErbMrYl 
¬GRtabMErbMrYl¦manrUbmnþ ³ 
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    tam]TahrN_muneyIg)an³    
 
Coefficient of variation (CV) is a measure of the relative variability among experimental 
units of measure and/ or plot sizes. CV is the ratio of the standard deviation (S) to the 
mean (x) expressed as percent (Shaner, 1982). 
 

]TahrN_ ³ karvas;EvgkMBs;rbs;®sþImanGayu !&-!* qñaM nigkumarIGayu ^-& qñaM pþl;tMéldUcteTA³ 
 
  S CV n 

®sþIGayu !&-!* qñaM 
kumarIGayu ^-& qñaM 

!^@>^ 
!!@>^ 

%>!@ 
 $>^$ 

#>!% 
$>!@ 

%! 
&& 

 
CaTUeTA ³ eKRtUvkarmanKMlatKMrU nigtMélmFüm (Standard deviation and Mean)edIm,IviPaKbMErbMrYl 
lkçN³ekSRtviTüaénsMNakmYy nigkMNt;PaBxusKñarvagsMNakTaMgLay. sMNakTaMgLayGacxusKña 
edaysarKMlatKMrUenAeBlmFümmantémødUcKña b¤sMNakTaMgLayGacxusKñaedaysartémømFümenAeBl 
KMlatKMrUmantMéldUcKña ¬sUmemIlrUbPaBxageRkam¦. 
 
 

 
 
 
 
                     X                X                   X 
                                   (a)  XA = XB             (b)   XA< XB       (c)  XA < XB

düaRkam³  karEbgEckTinñpl (X) rbs;RKab;FBaØCati ! enAkEnøgdaM A (⎯) nigkEnøgdaM B (----) 
 kñúgkrNI (a) kñúgkrNI (b) kñúgkrNI (c) 
TinñplmFüm A nig B esI μKña B x<s;Cag  A  B x<s;Cag nigefrCag  A  
bMErbMrYlTinñpl B manTinñplefrCag A b¤ 

B manTinñplBuMsUvxusKña     
A manTinñplxusKñaeRcIn 

A nig B manbMErbMrYlTinñpl 
esI μKña 

TinñplenAkEnøg A man 
bMErbMrYlxøaMgCagenA B 

TinñplkEnøgdaM B 

TinñplkEnøgdaM A 

100CV = *
x
S

%4.4100*
7.172

6.7
==CV

x
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snñidæan (Conclusion) 
 
 bMErbMrYlman 3RbePTKW³ cenøaHtMél (Range) KMlatdac;xat (Absolute deviation)  nig KMlatKMrU 
(Standard deviation). KMlatTI 3 KWCaKMlatRtwmRtUvCageKsMrab;eFIVkarsniñdæantamEbbsßitIviTüa.  
tam]TahrN_xagelI 

sMNak cenøaHtMél KMlatdac;xat KMlatKMrU 
tMéledImeBat 19 edIm 
 

189-158=31 s>m   
178
172

 
KMlatdac;xat 
TMhMbMErbMrYl  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1.1653.180
172 60.77.

−−
±

cm
n

xxi 7.5
19

3.108||
±==

−
= ∑

1674.
7.57.

−−
±

( 1674.178,7.57.172) = →±= MinimumMaximumVariation =
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#> karEbgEckRbhak;RbEhl (Probability distributions)  
 enAkñúgcMNuc 2>2> mandMeNIrCakarvIPaKbMErbMrYl.  tamkarvIPaKenH lT§plBiesaFn_ RtUv)anbgðaj 
Catarag düaRkam nig CatémømFüm nigKMlatKMrU. sßitivITüa )aneFVIkarBiBN’naBI Tinñn½yénsMNak nig 
bkRsaysMrab;RbCakrtamkarsnñid§anlT§plénsMNak. CamYyenaHenAkñúg sßitiviTüa témøénlkçN³ 
ekSRtviTüamYyEdl)ansegát KWCatémøénv:arIy:abøécdnümYy.  Ep¥kelItémøsMNak ¬CaTinñn½y¦ eKGacTaj 
karsnñid§anBIIItémøTaMgGs;énv:arIy:abøécdnü.  
 
3>1> RBitiþkarN_écdnü nigRbhak;RbEhl  
 témøénlkçN³ekSRtvITüamYy KWCaRBwtþikarN_écdnümYy ¬]TahrN_³ karpþl;Tinñpl¼h>t¦.  
RBwtþikarN_écdnü KWCadMeNIrkarEdllT§plTTYlvaGaRs½yeday\T§iBlEdlminGacRtYtBinitü)an.   
]TahrN_ ³ Tinñpl®sUvkñúg ! hikta EdlmanTinñplmFümrvag $0-%0 dt/ha .  TinñplticCag #0 dt/ha b¤ 
eRcInCag ^0 dt/ha )anTTYlticNas; .  eKniyayfa Tinñplrvag $0-%0 dt/ha manRbU:)abIlIet b¤ 
Rbhak;RbEhlCaeRcInCag TinñplticCag #0 dt/ha .  enAkñúgvis½yksikmμ CaTUeTARBwtþikarN_TaMgLay man 
PaBécdnü BIeRBaHsMNakén CIv³rs;TaMgLay ¬rukçCati nig stV¦ manPaBbMErbMrYledaysar\T§iBldI ¬vayn 
PaBdI PaBrabesμ Irbs;dI sMeNImdI nigCICatidI¦nigGakasFatu .  kñúgkarpþl;kMeNItTark TMnak;TMngrvagkumara 
nigkumarIKitCamFüm 1³1 b¤Gacniyayfarvagkumara nigkumarmanRb:U)abilIet esI μnwg 0>50³0>50 
ehIymansrubRb:U)abilIetesIμ 1. kñúgkrNImþgmáalGacmanKMlateRcInBIc,ab;enH ¬]> RKYsarmankUnRbusbYn 
nak;¦. 
 
3>2> v:arIy:abø nigkarEbgEckrbs;va (Variables and its distribution) 

 
v:arIy:abømYyCatémøTinñn½ymYy KWCaRBwtþikarN_écdnü maneQμaHfa v:arIy:abøécdnü. edaysa 

RBitiþkarN_manPaBécdnü va:rIyabøécdnüKWCa GnuKmn_écdnü. RBitiþkarN_écdnünimYy² GacRtUv)anerobcM 
mantMélRbhak;RbEhl b¤ CaRbU:)abIlIet. dUecñH karEbgEckRbU:)abIlIeténv:arIy:abøécdnünimYy² ¬karEbg 
EckPaBjwkjab;énTinñn½y¦ manRbePT b¤CaragmYy. RbePTénkarEbgEckRbU:)abIlIetmYykñúgcMeNam 
karEbgEcksMxan;² KWkarEbgEckFmμta (Normal distribution). RbCakr (Population) KWkMNt;eday 
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karEbgEckva:rIy:abøécdnü. Tinñn½ysMNakeRbIsMrab;bkRsayva:rIyabøRbCakr. PaBxusKñaénsMNak nig 
RbCakrKW³ 

 
sMNak ¬Tak;Tgtémø¦ RbCakr ¬Tak;Tgtémø¦ 

- TMhM³ mankMNt; - TMhM³ kñuúgkrNICaeRcIn KμankMNt; 
- karEbgEckPaBjwkjab; - karEbgEckRbU:)abIlIet  ¬b¤ karEbgEckRTwsþI¦ 
- lkçN³ekSRtviTüa - v:arIy:abøécdnü 
 

v:arIy:abø¬écdnü¦manbMErbMrYl EdlEckCaBIrRbePTKW³ 
- bMErbMrYldac;Kña (Discrete variability). bMErbMrYlbrimaNdac;KñaGactagedaydüaRkamCa begÁal (Bar 

chart). 
-    bMErbMrYlbnþKña (Continuous variability) . karEbgEckv:arIy:abøécdnübnþ Kña x RtUv)ankMNt;eday   
     GnuKmn_tg;suIet)atuPUt b¤ehAkat;fa GnuKmn_tg;suIet.   bMErbMrYltémøbrimaNbnþKña CacenøaHfñak;  
     (Class interval) éntémø nigPaBjwkjab;éncenøaHtémø. bMErbMrYlbrimaNtagedaydüaRkam GIusþÚRkam    
    (Histogram)   

     ]>   - TinñplRsUvtamExRtnimYy² ¬etan¼h>t¦ 
 - kMBs;edIm b¤RbEvgkYrRsUvkñúgépÞdIkMNt;mYy ¬s>m b¤ kYr¼edIm¦. 
     Tinñn½ymancMnYneRcIn sßiteRkamRTwsþIkarEbgEckFmμta (Normal distribution) EdlGactagedayGuIsþÚRkam 
(Histogram) nigedayBhuekaNénPaBjwkjab;sMrab;Tinñn½ysMMNak .  sMrab;Bt’man ¬varIy:abø¦ rbs;RbCakr 
vij karEbgEckFm μtaGactagedayExSekagmanragCakNþwg (Bell-shaped curve).   
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#>#> GnuKmn_EbgEck (Distribution function)  
 sMrab;témønimYy² X mandg;suIetRbU:)abIlIetmYy ¬density of probability¦ .  vaGacman 
Rb:U)abIlIetenAcenøaHtMélkMNt;mYy .  ®TwsþIEbgEckv:arIy:abécdnü X CaGnuKmn_dg;suIetén RbU:)abIlIet 
b¤ ehAfa {GnuKmn_dg;suIet ƒ(x)}. Rb:U)abIlIeténtémøv:arIy:abécdnü X EdlenAcenøaH (x1, x2) KW P (x1 < 

x ≤ x2  )¬emIlrUbxageRkam¦ épÞenAeRkamGnuKmn_tg;sIuet ƒ(x) enAcenøaH ¬x1, x2 ):  

 
     x2

P (x1 < x ≤ x2) = ∫    ƒ(x) dx 
               x1

 
ƒ(x) 

P 

 
 
 
 
    x1  x2   X   

 épÞ P enAeRkamGnuKmn_ ƒ(x) 
 

épÞTaMgGs;enAeRkamGnuKmn_ ƒ(x) mantMél ! . F(x) = P (X ≤ x) maneQ μaHfa GnuKmn_ 
EbgEckv:arIy:abécdnü X. Rb:U)abIlIet P (X = x) KWCatMélénGnuKmn_EbgEckRtg; x b¤CaépÞenA eRkam 
GnuKmn_BI −∞ eTA x . sMrab;RTwsþIEbgEckv:arIy:abécdnü X ¬témøTinñn½y¦ KWCaGnuKmn_EbgEck F(x): 
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#>$> karEbgEckFmμta (Normal Distribution)  
karEbgEckv:arIy:abécdnü X ¬témøTinñn½y-bnþ¦ maneQ μaHfa ³ karEbgEckFmμtakalNa 

KMnUsRkahVikrbs;vamanragCaExSekagkNþwg Bell Curve ¬rUbxageRkam¦ EdlCakar[eQ μaHedayelak 
C.F. GAUSS.  GnuKmn_dg;suIeténkarEbgEckFmμta KW³ 
 
          (x − μ )2

                    −  --------- 
    1          2 δ2     

ƒ(x) = ---------- e                                          nig GnuKmn_EbgEckCa 
           δ     2π 
 
                                                      (t − μ )2

                                                    −  --------- 
  x                        1  x           2 δ2     
F (x) = ∫      f (t) dt =  ----------   ∫    e                      dt                     
            −∞                  δ     2π    −∞ 
 
 

μ nig  δ2 Ca)a:ra:Em:RténGnuKmn_EbgEckFm μta .  x GacmantMélBI −∞ eTA +∞ .  eKniyayxøIfa 
v:arIy:abécdnü X mankarEbgEckFmμta nigman μ ¬Ganfa mu:y¦ nig  δ2 ¬δ Ganfa sIkm:a¦ Ca)a:ra:Em:Rt 
EdleKGacsMKal;karEbgEckFm μtaedaysresr ³ N (μ;  δ2 ) . 
 eKtagtMélv:arIy:ab x enAelIG½kSGab;suIs(X)/ nigtagcMnYn b¤ PaBjwkjab;v:arIy:ab EdlCatMél 
ƒ(x) enAelIG½kSG½redaeN (Y).  eK)anExSekagmYy ehAfaExSekag GAUSS .  ExSekagmancMNuc 
GtibrmaenARtg;mFüm   = μ  CabnÞat;kNþal ¬kEnøgEdltémøv:arIy:abmanjwkjab;Nas; b¤ tg;suIet 
Rb:U)abIlIetFMNas;¦ .  ExSekagsuIemRTI KñaeFobnwgG½redaeN Rtg;cMNuc     = μ  .  kEnøgRtg;     = μ  + δ 
CacMNucrbt;. 

x

 
 
 
 
 
 
 
  

x x
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karEbgEckFmμta vaGaRs½yeTAnwgtémømFüm ¬μ¦ nig Variance (δ2) . karEbgEckrbs; 
RbCakrGVImYy kñúgenaHman v:arIy:abtMéltUcCagmuy μ 50° nigFMCagmuy μ 50°  . ExSekag GAUSS 

¬b¤ExSekagFm μta¦ sMrab;tMélénKMlatKMr ¬δ¦ epSg² nigmanbgðajdUcrUbxageRkam. RbsinebI KMlatKMrU 
¬δ¦kan;EttUc enaHExSekagFm μtamanragkan;Etx<s; nigkan;EtecaTCag. 
 

 

 
 
 
 
 
 
 

  RkahVikGnuKmn_dg;suIeténkarEbgEckFmμta # EbbxusKña ³ 
  N (μ = 40; δ2 = 4) 

 N (40; 1) 
  N (40; 0.25) 
 

- ebI μ1 < μ2  N (μ2; δ2) enAxagsþaM N (μ1; δ2) BIeRBaHtémømFüm μ sMrab;kMNt; kEnøgkarEbgEck 
. 

- ebI δ1 < δ2  N (μ; δ1
2) manRbEvgTTwg tUcCag N (μ; δ2

2) . 
 
eyIgman u CatMélGefrmYy¬Variable¦sMrab;vas;Éktarbs;lMeGog ¬δ¦énlkçN³ekSRtviTüa X.  
eyIg)an ³  δμ ux ±=

ebI    

δμ
δμ

δμ
μ

δμ
δμ
δμ

33
22

1
..0
1

22
33

+=→+=
+=→+=
+=→+=

=→=
−=→−=
−=→−=
−=→−=

xu
xu
xu
xu
xu
xu
xu
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edIm,IKNnaRb:U)abIlIetsMrab;témøénv:arIy:abécdnü X EdlmankarEbgEckFm μtaenAcenøaH       
x1 nig x2 [P (x1 ≤ X ≤ x2)] eK®tUveRbIGnuKmn_ EbgEck F (x) b¤ehAfaépÞenAeRkamExSekagFm μta φ (u) 

(φ Ganfa fi) ¬emIltaragxageRkay¦ . edaymanCMnYyBItaragsMrab;cenøaH # énkarEbgEckFmμta ¬μ  

+ δ, μ  + 2δ, μ  + 3δ¦ eyIgGacKNnav:arIy:abécdnü X ¬témøTinñn½y¦ . 
v:arIy:abécdnü X enAcenøaH μ  + δ man 0.683 = 68.3% Edl  
P (μ − δ ≤  x  ≤ μ  + δ) =  F (μ  + δ) − F (μ − δ) 
    =  φ (+1) − φ (−1) 
    =  0.84135 − 0.15866 
    =  0.68269 
    ~ 0.683 
    = 68.3% 
 

KNnarebobdUcKñaeyIg)an μ  + 2δ = 95.5% (0.97725 − 0.02275)   = 0.9545 
           = 0.955 
     μ  + 3δ = 99.73%(0.99865 − 0.00135) = 0.9973 
 

 
tamlkçN³enH eKmanc,ab; 3δ (3δ - rule) ³  
 v:arIy:abécdnü X EdltémømankarEbgEckFmμtaenAeRkA μ  + 3δ K μanenAkñúgPaBCak; Esþg 
¬0>00@&¦ .  v:arIy:abécdnü X TaMgGs;enAcenøaH μ  + 3δ ¬emIlrUbxagelI¦ . 
 
]TahrN_>  
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kareRCIserIsBUCdMNaMénedImmYycMnYn EdlmanTinñplCakarEbgEckFmμta N (μ = 50, δ2 = 4).  
CMerIsenHmaneKalbMNgrkEtedImNa Edlpþl;Tinñplx<s; BIeRBaHmanEt^0°énedImeT 
EdlGacenAsl;b¤GacCMerIsyk.  etIRBMEdnénkarCMerIsBUCsßitenARtg;kEnøgNa ? 
 

 

 
 
 
 
 
     RBMEdnénCMerIsBUC            

tamtarageyIg)an φ (u) = 0.40    u = − 0.25  
RBMEdnénCMerIsBUCsßitenAEk,r x Edl x = μ  + uδ 
        = 50 + [(−0.25 x 2)] 
        = 50 −   0.5
        = 49.5    
tamkarKNna eK®tUveRCIserIsykEtedImNaEdlmanTinñplelIsBI $(>% .  
 

#>%> karsnñid§antamsßiti 
 karsnñid§antamEbbsßiti EdlsMerc)antamry³karKNnasMNak manTRmg;BIrepSgKña³ 
- témøsMNakRtUv)aneRbI edIm,I):an;sμan):ar:aEm:RténRbCaBlkr ¬kar):an;sμancenøaHeCOCak;¦.   ]> 
kar):an;sμanTinñplmFüménFBaØCati EdldaMenAtMbn;mYy ¬RbCaBlkr¦ tamry³lT§plBIkarKNna 
Tinñn½ysMNak . 
- kareRbIR)as;témøsMNak edIm,IBinitüemIlkarGHGag ¬karBinitüemIlsmμtikmμ¦. 
]> karBinitüemIlPaBxusKña énTinñpl ¬):ar:aEm:RtBIr¦ éndMNaMeQIhUbEpø rbs;BUCBIr enAkñúg 
tMbn;mYy ¬RbCaBlkrBIr¦. karsMercKWEp¥keTAelIlT§plBiesaFn_ ¬sMNak¦. 
 
#>^> cenaøHeCOCak; ¬confidence intervals¦ 

mFüménRbCaBlkr μ sßitenATINakñúgcenøaH x -uδ nig  x + uδ.  cenøaHRtUv)an[ 
eQ μaHfa {cenøaHeCOCak; }. 
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The population mean μ is somewhere between x -uδ and x + uδ. The interval is called 
a confidence interval for μ.  

 
tamkarKNnamun eyIgmanv:arIy:abécdnü X P(x) enAcenøaH μ  + uδ Edl  
P (μ − uδ ≤  x  ≤  μ  + uδ)  =  F (μ  + δ) - F (μ − δ)  
    φ (+u) − φ (−u) = 95% 

          b¤  99% 

       b¤ 99,9% 
eyIgman ³ μ  + δ   = 68.3 % 

μ  + 2δ  = 95.5 % 
μ  + 3δ  = 99.73 % 

 
dUecñH karKNnav:arIy:abécdnü X enAcenøaHtémøBIrEp¥kelICMnYy xñatEbgEckcenøaHeCOCak;mYy 
 ¬confidence intervalls¦)an®tUvKNna nigmanRbU:)abIlIet  P =  1 − α  α = 1 − P 
 
  P= 95 %     α = 5%       α/2 = 2.5 % 
  
  P= 99 %     α = 1%       α/2 = 0.5 % 
 
  P= 99,9 %  α = 0.1%    α/2 = 0.05 % 

edaysar  1 = 95 % + 2 α/2 

  φ (u) = α/2       = 2.5 %   = 0.025   = 0.024998    u = − 1.96 
  φ (u) = P + α/2 = 97.5 % = 0.975 = 0.97502    u = + 1.96 

 
eyIg)an v:arIy:abécdnü X  Edl P (x) enAcenøaH ³ μ  + 1.96δ .  
cenaøH x – 1,96 sx to x + 1,96 sx mancenaøHeCOCak; 95% sMrab;mFüménRbCaBlkr. 
cenaøHenHmanépÞenAeRkamExSekagFmμta Edl  φ (u)  95%   ( =  0.975002 − 0.024998) 

                       =  0.950004 
                     =  95 % 

KNnarebobdUcKña eyIg)an ³ 
μ  + 2.58 δ manépÞenAeRkamExSekagFm μta     99 %   (= 0.995060 − 0.004940) 
                = 0.99012 
                = 99 % 

μ  + 3.29 δ manépÞenAeRkamExSekagFm μta     99.9 % (= 0.999517 − 0.000483) 
                = 0.999034 
                = 0.999 
                = 99.9 % 
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tam]TahrN_mun eyIgman kMBs;edImeBatmFüm rbs;sMNaksßitkñúgcenøaH³ 
172>7 +  7>6 s>m Edlman³ 
Gb,brma³ 172>7 - 7>6  = 165>1 s>m  
Gtibrma³  172>7   + 7>6  = 180>3 s>m  
- kar):an;sμanrkmFümrbs;RbCaBlkr edayeRbIrUmmnþrbs;smIkar³ 
μα  =      + tα * Sx   EdlkñúgenHman³ 
μα  = Fmümrbs;RbCaBlkrkñúgkMritCak;lak; α 

x

     =  mFümsßiti x

tα      = tMél t kñúgkMritCak;lak; α  EdlRsg;ecjBItaragtamTMhMsMNak 
Sx   = lMeGogKMrU EdlmanrUbmnþ³   
 
  
               

              

 
 cmS

n
S

n

 

n=19 , t5% = 2.10 , t1% = 2.88 [taragEbgEck t (table of t- distribution)] 
 
1> μ5%  =     + t5% * Sx = 172.7 + (2.10 x 1.74) = 172.7 +  3.57 cm 

Gb,brma³ 172>7 - 2>10 x 1>74  = 169>13 s>m  
Gtibrma³  172>7   + 2>10 x 1>74  = 176>27 s>m 

 

2> μ1%  =     + t1% * Sx  = 172.7 + (2.88 x 1.74) = 172.7 +  5.01 cm 

Gb,brma³ 172>7 - 2>88 x 1>74  = 167>69 s>m  
Gtibrma³  172>7   + 2>88 x 1>74  = 177>71 s>m 

 

karsnñid§aneTAelImFümrbs;kMBs;edImeBat nigbMErbMrYl EdlksikrnwgTTYlKW³ 
- BüakrN_kñúgGtßn½y 5° (predictedat 5% level) 

μ5%  =  172.7 +  3.57 cm 

169>13 s>m ----- 176>27 s>m 

S 2

S

n
S

x

x

x

74.1
36.4

57.757.7

2
2

=
±

==

==

=S

19

x

x
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- BüakrN_kñúgGtßn½y 1° (predictedat 1% level) 

μ1%  =  172.7 +  4.90 cm 
167>69 s>m ----- 177>71 s>m 

 
 

3>^> karsakl,gemIlsmμtikmμ ¬hypothesis testing¦ 
etIGVICasm μtikmμ ? 

eyIgEtgEtsaksYrxøÜnÉgnUvsMnYrdUcCa {etInwgmanGVIekIteLIg RbsinebI>>>}. enAeBlenaH eyIgbnþ 
begáItehtukarN_mYyEdlTaMgGs;enHBwgEp¥kelIkarsn μtCamUldæanmYy. tamsßitviTüa nigkarBiesaFn_ b¤ 
RsavRCav karsnμtenHehAfa smμtikmμ. 
 enAkñúgsßiti smμtikm μedImdMbUg®tUv)aneKehAfa sm μtikmμsUnü (Null Hypothesis) EdlGñkGac 
TTYlyk b¤bdiesFecal edayEp¥kelIkarRsavRCavrbs;Gñk. RbsinebIGñkbdiesFsm μtikmμ sUnüenaH 
GñknwgbegáItsmμtikm μfμImYyeTot EdleKehAfasmμtikmμCMerIs (Alternative Hypothesis). edaysar 
mankareRbIR)as;jwkjab;elIBaküTaMgenH eTIbeyIgkMNt;nimμ itsBaØadl;BYkva ³ 
 Ho KWCasm μtikmμsUnü 
 H1 KWCasm μtikmμCMerIs 

kMriteCOCak; (P) nig kMritsarsMxan; (α) . 
RbsinebIGñkcg;TTYlyk b¤Tat;ecalsm μtikmμsUnümYy enaHGñk®tUvBicarNapgEdr 

faetIGñkmanTMnukcitþb:unNaeTAelIkarsnñidæanrbs;Gñk.EdlehAfakMriteCOCak; (Confidence level) KWCa 
PaKry¬°¦ EdlR)ab;GMBIkMrit b¤TMhMénkareCOCak;eTAelIkarsnñidæanrbs;Gñk. RbsinebIGñkeRbIR)as; 
lT§plkñúgkarGnuvtþn_Cak;Esþg ya:gehacNas;k¾GñkmanCMenO (%° elIlT§plrbs;GñkmuneBlcab; 
epþImdMeNIrkar. enAkñúgsßiti CaFm μtaeyIgeRbIR)as;kMritsarsMxan; b¤ kMritCaGtßn½y (Significance level) 
b¤ Ca kMritlMeGog (α) Edl α esμ Inwg !00° dknwgkMriteCOCak; (P). 
 dUcenH kMriteCOCak; (%° KW®tUvnwgkMritlMeGog %°. CaTUeTA eKtagkMritlMeGogedayGkSr Rkik 
α (α = 1 - P b¤  α = 100 – P). 
 cUrGñkcaMfaGñkcg;)ankMritsarsMxan;rbs;Gñk[tUc. ]TahrN_ kMritlMeGog 0/0! KWl¥Nas; 
BIeRBaH mann½yfaGñkmankareCOTukcitþelIkarsnñidæanrbs;Gñk ((°. kMritlMeGog 0/00! KWman 
sarsMxan;Nas; BIeRBaHGñkmanCMenOTukcitþelIkarsnñidæanrbs;Gñk ((/((°. 
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 TaMgGs;enHmann½yfaGñkGacTTYlyksmμtikm μRtg;kMritmYy nigbdiesFRtg;kMritepSgeTot. 
GñkGacbdiesFecal Ho Rtg;kMritsarsMxan; 0/0% nigTTYlykRtg;kMrit 0/0!. RbkarenH mann½yfa 
manPsþútagRKb;RKan;EdleFVI[GñkR)akdkñúgcitþ (%° kñúgkarTat;ecal Ho b:uEnþ KμanPsþútagRKb;RKan; 
EdleFVI[GñkR)akdkñúgcitþ ((° eLIy. RbsinebIGñkbdiesF Ho Rtg;kMrit 0/0! enaHGñkR)akdCanwg 
bdiesFecalvaRtg;kMrit 0/0% Edlmann½yfa RbsinebIGñkeCOelIkarsnñidæanrbs;Gñk ((° enaHGñk 
R)akdCamankarTukcitþ (%° ya:gCak;lak;. eyIg)an³ 
α CakMritlMeGogénv:arIy:abécdnü X nig Uα CaRBMEdnRb:U)abIlIetsßitelIG½kSGab;sIus 
• α = 0.05, uα = 1.96  RBMEdnRbhak;RbEhlmanGtßn½yenAkñúgsißtiCIv³ (Biostatistics)    
                                    eKniyay)anfa {manGtßn½y} (Significant) 
• α = 0.01, uα = 2.58  manGtßn½yx<s; b¤manGtßn½yCak;lak; (High significant) 

• α = 0.001, uα = 3.3  manGtßn½yx<s;Nas;  b¤manGtßn½yCak;lak;bMput (Very high significant). 
 
 
 
 
 
 
 
 smμtikm μsßiti KWCakarGHGag ¬affirmation¦ GMBI):araEm:Rtrbs;RbCaBlkr b¤karGHGagGMBI 
karEbgEck témøénlkçN³ekSRtviTüa X énRbCaBlkr. sm μtikm μEdlekIteLIg®tUvkMNt;eday 
karKNnasMNak. kar):an;s μanemIl):araEm:Rttamry³témø rbs;sMNakman {PaBBuMc,as;las; } man 
n½yfa PaBxusKña ]TahrN_> témømFüménsMNakBIr GacmanPaBRbhak;RbEhl b¤manPaBxusKñaBit . 
 karrkeXIjPaBxusKñarvagtémømFümBuMGacsnμtRtwm®tUvfa):araEm:RtmxusKñaeT. vaTamTar[ 
BinitüemIltamry³kareFIVetsþ b¤sakl,gtamEbbsißitiviTüa (Statistical Test) {etIPaBxusKñaEdlrkeXIj 
enaHBitCaFanafaxusKñaCaGtßn½y (Significant)b¤ ?. karsakl,g (Test) nimYy² man # vKÁ ³ 
- vKÁTI ! ³ karelIkeLIgnUvCasMnYrenAkñúgsmμtikmμ 

  H0 Casmμtikm μsUnü .  ]TahrN_ ³ vaK μanPaBxusKñaCaGtßn½y (Significant) rvagTinñpl 
mFüménBUCTaMgBIr ¬μ1, μ2¦  

Practical Statistics for Agricultural Research or Biometry, by PEL Sokha (MSc, Lecturer of URA), Dec. 2010 52



 H0 ¬μ1 = μ2¦. Ho = X2 – X1 = 0 ,  X2 = X1   
 H1 Casm μtikmμCMerIs .  ]TahrN_ ³ TinñplBUCTI ! ®tUv)aneKKitfa xusKañ nig 

x<s;CagBUCTI @  EdleKsresr H1 ¬μ1 > μ2¦. H1 = X2 – X1 ≠ 0 ,  X2  ≠ X1   
 

- vKÁTI @ ³ karKNnatémøénlkçN³ekSRtviTüa X . Ep¥kelIsm μtikmμEdl)anelIkeLIgnwgman 
                      kareRCIserIskarsakl,g Test .  
   kareFVI Test KWCakarKNnatémøénlkçN³ekSRtviTüa X rbs;sMNak . 
- vKÁTI # ³ kareRbóbeFoblT§plEdl)anKNnaeTAnwgtémøCaRTwsþIkñúgtarag.     
                    kñúgkarsakl,gCaeRcIn eKman ³ 

  kalNalT§plEdl)anKNna ≤ témøkñúgtarag  karGHGagyk H0  Edlmann½yfa 
K μanPaBxusKñaCa Gtßn½yrvagsMNakTaMgBIr .  

  kalNalT§plEdl)anKNna  > témøkñúgtarag  karGHGagyk H1 Edlmann½yfa 
manPaBxusKñaCa Gtßn½y (Significant) rvagsMNakTaMgBIr . 

dUecñH karsMercyk H0 b¤ H1  vaGaRs½yelIB’tmanéntémørbs;sMNak. 
 
 
 
 
 
 
 
 
 
 
 
$> kareRbóbeFobsMNakBIr ¬Comparison of Two Samples¦ 
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       PaBxus 
          
 
 
 
 

TMnak;TMngrvagsMNak TI1 nig TI2 (α  nig  β) 

  
 
   TMnak;TMngrvagsMNak TI1 nig TI2 ¬α nig β¦  
 

tamRTwsþIrbs;elak NEYMAN nig PEASON kareFVI Test mYyKYreRCIserIs[manEpñkriHKit 
EdlGaceFVIkarbkRsaysmμtikmμ)an. ebIsinCaeKeRCIserIs α kan;EttUc enaHPaBxusKñaénsMNak TI @ 
¬β¦kan;EtFM. karEbgEckv:arIy:abécdnü X dUcrUbxagelIenH KWCakarEbgEckFmμta. 
v:arIy:abécdnü X EdlEbgEckmantémømFümKW³ 
H0 ³ μ = μ0  

H1 ³ μ = μ1 
 
kñúgrUbxagelI EpñkbdiesF KWépÞxagsþaMG½kSkUG½redaeN (Ordianate) Rtg;cMNuc uα ebIeRCIserIs 

yk α=0>0% ¬5°¦.  ExSekagTaMgBIrkat;KñaRtg;épÞEdlKUs = β  kalNa α kan;EttUc Edl α = 0.01 
enaHG½kS kUG½redaeN (Ordinate) Rtg; uα ®tUvrMkileTAsþaM EdleFVI[épÞ β FMCagmun . 
  

ebIsinCa μ1 rMkileTArk μ0 enaHépÞ β ekInrhUtdl;kMritGtibrma 1 − α EdlCaépÞenAeRkam H0 .  
dl;kMritGtibrmaenH karEbgEckTinñn½yénsMNakTaMgBIrnwg®tYtelIKña . eyIgman ³ 
-            = d (different) ³ KWCatémøxusKñaénmFümrbs;sMNakBIr 
- Sx1 - x2 =  Sd      ³ KWCalMeGogsMNak (Standard Error)rbs;témøxusKñarvagmFümBIrén 

1 xx − 2

      sMNak (Sd : Standard error of a treatment difference between two sample means). 
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- kareRbóbeFobtémømFümBIr KWkarsakl,gemIlPaBxusKñaéntémømFümtamry³kareFVI T-Test 

(Student Test)  EdlsikSacgRkgedayelak  W.S. Gosset (1876-1937). 
cMENkva:rIy:g; (Variance) éntémølkçN³ekSRtviTüarbs;sMNakBIr eKGacsnñidæantamry³kar 
sakl,g  F-Test (Fisher Test) EdlsikSacgRkgedayelak  R.A.Fisher (1876-1937). 

 

- TMhMsMNak (Sample Size) n  KWCacMnYnsMNakkñúgRkumTinñn½ynImYy². kñúgkarsakl,g  T Test 

TMhMsMNaktic b¤eRcInBMuman\T§iBlGVIsMxan;eT RbsiTi§PaBmandUcKña. cMnYnsMNakRtUvman³ 
1> sMNakmancMnYnticCag 30 (Small sample size: n1 <30, n2<30) 

      2> sMNakmancMnYneRcInCag b¤ esμ I30 (Large sample size: n1 ≥30, n2 ≥30) 

 
elak Christian La Brouse )ansresrfa “vaCakMhusehIy ebIyl;eXIjfakñúgkarsakl,g 

sßiti cMnYnsMNaktUcbgá[xVHRbsiT§iPaB ¬\T§iBl¦” ¬Ta nag 2002¦. 
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karBinitüemIlPaBxusKñaéntémømFümtamry³kareFVI T-test ³ 
 
 

 ss
xx

dd

dt =
−

= 21

]TahrN_TI ! ³ eRbóbeFobsMNakBIr ¬rvagBgman;kñúgmYyGaTitürbs;Rkumemman;BUC A 

nigRkumemman;BUC B¦ EdlmanTinñn½ydUckñúgtaragxageRkam³ 
edaHRsay ³  d 

    Sd 
 

ni A D B 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

6 
7 
5 
6 
7 
6 
5 
6 
6 
7 

−1 
3 
0 
1 
3 
1 
−2 
0 
2 
2 
 

7 
4 
5 
5 
4 
5 
7 
6 
4 
5 

 
 ∑x1 = 61  ∑x2 = 52 

 
     

                                                 s‘ut 1
0

1 == .6
1
61

1
=∑

n
xx

             
 

                                                 s‘ut 222 == .5
10
5

2
=∑

n
xx

             
 

viFITI ! ³ eRbIsMrab;):an;s μanlMeGogKMrU éntémøxusKñarvagmFümrbs;sMNakFMBIr (for estimating the 

standard error of the difference between the means of two larges samples).  
    
  

          SSS 21 XXd

22
+=

viFITI @ ³ edaysareKman   
eKGacKNnalMeGogKMrU éntémøxusKñarvagmFümBIrrbs;sMNakEdlmancMnYnxusKña tam 

nn
S SSS XX

2

11 =→=
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ebIsinCaeyIgman ³ S2 rYmKña nig TMhMsMNak n1 = n2 
n
S

n
SSd

22

21 +=
21

 
   
                n

SSd
2 2

=
 
              

11

2
2

1
1

21

2

2
2

1

2
2 

 2

 

)()(

−+−

−+−

=
∑ ∑

∑∑

nn
n
xxn

xx
S

viFITI # ³ eRbIsMrab;):an;s μanlMeGogKMrUrbs;témøxusKña rvagmFümBIrénsMNakBIrRkum  
sMNakKUr EdlCakarerobcMCaKUéntémørbs;sMNakTaMgBIr.  
 

)1(

)( 2

2

−

∑
−∑

=
nn

n
d

d
 
 
 
 Sd

 
 

n = cMnYnénKU tam]TahrN_xagelI n = 10 eRBaHman !0 KU 
tam]TahrN_xagelI ³ d d2

 −1 
 3 
 0 
 1 
 3 
 1 
−2 
 0 
 2  
 2 

1 
9 
0 
1 
9 
1 
4 
0 
4 
4 

 ∑d = 9 ∑d2 = 33 

 
  

 
   
 

9.0
10
9
==→

∑
=

n
dd

53.02767.0
90

9.24
90

1.833
)110(10

10
33 9

)1(

)( 2
2

2

===
−

=
−

−
=

−∑

=
−

∑

nn
n
d

d
Sd
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7.1
53.0
9.0
===

S
dt

d

 
 

 
tamtaragEbgEck  T eyIg)an  t tarag (DF = 9, α = 0.05) = 2.26  
eyIg)an  t KNna < t tarag  (DF = 9, α = 0.05)  Edl 1.7 < 2.26  
dUecñHeyIgGacsnñidæanfa ¬bkRsay¦ ³ karGHGagyk H0 .  rvagemman;TaMgBIrRkumBUC A nigRkumBUC 

B K μanPaBxusKñaCaGtßn½y (significant) kñúgeRbóbeFobTinñpls‘uteLIy. b¤  edaysartMél tKNna 
tUcCagtMél < t enAkñúgtarag enaHPaBxusKñaénTinñpls‘uténBUCman;TaMgBIr BMuGaceCOCak;)ankñúgkMrit  
95 % )aneLIy. 
 
karKNnatamviFITIII @ ³ x1 x1

2 x2 x2
2

 6 
7 
5 
6 
7 
6 
5 
6 
6 
7 

36 
49 
25 
36 
49 
36 
25 
36 
36 
49 

7 
4 
5 
5 
4 
5 
7 
6 
4 
5 

49 
16 
25 
25 
16 
25 
49 
36 
16 
25 

 ∑x1 = 61 ∑x1
2 = 377 ∑x2 = 52 ∑x2

2 = 282 

   
   
   
 
    11

2
2

1
1

21

2

2
2

1

2
2

2

)()(

−+−

−+−

=
∑ ∑

∑∑

nn
n
xxn

xx
S

 
 
  

9.0
18

5.16
18

4.2702821.372377
110110

10
282

10
377 5261 22

2 ==
−+−

=
−+−

−+−
=S 

 
 
 

4243.018.0
10

9.0*22 2

====
n
SSd 

 
 

12.2
4243.0

9.0
===

S
dt

d
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eyIg)an  t KNna = 2.12 >  t tarag (DF = 18, α = 0.05) = 2.10 
  

10.2)05.0,18(12.2 ==== αDFtt TableCalcul
f 

 
 

]TahrN×TI @ ³ eKcg;dwgfa etIrvagTinñplmFüménBUCTaMgBIrrbs; strawberry Edl®tUvyk 
eTAdaMenaHxusKñab¤eT ? dUcenHeK®tUveFVIBiesaFn_eTAelIsMNakénBUCTaMgBIr . TMhMsMNakénBUCTaMgBIr 
manBMuesIμKañeLIy. 
 
eyIgkMNt;fa ³  H0 ³ μ1 = μ2 
   H1 ³ μ1 ≠ μ2 ¬Ganfa ³ TinñplmFüménBUCTI ! nigTI @ xusKña¦ 
 
x1 = 87.2 dt/ha,  S1

2 = 36.15,   n1 = 12 
 
x2 = 80.2 dt/ha,  S2

2 = 47.50,   n2 = 10 
 

 
TinñplmFüménBUC  " Strawberry " TaMgBIr®tUv)anBinitüemIledaykarsakl,geF VI T-test.  
 
           d             

eyIgman ³  t = -------   
          Sd              
 
      d = x1 − x2 = 87.2 − 80.2 = 7  
 
 

     S2           S2      1   1        1       1 
Sd  =   -------   +   -----  =    S2 ---- + ----  =  S   ----  +  ----- 

     n1            n2       n1    n2        n1        n2 
 
 

     n1 +  n2                                                    36.15 47.50 
Sd  = S   ------------        (cMNaMeKGacCMnYs)aneday  Sd   =   _____+______ ) ¬rebobTI1¦ 

         n1n2                        12    10                 
 
 
              (∑x)2     
     ∑x2  −  -------     
        n                 (∑x)2

eyIgman ³ S2 = ------------------    S2 (n − 1)  =  ∑x2 −  --------- 
              n − 1                n 
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                 (∑x1)2

Gacsresr ³  S1
2 (n1 − 1)  =  ∑x1

2 −  --------- 
            n1 
 
                    (∑x2)2

      S2
2 (n2 − 1)  =  ∑x2

2 −  --------- 
                      n2 
 
                           (∑x1)2       (∑x2)2

     S1
2 (n1 − 1) + S2

2 (n2 − 1)  =  ∑x1
2 −  --------  + ∑x2

2 − -------- 
                                            n1        n2 
 
                    (∑x1)2               (∑x2)2  
        ∑x1

2 −  -------  +  ∑x2
2  −  ---------- 

            n1                 n2 

eyIgman ³ S2 = ------------------------------------------------ 
      n1 − 1 + n2 −1 
 
       S1

2 (n1 − 1) + S2
2 (n2 − 1)      36.15 (12 − 1) + 47.50 (10 − 1) 

       S2 = --------------------------------- = --------------------------------------- 
      n1 − 1 + n2 −1   12 − 1 + 10 − 1 
 
       397.65 + 427.5 
  = --------------------- =  41.26 
            20 

        S   =  6.42                ¬rebobTI2¦ 
 
       d           1        n1 n2          1         12 . 10        
t = ---- =  d ----     ----------   =  7   -------      ------------  = 1.09 x 2.34   t = 2.55 
      Sd          S         n1 + n2         6.42  12 + 10         
 

eyIgman  t tarag  (DF = n1 + n2 − 2, α) = t tarag  (DF = 20, α = 0.05) = 2.09 

eyIgman  t KNna  >  t tarag    karGHGagyk H1 mann½yfa BUC "Strawberry" TaMgBIr 
manTinñplmFümxusKñaCa Gtßn½y (significant) kúñugkMriteCOCak; 95 °.  
dUecñH  BUCTI ! BitCamanTinñplx<s;CagBUCTI @. 

 
sMrab;sm μtikm μ variance (S2) KW ³ H0 ³ δ1

2 = δ2
2 

               H1 ³ δ1
2 ≠ δ2

2
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         S1

2

eK®tUveFVI F-Test Edl  f = -------    .  b:uEnþ  variance EdlFMCageK®tUvdak;CaPaKykCanic©  
           S2

2

BIeRBaH  S1
2 > S2

2 . 
 
          S2

2

ebIsinCa  S2
2 > S1

2     f = -------  
            S1

2

 
kMritesrIPaB DF1 =  n1 − 1 

  DF2 =  n2 − 1       f tarag = f (DF1, DF2, α) 

 
]TahrN_  kñúgkarsakl,geFVI  T-test xagelI eKTamTar[mansmPaBén  variance δ1

2 = δ2
2 . 

bu:Enþ eK®tUvBinitüemIledaykarsakl,geFVI  F-test eTotEdlman  H0 : δ1
2 = δ2

2, α = 0.05 
 
   S1

2 = 36.15          S2
2         47.5 

   S2
2 = 47.5   f =  ------ =  --------- = 1.31 

edaysar S2
2 > S1

2          S1
2            36.15 

 

f tarag (DF2, DF1, α) = f (9, 11, α = 0.05) = 2.90 
   sresr xagmux cMeBaHkMritesrIPaBrbs; S2

2 EdlFMCag 
 f KNna  <  f tarag    karGHGagyk H0, Tinñpl Erdbeere TaMgBIrBUCman variance BuMxusKña 
kñuúgkMriteCOCak; 95 % eT . 
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]>TI3³ kareRbobeFobmFümrbs;sMNakBIrRkum sMNakKU 
karBiesaFn_EdlmaneRbIbc©½yBIrKW³  

- bc©½yTI1 Cabc©½yksiN 
- bc©½yTI2 eRbIR)as;Cabc©½yeRbobeFob kñúgeKalbMNgrukrkRbsiT§iPaBrvagBUC b¤rUbmnþcas; nigf μ I 

b¤>>>>>>>>>>>>>>>etImYyNaRbesIrCag ?. 
lkçN³BiessénkarBiesaFn_enHKW kUnERs b¤RTúgstVsßitCab;KñaCaKU edIm,IsegátCaKU.  
]> karBiesaFn_BUC b¤cMNIrstV dUcCaBUCRCUk1 pþl;cMNIr2EbbxusKña ¡ 
]> karBiesaFn_BUCRsUvBIr kñúgrdUvdaMduHqñaM 1984¡ 
- BUCTI1 (V1) CaBUCFøab;maneKcUlcitþ edaysar Tinñplx<s; Ggárl¥ )ayq¶aj; ¬BUCmuijTn;¦.  
- BUCTI2 (V1) CaBUCerIsfμ I manTinñplx<s; )ayq¶aj;dUcKña b:uEnþGgármanRKab;tUcbnþic ¬BUCTYl 
   sMerag 2¦. 
eKBiesaFn_edayeRbIR)as;BUCTI1 CaBUCksiSN nigBUCTI2 CaBUCbc©½y EdlkargardaMduH nigEfrkSa 
dUcKñaTaMgGs; . bøg;BiesaFn_tamviFIkUnERsePøaHmandUckñúgKMnUrxageRkam³ 

 
kUnERsePøaHCaRbB½n§ (Systematic twin-plots) 

 
 
 
 
        

                BUCTI1 (V1)             BUCTI2 (V2) 

karRsg;Tinñn½y³ eRkayBIkarRcUtkat;-e)akEbn hal nigsMrYlsMeNIm[mkenA 14° 
Tinñplrbs;BUCRsUvnImYy²mandUcxageRkam³ 
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tarag ³TinñplRsUv ¬t¼h>t¦ 

sMNak 
V2 (X2) V1 (X1) 

1 4.93 4.50 
2 4.86 4.12 
3 4.79 4.18 
4 4.56 4.55 
5 4.65 4.70 
6 4.91 4.52 
7 4.85 4.60 
8 4.75 4.00 
9 4.89 4.30 
10 4.81 4.13 
n=10 ∑X2 = 48.00 ∑ X1= 43.60 
 X2= 4.80 X1= 4.36 
 X2 – X1= d = 0.44 t/ha  
 

viFIsakl,g t (computation of t-value): 
           d 

sMrab;krNIsMNakKUdUcxagelI rUbmnþ t Edl     t = ----- 

    Sd 

d =  PaBxusKñarvagmFüm  X2  nig  X1 

   48.00 - 43.60 
d =  ∑(X2 – X1)/10=----------------------= 0.44 t/ha 

            10 

Sd = lMeGogKMrUrbs;témøxusKña rvagTinñn½ysMNakKU dUcmankñúgrUbmnþxageRkam 
 
 ∑(X2 – X1)2 - ∑(X2 – X1)2 / n        ∑d – (∑d2)2 / n 

Sd = -----------------------------------------= ------------------------ 

       n(n-1)            n(n-1) 
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tarag  sMrab;KNnatémø t ( table for t calculation) 
sMNak 

Tinñpl ¬t¼h>t¦ elIsKña ¬t¼h>t¦ (X2 – X1) 

Sample No V2 (X2) V1 (X1) X2-X1=d d2

1 4.93 4.50 0.43 0.1849 
2 4.86 4.12 0.74 0.5476 
3 4.79 4.18 0.61 0.3721 
4 4.56 4.55 0.01 0.0001 
5 4.65 4.70 0.05 0.0025 
6 4.91 4.52 0.39 0.1521 
7 4.85 4.60 0.25 0.0625 
8 4.75 4.00 0.75 0.5625 
9 4.89 4.30 0.59 0.3481 

10 4.81 4.13 0.68 0.4624 
n=10 ∑X2 = 48.00 ∑ X1= 43.60 ∑ d= 4.40 ∑ d2= 2.6948 

 X2= 4.80 X1= 4.36 d= 0.44  

 
       
     d  0.44 

t = -----   = ----------------- = 4.888 

      Sd      2.6948 – (4.4)2/10   

                ---------------------- 

           10(10-1) 

kMritesrIPaBrbs;sMNakKU (degree of freedom for paired observation).  
DF= (10-1)= 9,  
t5%= 2.262 , t1%= 3.250 
 

karBiesaFn_enHmanGtßn½yrkSaTuksmμtikmμsUnü)an 1° nigsm μtikmμCMerIs 99°. dUecñH 
 
 t = 4.888 ** 
 
eyIgGacBüakrN_cenøaHTukcitþrbs;TinñplxusKña rvagBUCTaMgBIr dUcmanrUbmnþxageRkam³ 
 L =  d + t5% * Sd 
 

- BüakrN_kñúgGtßn½y 5° (predictedat 5% level) 
L5% = 0.44 + (2.262 x 0.09) = 0.44  + 0.20 t/ha 

Gb,brma = 0>44 - 0>20 = 0>24 t¼h>t  
Gtibrma  = 0>44  + 0>20 =0>64 t¼h>t 
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 0>24 t¼h>t --------------------0>64 t¼h>t 
 

- BüakrN_kñúgGtßn½y 1° (predictedat 1% level) 
L1% = 0.44 + (3.25 x 0.09) = 0.44  + 0.29 t/ha 

Gb,brma = 0>44 - 0>29 = 0>15 t¼h>t  
Gtibrma = 0>44  + 0>29 = 0>73 t¼h>t 
 0>15 t¼h>t --------------------- 0>73 t¼h>t 
 
 
]> kareRbobeFobmFümrbs;sMNakBIrRkum sMNakminKUr nig v:arIy:g; ¬σ2¦esμ IKña 
(Comparison of 2 sample means, unpaired samples, equal variances): 

 
enHCakarRsg;sMNakecjBIRbCakrBIrKW (P1) nig (P2) Edlsn μtfamanv:arIy:g;esμ IKña ¬σ1

2= σ2
2 = σ2 ¦. 

eKalbMNgénkarRsg;sMNakelIRbCakrTaMgBIr KWcg;viPaKfa etIeyIgrkSaTuksm μtikmμmYyNarvag 
sm μtikm μsUnü (H0) b¤ sm μtikmμCMerIs (H1) ?. 
 
tarag  bMrab;BIkarsakl,gtMél t, sMNakminKUr Etmanv:arIy:g;es μ IKña 

Epñk bMrab;Tinñn½y sakl,gsm μtikmμ 
RbCakr 
v:arIy:g; 

P1 nig P2 
 
σ1

2 = σ2
2 = σ2

Ho = x1 - x2 = 0 
 
H1 = x1 - x2 ≠ 0 

sMNak 
mFüm 
cMnYnsMNak 

X1       X2 
 
         
 
n1 ≠ n2  ,  n1 = n2 

eRkayBIkarviPaKTinñn½y etI 
sm μtikm μmYyNaKYr)anTTYlyk? 
(After data analysis, which 
hypothesis should be 
accepted?) 

 
karsakl,gtMél  t RbePTenHmanBIrkrNI EdlGaRs½yelIcMnYnsMNak 
 
krNITI1³ sMNakmancMnYnxusKña ¬ n1 ≠ n2  ¦ 
sMrab;krNIenH eyIgmanrUbmnþ                

1x 2x
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kñugenaHman³ 
S2 = v:arIy:g;rYmKñarbs;sMNak EdlRsg;ecjBIRbCakr P1 nig P2 

n1 nig n2 = cMnYnsMNakrbs; ¬P1¦nig ¬P2¦ 
]> eyIg)aneFVIkarRsg;Tinñn½ysMNak edIm,I):an;sμanpliplRsUvkñúgrdUvvsSa 1997-98. Tinñpl mFüm 
¬t¼h>t¦kñúgRsuknimYy²énextþBIrKW )at;dMbg nig bnÞaymanC½yRtUv)anRsg;edayelIkCasMNYrfa etI 
extþTaMgBIrenHmanTinñplRsUvmFümesμIKña b¤xusKña? ebIesI μKñaeyIgrkSaTuk H0 RbsinebIxusKñaeyIgTat; 
ecal  H0.  
 
tarag  TinñplRsUv ¬t¼h>t¦ kñúgextþ)at;dMbg nig bnÞaymanC½y 

sMNak 
)at;dMbg (X1) bnÞaymanC½y (X2) 

1 1.79 1.00 
2 1.36 1.57 
3 1.63 1.18 
4 1.44 1.27 
5 1.58 1.07 
6 1.59 1.11 
7 1.97 1.47 
8 1.94 1.25 
9 - 2.00 
 n=8  ∑X1 = 13.30 n=9  ∑ X2= 11.92 
 X1= 1.66 X2= 1.32 

 X2 – X1= d = 0.34 t/ha 
 

 
CMh‘anénkarKNnatMél t 
 
1> tMélxusKñarvagTinñplmFümrbs;extþ 
        

hatdxx /..34.032.166.1
12

=−==−
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2> srubkaer: rbs;Tinñn½yTaMgBIrextþ   
    srubkaer: rbs;Tinñn½ykñúgextþ)at;bMbg   
        

[ ]  
 
 
 srubkaer: rbs;Tinñn½ykñúgextþ  bnÞaymanC½y 
     

 
 
 
3> srubv:arIy:g; b¤  v:arIy:g;rYmTaMgBIrextþ 
 
         

 
 
4> lMeGogKMrU rbs;tMélxusKñarvagmFümBIr 
              
 
 
 
KNnatMél t tamrUbmnþ³   
        
6> kMritesrIPaBsMrab;               
7> Rsg;tMél t  ecjBItarag   
8> karsnñid§antamsßitiviTüa 

- tMerobtMél t tamTMhMrbs;tMélBIeqVgeTAsþaM 
 

- eRkayBIkareRbobeFob eyIgBinitüeXIjfa tMél tKNna FMCagtMél  t5% = 2.131           
b:uEnþtUcCag  t1% = 2.947.  ehtuenHeyIgRtUvsnñid§anfa eyIgrkSaTuksm μtikmμsUnü 
¬Ho¦ )an 5°.   tcal. = 2.429 * 

hat
nn
nnSnnSSd

/..14.0
72

9808.0
.

11

21

212

21

2 =
+

=⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ +
=+=

429.2
14.0
34.0

21

21 ===
−

=
− S

d
S

xxt
dXX

08.0
15
174.1

)19()18(
7832.03420.0

11 21

212 ==
−+−

+
=

−+−

+
=

nn
SSSSS XX

15)1918(),11(
2121

=−+−=−+−=≠ DFnnnn
947.2,131.2,15

%1%5
=== ttDF

947.2429.2131.2
%1.%5
=== ttt Cal

pp

[ ]
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2
222

2

2
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∑
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- TinñplmFümkñúgextþ)at;dMbg mines μIKñanwgextþbnÞaymanC½yeT kñúg100 krNImanEt5 
krNIeTEdlGacesIμ)an . 

9> cenøaHTukcitþBüakrN_kñúgkMritCak;lak; 5° KW  
     

( )
hat
Stxx d

/..30.034.0

14.0*131.234.0*

%5

%512%5

±=

±=±−= 
 L
L

Gb,brma³   0.34 - 0.30 = 0.04 t/ha 
hathat /..64.0/..04.0 ↔Gtibrma³    0.34 + 0.30 = 0.64 t/ha 

 
TinñplmFümrbs;extþ)at;dMbg elIsextþbnÞaymanC½y BüakrN_kñúgkMrit 5° ERbRbYlkñúg 
cenøaHTukcitþBI  40 K>Rk eTA  640 K>Rk. 
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krNITI2³ sMNakmancMnYnesI μKña ¬ n1 = n2  ¦ 
 

kareRbobeFobmFümrbs;sMNakBIrRkum EdlmanRbPBénkarkt;RtaepSgKña ¬minKUr¦ nigman 
v:arIy:g; ¬σ2¦esμ IKña ¬σ1

2= σ2
2 = σ2 ¦kñúgkrNITI 2enHKW ¬n1 = n2¦rUbmnþtémø t manRTg;RTaydUckñúg 

krNITI1 EdlmancMnYnsMNakminesIμ  ¬n1 ≠ n2 ¦.  karsakl,gtMél t : 
 

S
d

S
xx

dXX

=
−

− 21

21     
     
t =

 
   

n
SSd

2 2

 =

 
kñugenaHman 
S2 = v:arIy:g;rYmKñarbs;sMNak TaMgBIrRkum  X1  nig  X2 

]> kñúgkarbMb:n;cMNIrdl;emeKaCMTg; ¬BUC Holstein¦edayeRbIrUmmnþcMNIrBIry:agkñúgRTugepSgKña 
- cMNIrTI1  (X1) CaGaharFm μta CaksiN 
- cMNIrTI2  (X2) CaGaharFm μta bEnßmvItamIn A 
- mYuyry³eBleRkaymk eyIgføwgTMgn;emeKaCMTg; EdlTTYlcMNIrxusKña dUcmankñúg 
      taragxageRkam.  
- etI eyIgrkSaTuksmμtikmμsUnü H0 b:unμan° nig smμtikmμsUnü H1 b:unμan°.  

tarag  kMeNInTMgn; rbs;emeKa ¬pound¦  

sMNak 
GaharFm μta (X1) GaharFm μta  + Vitamin A (X2) 

1 175 142 
2 132 311 
3 218 337 
4 151 262 
5 200 302 
6 219 195 
7 234 253 
8 149 199 
9 187 236 
10 123 216 
11 248 211 
12 206 176 
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13 179 249 
14 206 214 

 ∑X1 = 2627 ∑X2 = 3303 
      = 187.6       = 235.9 

n1 = n2 = n = 14 
= d = 235.9 – 187.6 = 48.3 

 

CMh‘anénkarKNnatMél  t man  
 
1> tMélxusKñarvagTMgn;mFüm 
         
 
2> srubkaer: rbs;sMNakTaMgBIrRkum   
 
 
 
 
 
     
     
 

3> v:arIy:g;rYmrbs;sMNakTaMgBIrRkum 
 
 
   

4> lMeGogKMrUsmRsbeTAnwgtMélxusKñarvagmFümTaMgBIr ¬ X2 – X1¦ 
              
 

 

 

 
 

5> KNnatMél t tamrUbmnþ³   
 
 
    

hatdxx /.3.486.1879.235
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=−==−
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6> kMritesrIPaBsMrab;  26)114(2)1(2
21

=−=−=== nDFnn
7> Rsg;tMél t  ecjBItarag  DF =26, t5% = 2.056, t1% = 2.779 

 
 
8> karsnñid§antamsßiti 

- tMerobtMél t tamTMhMrbs;tMélBIeqVgeTAsþaM  
 

t 779.2724.2056.2
%1.%5
=== ttCal

pp

- eRkayBIkareRbobeFob eyIgBinitüeXIjfa tMél tKNna FMCagtMél t RTwsIþ  t5% = 2.056           
b:uEnþtUcCag  t1% = 2.779.  ehtuenHeyIgsnñid§anfa GaharmanbEnßmvItamIn A man 

     RbsiT§iPaBCagGaharFmμtakñúgedayGtßn½y 5°.   tcal. = 2.724 * 
 
9> cenøaHTukcitþBüakrN_kñúgkMritCak;lak; 5° KW 
     
   
 
 

( )
45.363.48

73.17*056.23.48*

%5

%512%5

±=

±=±−=

L
StxxL d

 

    Gb,brma³   48.3 – 36.45 = 11.85 

    Gtibrma³   48.3 + 36.45  = 84.75 
       11.85 ---------- 84.75 
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%> kareRbóbeFobkarEbgEcktamRTwsþI nigPaBBit (X2 - test Ganfa Chi carré -test) 
CaTUeTA eKeRbIsMrab;eFVIkarsakl,g test elIlT§plénkarbgáat;BUC rukçCati b¤stV. KWCa 

kareRbóbeFob témøPaBjwkjab;tamRTwsþI nigPaBjwkjab;BiténlkçN³ekSRtviTüa X Edlelcecjmk 
. 
]TahrN_TI ! ³ enACMnan; F2 tamRTwsþI Phänotyp manpleFob ³ 
   1 : 2 : 1 (1 AA + 2 Aa + 1 aa)  cMeBaH Intermediar 
  3 : 1 b¤ 1 : 3  cMeBaHlkçN³lb; (dominate) 
]TahrN_TI @ ³ enACMnan; F2 énlkçN³ekSRtviTüaBIrEdlmanlkçN³lb; .  eK)antamRTwsþI 
Phänotypes .  b:uEnþ)atuPUtlkçN³ekSRtviTüaEdlelcecjmk GacmanpleFobepSgBIenH. 
 

 kaEm:tCMnan; F1 
 

 AB Ab aB ab  

      

AB AABB x AABb x AaBB x AaBb x 9 x 

Ab AABb x AAbb  AaBb x Aabb  3  

aB AaBB x AaBb x aaBB o aaBb o 3 o 

ab AaBb x Aabb  aaBb o aabb  1  

 
]TahrN_TI # ³ El,ge)aHkUnGae)a:g 
 
^ lT§PaB  | 

  ||| 

  || 

  ||| 

  ||||| 

  ||| 

- RBwtþikarN_ (E) = 18  
- Tabulation tag[PaBjwjab; (f) EdleKTTYl)an . 
ϕi ¬Ganfa fi¦ = PaBjwkjab;EdleKrg;caM 
CaRTwsþIEdlmanpleFob ! ³ ! ³ ! ³ ! ³ ! ³ ! 

 ^ lT§PaB 
 ϕi = 18:6 = 3 

        
       
             ϕi 

( )
ϕχχ − :
ϕ
i

iTest
f −

=

2

22
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  kMritesrIPaB DF =  cMnYnlT§PaB − ! 
         DF =  6 − 1 = 5 
 

X2 tarag (DF = 5, α = 0.05) =  11.1 
 

dUecñHeyIg)anX2
KNna<X2

tarag. karEbgEcklkçN³ekSRtviTüaCa)atuPUtsßitenAkñúgRTwsþIEdleKrg; caM b¤ 
eKcat;TukfalT§plEdlelcecjmk dUcCalT§plEdleKrg;caM. 
 

                 sMrab;BinitüemIlpleFobénlkçN³EbkCMnan;TI @ ¬ F2¦ Edl«Buk-mþay ¬Parents¦ Ca 
Homogenity .  edIm,I[dwgfa etIkarEbgEcklkçN³sMKal;EdlTTYl)anenH smRsbnwg 
pleFoblkçN³EbkCaRTwsþIb¤ ? 
]TahrN_ ³ enACMnan; F2 eKTTYl)anpleFob     KW  216 : 80 : 71 : 23 
          tamRTwsþIpleFoblkçN³sMKal;BIr   KW 9 : 3 : 3 : 1 

 
 DD DR RD RR srub 
lT§plTTYl)anKW (f)  216 80 71 23 390 

RTwsþI b¤rg;caM (ϕi)  9 : 3 : 3 : 1    219.4   73.1    73.1    24.4 390 

f − ϕI    − 3.4  + 6.9   − 2.1   − 1.4 

(f − ϕi)2       11.56     47.61        4.41        1.96 

(f − ϕi)2

---------- 
    ϕI 

 
       0.05 

 
    0.65 

 
      0.06 

 
      0.08 

 

 
 
 
 
 

 

( )
84.008.006.065.005.0

2

2
=+++==

−
ϕ
ϕ

χ
i

if

testχ 2
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kMritesrIPaB (DF) =  cMnYnlT§PaB Phänotyp - ! = $ - ! = # 
X2 tarag (DF = 3, α = 0.05) =  7.81 
dUecñHeyIg)an X2 KNna  < X2 tarag  .  karGHGagyk H0 mann½yfa ³ lT§plEdleK)ansegát 
smRsbdUcRTwsþIEdleKrg;caM .  eKGacsnñidæanfa ³ em)a ¬Parents¦ CaBUCsuT§ !00° BIeRBaHedIm,I [ F2 
manpleFob ( ³ # ³ # ³ !  luHRtaEtem)amanEhSnCa homogenous : AABB x aabb . 
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 ^> karGnuvtþn_siþtiviTüasMrab;bøg;BiesaFn_ 
^>!> eKalkarN_énkarviPaK  

ral;karføwgvas;Evg nig kt;RtanUvlkçN³epSg² énbc©½ynimYy²kñúgBiesaFn_ va)anbgðajeGayeXIj 
ya:gc,as;nUvPaBxusnUvPaxusKñarbs;lkçN³rvagbc©½yTaMgenaH. fVIt,itdUcenHk¾eyIgminTan;Gacsnñidæan)anenA 
eLIy. BIeRBaHGVI?BIeRBaHRbEhlCabc©½yTaMgenaHTTYlnUvkarEfTaM b¤daMduHenAelITIkEnøgEdlman\T§iBlxus²Kña. 
dUcenH edIm,I[karsnñidæanrbs;eyIgmanlkçN³RtwmRtUveyIgdac;xatRtUvEteRbIR)as;nUv sßitiviTüa.   
 sßitiviTüaRtUv)aneRbIR)as;nUvk,Ünxus²KñaeTAtameKalbMNgénkarBiesaFn_nimYy².   dUecñH eKalkarN_én 
karviPaKman ³ 

1- begáIttaragTinñn½yRKwH 
2- kMNt;nimitþsBaØa nig rUbmnþ 
3- begáIttaragviPaK ANOVA  

4- eFVIkareRbobeFobtémømFümtam  LSD ¬ Least Significant Difference Test¦ 
5- eFVIkareRbobeFobtémømFümtam  DMRT ¬ Duncan’s Multiple Rang Test ¦ . 

 
-karbegáItnimitþsBaØa  nig rUbmnþ³ 

x >>>>>>>>>>>>>>>>   témøsegátnimYy² ¬Tinñn½y¦ 
Tr >>>>>>>>>>>>>>>>>>>   bc©½y 
R >>>>>>>>>>>>>>>>>>>>  sa 
Tri  >>>>>>>>>>>>>>>>>>bc©½yTI  ¬Ex : i=1, i=2, i=3, i=4  and i=5  ¦  
Rj >>>>>>>>>>>>>>>>>>>>  sarTI  ¬Ex : j=1, j=2, j=3, and j=4  ¦ 
SV  >>>>>>>>>>>>>>>>  RbPBbMErbMrYl 
∑ >>>>>>>>>>>>>>>>>  srub b¤ plbUk 
TTr  >>>>>>> srubbc©½y TTr = ∑ Trj ¬ j = 4  b¤ esμ I  r = 4 ¦ 
MTr          >>>>> mFümbc©½y MTr =  TrT/t ¬ t = 5  b¤¤ esμ I  i = 5 ¦ 
TR  >>>>>>>>>>>>> srubsar TR = ∑ Xri ¬ i = 5  ¦ 
GT  >>>>>>>>>>>>> srubbc©½yTMagGs; GT = ∑ TTr  
GM  >>>>>>>>>>>>> srubmFümbc©½yTMagGs; GM = ∑ MTr 

E     >>>>>>>>>>>>>> lMeGogBiesaFn_  
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DF  >>>>>>>>>>>>>>>> kMritesrIPaB 
DFR  >>>>>>>>>>>>>>> kMritesrIPaBénsa  DFR  =  r-1 = 4-1 = 3 
DFTr                kMritesrIPaBbc©½y   DFP  =  t-1 = 5-1 = 4 
DFE  >>>>>>>>>>>>    kMritesrIPaBlMeGogénBiesaFn_  DFE  =  DFR * DFTr = 3*4 = 12 

DFT  >>>>>>>>>>>>>>> kMritesrIPaBsrub  DFT  =  DFR + DFTr + DFE = 3+4+12=19 

 
           TG

2                       ¬55>8¦2   
CF  >>>>>>>>>>>>>>> ktþakMENr  CF  = ———— = ————  =  155> 68 
     r * t    4*5 
 SS  >>>>>>>>>>>>>>>srublMeGogkaer: b¤ ¬plbUkkaer:¦     

        ∑ RTj
2                   780>02   

SSR  >>>       srubkaer:énsar  SSR  = ———  - CF= ——— - 155>68 =  0>32 
     t       5 

        ∑ TrTi
2                     629>78   

SSTr  >>>     srubkaer:énbc©½y  SSTr  = ——— - CF= ——— - 155>68 =  1>77 
     r         4 
SSTr ..... srubkaer:bc©½y ³ SST =∑X2ij – CF ={¬2>3¦2 + ¬2>6¦2  +>>>¬2>7¦2 }- CF  

  155>68 = 158>32 – 155>68 = 2>64 
 SSE >>>>>>>   srubkaer:lMeGogBiesaFn_  SSE = SST - ¬SSR + SSTr ¦ 

    = 2>64 - ¬0>32 + 1>77¦ = 0>55 
                       SSR     0>32 

 MSR >>>>>>>mFümkaer:lMeGogénsar  MSR =  —    =    —  =  0>11 
               DFR        3 
 

                       SSTr       1>77 
 MSTr >>>>>>> mFümkaer:lMeGogénbc©½y  MSTr =  —    =    — =  0>44 

                  DFTr  4 
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    SSE 0>55 
 MSE >>>>>>> mFümkaer:lMeGog  MSE =       —   =       — =  0>05 

    DFE  12 
       
                                               MSTr     0>44 

 Fcal >>>>>>> témø F KNna ¬ Fisher ¦  Fc  =   —      =  —  =  8>8 
     MSE      0>05 

 
Ftab >>>>>>> témø  F  enAkñúgtarag]bsm<½n§  (Appendix)   edaymanEckCaBIrkMritKW 1 ° nig 5 °    

   KW  Ftab 5 ° nig Ftab 1 ° 
 
kareRbobeFobrvag Fcal ¬FKNna¦ niig Ftab ¬Ftarag¦RbsinebI 
- Fcal   > ¬FMCag ¦ Ftab 1 °   mann½yfa BiesaFn_rbs;eyIgmann½ykñúg ¬kMriteCOCak;¦ 99 ° ¬ ** ¦ 
- Ftab 5 ° < Fcal <Ftab 1 °  mann½yfa BiesaFn_rbs;eyIgmann½ykñúg ¬kMriteCOCak;¦ 95 ° ¬* ¦ 
- Fcal ¬tUcCag ¦< Ftab 5 °   mann½yfa BiesaFn_rbs;eyIgmanKμann½y ¬n.s¦. 
 
karKNnaemKuNbMErbMrYl  CV  ¬ Coefficient of Variation ¦  
 

√ MSE 

 CV =    —     X  100        
     MG 
 

√ 0>05 
 CV =    —     X  100 =  8 ° 
     2>79 
cMNaM³ emKuNbMErbMrYl bBa¢ak;;BIlMeGogBiesaFn_ mann½yfa RbsinebICVkan;EttUc PaBBit¬suRkit¦énkar 
BiesaFn_kan EtFM  . témø  CV EdleKykCakar)ancMeBaHdMNaMRsUvman ³ 
 - sMrab;BiesaFn_BUC  ³ CV <6-8 ° 
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 - sMrab;BiesaFn_CI  ³ CV <10-12 ° 
 - sMrab;BiesaFn_fñaMBul  ³ CV <13-15 ° 
 - sMrab;BiesaFn_Tinñpl  ³ CV <10 ° 
 - sMrab;cMnYnedIm   ³ CV <20 ° 
 
karKNnatémø  LSD  ¬ Least  Significant  Difference Test ¦ 
 
rUbmnþ                                             eday t CatémøEdlmanenAkñúgtarag Appendix GaRs½yelIkMrit α 
  
    
   
karKNnatémø  DMRT  (Dencant’s Multiple Range Test).  
 
rUbmnþ    
 
eday rp  CatémøEdlmanenAkñúgtarag]bsmç½n§ (Appendix)  kñúgkMritCaPaKry ehIy Sd CarUbmnþEdl 
 

 
     
 
6>2> KMrUxøH²éntaragviPaKv:arIy:g; 
enAkñúgcMNucenHnwgbgðajnUvtarag nigrebobviPaKlT§plBiesaFn_énbøúkcab;eqñateBjelj ¬Randomized 

Complete Block Design- RCBD¦ niglT§plBiesaFn_tambøg;kUnERsbMEbk ¬Split Plot Design¦. 
 
 
 
 
 

r
MSt ELSD 2.

α
=

2

.SrR dp
pDMRT ==

r
MSS E

d
2=
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1> taragviPaKv:arIy:g; (variance) BiesaFn_tambøg;bøúkcab;eqñateBjelj  (RCBD) 

RbPBbMErbMrYl kMritesrIPaB DF srubkaer:  
SS 

mFümkaer: b¤ 
Variance 

  
S2 (or MS) 

f- KNna  f- tarag 
5°    1° 

srub (Total)   DFT = rt -1 SST =    

sa (R)     DFR=  r- 1 SSR = SR
2 = SR

2 / SE
2 =  

bc©½y (Tr) DFTr = t –1 SSTr =  STr
2 =  STr

2 / SE
2 =  

lMeGog (Error)  DFE=(r-1)(t-1) SSE = SE
2 =    

cMNaM ³ Variance (S2) mann½ydUcCa mFümlMeGogkaer: eKsresr  MS (Mean of Square) . 
 
taragTinñn½yénkarBiesaFn_sMrab;bøg;BiesaFn_  RCBD or CRD 

sa ¬R¦ - Tinñpl etan¼hikta bc©½y ¬ Tr ¦ 
I II III IV 

srubbc©½y 
¬TTr¦ 

mFümbc©½y 
¬MTr¦ 

CAR 10 2>3 2>6 2>9 2>8 10>6 2>65 
CAR 11 2>5 2>8 2>2 2>3 9>8 2>45 
CAR 12 2>8 3>1 2>9 3>4 11>9 2>98 
CAR 13 3>1 3>7 2>9 3>4 13>1 3>28 

IR 2>5 2>6 2>6 2>7 10>4 2>60 
srubsa ¬ TR ¦ 13>2 14>8 13>5 14>3   
srubbc©½yTaMgGs; ¬ GT ¦     55>8  
srubmFümbc©½yTaMgGs; ¬GM ¦      2>79 
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2>taragviPaKv:arIy:g; (variance) BiesaFn_ 2 ktþatambøg;kUnERsbMEbk  (Split-Plot) 

RbPBbMErbMrYl kMritesrIPaB 
DF         

srubkaer: 
 SS 

mFümkaer: 
b¤ Variance 
S2 (or MS) 

f- KNna  f- tarag 
5°    1° 

srub ¬Total ¦ rab -1 SST =    

sa  ¬Rep.¦ r- 1 SSR = S2
R =   

kUnERsFM ¬ktþa A¦ a –1 SSA =  S2
A =    

lMeGog ¬Error) (a) (r-1) (a-1) SSE(a) = S2
Ea =    

kUnERstUc¬ktþa B¦ b –1 SSB S2
B =   

Gnþrkmμ  AxB (a-1)(b-1) SSAxB S2
AxB =   

lMeGog ¬Error) (b) a(r-1)(b-1) SSE(b) = S2
Eb =    

 
taragTinñn½yénkarBiesaFn_ 2 ktþatambøg;bøúkkUnERsbMEbk  Split-Plot (data of 2 factor-experiment) 

Tinñpl etan¼hikta BUC  
(Variety) sa R I R II R III R IV srub 

 N0 (0 kgN/ha)  
V2-CAR 4 4.43 4.48 3.85 4.25 
V1-CAR 6 3.94 5.31 3.66 4.30 

V3-Local variety 4.13 4.48 4.84 4.48 
 N1 (60 kgN/ha)  

V1 5.42 5.17 6.43 5.67 
V2 6.50 5.86 5.59 5.98 
V3 5.19 4.60 4.65 4.81 

 N2 (90 kgN/ha)  
V1 6.08 6.42 6.70 6.40 
V2 6.01 6.13 6.64 6.26 
V3 4.55 5.74 4.15 4.81 

 N3 (120 kgN/ha)  
V1 6.46 5.06 6.68 6.07 
V2 7.14 6.98 6.56 6.89 
V3 2.77 5.04 3.64 3.82 

 N4 (150 kgN/ha)  
V1 7.29 7.85 7.55 7.56 
V2 7.68 6.59 6.58 6.95 
V3 1.41 1.96 2.77 2.05 

enHCataragTinñn½ysnμtsMrab;eRbIR)as;Ca]TahrN_énkarKNnatamsßitiviTüa. 
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3>taragviPaKv:arIy:g; (variance) BiesaFn_ 3 ktþatambøg;kUnERsbMEbkbMEbk  (Split-Split-Plot)  

RbPBbMErbMrYl kMritesrIPaB DF  srubkaer: 
 SS 

mFümkaer: 
b¤ Variance 

  
S2 (or MS) 

f- KNna  f- tarag 
5°    1° 

srub ¬Total ¦ rabc -1 SST =    

karviPaKkUnERsFM (Main-plot analysis) 

sa  ¬Rep.¦ r- 1 SSR = S2
R =   

kUnERsFM ¬ktþa A¦ a –1 SSA =  S2
A =    

lMeGog ¬Error) (a) (r-1) (a-1) SSEa = S2
Ea =    

karviPaKkUnERsbMEbkTI 1  (Subplot analysis) 

kUnERstUc¬ktþa B¦ b –1 SSB S2
B =   

Gnþrkmμ  AxB (a-1)(b-1) SSAxB S2
AxB =   

lMeGog ¬Error) (b) a(r-1)(b-1) SSEb = S2
Eb =    

karviPaKkUnERsbMEbkTI 2  (Sub-Subplot analysis) 

kUnERstUc¬ktþa C¦ c –1 SSC S2
C =   

Gnþrkmμ  AxC (a-1)(c-1) SSAxC S2
AxC =   

Gnþrkmμ  BxC (b-1)(c-1) SSBxC S2
BxC =   

Gnþrkmμ  AxBxC (a-1)(b-1)(c-1) SSAxBxC S2
AxBxC =   

lMeGog ¬Error) (c) ab(r-1)(c-1) SSEc = S2
Ec =    

 
 

kareRbobeFobBIrebobviPaKvarIy:g; sMrab;bøúkcab;eqñateBjelj (RCBD) bøg;kUnERsbMEbk (Split-Plot 

Design)  nig bøg;kUnERsbMEbk-bMEbkmanbgðajkñúgtaragxageRkam. 
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taragsegçb ³rebobénkarviPaKvarIy:g;sMrab;bøúkcab;eqñateBjelj (RCBD) bøg;kUnERsbMEbk (Split-Plot Design)  nig bøg;kUnERsbMEbk-bMEbk 
bøúkcab;eqñateBjelj (RCBD) bøg;kUnERsbMEbk (Split-Plot Design) Split-Split-Plot Design 

RbPBbMErbMrYl kMritesrIPaB DF   mFümkaer: RbPBbMErbMrYl kMritesrIPaB DF mFümkaer: RbPBbMErbMrYl kMritesrIPaB DF    mFümkaer: 
srub   rt -1  srub  rab -1  srub  rabc -1  

sa     r- 1 MS sa   r- 1 MS sa   r- 1 MS 

bc©½y t –1 MS ktþa A a –1 MS ktþa A a –1 MS 

lMeGog  (r-1)(t-1)  lMeGog (a) (r-1) (a-1)  lMeGog (a) (r-1) (a-1)  

ktþa B b –1 MS ktþa B b –1 MS 

Gnþrkmμ  AxB (a-1)(b-1) MS Gnþrkmμ  AxB (a-1)(b-1)  

lMeGog (b) a(r-1)(b-1)  lMeGog (b) a(r-1)(b-1)  

ktþa C c –1 MS 

Gnþrkmμ  AxC (a-1)(c-1)  

Gnþrkmμ  BxC (b-1)(c-1)  

Gnþrkmμ  AxBxC (a-1)(b-1)(c-1) MS 

 

 

lMeGog (c) ab(r-1)(c-1)  
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&> karviPaKva:rIy:g; (tam ANOVA)  Analysis of variance - ANOVA 

&>!> karviPaKva:rIy:g;tamlkçN³gay (Simple variance analysis) 

&>!>! karviPaKktþaeTal (One factor analysis) 

]TahrN_TI 1 ³ karBiesaFn_plitplTwkedaHeKa edayeRbIkarrYmpSMcMNIstVxus²Kña .  emeKaeRbI 
sMrab;BiesaFn_manBUC ¬race¦ EtmYydUcKña . 
eyIgeFIVBiesaFn_edayeRbI - $ bc©½y ¬Treatments¦ 
    - ^ k,al         

bc©½y ! @ # $ 
elxerogemeKa ! - ^ & - !@ !# - !* !( - @$ 

sMNak TI 
 

cMNIs¶Üt ÷ cMebIg cMNIs¶Üt ÷ cMebIg 
÷ esμAs¶Üt 

cMNIs¶Üt ÷ cMebIg ÷ 
esμAs¶Üt ÷ bEnøRss; I 

cMNIs¶Üt ÷ cMebIg ÷ 
esμAs¶Üt ÷ bEnøRss; I 

1 

2 

3 

4 

5 

6 

  9 

11 

10 

  8 

10 

  9 

11 

10 

13 

12 

  9 

11 

11 

13 

12 

14 

12 

10 

13 

11 

12 

13 

12 

14 

XTr ¬lIRt¼éf¶¦ %& ^^ &@ &% 
XTr ¬lIRt¼éf¶¦ (>% !! !@ !@>% 
 
∑ Xi  = x1 + x2 + x3  + ------------------- + x24 
 
 = 9  + 11 + 10 + ------------------- + 14 = 270 

eyIg)an ³  plitplTwkedaHeKasrub ∑ X =  270 lIRt¼éf¶ 
       270  

  plitplTwkedaHeKamFüm   X = ------ = 11.25 lIRt ¼éf¶ 
        24 
∑ Xi2  = x1

2 + x2
2 + x3

2  + ------------------- + x24
2 

 
 = 81 + 121 + 100 + ------------------- + 196 = 3100 
 
                                     

cMnYnemeKa ³ 4 x 6 = 24 k,al
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 edIm,IKNna variance (S2) eyIgmanrUbmnþ ³  
             
 

srublMeGogkaer: ¬SST¦ GacKNna)antamviFI @ Ebb ³ 
viFITI ! ³   
 

        = (9−11.25)2 + (11−11.25)2 + -----------  + (14 − 11.25)2 

 
        = 5.06 + 0.06 + ----------------------------  + 7.56 = 62.44 
             

 viFITI @ ³  

       
 
     
     

        b:uEnþ SST = SSTr + SSE  .  lMeGogkaer:énbc©½y GacKNna)an @ Ebb ³  
 

   (∑XTr)2    (∑xi)2      (∑XTr1)2 + (∑XTr2)2 + (∑XTr3)2 + (∑XTr4)2        (∑xi)2 

 viFITI ! ³ SSTr =  ------  −  -------  =  ----------------------------------------      −  -------- 

     ni     nt         ni               nt 
 
    572 + 662 + 722 + 752        2702 

          = ----------------------------  −  ------- 
         6          24 
 
    3249 + 4356 + 5184 +5625        
          = ----------------------------------  −  3037.5 = 3069 − 3037.5 = 31.5 
              6        

viFITI @ ³  SSTr = ni [ ∑ (XP − x)]2 =  ni [(XP1 − x)]2  + (XP2 − x)2 + (XP3 − x)2 + (XP4 − x) 2 ] 

         = 6[ (9.5 − 11.25)2 + (11 − 11.25)2 + (12 − 11.25)2 + (12.5 − 11.25)2 ]  
          = 6 (3.06 + 0.06 + 0.56 + 1.56) 
         = 31.44 

 kñúgviFITI @ enH plitplmFüménbc©½y KWCatMélsMrab;bc©½ynimYy² . 
 
 
 

( )

DF
SS

n
n
x

x
S =

∑
−

=
−

∑

1

2

2

2

( ) ( ) ( )xxxxxxxxSS iT −−−∑ − +++== 24....................................21
2222)(

( )

5.625.30373100
240

270
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2
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taragviPaK variance  
RbPBbMErbMrYl kMritesrIPaB 

DF 
srubkaer:  

SS 

Variance 
  

S2 (MS) 

f- KNna  f- tarag 

srub (Total)   DFT = 23 SST = 62.5   

bc©½y ¬Tr.¦ DFTr =   3 SSTr = 31.5 STr
2 = 10.5 6.77 

lMeGog ¬Error¦ DFE = 20 SSE = 31 SE
2 = 1.55  

  
(3, 20, 5%) 
3.10 
(3, 20, 1%) 
4.94 

cMNaM ³ Variance (S2) mann½ydUcCa mFümlMeGogkaer: eKsresr  MS (Mean of Square) . 
 
SSE = SST − SSTr =  62.5 − 31.5 = 31 
 
 
   
    
 
         

 f KNna   
   
  

kñúgtaragviPaK variance eyIg)an f KNna  >  f tarag    karGHGagyk H1 . mann½yfa  variance 

énplitplTwkedaHeKarvagbc©½y manPaBxusKñaCaGtßn½yCak;nak; (High significant). 
 

plitplTwkedaHmFümrvag Plots NaxøH manPaBxusKñaedayGtßn½y ?  eFVI T-test 
manviFIsa®sþBIrsMrab;eFVIkarsakl,g b¤KNnaPaBxusKñaénrgVas;mFüm .   viFIsa®sþEdlsMrab;eRbI 
kñúgkareRbobeFobrgVas;mFümeRcInRkum KW ³  
- LSD (Least Significantt Difference)   

- DMRT (Duncan's Multiple Range Test).  
 

eyIgman     
               

 
 

                                                                lIRt¼éf¶ . d enAeBlen³  KWCa  LSD . 
    

5.10
3

5.312 ===
DF

SSS
Tr

Tr
Tr

77.6
55.1
5.10

2

2

===
S
S

E

Tr

72.0
6
155*22

2

===

=

n
SS

S

i
d

d

E

dt



Biometry or Practical Statistics for Agric. Research, by PEL Sokha (MSc agr, Lecturer of RUA) 2010 77 

eyIg)an                                                                                                    lIRt¼éf¶ 
                                                                                                                  

    lIRt¼éf¶ 
 

Treatments ¬bc©½y¦ PaBxusKñarvagplitplmFüménbc©½y (d)  
Tr2 − Tr1 = 11 − 9.5 
Tr3 − Tr1 = 12 − 9.5 
Tr4 − Tr1 = 12.5 − 9.5 
Tr3 − Tr2 = 12 − 11 
Tr4 − Tr2 = 12.5 − 11 
Tr4 − Tr3 = 12.5 − 12 

1.5 n.s. 
2.5 * * 
3    * * 
1    n. s. 
1.5 n. s. 
0.5 n. s. 
 

 
sMKal; ³  Tr3 − Tr1 = 2.5 * *   BIeRBaH @>% lIRt¼éf¶  >  @>0% lIRt¼éf¶ 
  Tr4 − Tr1 = 3   * *   BIeRBaH # lIRt¼éf¶  >  @>0% lIRt¼éf¶ 
sBaØasMKal; ³   * * *  manPaBxusKñaCaGtßn½y ¬significant¦ kñúgkMrit α = 0.1% b¤ 0.001 

 * *     manPaBxusKñaCaGtßn½y ¬significant¦ kñúgkMrit α = 1% b¤ 0.01 

*        manPaBxusKñaCaGtßn½y ¬significant¦ kñúgkMrit α = 5% b¤ 0.5 . 
 

Duncan's Multiple Range Test (DMRT) gives protection against making mistakes 
inherent in the indiscriminant use of the LSD test. The test is identical to LSD for 
adjacent means in an array, but requires progressively larger values for significance 
between means as they are more widely separated in the array.  This test is used 
most appropriately when several unrelated treatments are included in an experiment. 
Ex. for making all possible comparisons among the yielding abilities of several 
varieties. 
 
The test involves the calculation of shortest significant differences (SSD).          
SSD=R (LSD) where R is a value from a table of significant studentized factors and is 
chosen according to the level of significance desired, degrees of freedom for error 
and the relative position of means in the array. 
Since there are four means they can be 2,3, or 4 apart.(Note: adjacent means are 
called 2 apart.). 
 
Relative position in array (p of table)          2  3   4   
Values of R, 5% level, (table)                      1.00        1.05       1.08 
SSD=R (LSD)                                              1.50         1.58      1.62 
If the difference between these means equals or is larger than the SSD, the means 
are significantly different. P4 − P1 = 3, SSD= 1.62, therefore 12.5 is significantly larger 
than 9.50. 

05.272.0..85.2.%).1,20(%)1(

50.172.0..09.2.%).5,20(%)5(

=====

=====

xSxDFtLSD

xSxDFtLSD

dE

dE

α

α
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7>1>2> karBiesaFn_ktþaeTal ¬EtmYy¦(single factor experiment)   
 
edayeRbIbøg;BiesaFn_cab;eqñateBjelj-mansa (Randomized Complete Block Design= 

RCBD). karBiesaFn_ KWeRbobeFobTinñplénBUCRsUvTwkCMerAcMnYn9EdlmaneQ μaHdUcxageRkam³  
 
tarag BUCRsUvTwkCMerA sMrab;BiesaFn_Tinñpl ¬1988¦ 

elxbc©½y (Treat.no.) eQμaHBUC (variety name) RbPB (source) 
 V1 nagexov BUCkñúgRsuk 
V2 varF¶n; BUCkñúgRsuk 
V3 Epøg:am BUCnaMcUl 
V4 SPR-76  BUCnaMcUl 
V5 Tewada BUCnaMcUl 
V6 Khao Prakat BUCnaMcUl 
V7 PG-56 BUCnaMcUl 
V8 LMN-111 BUCnaMcUl 
V9 knøgPñM BUCkñúgRsuk 
-TIkEnøgBiesaFn_³ ERsBiesaFn_mYyrbs;ksid§anBUCRsUvTYlsMeragEdlmanCMerATwk 0>75Em:Rt. 
- viFIdaMduH³ sab nig dk-sÞÚgcenøaHKum< 20s>m x 20s>m. 
 - CMhansMxan;²énkarerobbøg;BiesaFn_man³ 
 CMhanTI1³ EckdIERsBiesaFn_CacMnYnsaes μ I²Kña. r tagcMnYnsa kñúgenH r=4 . 

        Rep.I   Rep.II                            Rep.III                         Rep.IV 
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 CMhanTI2³ EcképÞdIkñúgsanImYy²CacMnYn t esμ I²Kña.  t tagcMnYnbc©½y kñúgenH t=9. 
                    Rep.I                 Rep.II                           Rep.III                          Rep.IV 

 V         
 V         
 V         
 V         
 V         
 V         
 V         
 V         
 V         
 V         
 

 CMhanTI3³ karcab;eqñaterobbc©½ydak;kñúgkUnERsnimYy²tamsa. epþImecjBIelxbIxÞg;Edlex μAéd 
 )ancg¥úlelItarag  eyIgRsg;ykelxécdnüsMrab; 4sa dUcmanCa ]>kñúgtaragxageRkam. 

taragelxécdnüEdlRsg;)ansMrab; 4 sa 
elx elx elx elx bc©½y lMdab; 
écdnü fñak; écdnü fñak; écdnü fñak; écdnü fñak; 

 V 1 814  548  086  496  
V2 2 259  603  646  980  
V3 3 618  621  797  798  
V4 4 823  428  533  521  
V5 5 641  939  096  367  
V6 6 247  911  921  565  
V7 7 573  286  283  736  
V8 8 799  062  959  978  
V9 9 518  274  672  150  

 CMhanTI4³ karcat;fñak;elxécdnüBItUceTAFMdUcmankñúgtaragxageRkam. 
 taragkarcat;fñak;elxécdnü 

elx elx elx elx bc©½y lMdab; 
écdnü fñak; écdnü fñak; écdnü fñak; écdnü fñak; 

V1 1 814 8 548 5 086 1 496 3 
V2 2 259 2 603 6 646 5 980 9 
V3 3 618 5 621 7 797 7 798 7 
V4 4 823 9 428 4 533 4 521 4 
V5 5 641 6 939 9 096 2 367 2 
V6 6 247 1 911 8 921 8 565 5 
V7 7 573 4 286 3 283 3 736 6 
V8 8 799 7 062 1 959 9 978 8 
V9 9 518 3 274 2 672 6 150 1 
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-elxécdnüKWCaelxsÁm 3 xÞg; nigkareFVIcMNat;fñak;BIelxtUceLIgeTA. 
CMhanTI5³ karerobbc©½ydak;kñúgkUnERs edaykMNt;ykelxlMdab;énkarRsg;elxécdnüCaelx 
rbs;kUnERs ehIyelxcat;fñak;Caelxbc©½y.  
]>  kñúgrUbxageRkamenH sMrab;saTII I kUnERsTI1 RtUvTTYlbc©½y V8  

             kUnERsTI2 RtUvTTYlbc©½y V2  

     kUnERsTI3 RtUvTTYlbc©½y V5 …………………. 

            kUnERsTI9 RtUvTTYlbc©½y V3 . 
Rep.I  Rep.II                 Rep.III              Rep.IV 
 V8  V5  V1  V3 
 V2  V6  V5  V9 
 V5  V7  V7  V7 
 V9  V4  V4  V4 
 V6  V9  V2  V2 
 V1  V8  V8  V5 
 V4  V3  V3  V6 
 V7  V1  V9  V8 
 V3  V2  V6  V1 

 
CMhanTI6³ karRsg;Tinñn½y mankargar2KW³ 

- karRsg;sMNakecjBIkUnERs nigkarkat;bnßylMeGog 
- karsMrYlsMeNImrbs;RRKab;[mkenA 14° dUcKña. RKab;RsUveRkayBIkarRcUtkat; e)akEbn 

nigsMGatrYc RtUveFVIkarvas;EvgsMeNIm nigføwgTMgn;[)andwgCamun bnÞab;mkeTIb 
sMrYlsMeNIm[mkenA 14° dUcKñaTaMgGs;edayeRbIrUbmnþdUcmankñúgsmIkarxageRkam³ 
TMgn;RKab;sMeNIm 14°= A * W kñúgenaHman³      

 

 A =    emKuNénkarTUTat;  Edlrk)anenAkñúgtaragxageRkay b¤ KNna   
                  ¬M CaPaKrysMeNImRKab;RsUveRkayBIkarRcUtkat;¦                            

W =  TMgn;RKab; ¬RsUv¦rbs;sMNakkñúgsMeNImkMeNItrbs;va. 
 
 

 
 

bøg;sMercrbs;karBiesaFn_ 
RCBD –4 sa 
sMrab;BiesaFn_BUCRsUv 9 mux 

86
100 MA −

=
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tarag Tm¶n;;RKab;sMeNIm ¬14°¦ t¼h>t ¬19988¦ 
sa (Replications)  BUC 

Varieties I II III IV 

srubBUC mFümBUC xusKñarvag 
ksiN 

V1 2.61 2.15 2.53 2.99 10.28 2.57 0.86
V2 2.65 2.27 2.32 2.50 9.74 2.44 0.73
V3 2.22 2.26 2.39 2.17 9.04 2.28 0.57
V4 3.44 2.99 3.34 2.97 12.74 3.19 1.48
V5 1.54 1.55 1.82 2.49 7.40 1.89 0.18
V6 2.03 1.81 1.78 2.48 8.10 2.03 0.32
V7 1.96 1.91 1.56 1.86 7.29 1.82 0.11
V8 1.58 1..58 1.68 1.59 6.43 1.61 -0.10
V9 1.89 1.49 1.78 1.69 6.85 1.71 CK

sa (Rep) 19.92 18.01 19.20 20.74  

srubTUeTA (General sum- GS)= 77.87 

 

mFümTUeTA (General mean- GM)= 2.16 t/ha 

 
-karviPaKv:arIy:g;rbs;Tinñn½y ¬kñúgtaragxagelI¦ 

 karviPaK ANOVA KWCakarviPaKtMél F EdltMélrbs;smamaRtrvagv:arIy:g;bc©½y b¤ v:arIy:g:sa 
Ecknwgv:arIy:g;lMeGogBiesaFn_. RbPBbMErbMrYlkñúgkarBiesaFn_ RCBD  enHman³ 
 

1 2

3

 
kñúgcMeNambMErbMrYlTaMgbIRbPBenH K μanbMErbMrYlmYyNamantMélezreT KWvaERbRbYl[KñaeTAvij 
eTAmk GaRs½yelIeTBekaslürbs;GñkBiesaFn_ CaBiesseTBekaslükñúgkarkat;bnßylMeGog. 
CMhanénkarviPaKv:arIy:g;mandUcteTA³ 
 
1>karKNnaemKuNEktRmUv (Correction factor=C.F) 
 
         GS2       (77.87)2 

C.F= -------- = ------------ =168.4371  
          r t          4* 9 

1>bMErbMrYlrbs;sa 
2> bMErbMrYlrbs;bc©½y ¬BUCRsUv¦ 
3> bMErbMrYlrbs;lMeGog 

>4 bMErbMrYlsrub  
    (Total variation) 
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sMKal;³ GS = srubtémøTaMgGs;        r = cMnYnsa          t = cMnYnbc©½y 
 
2>KNnasrubbMErbMrYlTaMgGs; b¤srubkaer:bMErbMrYlTaMgGs; (Total sum of square) 
 
SST = Σ(xi)2- CF = (2.61)2 +(2.65)2+……………+(1.69)2- 168.4371 
            = 178.3355- 168.4371= 9.8988 

 
3>KNnasrubbMErbMrYlrbs;sa b¤ srubkaer:bMErbMrYlrbs;sa (Sum of square for replication) 

 Σ(r)2                       (19.92)2+(18.01)2+………+(20.74)2 

SSR = -------  - CF   = ----------------------------------------------  - 168.4371 
   t                                          9          1519.9541   =  ---- ----------  - 168.4371 = 0.4466                     9 

4> KNnasrubbMErbMrYlrbs;bc©½y b¤ srubkaer:bMErbMrYlrbs;bc©½y (Sum of square for treatment) 

Σ(t)2                       (10.28)2+(9.74)2+………+(6.85)2 

SSTr = -------  - CF   = ----------------------------------------------  - 168.4371 
   r                                          4          706.3567   =  ---- ----------   - 168.4371 = 8.1521                     4 

5> KNnasrubbMErbMrYlrbs;lMeGog b¤ srubkaer:lMeGog (Error sum of square) 
SSE = SST – (SSR + SSTr) 
       = 9.8988 – (0.4466+ 8.1521) = 1.3001 

 
6> KNnakMritesrIPaBrbs;bMErbMrYlnImYy² 
-kMritesrIPaBsrubTaMgGs;  DFT = rt-1 =36-1=35 

-kMritesrIPaBrbs;sa         DFR = r -1 =4-1=3 

-kMritesrIPaBrbs;bc©½y     DFTr = t -1 = 9-1=8 

-kMritesrIPaBrbs;lMeGog   DFE = (r-1) (t-1) = (4-1)(9-1)=24 

 
7> KNnarkv:arIy:g; b¤mFümkaer:rbs;RbPBbMErbMrYlnImYy²  
    (Mean of square for each source of variation) 
   

 0.4466 
- MSR = ----------- = 0.1488  

          4-1 
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        8.1521 
- MSTr = ---------- = 1.0190  

          9-1 
        1.3001 

- MSE = ---------- = 0.0542  
          24 

8> KNnarktMél F rbs;sa nig bc©½y ¬BUC¦ 
     MSR            0.1488 

- FR = ---------- = ----------= 2.75  
           MSE        0.0542 

 
     MSTr            1.0190 

- FTr = ---------- = ----------= 18.80  
           MSE         0.0542 

 
9> karRsg;tMél F RTwsþI ¬ Ftarag¦ecjBItarag EdlmanGtßn½y 5° nig 1°  
-f1 CakMritesrIPaBrbs;PaKyk kñúg]TahrN_enHKWCa DF rbs;sa b¤ bc©½y 
-f2 CakMritesrIPaBrbs;PaKEbg kñúgenHKWCa DF rbs;lMeGog. sMrab;karBiesaFn_enHtMél F CaRTwsþIman³           

- kalNa      f1=3 ,  f2= 24 ,   α = 5%      enaH FR taragrbs;sa = 3.01                  
                                            α=1%      enaH FR taragrbs;sa = 4.72 

-  kalNa      f1=8 ,  f2= 24 ,   α = 5%      enaH FTr taragrbs;bc©½y = 2.36                  
                                            α=1%      enaH FTr taragrbs;bc©½y = 3.36 

 
10> bBa©ÚltYrelxKNnarYceTAkñúgtaragviPaKv:arIy:g; 
tarag karviPaKv:arIy:g;Tinñn½y Tinñpl 

RbPBbMErbMrYl kMritesrIPaB 
DF 

srubkaer:  
SS 

Variance 
  

MS or S2 

f- KNna  f- tarag 
5°    1° 

srub    (Total) 
DFT = (4*9) -1 
        =35 

SST =9.8988    

sa       (Rep) 
DFR= 4-1=3  SSR =0.4466 SR

2 =0.1488 2.75 ns 3.01   4.72 

bc©½y   (Treat) 
DFTr= 9-1=8 SSTr =8.1521 STr

2 = 1.0190 18.80 **  2.36   3.36 

lMeGog  (Error) 
DFE=(4-1)(9-1) 
       = 24 

SSE =1.3001 SE
2 = 0.0542   

 
CV %= 10.78   
 78.10100*

16.2
0542.0100*% ===

x
MSCV E
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CV cg¥úlbgðajGMBIkMriténPaBCak;lak; (degree of precision) EdlkñúgenHbc©½yTaMgLay)anRtUv 
eRbobeFobCamYyKña.  CV mankarERbRbYlxøaMgNas; KW³ 
-sMrab;TinñplRsUvsnÞÚg³ 6-8° 
-BiesaFn_BUCdMNaMepSg²CamYynwgrUbmnþCI³ 10-12° 
-BiesaFn_fñaMBul b¤ fñaMsMlab;esμA³ 13-15°. 
 
11> esckþIsnñid§ancMeBaHv:arIy:g;³ karBiesaFn_enHmanGtßn½yCak;lak; kñúgkMrit α=1% .  
       ebIcg;dwgfaBUCNaxøH manTinñplxusKña enaHeKRtUveFIVkareRbobeFobrvagmFümrbs;bc©½y. 
kareRbobeFobrvagmFümrbs;bc©½yEdlgayRsYlCageKKW kareRbobeFobCaKU (pair comparison) 

Edlman BIrEbbKW³  
- kareRbobeFobKUeRKagTukCamun (planned pair comparison) KWCakrNIEdlkarBiesaFn___+ 

)aneRCIsbc©½yksiNTuksMrab;eRbobeFob. kareRbobeFobenHRtUvGnuvtþeLIgtam 
ry³karKNnarktMéltUcbMputbBa¢ak;PaBxusKña (Least significant difference= LSD) . 

- kareRbobeFobKUK μaneRKagTukCamun (unplanned pair comparison) KWCakrNIEdlkar      
BiesaFn___+BMu)aneRCIsbc©½yksiNTuksMrab;eRbobeFobeT.  eRkayBIkarviPaKv:arIy:g;rYc eTIb 
mankareRbobeFobmFümrbs;bc©½ytamry³viFI Duncan’s Multiple Range Test = DMRT 

 
12> kareRbobeFobrvagmFümrbs;bc©½y 
12>1> karKNnatMéltUcbMputbBa¢ak;PaBxusKña (LSD) rbs;bø;BiesaFn_ RCBD 

 
CMhanénkarKNnamandUcteTA³ 
1>Rsg;tMél  tα kñúgkMritesrIPaBrbs;lMeGog DFE=24 (n=24) ecjBItarag kalNa³ 
     α = 5%   enaH t = 2.064                      
     α = 1%   enaH t  = 2.80  
2>KNnalMeGogKMrUrbs;tMélxusKñarvagmFümBIrénbc©½y 
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3> KNnarktémøtUcbMputbBa©ak;PaBxusKña LSD: 

LSDα= tα * Sd = (2.064)(0.165)= 0.341 t/ha 
                       = (2.80)(0.165)= 0.462 t/ha 
 

4> erobtarageRbobeFobKUTinñplmFümksiNCamYynwgbc©½ynImYy² 
BUC (Varieties) srubTinñpl mFümTinñpl xusKñarvagksiN 

V1 nagexov 10.28 2.57 0.86** 

V2 varF¶n; 9.74 2.44 0.73** 

V3 épøg:am 9.04 2.28 0.57** 

V4 SPR-76 12.74 3.19 1.48** 
V5 Tewada 7.40 1.89 0.18 
V6 Khao Prakat 8.10 2.03 0.32 
V7 PG-56 7.29 1.82 0.11 
V8 LMN-111 6.43 1.61 -0.10 
V9 knøgPñM 6.85 1.71 ksiN (CK) 

LSD 5%=0.314, LSD1%= 0.462 

snñid§an³ manBUCRsUvTwkCMerAcMnYn4 manTinñplx<s;CagBUCksiN. 
 
12>2> karKNnatMél DMRT rbs;bøg;BiesaFn_ RCBD 

CMhanTaMgLaykñúgkarKNnatMél  edIm,IeFVIkareRbobeFobfaetImFümrbs;bc©½yKUNaxøH 
manTinñplesμ IKña nig KUNaxøHeTotmanTinñplxusKña  mandUcteTA³ 
1>cat;fñak;TinñplmFümrbs;bc©½yBItUceTAFM b¤BIFMeTAtUck¾)an.  
    ]>xageRkamenH KWCakarcat;fñak;TinñplRsUvTwkCMerAtamlMdab;BIFMeTAtUc 
 
 
 
 

hat
r

MSS E
d

/.165.0
4
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===
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BUC 
(Varieties) 

 RbPB 
(Sources) 

mFümTinñpl 
¬K>Rk¼h>t¦ 

cMNat;fñak; 
(Rank) 

V4 SPR-76 3186 1 

V1 nagexov  2571 2 

V2 varF¶n; 2435 3 

V3 épøg:am 2258 4 

V6 Khao Prakat  2024 5 
V5 Tewada 1851 6 
V7 PG-56 1819 7 
V9 knøgPñM 1712 8 

V8 LMN-111 1607 9 

 
2>KNnalMeGogKMrUrbs;tMélxusKñarvagmFümBIrénbc©½y 

       
 

                   
 

- Sd = lMeGogKMrUrbs;tMélxusKñarvagmFümBIrénbc©½yKU 
- 2 = bc©½yKU b¤ kareRbobeFobKU 
- MSE or SE

2 = v:arIy:g;rbs;lMeGogénkarBiesaFn_. 
3>KNnarktémøcenøaHtUcbMput b¤cenøaHxøIbMputmanGtßn½y (Least significant range or Shortest 

significant range= LSR or SSR) EdlmancMnYn t -1.  
 
rUbmnþrbs;cenøaHsn§wgxøIbMputmanGtßn½yKW³ 
   (rp) (Sd) 
Rp= ------------ = for p = 2,3,….,t     OR      SSD = R x LSD 
              2 

kñúgenaHman³ 
-     t   = cMnYnbc©½y 
- Rp  = témøcenøaHxøIbMput 
- rp    = témøRsg;ecjBItarag EdlmaneQμaHfa   significant studentized range= ssr 

      -     Sd = lMeGogKMrUrbs;tMélxusKñarvagmFümBIrrbs;bc©½yKUr 

hakgorhat
r

MSS E
d

/165../.165.0
4

)0544.0(22
===
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- p    = cMgayBIKñakñúgcMNat;fñak;rvagmFümBIrrbs;bc©½yKUEdlRtUveRbobeFobdUcCa 
p    = 2 sMrab;mFümPaKBIrEdlcat;fñak;bnþKña nig p=t sMrab;mFümFMbMput b¤tUcbMput 
tamlMdab;EdleyIgcat;fñak;kñúgenHtUcbMputKW p=9 (p is the distance in rank between the 

pair of treatment means to be compared) . tam]TahrN_xagelI eyIgman³ 
tMél rp tamCYrkMritesrIPaBrbs;lMeGog  DFE=24   α = 5% . 
  p rp (0.05)  ¬emIltaragTI 9¦                           emIltaragTI 8  

--------------------  2 2.92      2 1.00 
3 3.07      3 1.05 
4 3.15      4 1.08  
5 3.22      5 1.10 
6 3.28      6 1.12 
7 3.31      7 1.13 
8 3.34      8 1.14 
9 3.37      9 1.15 

    --------------------------------- 
 
tMél Rp (5%) rvagmFüm (Kg/ha) 
      
 p     
                               

-----------------------------   ------------------ 
 (2.92)(165) 

2 ---------------- = 342 b¤ 0.342 etan¼h>t 1x341 = 341.00 b¤ 0.341 etan¼h>t 

     √2  (3.07)(165) 
3 ---------------- = 359    1.05x341=358.05 

     √2  (3.15)(165) 
4 ---------------- = 369    1.08x341= 368.28 

     √2  (3.22)(165) 
5 ---------------- = 377    1.10x341= 375.10 

     √2  (3.28)(165) 
6 ---------------- = 384    1.12x341=381.92 

     √2  (3.31)(165) 
7 ---------------- = 387    1.13x341=385.33 

     √2 

2

*
%)5( %5. SrR dp

P = LSDRSSD *%)5( =
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 (3.34)(165) 
8 ---------------- = 391    1.14x341=388.74 

     √2  (3.37)(165) 
9 ---------------- = 394    1.15x341=392.15 

     √2 

karKNnatam SSD (5%) = R x LSD ykBItaragsþIBIlMdab;énTinñplmFümrbs;BUCRsUv¬TMB½rTI 91¦ 
eyIgman³ 

R 2 3 4 5 6 7 8 9 
5%LSD=0.341 1 1.05 1.08 1.10 1.12 1.13 1.14 1.15
1%LSD=0.462 1 1.05 1.07 1.09 1.11 1.12 1.13 1.15
SSD 2 3 4 5 6 7 8 9
5% 0.341 0.358 0.368 0.375 0.381 0.385 0.388 0.392
1% 0.462 0.485 0.494 0.503 0.512 0.517 0.526 0.531
 

SSD V4 V1 V2 V3 V6 V5 V7 V9 V8 
5% 1% 3.19 2.57 2.44 2.28 2.03 1.89 1.82 1.71 1.61

0.341 0.462 0.62 0.13 0.16 0.25 0.14 0.07 0.11 0.10
0.358 0.485 0.75 0.29 0.41 0.39 0.21 0.18 0.21 
0.368 0.494 0.91 0.54 0.55 0.14 0.32 0.28  
0.375 0.503 1.16 0.68 0.62 0.57 0.44  
0.381 0.512 1.30 0.75 0.73 0.67  
0.385 0.517 1.37 0.86 0.83  
0.388 0.526 1.48 0.96  
0.392 0.531 1.58  

 
]>1³ 0.62= V4 – V1= 3.19 – 2.57, 0.75= V4 – V2=3.19 – 2.44, 0.91= V4 – V3=3.19 -2.28 

]>2³ 0.13= V1 – V2= 2.57 – 2.44, 0.29=V1 – V2=2.57-2.44, 0.16= V2 – V3=2.44 – 2.28 
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&>!>@> karviPaKktþaeTal nigbMErbMrYleTAtamTisCImYy 
 karerobCabøúkmaneKalbMNgsegátemIl\T§iBlxusKñaéndIIeTAelIkUnERs (Plots)kñúgTisCImYy.  
eRkABIviPaK variance énbc©½y KWmankarviPaK variance elIktþamYyepSgeTot ¬dI¼vismanPaBdI¦. 
]TahrN_ ³ karBiesaFn_dak;CIKImI enAERs¼valBiesaFn_mYyEdlTak;TgnwgbrimaN K nigsmasPaB K 
Edlman ³       % bc©½y  

  $ sa 
kaRbmUlTinñn½y ¬Data¦ KWTinñplKitCa dt/25 m2 . 
 
- eyIgeFVIkarBiesaFn_ nigKNnadUcxageRkam ³ 
 

  X X2   
Treat.1 
NP 

B1 
B2 
B3 
B4 

0.2 
0.1 
0.1 
0.1 

0.04 
0.01 
0.01 
0.01 

− ∑XP1 = 0.5    (∑XP1)2 = 0.25 
P1

2  = 0.52 = 0.25 
 (∑XP1)2     0.25 
---------- = ------- = 0.063 
       4            4 

Treat.2 
NP + K60 * 

B1 
B2 
B3 
B4 

0.5 
0.5 
0.5 
0.4 

0.25 
0.25 
0.25 
0.16 

− ∑XP2 = 1.9   (∑XP2)2 = 3.61 
(∑XP2)2     3.61 
--------- = ------ = 0.903 
      4           4 

Treat. 3 
NP + K60 * 

B1 
B2 
B3 
B4 

0.5 
0.5 
0.5 
0.6 

0.25 
0.25 
0.25 
0.36 

− ∑XP3 = 2.1   (∑XP1)2  = 4.41 
P3

2  = 2.12 = 4.41 
 (∑XP3)2     4.41 
---------- = ------ = 1.103 
       4            4 

Plot 4 
NP + KT * 

B1 
B2 
B3 
B4 

0.5 
0.5 
0.4 
0.5 

0.25 
0.25 
0.16 
0.25 

− ∑XP4 = 1.9       (∑XP4)2 = 3.61 
(∑XP4)2     3.61 
--------- = ------ = 0.903 
      4            4 

Treat. 5 
 NP + KT 

* 

B1 
B2 
B3 
B4 

0.6 
0.5 
0.6 
0.5 

0.36 
0.25 
0.36 
0.25 

− ∑XP5 = 2.2      (∑XP1)2  = 4.84 
P5

2  = 2.22 = 4.84 
 (∑XP5)2    4.84 
---------- = ------ = 1.21 
       4            4 

dak;CIelIkTI ! CamYy NP            
                                       (∑X)2        73.96 
CT (correction term or correction factor) =  -------- = ----------- = 3.698 
                                          n        20      
 

4 x 5 kUnERsén Block BiesaFn_
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 (∑XTr1)2      (∑XTr2)2 (∑XTr3)2     (∑XTr4)2      (∑XTr5)2        (∑X)2 

SSTr = ----------- + ----------- + --------- + ---------  + ------------ −  ----------    
        rTr1             rTr2        rTr3              rTr4       rTr5         n 
 
 0.25      3.16     4.41       4.84      3.61    73.96 
      = ------- + -------- + ------- +  --------  + ---------  − -------- 
  4    4      4          4         4      20 
 
       = 0.063 + 0.903 + 1.103 + 0.903 + 1.21 − 3.698 
 
       = 0.484 
∑ X     = 8.6 
∑ X2 = 422 
(∑ X)2 = 8.62 = 73.96 
(∑ X)2       73.96 
-------- = --------  =  3.698 
     n       20 
 

3 
 
0.6 

4 
 
0.5 

2
 
0.4 

5 
 
0.5 

1
 
0.1 

                                                    (∑xB4)2     4.41 
B4  ∑XB4 = 2.1 (∑XB4)2 = 4.41  -------- = -------- = 0.882 
                                                         5           5 

5 
 
0.6 

1 
 
0.1 

4
 
0.4 

3 
 
0.5 

2
 
0.5 

                                                     (∑XB3)2       4.41 
B3  ∑XB3 = 2.1  (∑XB3)2 = 4.41   --------- =  ------- = 0.882 
                                                            5           5 

2 
 
0.5 

3 
 
0.5 

5
 
0.5 

1 
 
0.1 

4
 
0.5 

                                                     (∑XB2)2       4.41 
B2  ∑XB2 = 2.1  (∑XB2)2 = 4.41   --------- =  ------ = 0.882 
                                                            5           5 

1 
 
0.2 

2 
 
0.5 

3
 
0.5 

4 
 
0.5 

5
 
0.6 

                                                     (∑XB1)2   5.29 
B1  ∑XB1 = 2.3  (∑XB1)2 = 5.29  --------- =  ------ = 1.158 
                                                        5             5 

 
 
 (∑XB1)2      (∑XB2)2 (∑XB3)2     (∑XB4)2  

SSB = ----------- + ----------- + --------- + ---------  −  CT    
        nB1             nB2        nB3              nB4     
 
 4.41      4.41     4.41       5.29        
      = ------- + -------- + ------- +  -------- − 3.698 
  5    5      5          5          
 
       = 3.704 − 3.698 
 
       = 0.006 
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Treat.  CI Tr (dt/25m2) Tr (dt/25m2) Tr (dt/ha) 

1 NP 0.5 0.125  50 
2 NP + K60  1.9 0.475 190 
3 NP + K60 * 2.1 0.525 210 
4 NP + KT * 1.9 0.475 190 
5  NP + 

KT * 
2.2 0.550 220 

 
Block B B (dt/25m2) B (dt/ha) 

a 2.3 0.46 184 
b 2.1 0.42 168 
c 2.1 0.42 168 
d 2.1 0.42 168 

 

taragviPaKvarIy:g; (Variance)  
RbPBbMErbMrYl kMritesrIPaB 

DF 
srubkaer:  

lMeGog SS 

Variance  
      SS 

S2 = ---- 
        DF 

F- KNna  F- tarag 

     α = 5% α = 1% 

srub ¬Total¦ 19 (20 −1) 0.522   _______    

bc©½y ¬Treat.¦  
 4 (5 − 1) 

 
0.484 

 
STr

2 = 0.121 
 

40.33** 
 
3.26 

 
5.41 

bøúk ¬b¤ Row ¦  
3 (4 − 1) 

 
0.006 

 
SB

2 = 0.002 
 

0.67ns 
 
 8.74 

 

lMeGog ¬Error¦  
12(19−4−3) 

 
0.032 

 
SE

2 = 0.003 
   

 

tamtaragviPaKvarIy:g; eyIg)an f KNna  >  f tarag (40.33 > 5.41)   karGHGagyk H1 . mann½yfa  
varIy:g; énTinñplrvag  Treat.s manPaBxusKñaCaGtßn½y (Significant) Cak;lak; . 
 

etITinñplmFümrvag Treat. NaxøH manPaBxusKña?   eFVI T - test  

 
viFIsa®sþsMrab;eFVIkar sakl,g b¤KNnaPaBxusKñaénrgVas;mFümEdleRbIxageRkamenHKW ³ LSD (Least 

Significant Difference) .  eKGaceRbIviFIsa®sþenHkñúgsßanPaBBIrEbb ³ 
  - LSD Gac®tUveRbIsMrab;eFVIkareRbóbeFobCamYybc©½yksSiN 
   - LSD Gac®tUveRbI kalNalT§pl F-test manPaBxusKñaGtßn½y ¬significant¦ 
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LSD5% b¤ d (5%)  = t tarag  x SdTr = t (DFE = 12, α = 5%) x Sdp 

      = 2.18 x 0.039 = 0.085 dt/25 m2 

    0.085 dt x 100.00 m2       0.085 dt x 400 
         ---------------------------  =  ------------------ = 34 dt / ha 
      25 m2 x 100.00 m2                     ha 

LSD1% b¤ d (1%)  = t tarag  x SdTr  = t (DFE = 12, α = 1%) x SdTr 

      = 3,05 x 0,039 = 0,119 dt/25 m2 

 
          0,119 x 400  = 47,6 dt / ha 
   
 

Treat. 

¬bc©½y¦ 
d¬PaBxusKñarvagTinñplmFümén Treat.¦       d 

t = --- 
       Sd 

t tarag 

1 : 2 
1 : 3 
1 : 4 
1 : 5 

50 - 190 = 140                   (> 34) 
50 - 210 = 160 
50 - 190 = 140 
50 - 220 = 170 

 140 
------ = 6,97 
 15,6 

t (12,5%) = 2.18 

 

lT§plxagelIenH eyIg)an  Treat. 2, 3, 4 nig 5 manTinñplxusKñaBI Treat. 1 Ca Significant kñúgkMrit  
α = 1% b¤ edayGtßn½yCak;lak; nigmanTinñplx<s;Cag Treat. 1 . 
 

etITinñplmFümrvag Blocks NaxøH manPaBxusKña ?    eFVI T - test   viFIsa®sþeRbI LSD  
 
 

      
 

    
   

LSD (5%) = t tarag x SdB = t (DFE = 12, α = 5%) x Sdb 

   = 2.18 x 0.035 = 0.076 dt/25 m2  
     = 30.4 dt / ha 
 
 
 

dtmdtE

dt

r
SS

S

Tr
dTr

d

6.15.25/.039.0
4

003.0*22
2

2

====

=

hadtmdtxE
n
SS

B
dB /.1425/.035.0

5
003.022 2

2

====
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bøúk (B)  d ¬PaBxusKñarvagTinñplmFüménbøúk¦       d 
t = --- 
       Sd 

t tarag 

a : b 
a : c 
a : d 
b : c 
b : d 
c : d 

184 - 168 = 16                   (< 30.4) 
184 - 168 = 16 
184 - 168 = 16 
 

  t (DFE = 12,  
        α = 5%)  
= 2.18 

 

lTæplbgðajfa rvagTinñplmFüménbøúkTaMgGs;BuMmanPaBxusKñaCaGtßn½yeT . 
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&>!>#> karviPaKktþaeTal nigbMErbMrYleTAtamTisCIBIr 
- ERsBiesaFn_manragCabøg;ctuekaNEkgLataMg 
- eKeRbIbøg;enH kalNacg;segátemIl\T§iBlxusKñaéndIFøI cMeBaHTisCITaMgBIr 
]TahrN_³ BiesaFn_kñúgkardak;CIKImI cMeBaHdMNaMeBatEdlman ³ * Treat.      8 x 4 kUnERs 
                     $ sa     én Block BiesaFn_ 
karRbmUlTinñn½y  KW Tinñpl KitCa kg/30 m2 .  eyIgeFVIkarBiesaFn_dUcxageRkam ³ 
   X X2   
Treat. (Tr)1 
N P K 
80/40/0 

B1 
B2 
B3 
B4 

I 
II 
IV 
III 

6 
7 
6 
6

36 
49 
36 
36 

 ∑XTr1 = 25   (∑XTr1)2  = 252 = 625 
 (∑XTr1)2     625 
---------- = ------ = 156.25 
      4             4 

Treat. 2 
80/40/40 

B1 
B2 
B3 
B4 

I 
IV 
III 
II 

7 
8 
7 
8

49 
64 
49 
64 

  ∑XTr2 = 30  (∑XTr2)2  = 302 = 900 
 (∑XTr2)2    900 
--------- = ------ = 225 
      4           4 

Treat. 3 
80/40/80 

B1 
B2 
B3 
B4 

II 
III 
I 

IV 

8 
8 
8 
8

64 
64 
64 
64 

 ∑XTr3 = 32  (∑XTr3)2  = 322 = 1024 
 (∑XTr3)2    1024 
---------- = ------ = 256 
      4            4 

Treat. 4 
80/40/120 

B1 
B2 
B3 
B4 

II 
I 

IV 
III 

8 
8 
9 
8

64 
64 
81 
64 

 ∑XTr4 = 33  (∑XTr4)2  = 332 = 1089 
 (∑XTr4)2    1089 
---------- = ------ = 272.25 
      4            4 

Treat. 5 
 120/40/

0 

B1 
B2 
B3 
B4 

III 
II 
I 

IV 

7 
8 
6 
7

49 
64 
36 
49 

 ∑XTr5 = 28  (∑XP5)2  = 282 = 784 
(∑XTr5)2    784 
-------- = ------ = 196 
     4           4 

Treat. 6 
120/40/60 

B1 
B2 
B3 
B4 

III 
IV 
II 
I 

8 
9 
9 
9

64 
81 
81 
81 

 ∑XTr6 = 35  (∑XTr6)2  = 352 = 1225 
 (∑XP6)2    1225 
---------- = ------ = 306.25 
       4            4 

Treat. 7 
120/40/120 

B1 
B2 
B3 
B4 

IV 
I 

III 
II 

10 
8 
8 

10

100 
 64 
 64 
100 

 ∑XTr7 = 36     (∑XTr7)2 = 362 = 1296 
(∑XTr7)2    1296 
--------- = ------ = 324 
     4            4 

Treat. 8 
120/40/180 

B1 
B2 
B3 
B4 

IV 
III 
II 
I 

9 
10 

9 
9

  81 
100 
  81 
  81 

 ∑XTr8 = 37  (∑XTr8)2  = 372 = 1369 
(∑XTr8)2    1369 
--------- = ------ = 342.25 
     4            4 
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           (∑XTr1)2    (∑XTr2)2       (∑XTr3)2     (∑XTr4)2      (∑XTr5)2    (∑XTr6)2      (∑XTr7)2     

SSTr = ---------- + --------- + --------- + ---------  +  ----------  + -------- +  --------- + 
       rTr1          rTr2 rTr3         rTr4            rTr5     rTr6        rTr7           
 

 (∑XTr8)2          (∑X)2 

        -----------  −  ----------    
        rTr8            n 
  
SSTr = 156.25 + 225 + 256 + 272.25 + 196 + 306.25 + 324 + 342.25 
 
       = 2078 − 2048 
 
       = 30 
 

   (∑X)2 

SST =  ∑X2  −  ----------    
          n 
 
       = 2088 − 2048 
       = 40 
 
SST = SSTr + SSB + SSC + SSE 
 
SSE = SST − (SSP + SSB + SSC) 
     

  ∑ X     = 256     ∑ X2  = 2088     (∑ X)2 = 2562 

                           

        (∑ X)2     2562 

             = --------  =  -------- = 2048 
                n           32 
 

Column I C II C III C IV ∑XB XB (∑XB)2 (∑XB)2 

nB 

6 

9 

8 

9 

2 

8 

7 

10 

1 

6 

4 

8 

3 

8 

5 

7 

B4 

(Row) 

65 8.13 4225 528.13 

3 

8 

5 

6 

6 

9 

8 

9 

2 

7 

7 

8 

1 

6 

4 

9 

B3 62 7.75 3844 480.5 

4 

8 

7 

8 

1 

7 

5 

8 

3 

8 

8 

10 

2 

8 

6 

9 

B2 66 8.25 4356 544.5 

1 

6 

2 

7 

3 

8 

4 

8 

5 

7 

6 

8 

7 

10 

8 

9 

B1 

 

63 7.88 3969 496.13 

    61 67 62 66     

    7.63 8.38 7.75 8.25     

    3721 4489 3844 4356     

    465.13 561.13 480.5 544.5     

 

∑XC 
 

   XC 
 

(∑XC)2 

 

(∑XC)2 

      nC 
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 (∑XB1)2      (∑XB2)2 (∑XB3)2     (∑XB4)2 (∑X)2 

SSB = ----------- + ----------- + --------- + ---------  −  ----------    
        nB1             nB2        nB3              nB4     n 
 
       = 528.13 + 480.5 + 544.5 + 496.13 − 2048 
       = 2049.26 − 2048 
       = 1.26 
 

 (∑XC1)2      (∑XC2)2 (∑XC3)2     (∑XC4)2 (∑X)2 

SSC = ----------- + ----------- + --------- + ---------  −  ----------    
        nC1             nC2        nC3              nC4     n 
 
       = 465.13 + 561.13 + 480.5 + 544.5 − 2048 
       = 2051.26 − 2048 
       = 3.26 
 

Treat. ∑Tr Tr (kg/30m2) Tr (dt/ha) GRtaeFobnwg Tr1 
1 25   6.25 20.8 100 

2 30 7.50 25.0 120 

3 32 8.00 26.7 128 

4 33   8.25 27.5 132 

5 28 7.00 23.3 112 

6 35   8.75 29.2 140 

7 36 9.00 30.0 144 

8 37   9.25 30.8 148 
 

taragviPaK Variance  
RbPBbMErbMrYl kMritesrIPaB 

DF 
srublMeGog
kaer: SS 

Variance  
S2 = SS/DF 
or MS 

F-KNna F-tarag 
 
α = 5%     α = 1% 

srub (Total)  31 40 ______    

bc©½y (Treat.) 
7 30 4.29 14.3 ** 2.58 3.85 

bøúk (Block) 
3        1.26 0.42 1.4 n.s 3.16 5.09 

Columns 3        3.26 1.08  3.6 * 3.16 
 

5.09 

lMeGog (Error) 18        5.48 0.30   
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- tamtaragviPaK Variance eyIg)an  F KNna  >  F tarag  (14.3 > 2.58)    karGHGagyk H1 .  
mann½yfa ³ varIy:g;énTinñpleBatrvagbc©½ymanPaBxusKñaCaGtßn½y. 

- F KNna  <  F tarag     H0 .  Variance énTinñpleBatrvagbøúk KμanPaBxusKñaCaGtßn½yeT. 
 
etITinñplmFümrvag Treat. NaxøH manPaBxusKña      T - test 
                 

eyIgman   
                 

 
    

 
 

LSD (5%) = t tarag  x SdTr = t (DFE = 18, α = 5%) x SdTr 

   = 2.10 x 0.39 = 0.82 kg/30 m2 = 2.70 dt/ha 
 
LSD (1%) = 2.88 x 0.39 = 1.12 kg/30 m2 = 3.73 dt/ha 
 
LSD (0.1%) = 3.92 x 0.39 = 1.53 kg/30 m2 = 5.10 dt/ha 

 
1 2 3 4 5 6 7 8 Treat.s 

20.8 25.0 26.7 27.5 23.3 29.2 30.0 30.8 
1  ** *** *** n.s. *** *** *** 
2   n.s. n.s. n.s. ** ** *** 
3    n.s. * n.s. * ** 
4     ** n.s. n.s. * 
5      *** *** *** 
6       n.s. n.s. 
7        n.s. 
8         

 

sBaØasMKal; ³  *** PaBxusKñaCaGtßn½y ¬Significant) kalNa α = 0.1%  
   ** PaBxusKñaCa Gtßn½y ¬Significant) kalNa α = 1%  
    * PaBxusKñaCa Gtßn½y ¬Significant)kalNa α = 5%  
   n.s. K μanPaBxusKñaCa Gtßn½yeT (Non-Significant)  
 
 

2

2

.30/.39.015.0
4

30.0*22
mkgE

dt

r
SS

S

Tr
dTr

d

====

=
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etITinñplmFümrvagbøúk (Row)  nig Columns NaxøHmanPaBxusKña? 
                 

eyIgman   
                 
 

 
     

 
 

LSD (5%) = t tarag  x SdB,C = t (DFE = 18, α = 5%)  
   = 2.10 x 0.27 = 0.57 kg/30 m2  
 
LSD (1%) = 2.88 x 0.27 = 0.78 kg/30 m2  
 
LSD (0.1%) = 3.92 x 0.27 = 1.06 kg/30 m2  
 

bøúk d (PaBxusKñarvagTinñplmFüménbøúk ) 
Ba : Bb 7.88 :   8.22 =   0.34 n.s. 
     : Bc  :   7.75 =   0.13 n.s. 
     : Bd  :   8.13 =   0.25 n.s. 
Bb : Bc 8.25 :   7.75 =   0.50 n.s. 
     : Bd  :   8.13 =   0.12 n.s. 
Bc : Bd 7.75 :   8.13 =   0.38 n.s. 

snñidæan ³ rvagTinñplmFüménbøúkK μanPaBxusKñaCaGtßn½yeT .  
 

COLUMNS 
d (PaBxusKñaénTinñplmFümrvag Columns) 

C1  : CII 7.63 :   8.38 =   0.75 * 
      : CIII  :   7.75 =   0.12 n.s. 
      : CIV  :   8.25 =   0.62 * 
CII  : CIII 8.38 :   7.75 =   0.63 * 
      : CIV  :   8.25 =   0.13 n.s. 
CIII : CIV 7.75 :   8.25 =   0.50 n.s. 

 
snñidæan ³ rvagTinñplmFümén  CI nig CII , CIV  
    CII nig CIII 

 K μanPaBxusKñaCaGtßn½yeT (Non Significant). 

27.0075.0
8

30.022

,

2

,

====
xE

n
S

S CB
CdB

dS
dt =
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]TahrN_ ³ karviPaKktþaeTal (One –way ANOVA) 

GñkCIv³viTüamñak;eFIVsegátedayeRbobeFobTm¶n;stVsøab (starlings) EdlsißtenAkñúg sMbukEdl 
mansßanPaBxusKña. Kat;cg;dwgfa etImFümTMgn;stVsøabEdlsißtkñúgsßanPaBsMbukxusKña manPaBxus 
KñaEdrb¤eT?. sMNak 1 RkummanstV 10 k,alEdlykecjBIsßanPaBnImYy². 
 
tarag³ TMgn;stVsøabEdlykecjBIsMbuksißtkñúgsßanPaBTaMgbYn (KitCa g) 

sßanPaBsMbuk 1 
sMNak 1 

sßanPaBsMbuk 2 
sMNak 2 

sßanPaBsMbuk 3 
sMNak 3 

sßanPaBsMbuk 4 
sMNak 4 

TaMgGs; 

78 78 79 77 
88 78 73 69 
87 83 79 75 
88 81 75 70 
83 78 77 74 
82 81 78 83 
81 81 80 80 
80 82 78 75 
80 76 83 76 
89 76 84 75 

n=10 n=10 n=10 n=10 nT=40 

X=83.6 X=79.4 X=78.6 X=75.4  
S=4.03 S=2.50 S=3.31 S=4.14  
S²=16.27 S²=6.25 S²=10.96 S²=17.14  
 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 

 
 

1> KNnargVas;énsMNaksMrab;bc©½ynImYy²nUv³ mFüm (X) KMlatsþg;da¼KMlatKMrU (S)  varIy:g (S²); 
 
2> KNnatMélénsMNakenAkñúg CYr (Column) nimYy²nUv³   
3>     KNnaktþaEktMrUv C.F  
 

 
 

836=∑x
( ) 698896

2
=∑ x

700362 =∑ x

794=∑x
( ) 630436

2
=∑ x

631002 =∑ x

786=∑x
( ) 617796

2
=∑ x

618782 =∑ x

754=∑x
( ) 568516

2
=∑ x
570062 =∑ x

∑ = 3170xT

∑ = 252020
2

xT

( )∑ ∑∑ xxx 22,,
( )∑∑ xxn cCC

2
,,

5.251222
40

3170.
2

2)(
===

Σ
n
x

T

TFC
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4> KNnasrubkaer:énsMNak 
 
 
5> srubkaer:rvagsMNak ¬bc©½y¦ 
 
 
 
 
 
 
6>    srubkaer:lMeGog (SSwithin) 

 
 
 
 
 
 
 
 
 
 
 
 

 epÞógpÞat;emIl 
 
 

5.7975.251222252020

.
2

=−=

−∑=

SS
xSS

T

T
FCT

9.341

5.2512226.568516.617796.630436.69889

.
10

568516
10

617796
10

630436
10

698896

.4321
4

2

3

2

2

2

1

2 )()()()(

=

−+++=

−+++=

−+++=
ΣΣΣΣ

SS
SS
SS

n
x

n
x

n
x

n
xSS

between

between

between

between

FC

FC

( )

6.4554.1544.984.564.146

4.154
10

568516570064
4

4.98
10

617796618783
3

4.56
10

630436631002
2

4.146
10

698896700361
1
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2
2
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2
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2
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7>  kMNt;kMritesrIPaB (DF) 
 
 
 
 

 
8> KNnavarIy:g; (S² or MS-Mean of Squares) 

 
 
 
 
9> KNna F 
 
 

 
 
10> erobbBa©ÚllT§plEdl)anKNnaeTAkñúgtaragviPaKvarIy:g;edaysegçb 
taragviPaKvarIy:g 
RbPBbMErbMrYl srubkaer: 

SS 
kMriesrIPaB 

DF 
v:arIy:g; 

S² 

 
FCal. 

 
FTab. 

¬rvag¦bc©½y (Between) 341.9 3 113.97 9.002 ** 5%   2.86 
1%   4.38    

lMeGog (Within) 455.6 36 12.66  

srub (Total) 797.5 39  

 
 
 

 
mFümTMgn;énsMNakTaMgbYn¬Rkum¦Edlman n=10 kñúgRkumsMNaknImYy² manPaBxusKñaCaGtßn½ykñúg                     
kMrit                                                    . 
 

36440..

3141..

391401..

=−=−=

=−=−=

=−=−=

aforDF

aforDF

forDF

nSS
SS

nSS

Twithin

between

TT

66.12
36

6.4552

97.113
3

9.3412

===

===

DF
SSS

DF
SSS

within

between

within

between

between

between

002.9
66.12
97.113

2

2
===

S
S

within

betweenF

)05.0,002.9%.(1 36,3 fPF ==α

%49.4
25.79
66.12%

2

===
x
S ECV
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11> karKNna Turkey Test RtUv)aneFIVbnþrkalNakareFIV F-Tset kñúgkarviPaKtam ANOVA 

bgðajfa vamanPaBxusKñaCaGtßn½yrvagmFüménRkumsMNak.   
sMNak 2 3 4 

sMNak 1  x1=83.6  
 

4.2 n.s 

 
 

5.0 * 

 
 

8.2 * 

sMNak 2  x2=79.4 
 

  
 

0.8 n.s 

 
 

4.0 n.s 

sMNak 3  x3=78.6 
 

   
 

3.2 n.s 

sMNak 4  x4=75.4    

 
 

 
 
q KWCatMél enAkñúgtarag TI 10 sMrab; Turkey Test enARtg;RbsBVrvag  
a=4 ( a CacMnYnsrubéntMélmFümEdlRtUveRbobeFob) nig v=DFE=36 

 . KUréntMélmFümNamanPaBxusKñaFMCag T=4>30 manPaBxusKñaCaGtßn½y 
kñúgkMrit 5 PaKry  (J.Fowler and L.Cohen,1990) . 

m:üagvijeTot eyIgGaceRbóbeFobmFümtamkarKNna LSD edayeRbItaragEbgEck t sMrab; 
                                  )anEdr.  eyIgman³ 
 
 
 
 
 
 
 

30.4
10

66.1282.3

2
)(

==

=

xT

xqT
n

S within

82.3%5 =→= qα

%1.0.%.1%,5 and=α
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&>@>> karviPaKv:arIy:g;tamlkçN³saMjaMú (Complex variance analysis) 

&>@>>!> karviPaKv:arIy:g; (variance) BiesaFn_ 2 ktþatambøg;kUnERsbMEbk  (Split-Plot Design) 

 
eyIgeFIVkarBiesaFn_ 2 ktþa³ CI nig BUC edayeRbIbøg;kUnERsbMEbk.  
ktþa CI N man 5 kMritKW³ N0 , N1 N2 N3 N4 

ktþa BUCRsUv V man 3 KW³ V1 V2 V3 

 

bøg;sMercsMrab;BiesaFn_ 2 ktþa 5 X 3 
 
N1 N3 N2 N4 N0 N3 N0 N2 N4 N1 

V1 V3 V2 V1 V2 V1 V2 V3 V1 V2 
V3 V2 V3 V2 V3 V2 V3 V2 V2 V3 
V2 V1 V1 V3 V1 V3 V1 V1 V3 V1 

sa 1 b¤ bøúk1 sa 2 b¤ bøúk2 
N4 N0 N1 N3 N2 N0 N1 N3 N2 N4 

V3 V1 V2 V3 V2 V3 V1 V3 V1 V2 
V1 V2 V3 V1 V1 V2 V3 V2 V3 V1 
V2 V3 V1 V2 V3 V1 V2 V1 V2 V3 

sa 4 b¤ bøúk4 

 

sa 3 b¤ bøúk3 
 

 
 
 
 
 
 
 
 
 



Biometry or Practical Statistics for Agric. Research, by PEL Sokha (MSc agr, Lecturer of RUA) 2010 104

xageRkamenH KWCa                                                                                                                                    
Tinñn½yRsg;ecjBIkarBiesaFn_tamkUnERsbMEbkxagelI ¬KitCa etan¼h>t¦. 
BUC sa I sa II sa III sa IV 

 CI N0 (0 kg/ha)    
V1 (CAR 4) 4.43 4.48 3.85 4.25
V2 (CAR 6) 3.94 5.31 3.66 4.30

V3 ¬RbéBNI¦ 4.13 4.48 4.84 4.48

 CI N1 (60 kg/ha)    
V1 5.42 5.17 6.43 5.67
V2 6.50 5.86 5.59 5.98
V3  5.19 4.60 4.65 4.81
 CI N2 (90 kg/ha)    
V1 6.08 6.42 6.70 6.40
V2 6.01 6.13 6.64 6.26
V3  4.55 5.74 4.15 4.81
 CI N3 (120 kg/ha)    
V1 6.46 5.06 6.68 6.07
V2 7.14 6.98 6.56 6.89
V3  2.77 5.04 3.64 3.82
 CI N4 (150 kg/ha)    
V1 7.29 7.85 7.55 7.56
V2 7.68 6.59 6.58 6.95
V3  1.41 1.96 2.77 2.05

enHCataragTinñn½ysnμtsMrab;eRbIR)as;Ca]TahrN_énkarKNnatamsßitiviTüaEtb:ueNÑaH. 
 
CMh‘an TI 1 (Step 1)³  
A> taragsrubBIrTis  sa X ktþa A kñúgenaHmansrubsa (Replication totals=R) nig srubktþa A 
(Factor A totals=A)  
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tarag Tinñn½ysrubsa X kMritCI N 

Tinñpl etan¼hikta kMritCI  
(Nitrogen) (A) sa R I R II R III R IV srubCI N  

N0 12.50 14.27 12.35 13.03 52.15
N1 17.11 15.63 16.67 16.46 65.87
N2 16.64 18.29 17.49 17.47 69.89
N3 16.37 17.08 16.88 16.78 67.11
N4 16.38 16.40 16.90 16.56 66.24

srubsa (Rep.) 
79.00 81.67 80.29 80.30 

srubTinñn½yTaMgGs;  Grand total-GT 321.26

mFümTinñn½yBiesaFn_ General Mean-GM 5.354

 
B> taragsrubBIrTis  ktþa A  X ktþa B kñúgenaHmansrubktþa B. srubrUbmnþCI X BUC (AB) nig srubBUC 
(B) 

 
tarag Tinñn½ysrubrbs;kMritCI N X BUC 

Tinñpl etan¼hikta kMritCI  
(Nitrogen) V1 V2 V3 srubCI N (A) 

N0 17.01 17.21 17.93 52.15
N1 22.69 23.93 19.25 65.87
N2 25.60 25.04 19.25 69.89
N3 24.27 27.57 15.27 67.11
N4 30.25 27.80 8.19 66.24

srubBUC ¬B) 
119.82 121.55 79.89 

 
CMh‘an TI 2 (Step 2)³ KNnarkktþaEktMrUv nigsrubkaer:sMrab;Tinñn½yelIkUnERscMbg 
• ktþaEktMrUv 
 
 
• srubkaer:rbs;karBiesaFn_TaMgmUl 
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98.103207.
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• srubkaer:rbs;karBiesaFn_ 
 
 
• srubkaer:rbs;sa 
 
 
 
 
• srubkaer:rbs;kUnERsFM¼kUnERscMbg ¬ktþaCI A¦ 
 
 
 
 
• srubkaer:TaMgGs;rbs;sar ktþa A 

 
 
 
 
 
• lMeGog Error (a) 
 
 

 
 
CMh‘an TI 3 (Step 3)³ KNnasrubkaer:sMrab;viPaKTinñn½yelIkUnERsbMEbk ¬kUnERstUc¦ bøúkktþa B 

• srubkaer:rbs;BUC (B) 

3054.130133.172005.2........94.343.4.........

.

222

2

=−+++=

−= ∑ FCixSST

2378.0133.1720
35
563.2580.........

.
35

30.8029.8067.8100.79.
22222

=−=

−
+++

=−= ∑

x

FC
x

FC
ab
RSSR

0821.16133.1720
12

5812.20834.........

133.1720
34

24.66.........87.6515.52.........

.

222

2

=−=

−
+++

=

−= ∑

x

FC
rb
ASS A

( )

8285.17133.1720
3
8846.5213..........

133.1720
3

56.16.........11.1750.12..........

.

222

2

=−=

−
+++

=

−=
∑ FC

b
RA

SSRA

5086.10821.162378.08285.17..........
)(

=−−=

−−= SSSSSSSS ARRAa



Biometry or Practical Statistics for Agric. Research, by PEL Sokha (MSc agr, Lecturer of RUA) 2010 107

 
 
 
 
 
• srubkaer:rbs;ktþaCI (A) x BUC (B) 
 
 
 

 
 
 
 
• srubkaer:rbs;Gnþrkmμ  A X B 
 
 
 
 

 
• lMeGog Error (b) 
 

 
 
 
CMh‘an TI 4 (Step 4)³ KNnarkmFümkaer: b¤ v:arIy:g;rbs;RbPBbMErbMrYlnImYy²edayyksrubkaer:rbs; 
RbPBnImYy²EcknwgkMritesrIPaBrbs;va 
• mFümkaer:rbs;sa 
 
•  

5494.55133.1720
20

647.35513.........

133.1720
54

89.7955.12182.119.........

.

222

2

=−=

−
++

=

−= ∑

x

FC
ra
BSSB

6835.118133.1720
4

266.7355............

133.1720
4

19.8..........69.2201.17............

.

222

2

)(

=−=

−
+++

=

−= ∑ FC
r
ABSS AB

052.475494.550821.166835.118..............
)(

=−−=

−−= SSSSSSSS BAABAXB

8755.9........
)052.475086.15494.550821.162378.0(3054.130........

)(
)(

=
++++−=

++++−= SSSSSSSSSSSSSS AxaEBARTb B

0793.0
14

2378.0
1

=
−

=
−

=
r
SSMS R

R



Biometry or Practical Statistics for Agric. Research, by PEL Sokha (MSc agr, Lecturer of RUA) 2010 108

• mFümkaer:rbs;CI (ktþa A)  
 
 
• mFümkaer:rbs ;;lMeGog (a)  
 
 
• mFümkaer:rbs;BUC(ktþa B)  
 
 
• mFümkaer:rbs;Gnþrkmμ  A X B 

 
 
• mFümkaer:rbs ;lMeGog (b) (Error (b)) 

 
 
 

CMh‘an TI 5 (Step 5)³ KNnatMél F rbs;ktþa A (F value of factor A) 

 
 
 
 
CMh‘an TI 6 (Step 6)³ KNnatMél F rbs;ktþa B nigGnþrkmμ  A X B  (F value of factor B and 
interaction) 
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CMh‘an TI 7 (Step 7)³ Rsg;tMél F taragtamkMritesrIPaB  f1/f2 rbs;RbPBbMErbMrYlnImYy² 
 
 
 
 
 
 
 
 
CMh‘an TI  8 (Step 8)³ bBa©ÚlTinñn½yEdl)anKNnaTaMgGs;xagelIeTAkñúgtaragviPaKv:arIy:g; 
 
taragviPaKv:arIy:grbs;bøg;kUnERsbMEbk 
RbPBbMErbMrYl kMritesrIPaB 

DF         
srubkaer: 

 SS 
mFümkaer: 

b¤ Variance 
S2 (or MS) 

f- KNna  f- tarag 
5°    1° 

srub ¬Total¦ 59 130.3054   
sa  ¬Rep.¦ 3 0.2378 0.0793 0.63 3.49    5.95 

kUnERsFM ¬ktþa A¦ 4 16.0821 4.0205 31.98** 3.26    5.41 

lMeGog (a) 12 1.5086 0.1257   

kUnERstUc¬ktþa B¦ 2 55.5494 27.7747 84.37** 3.32    5.39 

Gnþrkmμ  AxB 8 47.052 5.8815 17.87** 2.29    5.17 

lMeGog (b) 30 9.8755 0.3292   

CV(a)=6.62%; CV(b)=10.72       ** manPaBxusKñaCaGtßn½y kñúgkMrit 1 % 

 
CMh‘an TI  9 (Step 9)³ ekKuNbMErbMrYlrbs;karBiesaFn_ (Coefficient of Variation CV of the 
experiment) 
 
 

17.5%1............29.2%5........
30
8....

39.5%1............32.3%5.........
30
2...............

41.5%1............26.3%5.........
12
4.......

95.5%1............49.3%5.........
12
3.......Re

2

1

2

1

2

1

2

1

====

====

====−

====

f
f

F

f
f

F

f
f

F

f
f

F

AxB

Tab

Tab

Tab

AxBnInteractio

Subplot

PlotMaim

plication



Biometry or Practical Statistics for Agric. Research, by PEL Sokha (MSc agr, Lecturer of RUA) 2010 110

 

 
 
 
sMKal; (Remark)³  
tMél CV(a) sMKal;BIkMriténPaBCak;lak;rbs;ktþakñúgkUnERsem b¤kUnERsFM. 
tMél CV(b) sMrab;bgðajBIPaBCak;lak;rbs;ktþakñúgkUnERsbMEbk ehIynigGnþrkmμrbs;vaCamYynwg 
ktþakUnERsFM. 
 tamFm μtatMél CV(a) sgÇwmfanwgFMCagtMél CV(b) BIeRBaHfakMritnPaBCak;lak;rbs;ktþa 
kUnERsFM ¬b¤kUnERsem¦mantUcCagktþarbs;kUnERsbMEbk. 
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&>@>>@> karviPaKv:arIy:g; (variance) BiesaFn_ 2 ktþatambøg;  RCBD 

karBiesaFn_ktþaeRcIn ¬ktþaBIr¦GacRtUveFIVedayeRbIbøg; (RCBD) ; nigbøg;kUnERsbMEbk (Split-plot 

design). ]TahrN_ eyIgBiesaFn_BUCRsUv 2 (V1, V2) nigCI N Edlman 4 kMrit. b:uEnþ CamYy 
karBiesaFn_eRbIbøg; RCBD eyIgGaceFIV ¬1¦ karviPaKvarIy:g;Cabc©½yKYbpSM (Treatment 

combination) nig ¬2¦ karviPaKvarIy:geRcInktþa ¬ktþaBIr¦ . 
 
1> karBiesaFn_ktþaeRcIn ¬ktþaBIr¦edayeRbIbøg; (RCBD) ; 
bc©½yKYbpSMrbs;ktþaTaMgBIrBUCRsUv (V) nigCI (N). eyIgman 8 bc©½yKYbpSM. 

bc©½yKYbpSM kMritCI (N) kg/ha 
V1 V2 

N0 (N0) N0V1 N0V2 
N40(N1) N1V1 N1V2 
N70(N2) N2V1 N2V2 
N100(N3) N3V1 N3V2 

 
bøg;BiesaFn_ RCBD 

V1 V2 V1 V2 
N0 
 

N0 N0 N0 

N1 
 

N1 N1 N1 

N2 
 

N2 N2 N2 

N3 
 

N3 N3 N3 

  
N0 
 

N0 N0 N0 

N1 
 

N1 N1 N1 

N2 
 

N2 N2 N2 

 
 
 
 

RI 
 
 
 
 
 
 
 
 
 

RIII 

N3 
 

N3 

 

N3 N3 

 
 
 
 

RII 
 
 
 
 
 
 
 
 
 

RIV 
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tarag Tinñn½yBiesaFn_BUC nig CI N (Tinñn½ysn μt-Hypothetical data) 

Tinñpl etan¼hikta kMritCI  (N) (A) kg/ha 

sa R I R II R III R IV srubbc©½yKYbpSM 
V1 

N0 3.45 2.34 3.45 2.34 11.58
N1 4.56 4.56 4.58 4.60 18.30
N2 4.57 4.57 4.59 3.46 17.19
N3 6.78 5.67 5.67 5.68 23.80

 
N0 2.88 3.89 4.12 3.48 14.37
N1 4.90 5.23 4.17 5.89 20.19
N2 5.83 5.80 5.18 4.18 20.99
N3 5.76 5.46 6.67 5.57 23.46

srubsa (Rep.) 
38.73 37.52 38.43 35.20 

srubTinñn½yTaMgGs;  Grand total-GT 149.88

mFümTinñn½yBiesaFn_ General Mean-GM 4.68

 
eyIgmankarviPaKvarIy:g;tamTMrg;BIrepSgKñarbs;Tinñn½yxagelIenH. TMrgTaMgBIrKW³ 
- TMrg;énkarviPaKvarIy:g;tambøg; RCBD énbc©½yKYbpSM 
- TMrg;énkarviPaKvarIy:g;BiesaFn_eRcInktþatambøg; RCBD 
 

k> tarag TMrg;énkarviPaKvarIy:g;tambøg; RCBD énbc©½yKYbpSM 
RbPBbMErbMrYl kMritesrIPaB  

DF 
srubkaer:  

SS 
mFümkaer: b¤ 

Variance 
  

S2 (or MS) 

f- KNna  f- tarag 
5°    1° 

 

srub (Total)   rab-1=31      
sa (R)     r-1=3      
bc©½y (Tr.comb) ab-1=7      
lMeGog (Error)  (r-1)(ab-1)=21      
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x> tarag TMrg;énkarviPaKvarIy:g;BiesaFn_eRcInktþatambøg; RCBD 
 RbPBbMErbMrYl kMritesrIPaB  

DF          
srubkaer: 

 SS 
mFümkaer: 

b¤ Variance 
S2 (or MS) 

f- KNna  f- tarag 
5°    1° 

 srub ¬Total ¦ rab -1=31     

 sa  ¬Rep.¦ r- 1=3     
 bc©½y ¬Treat.¦ ab –1=7     
      BUC ¬A¦ a-1=1     
      CI ¬B¦ b-1=3     
      Gnþrkmμ  AxB (a-1)(b-1)=3     
 lMeGog ¬Error)  (r-1)(ab-1)=21     

 
dMeNIrkarviPaKvarIy:g;tambøg; RCBD énbc©½yKYbpSM 
 
CMh‘an TI 1 (Step 1)³ KNnarkktþaEktMrUv nigsrubkaer: 
• ktþaEktMrUv 
 
 
• srubkaer:rbs;karBiesaFn_ 
 
 
 
• srubkaer:rbs;sa 
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• srubkaer:rbs;bc©½ypSM  
 
 
 
 
• lMeGog Error  
 
 

 
CMh‘an TI 2 (Step 2)³ kMritesrIPaBrbs;RbPBbMErbMrYlnImYy² 
 

 
 
 
CMh‘an TI 3 (Step 3)³ KNnarkmFümkaer: b¤ v:arIy:g;rbs;RbPBbMErbMrYlnImYy² 
 
• mFümkaer:rbs;sa 
 
 
• mFümkaer: rbs;;bc©½y ( Tr)  
 
 
 
• mFümkaer rbs;lMeGog ( E)  
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CMh‘an TI 4 (Step 4)³ KNnatMél F (F value) 

 
 
 
 
 
CMh‘an TI 5 (Step 5)³ karRsg;tMél F ecjBItaragénkarEbgEck F (tarag]bsm<½næ ) 
 
- sMrab;sa   
 
- sMrab;bc©½y  
 
erobbBa©ÚllT§plEdl)anKNnaeTAkñúgtaragviPaKvarIy:g;edaysegçb 
taragviPaKvarIy:g; 
RbPBbMErbMrYl srubkaer: 

SS 
kMriesrIPaB 

DF 
v:arIy:g; 

S² 

 
FCal. 

 
FTab. 

5%            1% 

sa 0.9585 3 0.3195 1.4676n..s 3.07   4.87 

bc©½ypSM 32.0018 7 4.5726 21.00** 2.49   3.65 

lMeGog 4.5726 21 0.2177  

srub 40.2098 31  

 
 
 
 

** manGtßn½ykñúgkMrit 1 % (Significant at 1% level) 
n.s . KμanPaBxusKñaCaGtßn½y (Non Significant) 
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2> karviPaKvarIy:g;BiesaFn_eRcInktþatambøg; RCBD 
 
CMh‘an TI 1 (Step 1)³ erobtaragsrub srubBUC (A) x CI (B) 

kMritCI N srubBUC (A) x CI (B) srubCI (B) 
 V1 V2  

N0 11.58 14.37 25.95
N1 18.30 20.19 38.49
N2 17.19 20.99 38.18
N3 23.80 23.46 47.26

srubBUC (A) 70.87 79.01 

 
CMh‘an TI 2 (Step 2)³ KNnarkktþaEktMrUv nigsrubkaer:rbs;RbPBbMErbMrYlTaMgbI 
• ktþaEktMrUv 
 
• srubkaer:BiesaFn_ srubkaer:rbs;ktþa BUC (A) srubkaer:rbs;ktþaCI (B) srubkaer:GnþrGMeBI(AxB) 
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CMh‘an TI 3 (Step 3)³ KNnarkkMritesrIPaBrbs;RbPBbMErbMrYlTaMgbI³ BUC CI nigGnþrGMeBI 
 
 
 
 
CMh‘an TI 4 (Step 4)³ KNnamFümkaer: (MS) b¤ v:arIy:g (S²);rbs;RbPBbMErbMrYlTaMgbI 
 ¬mFümkaer:rbs;ktþaBUC (A) srubkaer:rbs;ktþaCI (B) srubkaer:GnþrGMeBI(AxB)) 

 
 
 
 
 
 
 
CMh‘an TI 5 (Step 5)³ KNnatMél  F rbs; mFümkaer: (MS) b¤ v:arIy:g (S²) 

 
 
 
 
 
 
 
CMh‘an TI 6 (Step 6)³ karRsg;tMél F ecjBItaragénkarEbgEck F (tarag]bsm<½næ ) 
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- sMrab;sa   
 
- sMrab;bc©½y 
 
- sMrab;BUC 
 
- sMrab;CI 
 
- sMrab;GnþrGMeBI  
 
erobbBa©ÚllT§plEdl)anKNnaeTAkñúgtaragviPaKvarIy:g;edaysegçb 
taragviPaKvarIy:g; 

RbPBbMErbMrYl kMritesrIPaB DF   srubkaer: 
 SS 

mFümkaer: 
b¤ Variance 
S2 (or MS) 

f- KNna  f- tarag 
5°    1° 

srub ¬Total ¦ rab -1=31 40.2098  

sa  ¬Rep.¦ r- 1=3 0.9585 0.3195 1.47n.s 3.07    4.87

bc©½y ¬Treat.¦ ab –1=7 32.0018 4.5726 21.00** 2.49   3.65

     BUC ¬A¦ a-1=1 2.0711 2.0711 9.51** 4.32  8.02

     CI ¬B¦ b-1=3 28.7628 9.5876 44.04** 3.07  4.87

     Gnþrkmμ  AxB (a-1)(b-1)=3 1.1679 0.3893 1.7882n.s 3.07  4.87

lMeGog ¬Error)  (r-1)(ab-1)=21 7.2495 0.2177  

** manGtßn½ykñúgkMrit 1 % (Significant at 1% level)  
n.s . KμanPaBxusKñaCaGtßn½y (Non Significant) 
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&>@>>#> karviPaKv:arIy:g; (variance) BiesaFn_ 2 ktþa Two-way ANOVA 

dUcmanKNnaxagelIkñúgcMNuc 7>2>1> kareRbIbec©keTs Two-way ANOVA GnuBaØati[eyIg 
)a:n;s μanBIRbsiTæiPaBénGBaØtþi¼ktþa kraCüBIreTAelIGBaØtþiGaRs½ymYy. ]TahrN_ GBaØtþiGaRs½yGacCa 
TMgn; EdlvaGaRs½yelIePT nigrdUv. sMrab;karviPaKktþa kraCüBIr A nig B eyIgman³ 
 
srubkaer:srub=srubkaer:rvagsMNak + srubkaer:enAkñúgsMNak 

 
 

]TahrN_³ 
GñkCIvviTüamñak;cg;dwgfa etITMgn;stVsøab rs;enAkñúgsßanPaBsMbukxusKñaTaMg 4 manPaBxusKña 

eT? ehIyKat;cg;dwgeTotfa etITMgn;stVmankarpøas;bþreT rvagExviqiäkar nigExmkra?. Kat;k¾manbMNg 
cg;dwg RbsinebImanGnþrGMeBIrvagsßanPaBsMbuk nigeBlevlaEdlyksMNakmkfwøg?. sMNak 1 Rkum 
manstVsøabenHcMnYn 10 k,al EdlykecjBIsßanPaBsMbuknImYy². Tinñn½yEdlRbmUl)anmanbgðaj 
kñúgtaragxageRkam³ 
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tarag³ karviPaK Two way ANOVA TMgn;stV starlings enAkñúgsßanPaBsMbukTaMg 4 ¬Rkam¼k,al)  

  Variable B-sßanPaBsMbukstV 
   sßanPaB 1 

CYr Column 1 

sßanPaB 2 
CYr Column 2 

sßanPaB 3 
CYr Column 2 

sßanPaB 4 
CYr Column 4 

srub 
 Column 

 sMNak 1 sMNak 2 sMNak 3 sMNak 4 
 78     82 78     81 79     78 77     84 
 88     81 78     81 93     80 68     80 
 87     80 85     82 79     78 75     75 
 88     80 81     76 75     83 70     76 
 83     89 78     74 77     84 74     75 

n 10 10 10 10 
 

83.6 79.4 78.6 75.4
S 4.03 3.20 3.31 4.53
S² 16.24 10.24 10.96 20.52

 
836 794 786 754

 
698 896 630 436 617 796 568 516

 
 
vicäikar 
CYredk 1 
(Row 1) 

 
     70 036 63 136 61 878 57 036

 
 
 
 
 
nR1=40 

 

 sMNak 5 sMNak 6 sMNak 7 sMNak 8 
 85      87 84     87 91     88 90     86 
 88      98 88     93 90     92 87     82 
 86      86 91     87 87     96 85     80 
 95      89 96     94 84     83 81     90 
 100    94 86     96 86     85 84     77 

n 10 10 10 10 
 
 

90.80 90.2 88.2 84.2

S 5.47 4.37 4.05 4.26
S² 29.92 19.10 16.40 18.15
 
 

908 902 882 842

 
 

824 464 813 604 777 924 708 964

 
 

mkra 
CYredk 2 
(Row 2) 

 
 

82 716 81 532 71 060 71 060

nR2=40 
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152 752 

20 
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20 
 
1668 
 
139 818 

20 
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dMeNIrkarviPaKmandUcteTA³ 
1> erobcMtMélTinñn½ysMNaktambc©½yeTAkñúgtarag ¬kñúgkrNIxagelIenH Catarag 4 X 2. 
KNnasMrab;bc©½ynImYy²man³  
 
 
2> KNnatMélsMNakenAkñúgCYrQr Column nigCYredk Row nImYy²nUv³ 
 
 
3> KNnaemKuNEktMrUv (Correction Term-CT) 
 

 
 
4> KNnasrubkaer: SST 

 

 

 
5> KNnasrubkaer:rvagsMNak SSbetween 

 
 

 

 
 
 
6> KNnasrubkaer:sMrab; GBati A (Ex) SSA 
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7> KNnasrubkaer:sMrab; GBati B (sßanPaBsMbuk) SSB 

 
 
 
 
 
 
 
 
 
8> KNnasrubkaer:sMrab;GnþrGMeBIr i (rvagsßanPaBsMbuk nigEx) SSi 

 

 
 
 
 
 
9> KNnasrubkaer:sMrab;lMeGogBiesaFn_ (b¤xagkñúgsMNak) SSwithin 

 
 
 
 
 
 
 
 
 
 
 
 
 
10> kMNt;kMritesrIPaB (DF)sMrab;srubkaer:nImYy² (SS) 
 
DFT for SST=(nT-1)=80-1=79 

DFbetwen for SSbetween=(a-1)=8-1=7 (a = cMnYnRkumsMNak) 

DFA for SSA=(r-1)=2-1=1 (r = cMnYnCYredk) 

DFB for SSB=(c-1)=4-1=3 (c = cMnYnCYrQr) 
DFi for SSi=(r-1)(c-1)=1x3=3 
DFE for SSwithin=(nT-rc)=80-(2x4)=72 
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11> )a:n;s μanvarIy:g; edayEcksrubkaer:TaMgGs; nigkMritesrIPaBrbs;va 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
12> KNnatMél F sMrab;RbsiTæPaBcMbg 
 
 
 
 
 
 
 
 
 
 
 
 
 
13> taragsegçb edayRsg;lTæplEdl)anKNnadak;eTAkñúgtarag ANOVA 
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taragviPaKvarIy:g; 
RbPBbMErbMrYl kMritesrIPaB  

DF         
srubkaer: 

 SS 
mFümkaer: 

b¤ Variance 
S2 (or MS) 

f- KNna  f- tarag 
5°    1° 

srub ¬Total ¦ 79 3538.8  

rvagsMNak¬Treat.¦ 7 2264.8 323.54 18.28 ** 2.14   2.91 

Ex ¬A¦ 1 1656.2 1656.20 93.62 ** 3.98    7.01

sßanPaBsMbuk ¬B¦ 3 574.4 191.50 10.83 ** 2.74    4.08

Gnþrkmμ  AxB 3 34.2 11.40 0.64 n.s 2.74    4.08

xagkñúgsMNak ¬lMeGog)  72 1274 17.69 

 

** manGtßn½ykñúgkMrit 1 % (Significant at 1% level)  
n.s . KμanPaBxusKñaCaGtßn½y (Non Significant) 

 
dMeNIrkarKNna Turkey Test  
 
PaBxusKñaéntMélmFümrvagsMNak  
sMNak 2 3 4 5 6 7 8 

1 
 

4.2 n.s 5.0 n.s  8.2 * 7.2 * 6.6 * 4.6 n.s 0.6 n.s 

2 
 

 0.8 n.s 4.0 n.s 11.4 * 10.8 * 8.8 * 4.8 n.s 

3 
 

  3.2 n.s 12.2 * 11.6 * 9.6 * 5.6 n.s 

4 
 

   15.4 * 14.8* 12.8 * 8.8 * 

5 
 

    0.6 n.s 2.6 n.s 6.6 * 

6 
 

     2.0 n.s 6.0 * 

7 
 

      4.0 n.s 

8 
 

       

 

%02.5
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KNna   
 
 
 
eyIgmantMél q kñúgtarag Turkey ¬]bsm<½næTI 10). n CacMnYnstVsegátkñúgsMNaknImYy². 
kñúgtarag]bsm<½næTI 10 a CacMnYntMélmFümEdlRtUveRbobeFob nig v CakMritesrIPaB. Rtg ; 
a=8,v=72  eyIgman q=4.4¬CatMélRbhak ;RbEhl) . 
 
 
 
 
 
 
kñúgtaragxagelIenH mancMnYn15 KUr éntMélmFüm EdlmanPaBxusKñaFMCagtMél 5>85 nigmanPaB 
xusKñaCaGtßn½ykñúgkMrit 5PaKry. 
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6. karviPaKTMnak;;TMng ¬ Correlation Analysis¦ 

 
6>1> Gtßn½yénTMnak;TMng 

Gtßn½ykñúgCIv³sßiti Correlation KWCaninñakarTMnak;TMngrvagGBaØatBIr EdlGBaØatmYyGaRs½y 
elIGBaØtþimYyeTot . RbsinebIGBaaØtTaMgBIrenHRtUv)antageday Y nig X eyIgman Y CaGBaØat 
GaRs½y nig X CaGBaØatÉkraCü. kMritTMnak;TMngrvagGBaØatTaMgBIrRtUv)anehAfaCaemKuNTMnak;TMng 
(The correlation coefficient) .  Correlation gay ¬The simple correlation¦ rvagGBaØatTaMg 
BIr Y nig X KWCaTMnak;TMngCabnÞat; (Linear correlation) . ]TahrN_ ³ eyIgman 
- tamc,ab;pÁt;pÁg; nigtMrUvkar  ³ TMnak;TMngrvagéføTIpSar nigkarpÁt;pÁg;TMnij 
- sMrab;karciBa©wmstV  ³ TMnak;TMngrvagTMgn; ¬K>Rk¦ nigkMBs;stV ¬s>m¦ 
- sarFatuciBa©wméndI  ³ TMnak;TMngrvagsarFatu K nig Mg 

- sMrab ;dMNaMRsUv³ TMnak;TMngrvagcMnYnedImEbk nigTinñpl TMnak;TMngrvagkMBs ;edIm nigTinñpl. 
  
  emKuNTMnak;TMngRtUv)antageday r . Canic©Cakal r mantMélenAcenøaH ¬÷!¦ nig ¬-!¦ . 

RbsinebI³ 
r = +1 mann½yfa rvagGBaØatTaMgBIrmanTMnak;TMngCaviC¢mandac;xat ¬Perfect positive correlation¦ 
r = 0 mann½yfa rvagGBaØatTaMgBIrman KμanTMnak;TMngKñaeLIy ¬Zero correlation¦ 
r = -1 mann½yfa rvagGBaØatTaMgBIrmanTMnak;TMngGviC¢mandac;xat ¬Perfect negative correlation¦ 
Gtßn½yénTMnak;TMng (Correlation) RtUv)ankMNt;edaytMélemKuN correlation . RbsinebItMél r 
xiteTACit -1 nig + 1 ehIykan;EtFMKWGBaØatTaMgBIrmanTMnak;TMngKñakan;EtCitsñit. RbsinebItMél r 
xiteTACit 0 ¬sUnü¦ ehIykan;EtxitCit KWGBaØatTaMgBIrmanTMnak;TMngKñaminxøaM b¤kan;EtminCitsñit`. 
PaBxøaMgénTMnak;TMngrvagGBaØatBIrmandUcteTA³ 
dUecñH karviPaKTMnan;TMngsamBaØCabnÞat; (Analysis of Simple Linear Correlation) 

KWCakar) :an;sμannUvkMritTak;TgKñarvagGBaØat (Variables) BIrRkumKWRkum X nigRkum Ytamry³karKNna 
b¤sakl,génGtßn½yrbs ;emKuNTMnak ;TMng r. 



Biometry or Practical Statistics for Agric. Research, by PEL Sokha (MSc agr, Lecturer of RUA) 2010 127

tMélénemKuNTMnak;TMng ¬viC¢man b¤GviC¢man ¦ Gtßn½y 
0.00-0.19 TMnak;TMngexSayNas; 
0.20-0.39 TMnak;TMngexSay 
0.40-0.69 TMnak;TMngmFüm 
0.70-0.89 TMnak;TMngxøaMg 
0.90-1.00 TMnak;TMngxøaMgNas; 

RbPB³ Jim Lowler and Louis Cohen (1990, p:132) 

 
]TahrN_ ³ TMnak;TMngénkarpÁt;pÁg;cMnYnRCUk nigéføTIpSarsac;®CUkkñúgkMLúgqñaM 1950 – 1959   nig 
manbgðajdUcdüaRkam (Scatter diagram)  xageRkam ³ 

      tarag³ karpÁt;pÁg;RCUk nigéføTIpSarsac;RCUk (Hog supplies and prices) 
Year Hogs Marketed 

(Millions) (X) 
Price per cwt 
(dollars) (Y) 

1950 73 18.0 
1951 79 20.0 
1952 80 17.8 
1953 69 21.4 
1954 66 21.6 
1955 75 15.0 
1956 78 14.4 
1957 74 17.8 
1958 74 19.6 
1959 84 14.1 
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düaRkam Scatter diagrambgðajTMnak;TMngrvagéføsac;RCUk nigbrimaNRCUkEdlpÁt;pÁg;TIpSar 
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tamrUbPaB Scatter diagram xagelIenHbgðajTMnak;TMngrvagéføsac;RCUk nigkarpÁt;pÁg;RCUkman 
TMnak;TMngCaGviC¢manBImFümeTAxøaMg. RbePTdüaRkamepSg² ¬Other types of scatter diagrams¦ 
manbgðajxageRkam edIm,IbkRsayBITMnak;TMngrvagGBaØatTaMgBIr nigemKuNTMnak;TMng (r). 
 
  

Perfect Positive Correlation,r =+1 High Positive Correlation, r =+0.8

Low Positive Correlation, r =+0.3 Zero Correlation, r = 0

Perfect Negative Correlation, r =-1 High Negative Correlation, r =-0.8



Biometry or Practical Statistics for Agric. Research, by PEL Sokha (MSc agr, Lecturer of RUA) 2010 129

xñatenAelIG½kSGab;sIus KWCacenøaHéntMélGBaØatÉkraCü (Independent variable). tMélelIG½kS 
G½redaeNKWCatMélGBaØatGaRs½y (Dependent variable). karKUsdüaRkaménTinñ½ymansar³ 
RbeyaCn_Nas;dl;kareFIVkarviPaKTMnak;TMng (Correlation).  
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6>2> viFIsa®sþvIPaKTMnak;TMng (Correlation) 

 
PaBxusKñarvagkarviPaKvarIy:g; nig karviPaK Correlation 

  karviPaK Variance        nig       karviPaK Correlation  

 
    karviPaKEtlkçN³ekSRtviTüamYy TMnak;TMngrvaglkçN³ekSRtviTüaBIrénsMNak 
        rvagRkumsMNak ¬bc©½y¦    
kñúgkarviPaK Correlation eyIgman n CacMnYnKUrénlkçN³ekSRtviTüa b¤GBaØatécdnü Edl n - 2 = DF 

¬kMritesrIPaB¦. manviFIsa®sþ ¬Methods¦ bIEbbxus²Kña sMrab;KNnaemKuNTMnak;TMng ¬r¦. 
viFIsa®sþTaMgbIenaHKW³ 
 
!- viFIsa®sþtamEbbelak Fechner "Fechner - Test"  
 
 
 
Ü = tMélKUrrbs;sMNaknImYy²yl;RBmKña 
N = tMélKUrrbs;sMNaknImYy²minyl;RBmKña ¬emIl]TahrN_xageRkam¦ 
 
@- viFIsa®sþtamEbb Spearman Rank Correlation Coefficient (rs)  
 
 
d = CaPaBxusKñaénelxerogrbs;tMélTaMgBIr ¬b¤GBaØatTaMgBIr¦rbs;sMNaknImYy² 
 
#- viFIsa®sþ  Standard rbs;elak Bravais  
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viFIsa®sþenHRtUv)ansÁal;c,as;Ca The product-moment method sMrab;emKuNénTMnakTMngCabnÞat; 
(the coefficient of linear correlation). eyIg)anbgðajR)ab;fa KMlaténtMél x nImYy²BItMél 
mFümEdltageday              . dUcKñaenHeyIgGaceRbIsBaØa y sMrab;              .  
rUmmnþsMrab;emKuNTMnak;TMng (Coefficient of correlation) GacsresrCaTMrg;epSg². Cakargay 
eyIgsresrmundMbUg r². bnÞab;mkeyIgKNnab¤skaer:én edIm,I[)anemKuN r . 
 
 
 
 
        

                      
 
     
     
 
 
                   
 
 
 
 
 
 
 
 

]TahrN_1³ GñksikSaBIsuxPaB nigGaharUbtßmÖmñak;)aneFIVkarsegáttamry³karvas;Evg nig føwgRkum 
mnusSEdl)aneRCIserIsCasMNak kñúgeKalbMNgviPaKBITMnak;TMngrvagkMBs; nigTMgn;dgxøÜnmnusS 
¬Tinñn½ymanbgðajdUctaragxageRkam¦. edIm,IviPaKTMnak;TMngrvagGBaØatTaMgBIr ¬kMBs; nigTMgn;¦ 
eyIgGaceRCIserIsviFIsa®sþNamYyk¾)ankñúgcMeNamviFIsa®sþTaMgbI. 
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tarag³ Tinñn½ykMBs; nigTMgn;mnusS  
l>r sMNak kMBs; ¬cm¦   X TMgn; (kg) Y 
1 174  64  
2 162  58  
3 173  55  
4 174  60  
5 167  88  
6 165  59  
7 180  72  
8 173  65  
9 158  51  
10 174  74  
11 170  60  
12 165  55  
13 167  57  
14 184  75  
15 180  70  
16 179  80  
17 165  72  
18 188  80  
 
 

1> viFIsa®sþtamEbbelak Fechner b¤ "Fechner - test" 
 
karviPaKTMnak;TMngrvagkMBs; nigTMgn;mnusS¬Edl)aneRCIserIsCasMNak¦ RtUv)aneFIVedaycab;epIþm 
KNnatMélmFüménGBaØatnImYy². bnÞab;mk KWCakareRbobeFobtMélGBaØatrbs;sMNaknImYy² 
nigtMélmFüm . RbsinebItMélGBaØatTaMgBIrrbs;sMNakFMCag (+) b¤tUcCag (-)tMélmFüm eyIg)an 
tMélTaMgBIrenaH  :yl;RBmKña  : EdltagedayGkSr U. b:uEnþ RbsinebItMélGBaØatTaMgBIr manmYyFM 
CagtMélmFüm ehIytMélmYyeTottUcCagtMélmFüm eyIg)antMélTaMBIrenaH  : minyl;RBmKñaeT  : 
EdltagedayGkSr N. CaTIbBa©b; eyIgrab;cMnYn  U nig N. 
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tarag³ Tinñn½ykMBs; nigTMgn;mnusS  
l>r sMNak kMBs; ¬cm¦   X TMgn; (kg) Y TMnak;TMng 
1 174 + 64 − N 
2 162 − 58 − Ü 
3 173 + 55 − N 
4 174 + 60 − N 
5 167 − 88 + N 
6 165 − 59 − Ü 
7 180 + 72 + Ü 
8 173 + 65 − N 
9 158 − 51 − Ü 
10 174 + 74 + Ü 
11 170 − 60 − Ü 
12 165 − 55 − Ü 
13 167 − 57 − Ü 
14 184 + 75 + Ü 
15 180 + 70 + Ü 
16 179 + 80 + Ü 
17 165 − 72 + N 
18 188 + 80 + Ü 
n   = 18     ∑x = 3098 ∑y = 1195 ∑N=6   ∑ü = 12 
 
DF = 18 − 2  = 16 
 
 
 
 
 
 
 
 
 
 
 
 

tamtaragRTwsIþkñúg]bsm<½n§ eyIgman  rtarag (DF=16, α = 0.05) = 0.468 . eyIg)an   rFech.  <  rtarag 
snñidæan ³ vaK μanTMnak;TMngKñaCaGtßn½yeTrvagkMBs; nigTMgn; ¬dgxøÜn¦ . Gacniyay)anfa TMnak;TMng 
rvagkMBs; nigTMgn;manPaBexSay. 
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2>KNnaemKuN  rS tam  Rank Correlation rbs;elak  Spearman 
 

karviPaKTMnak;TMngrvagkMBs; nigTMgn;mnusS RtUv)aneFIVedaycab;epIþmBIykTinñn½yBIbBa¢IdMbUgmkerob[ 
eTAtamlMdab;BIFMbMputeTAtUcbMput b¤pÞúyeTAvijBItUcbMputeTAFMbMput. kareroblMdab;RtUv)aneFVIEttMélén 
GBaØatNamYYykñúgcMeNamGBaØatTaMgBIr. tMélGBaØatimYyeTotRtUvsißtenAdEdledayrkSatMélKUrén 
sMNak. enAkñúgCYrQrEdlmanGkSr d KWCaPaBxusKñarvagelxKUrénlMdab;. bnÞab;mk KWCakareFIV 
plbUkkaer:énPaBxusKña  (Σd2). 
 

bBa¢IdMbUg (Primary list) 
 

elxerog b¤ elxlMdab; (Rank number) 

X Y X Y d d2 

      
188 80 1     2.5           1.5       2.25 
184 75 2 4 2 4 
180 72    3.5     6.5 3 9 
180 70    3.5 8    4.5    20.25 
179 80 5     2.5     2.5     6.25 
174 74 7           5 2 4 
174 64 7 10 3 9 
174 60 7    11.5    4.5    20.25 
173 65   9.5 9    0.5     0.25 
173 55   9.5 16.5 7      49 
170 60     11 11.5    0.5     0.25 
167 88     12.5          1 11.5 132.25 
167 57     12.5        15   2.5     6.25 
165 72     15  6.5   8.5   72.25 
165 59     15        13          2 4 
165 55     15 16.5 1.5 2 
162 58     17        14         3 9 
158 51     18        18         0 0 

                    Σd2 = 350.5 
 
                   
     
     
 
            

tamtaragRTwsIþkñúg]bsm<½n§ eyIgman  rtarag (DF=16, α = 0.05) = 0.468. 
eyIg)an   rS >  rtarag .  snñidæan³ rvagkMBs; nigTMgn; ¬dgxøÜn¦manTMnak;TMngCaviC¢mannwgKñaCa 
Gtßn½y. dUecñH karKNna r tamEbb Fechner - Test manPaBBuMc,as;las;eT. 
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]TahrN_ 2³ karBiesaFn_ b¤sikSarkTMnak;TMngrvagbrimaNsarFatuKImI K nig Mg enAkñúgdI?. 
eyIgmansMNakdI cMnYn 33 EdlykmkBIkEnøgepSg² cMnYn 33 kEnøg. Tinñn½yviPaKdIEdlTTYl 
)anBIkarsegát manbgðajkñúgtaragxageRkam kñúgCYrQTI 2 nigTI 3. 
 
tarag³brimaNsarFatuKImI K nig Mg enAkñúgdI ¬m>Rk¦ 

bBa¢ITinñn½ydMbUg  
l>r 
sMNak 

K  (mg) 
(X) 

Mg (mg) 
(Y) 

1   8 5  
2 12 6 
3 15 8 
4   9 7 
5 12 8 
6   8 7 
7 11 5 
8   8 4 
9 10 6 
10 12 7 
11   7 6 
12   8 6 
13   8 6 
14   7 6 
15   7 6 
16   8 5 
17   8 6 
18 12 6 
19   7 5 
20   6 4 
21   3 3 
22   7 5 
23   5 4 
24   8 5 
25   7 4 
26   4 3 
27   6 4 
28   6 5 
29   6 4 
30 13 6 
31   9 7 
32 10 7 
33   8 5 
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tarag³karviPaKTMnak;TMngrvagbrimaNsarFatuKImI K nig Mg enAkñúgdI 
bBa¢ITinñn½ydMbUg  kareRbobeFobnwg    

tMélmFüm 
elxerog 
Rank number 

PaBxusKñaénelxerog 

 sMrab;viPaK rFech. sMrab;viPaK rS 
l>r 
sMNak 

K  (mg) 
(X) 

Mg (mg) 
(Y) 

X  X Y d d2 

1   8 5  3  − − 3   1   1.5  − 0.5     0.25 
2 12 6 4  − − 3   2   1.5     0.5     0.25 
3 15 8 5  − − 4   3   5.5  − 2.5     6.25 
4   9 7 6  − − 4   5.5   5.5     0  
5 12 8 6  − − 4   5.5   5.5     0  
6   8 7 6  − − 4   5.5   5.5     0  
7 11 5 6  − − 5   5.5 12.5  − 7  49 
8   8 4 7  − − 4 10.5   5.5     5  25 
9 10 6 7  − − 5 10.5 12.5  − 2    4 
10 12 7 7  − − 5 10.5 12.5  − 2    4 
11   7 6 7  − + 6 10.5 21.5 −11 121 
12   8 6 7  − + 6 10.5 21.5 −11 121 
13   8 6 7  − + 6 18 21.5 −11 121 
14   7 6 8  − − 4 18   5.5   12.5 156.25 
15   7 6 8  − − 5 18 12.5     5.5   30.25 
16   8 5 8  − − 5 18 12.5     5.5   30.25 
17   8 6 8  − − 5 18 12.5     5.5   30.25 
18 12 6 8  − − 5 18 12.5     5.5   30.25 
19   7 5 8  − + 6 18 21.5  − 3.5   12.25 
20   6 4 8  − + 6 18 21.5  − 3.5   12.25 
21   3 3 8  − + 6 18 21.5  − 3.5   12.25 
22   7 5 8  − + 7 18 29 −11 121 
23   5 4 9  + + 7 23.5 29  − 5.5   30.25 
24   8 5 9  + + 7 23.5 29  − 5.5   30.25 
25   7 4 10+ + 6 25.5 21.5     4   16 
26   4 3 10+ + 7 25.5 29  − 3.5   12.25 
27   6 4 11+ − 5 27 12.5   14.5 210.25 
28   6 5 12+ + 6 29.5 21.5     8   64 
29   6 4 12+ + 6 29.5 21.5     8   64 
30 13 6 12+ + 7 29.5 29     0.5     0.25 
31   9 7 12+ + 8 29.5 32.5  − 3     9 
32 10 7 13+ + 6 32 21.5   10.5 110.25 
33   8 5 15+ + 8 33 32.5     0.5    0.25 
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tamtaragemKuN r kñúg]bsm<½n§ eyIgman³ 
 
r tarag  (DF = 31, α = 5%)  ~ 0.35 

r tarag  (DF = 31, α = 1%) ~ 0.45 

r tarag  (DF = 31, α = 0.1%) ~ 0.55 
 
 
      ΣÜ − ΣNÜ       25 − 8 17 
1) rFech. = -------------- = ---------- = ------ = 0.515 * * 
               ΣÜ + ΣNÜ      25 + 8         33 
 
 
                      6 Σd2                   6 x 1433.5       8601       
2) rS = 1 − ------------  =  1 − ----------------  =  1 − -------- =  1 − 0.24  =  0.76 * * * 
                    n (n2 − 1)             33 (332 − 1)          35901   
 

rS  >  rtarag  mann½yfa ³ vamanTMnak;TMngCaviC¢man nigmanGtßn½yx<s;Nas; (Very high significant) 
b¤vamanTMnak;TMngCaviC¢man nigmanGtßn½yCak;lak;bMputrvagbrimaNsarFatu K nig Mg enAkñúgdI . 
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3) KNna  r tamelak Bravais 

karKNnaTinñn½ykñúgbBa¢IdMbUg 
l>r sMNak K  (mg) Mg (mg) 

      

  X Y 
X² Y² XY 

1 8 5 64 25 40 
2 12 6 144 36 72 
3 15 8 225 64 120 
4 9 7 81 49 63 
5 12 8 144 64 96 
6 8 7 64 49 56 
7 11 5 121 25 55 
8 8 4 64 16 32 
9 10 6 100 36 60 
10 12 7 144 49 84 
11 7 6 49 36 42 
12 8 6 64 36 48 
13 8 6 64 36 48 
14 7 6 49 36 42 
15 7 6 49 36 42 
16 8 5 64 25 40 
17 8 6 64 36 48 
18 12 6 144 36 72 
19 7 5 49 25 35 
20 6 4 36 16 24 
21 3 3 9 9 9 
22 7 5 49 25 35 
23 5 4 25 16 20 
24 8 5 64 25 40 
25 7 4 49 16 28 
26 4 3 16 9 12 
27 6 4 36 16 24 
28 6 5 36 25 30 
29 6 4 36 16 24 
30 13 6 169 36 78 
31 9 7 81 49 63 
32 10 7 100 49 70 
33 8 5 64 25 40 

 
n = 33 Σx = 275 Σy = 181 Σx2 =2517 Σy2 = 1047 Σxy = 1592 
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karviiPaKTMnak;TMng (Correlation analysis)tam RS nig RBr pþl;lT§pldUcKña.      

snñidæan³ lT§plviiPaKbgðajfa rvag K nig Mg manTMnak;TMngviC¢mannwgKñaCaGtßn½yCak;lak;bMput.  
RbsinebIbrimaNsarFatu K enAkñúgdIekIneLIg 1 Ékta enaHbrimaN Mg k¾ekIneLIgEdr. 
 PaBGaRs½yCak;lak;rvagGBaØatTaMgBIr ¬The precise dependent¦ nwg®tUvsikSatam 
karviPaK Regression bEnßmeTot . Regression KWCabrimaNbMErbMrYlénGBaØatmYy EdlTak;TgeTA 
nwgbMErbMrYlmYyÉktaénGBaØatmYyeTot (Regression is the amount of change in one 

variable associated with a unit change in the other variable). 
 
. 
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7> karviPaK Regression (Regression Analysis) 
 

 eyIg)anelIkCa]TahrN_BITMnak;TMngrvagTMgn; nigkMBs;rbs;sMNakmYyEdlmnusS 18 nak;. 
eyIgGacbgðajCadüaRkamBRgay (Scattergram). kñúgkarbgðajCadüaRkamBRgay vaGacCYyd;kar 
KUsbnÞat;mYykat;tamcMNucBRgay EdlCameFüa)aymYyBiB’NnaBITMnak;TMngCamFüm ¬rUbPaBxag 
eRkam¦.  
 
 
 
 
 
 
 
 
 
 
rUbPaB³ düaRkamBRgay nigbnÞat; Regression 
 

 
7>1> CMerl nigsmIkar (Gradient and equation) 

 
CMerléncMeNatPMñmYyEdlRtUv)anbBa¢ak;fa1 kñúg 10. enHmann½yy:aggayfasMrab;RKb;10Ékta 
cMgay manry³kMBs; 1Ékta. CMerlRtUv)antageday b nigkñúgkrNIenH b=1/10=0.1. kñúgkrNITUeTA 
CMerlesIμnwg y Ecknwg x ¬rUbxageRkam¦. 
RbsinebIeyIgdwgtMél b eyIgGaceRbIvaedIm,IKNnakMBs;EdlTTYl)anBIcMgayEdlman.  
kMBs;EdlTTYl)an=CMerl x cMgay EdleFIVdMeNIr)an 
CaTUeTA eKGacsresr y = bx 
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rUbPaB³ CMerléncMeNat³ CMerl = y Ékta¼ x Ékta 
 
RbsinebIeyIgcg;dwgkMBs;BitcugeRkayCaCagkMBs;EdlTTYl)an eyIgRtUvsÁal;kMBs;éncMNuccab;epIþm 
enAelIkMriteFobmYy  GacniyayfaCakMritTwksmuRT. RbsinebIkMBs;enHtageday a Ékta kMBs;Bit 
cugeRkaynwgman³  
kMBs;BitcugeRkay=kMBs;éncMNuccab;epIþm +  ¬CMerl x cMgay EdleFIVdMeNIr)an¦  
b¤ CaTUeTA eKsresr  y =a + bx 

smIkar  y =a + bx KWCasmIkarbnÞat;Rtg;. karviPaK Regression KWBak;B½n§nwgkaredaHRsaytMél a 

nig b kñúgsmIkarTTYl)anBIbBa¢ITinñn½ysMNakEdlmanbMErbMrYlBIr.   
dUecñH a nig b KWCaemKuN Regression . eTaHbICay:agNa CaTUeTA emKuN Regression 

mann½yCacMeNat énbnÞat; Regression, b. 
 

 
rUbPaB³ kMBs;cugeRkayénLaneFobkMritTwksmuRT =a + bx Edlman b KWCaCMerl. 
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7>2> GBaØatGaRs½y nigGBaØatÉkraCü (Dependent and independent variables)            
 

mancMnYnKUrénGBaØat EdlGacsÁal;)an ehIyGBaØatimYyGaRs½yelIGBaØatmYyeTot. ]TahrN_ eyIg 
EtgEtKitfatg;sIueténstVkNþÚbekIteLIglIvales μAGaRs½yelIeBlevlacab;taMgBImankareRbIR)as;fñaM 
ksikm μ. cMnYnstVli¥tmanvtþmanGaRs½yelIsItuNðPaBekIneLIg. kñúgkrNIenH tg;sIueténstVkNþÚb nig 
cMnYnstVli¥t KWCaGBaØatGaRs½y (Dependent variable). cMENkÉGBaØatmYyeTotKWCaGBaØat 
ÉkraCü (Independent variable) . enAkñúgrUbPaBCadüaRkamBRgay (Scattergram) b¤kñúgkarviPaK 
regression eyIgsn μtdak;GBaØatGaRs½yeliG½kSG½redaeN y nigdak;GBaØatÉkraCü elIG½KSGab;sIus x 

. vaGacmanpgEdrEdlfaGBaØatTaMgBIrÉkraCüTak;TgeTAnwgGBaØatTIbIEdl min)an eFIVGtþsBaØaN. 
 

CYnkal vamankarlM)ak;nwgkMNt;fa mYyNaCaGBaØatGaRs½y nigmYyNaCaGBaØatÉkraCü. dUc 
CaTMnak;TMngrvagbrimaNsarFatuciBa©wmb:UtasüÚm (K) nigm:aej:süÚm (Mg) enAkñúgdI . RbsinebI eyIg 
eRbIbnÞat; regression edIm,I):an;s μantMélGBaØatmYyBIkarvas;EvgGBaØatmYyeTot  enaHeyIgdak;GBaØat 
EdleRbIsMrab;):an;sμanGBaØatmYyeTotelIG½KSGab;sIus x nigGBaØatEdlRtUv)a:n;sμanelIG½KSG½redaeN y 

. dMeNIrkarviPaK regression GacEckedayeTAelIcMnYnGBaØatEdlBak;B½n§ nigTMrg;TMnak;TMngrvag 
GBaØatGaRs½y nigGBaØatÉkraCü. dMeNIrkarviPaKgay RbsinebImanGBaØatEtBIr EdlmYyCaGBaØat 
GaRs½y nigmYyeTotCaGBaØatÉkraCü. karviPaKmü:ageTotCakarviPaKBhu (Multiple). dMeNIrkarviPaK 
manTMrg;CabnÞat; nigminEmnCabnÞat;. dUecñH karviPaK regression GacEckCa 4 EbbepSgKña³ 

1> regression CabnÞat; niggay (simple linear regression) 

2> regression CabnÞat; nigBhu (multiple linear regression) 

3> regression minEmnCabnÞat; niggay (simple nonlinear regression) 

4> regression minEmnCabnÞat; nigBhu (multiple nonlinear regression) 

 
b:uEnþxageRkamenH eyIgelIkykEtkarviPaKCabnÞat; niggaymksikSaEtb:ueNÑaH. 
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7>2> TMnak;TMngCabnÞat;\tex©aH (A perfect linear relationship)     
 

TMnak;TMngrvagGBaØatBIrCabnÞat;RbsinebIbMErbMrYlmanPaBefr. ]TahrN_ GñkRsavRCavmñak;)anvas;Evg 
nigføwgTMgn;stVli¥t EdlmanTinñn½ydUcxageRkam³ 

TMgn;  X ¬Rkam¦ RbEvg Y ¬s>m¦ 
10 10 
20 15 
30 20 
40 25 
50 30 

        
RbsinebIc,as;Ca RbEvgstVKWGaRs½yeTAelITMgn; eyIgminlM)akkñúgkarkMNt;TMgn;Ca GBaØat X nigRbEvg 
CaGBaØat Y eLIy. düaRkamBRgay (Regression) tag[Tinñn½ymanbgðajdUxageRkam. eyIgeXIj 
fa cMNucTaMgGs;rt;elIbnÞat;mYy nigbnÞat; regression GacKUstamcMNucTaMgGs;enHedaymincaM)ac; 
mankarKNnatamKNitviTüaeLIy. eBlEdlbnÞat;kat;G½KS y Rtg;cMNuc a. enHKWCakat;elIG½KS y 
EdlehAfa Intercept ¬rUbPaBxageRkam¦. enAelIG½KS y a mantMélesI μnwg 5 s>m . dUecñH cMnYn 
kñúgsmIkar y= a + bx RtUv)ankMNt;. 
edIm,IKNna emKuNmYyeTot b eyIgman b= y/x b¤ b=15/30=0.5 

eyIgmancMnYnTaMgBIr ¬emKuN¦enAkñúgsmIkar y = a +bx. dUecñH y= 5 +0.5x . 
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rUbPaB³ TMnak;TMngCabnÞat;\tex©aH 
 
edayeRbIsmIkarenH eyIgGac):an;sμanRbEvgstVli¥t)an eBlNaTMgn;RtUv)ansnμt[. eyIgGacepÞóg 
pÞat;smIkarenHsMrab;tMélmYyEdleyIg)ansÁal;. Tinñn½yGegátkñúgtaragxagelIbgðajfa TMgn;stVman 
50 Rk eFIV[stVli¥tmanRbEvg 30 s>m . 
y = 5+ (0.5 x 50) = 5+ 25 

y = 30 s>m 
RbsinebITMgn;stVli¥tman 25 Rk eyIgGac):an;sμanRbEvgvaman 
y = 5 + (0.5x 25) = 17.5 s>m 
tammeFüa)ayenH eyIgGacKNnaes‘rImYyéntMél y edIm,IplitCaxñattamkMritmYy.  
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7>3> TMnak;TMngCabnÞat;manlkçN³gay (Simple linear regression)     

 
karviPaKTMnak;TMngCabnÞat;manlkçN³gay KWCakar):an;sμan nigsakl,génGtßn½yEdlTak;Tgnwg 
):ar:aEm:RtBIr a nig b enAkñúgsmIkar y=a+bx. lkçxNÐsMxan;²EdlKYrmankarkt;sMKalKW³ 
1> manTMnak;TMngCabnÞat;mYy rvagGBaØatGaRs½y y mYy nigGBaØatÉkraCü x mYyEdlmanbBa¢ak;Ca 

GnuKmn_. 
2> GBaØat x minEmCaGBaØatécdnüeT b:uEnþCaGBaØatsißteRkamkarRtYtBinitüénGñkGegát . dUecñH 

regression RtUv)aneRbIsMrab;GnuvtþkargarBiesaFn_. kñúgkarBiesaFn_enH Ca]TahrN_ tMélGBaØat 
y KWeRbIsMrab;kMNt;ry³eBl  sItuNðPaB brimaNsarFatuKImIEdl)aneRbIR)as; .l. 

3> sMrab;GBaØat x nImYy²Edl)ansegát manRbCakrCaRTwsþIéntMél y .  tamFm μta RbCakrKWCa 
r)ay ehIyv:arIy:g;énRbCakrepSg²éntMél y vaRtUvKñaeTAnwgtMél x pÞal;nImYy² dUcKña ¬rUbPaB 
xageRkam¦. 

 
 
 
 
 
 
 
 
 
]TahrN_ 1³  
Gñkksikm μmñak;sikSaBIRbsiT§iPaB (The effect) énkareRbIR)as;brimaNCIKImIelITinñples μAelIdIEdl 
e)aHbg;ecal . RKab;BUCes μARtUv)aneRBaHelIdIenaH . k,aldITMhM 1 m² cMnYn 10 kEnøgRtUv)aneRCIserIs 
edayécdnü ehIyRtUv)aneRBaHRKab;BUC edaymanbrimaNxus² Kña . ry³eBlBIrExeRkaymk es μARtUv 
)anRcUtBIk,aldInImYy² hal[s¶Üt ehIyføwg . lT§plBiesaFn_manbgðajdUcxageRkam .  

valuesyofpopulation
ddistributeNormally

...
.

1x 2x

y
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GBaØat x 

brimaNCIeRbI (g/m²) 
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düaRkamBRgay (Scattergramm) énTinñn½yxagelIenH manTMnak;TMngKña. enAkñúgkarBiesaFn_enH 
vabgðajy:ag c,as;fa Tinñples μAGaRs½yelIbrimaNCIKImIEdl)aneRbI)as; ehIyTMnak;TMngCaGnuKmn_ 
RtUv)ansn μt . karsegátTinñn½yelIG½KSGab;sIusRtUv)aneFIVedayGñkBiesaFn_ nigTMnak;TMngmanPaB 
smRsbCabnÞat; . KYrkt;sMkal;fa x minmanCar)ayeT x mancenøaHtMélBI 25 eTA 250 Rkam .  
 
 
 
 
 
 
 
 
 
 
Bt’manEdlRtUvkaredIm,IKNna a nig b KWdUcKñanwgkarKNnaemKuNTMnak;TMng Correlation Edr. 
eyIgRtUvcab;epIþmKNnamFümén x (    ) nig mFümén y (     ). eyIgman³ 
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edIm,IKNnaemKuN a nig b mundMbUgeyIgKNna b ehIybnÞab;mkeTIbKNna a. 
 
 
 
  
 
eyIgman y=a+bx   
b¤ 
 
 
 
 
eyIg)an smIkarTMnak;TMngCa Regression KW³ 
 
eyIgGaceRbIsmIkaredIm,IBüakr ¬Tay¦TinñplesμAedaykareRbIR)as;CIKImI. dUecñH sMrab;kareRbIR)as;CI 
KImIcMnYn 115 Rkam eyIgBüakrTinñplesμAman³ 
Tinñples μA ¬Rk¦  
 
 
vamanPaBRtwmRtuvkñúgkarBüakrN_enAkñúgcenøaHtMél x Edl)ansegát.  CakarBitNas; TinñplesμAGac 
Føak;cuH eBlNabrimaNCIeRbIR)as;eekIneLIgeRcIn edaykarBul. dUecñH KμankarsgS½yeLIyEdlfa 
bnÞat;TMnak;TMng b¤ bnÞat; Regression Føak;cuH . 
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7>4> karKUsbnÞat; Regression ¬TMnak;TMng¦ enAkñúgdüaRkamBRgay (Fitting the rgression   
line to the scattergram)   

 

edIm,IKUsbnÞat; Regression ¬TMnak;TMng¦mYy eyIgRtUvmanTItaMgcMNucBIrelIbnÞat; . cMNucTaMgBIrenH 
GacKNnaBIsmIkar Regression, y=a+bx . tMél x BIrRtUv)aneRCIserIsedIm,IKNnatMél y .  
eyIgmantMél x BIrKW  x= 25g nig x=250g . 
 
x= 25 g,   y= 51.93 + (0.8114*25)=72.2 
x= 250 g, y= 51.93 + (0.8114*250)=254.8 
 

dUecñH eyIg)an 
cMNuc 1 manekaG½redaeNr  x= 25 , y= 72.2 

cMNuc 2 manekaG½redaeNr  x= 250 , y= 254.8 

bnÞab;mkeyIgKUsbnÞat;mYyP¢ab;cMNucTaMgBIr .  
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7>5> lMeGogbnÞat; Regression ¬TMnak;TMng¦ (The error of a regression line) 
 
sMrab;smIkar y=a+bx nigtam]TahrN_xagelI eyIg):an;sμanfaCamYykareRbIR)as;CIKImI 115 Rkam 
nwgpþl;TinñplesμA 145>2 RkameRkamlkçx½NÐKMrU. etIGac[eyIgniyay)anfakar):an;s μanenHRtwmRtUv 
Edrb¤eT ? . eyIgTTYlsÁal;fa bnÞat; Regression RtUv)anKNnaBITinñn½ysMNak EdlCaRbFanbT 
nwgRbePTdUcKñaénlMeGogsMNak kñúgkar):an;sμanmFüm b¤):ar:aEm:RtÉeToténRbCakr . ]bmafa eyIg 
eRbIR)as;CIKImI 115 Rkamdak;kUnERscMnYn 1000 EdlkUnERsnImYy²manTMhM 1m² . Tinñples μAEdl 
RcUtBIkUnERsbegIátCar)ayFm μtamYyéntMél y RtUvKñanwgtMél x 115 Rkam . mFüménr)ayKWCaG½KS 
G½redaeNr  y Edlqøgkat;edaybnÞat; Regression edayKμanlMeGog. KMlatKMrUénr)ayKWCa lMeGogKMrU 
(Standard Error-SE) énkar):an;sμan .  eyIgmankarTukcitþ 95 ° EdltMélRbCakrenA cenøaH                             
                énkar):an;sμanelIbnÞat; Regression sMNak. 

dUecñH G½KS G½redaeNr  y énbnÞat; Regression BitEdltMél x=115 g enAkñúgcenøaH                               
                . eyIgmantMél t eyaltamkMritesrIPaBkñúgtaragRTwsIþ ¬]bsm½<n§¦.  dUecñH cenøaH 

TukcitþGacmantMélxagelI nigxageRkambnÞat; Regression Edl x=115 g . 
tamry³karKNnaeLIgvijsMrab;tMél x CaeRcIn tMbn;TukcitþmYyRtUv)anbegáIteLIgenAsgxag 

bnÞat; Regression . 
 
 
 
 

 
 
 
 
 
rUbPaB³ tMbn;TukcitþénbnÞat; Regression ¬TMnak;TMng¦ 
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munKNnalMeGogKMrU (SE) RtUvKNna Residual variance (s²r). tam]TahrN_xagelI 
eyIg)an³ 
 
 
 
 
¬1¦srubplitplén x nig y (sum of product or sum of products of x and y sresrkat;Ca 
SPx,y)   
         
    Edlman 
 
 
 
 
¬2¦srubkaer:én y (SSy) 

 
 
¬3¦srubkaer:én x (SSx) 
 
 
 

¬4¦ KNna Residual variance (s²r) 
 
 
edIm,IKNnalMeGogKMrU (SE) éncMNucmYyelIbnÞat; Rgression edIm,I):an;sμan y EdlTTYl)antamry³ 
kar[tMél x ¬Ca x’¦ . rUbmnþKNna SE KW³ 
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edIm,IbMElglMeGogKMrUeTACacenøaHTukcitþ 95° (P=0.05) enAxN³Edl DF=n-2=10-2=8 nig           
t tarag= 2.306 .  
kMritTukcitþ 95%  
 
 
dUecñH kñúgcenøaHeCOCak; 95 PaKry Tinñples μA (y) EdlTTYl)anedaykareRbIR)as;CIKImI  (x)=115 
Rkam KWsißtkñúgcenøaH  159>72 nig 130>68 Rkam. 
karKNnakñúgkMriteCOCak; 95 ° sMrab;tMél x CaeRcIn nwgGacbegIátCa tMbn;eCOCak; ¬rUbPaBxagelI¦ .  
 
7>6> Gtßn½yénbnÞat; Regression ¬TMnak;TMng¦ ( Significance of the regression line) 

 
RbsinebIkarBRgaycMNucsþIBIbnÞat; Regression RtUv)anykcitþTukdak; nigemKuN regression (b) 
mantMélTab . vaGacmanPaBcaM)ac;kñúgkarsakl,gGtßn½yénTMnak;TMng  (regression) . Gtßn½y 
enHR)ab;eyIgBItMélRbU)abIlIet ¬Rbhak;RbEhl¦ énTMnak;TMngrvagGBaØat x nig y sMrab;RbCakr . 
dUecñH vaTamTar[mankarKNnatMél t  ehIyeFIVkareRbobeFobCamYytMél t tarag . karKNnaman 3 
CMh‘andUcteTA³ 
1> KNnalMeGogKMrUénemKuN b 
 
 
 
 

( )

( )

296.6
10982.0*98.360

5.51562
5.137115

10
1*98.360

'1*

2

2
2

±=
±=

⎥
⎦

⎤
⎢
⎣

⎡ −
+±=

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡ −
+±=

SE
SE

SE

SS
xx

n
sSE

x
r

)lim..(68.130.).lim.(72.159
519.142.145

296.6*306.22.145

itloweranditupper=
±=
±=

08367.0
5.51562

98.360

....
var.

=

=

=

b

b

b

SE

SE

xofsquaresofsum
ianceresidualSE



Biometry or Practical Statistics for Agric. Research, by PEL Sokha (MSc agr, Lecturer of RUA) 2010 152

2> KNnatMél t 
 
                                             CamYykMritesrIPaB DF=n-2=10-2=8 
 
3> eRbobeFobtMél t KNna nigtMél t kñúgtarag ¬kñúg]bsm<½n§¦ 
       kMritesrIPaB DF=8   ehIy P=0.01 (1%) 

       kMritesrIPaB DF=8   ehIy P=0.05 (5%)   
 

eyIgman t KNna= 9.698 FMCagtMél t tarag = 3.355 . dUecñHTMnak;TMngCabnÞat;rvagGBaØat y 
nig x manGtßn½yx<s;. 

m:üagvijeTot eyIgGaceFIVkarsakl,gPaBCaGtßn½yénTMnak;TMng  (regression) 
tamkarviPaKvarIy:g;)anEdr . karKNnaman 4 CMh‘andUcteTA³ 

 
1> KNnasrubkaer:sMrab;TMnak;TMng (regression) 

 
 
 
 
 
 

KNnasrubkaer:sMrab;TMnak;TMng (regression) mankMritesrIPaBesI μ 1 Canic© . dUecñH     v:arIy:g; 
TMnak;TMng (regression) esI μnwgsrubkaer:TMnak;TMng .  

2> KNna Residual variance (s²r) 
 
 
 
 

3> KNna F edayEckvarIy:g;TMnak;TMng (regression) nig Residual variance 
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4> tamkarKNna eyIg)antMél F KNna =94.04 .  edaykMritesrIPaBman 1 nig 8 eyIgman     
tMél  F tarag = 11.26 sMrab; P=0.01 . F KNna FMCag F tarag . eyIgsnñidæanfa TMnak;TMng  
(regression) manGtßn½yx<s; . lT§plenHdUcKñanwg lT§pltam T-Test . 

 

]TahrN_ 2³ KNnasmIkarTMnak;TMngCa Simple Linear Regression rvagTinñplRsUv nig kMritCI 
GasUt (N) enAkñúgkarBiesaFn_eRbICI N elIdMNaMRsUv . karKNnaEckCaCMh‘andUcteTA³ 
 
CMh‘an 1> 
eyIgman³ 
 
 
 
 
tarag³ KNnasmIkar smIkar Simple Linear Regression rvagTinñplRsUv nig kMritCI GasUt (N) 
 kMritCI GasUt 

N (kg/ha) 
TinñplRsUv 
(kg/ha) 

KMlatBImFüm kaer:énKMlat plitplénKMlat 

 
 

(x) (y)      

 0 4,230 -75 -1,640.75 5,625 2,692,061 123,056
 50 5,442 -25 -428.75 625 183,827 10,719
 100 6,661 25 790.25 625 624,495 19,756
 150 7,150 75 1,279.25 5,625 1,636,481 95,944
   

srub 300 23,483.00 0 0 12,500 5,136,864 249,475

bFüm 75 5,870.75  

 

CMh‘an 2> KNnaemKuNTMnak;TMng (Regression) a nig b 
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CMh‘an 3> KUsRkahiVktagsmIkar Regression 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

      rUbPaB³ TMnak;TMng (Regression) Edl):an;sμanrvagTinñpl (y) nigkMritCIGasUt (x) 
 

KNna³ 
 
 
sMrab;]TahrN_rbs;eyIg man³   
tMél x Gb,rma 
tMél x Gtibrma 
 
Tinñpl):an;sμanGb,rma 
Tinñpl):an;sμanGtibrma 
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dak;cMNucBIr                 nig                  elIépÞ        KUsbnÞat;P¢ab;cMNucTaMgBIr ¬rUbPaBxageRkam ¦. 
bnÞat;tagTMnak;TMng (Regression) manlkçN³dUcteTA³ 
1>  bnÞat;RtUvEtKUskñúgcenøaHtMél x Gb,rma nig x Gtibrma .  vaK μantMélsMrab;bkRsaybnÞat;enAeRkA   
      cenøaHtMélenHeLIy.   
2>  bnÞat;RtUvEtqøgkat;cMNuc          EdlCatMélmFüménGBaØat x nig y  

3> cMeNatbnÞat;KW b 

4> bnÞat; ¬RbsinebIbnøay RtUvkat;G½KS y Rtg;tMél y én a ehIy x esIμsUnü . a Ca Intercept . 
 
sMrab;]TahrN_rbs;eyIg cMNucTaMgBIrmanTItaMg EdlmanG½kSGab;sIus nigG½kSG½redaeNr (0, 4374) 

nig (150,7368) . 

 
 
 
 
 
 
 
 

       rUbPaB³ kartagbnÞat;TMnak;TMng (Regression) Edl):an;sμan ³ y=a +bx 

 
CMh‘an 4> karsakl,gCaGtßn½y 
- KNna Residual mean square (or residual variance)  
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- KNna tb  

 
 

 

 

 

 
 
 

eRbobeFobtMél tb Edl)anKNnaeTAnwg ttarag kñúg]bsm<½n§ EdlmankMritesrIPaBesIμnwg n-2=2 . 
RbsinebI tbKNna       ttarag TMnak;TMngmanPaBCaGtßn½y . 
enAeBlEdl kMritCaGtßn½y                           ehIykMritesrIPaB DF=2 (n-2) tMél ttarag=4.303 nig 
9.925.  
edaysar       dUecñHsmIkarbnÞat;tagTinñn½yRsUvmanbMErbMrYl 
GaRs½yeTAelIkMritCIGasUtEdleRbIR)as; kñúgcenøaHtMélBI 0 eTA 150 K>Rk¼h>t CaGtßn½y. 
GacfaGBaØatTaMgBIrTinñplRsUv (y) nig kMritCIGasUt (x) manTMnak;TMngKñaCaGtßn½y . 
 
 

CMh‘an 5> cenøaHeCOCak; (Confidence Interval-CI) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

dUecñH eeyIgsgÇwmfa TinñplRsUvekIneLIgcenøaHBI 9>15 eTA 30>77 K>Rk¼h>t edaysarral;kMeNIn 
brimaNCIGasUteRbIR)as; 1 K>Rk¼h>t kñúgcenøaHbrimaNCIeRbIBI 0 eTA 150 K>Rk¼h>t . kIþsgÇwmman 
kMrit 95 PaKry . 
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tarag TI  2 : Distribution of t ( Fisher and Yater a us A. Mudra, 1952) 
                    t -distribution for α = 5%, 1% and 0,1% 
 
DF α = 5% α = 1% α = 0,1%  DF α = 5% α = 1% α = 0,1%
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