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Principles of Experimental Design and Related Matters
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Analysis of Variance
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e e e fem 3@ o St @ Tawea e @
STEFIRA T T IS [AOR TS TGS T (41T A1 AT ol R
MAleF? Iiva W67 23 o @ fTonZA AEFeE T7TS =T |

Y003, STt RTyEe (Statistical analysis) : T T { HGT FHHET
qae oS TR p MU @R @ r MF TR IR IR GID
. SR T 27 | GBI FUIF T OerRA Spia (owree Rspne v

et (@ v0,0)



plee

et At e e FRen T g e
T 30,0 : IRIE FHTNE 39 Rwiema owes Remes &

Ton TR T T FIiEE fafsn e T
fowor | yowa oG 3| Svom | ywa | ww ek e
B (SV) | OP (MS) | Be3(sv) |(DF) {3 (Ms)

FyFaFy . ..
W | -l = r-1
FNE | -1 camﬁa p-1
T @1 (f-1) T T-1) (-1)

q TESIEA PR TS Wib B Ramer 331 T | AU A4 53 Toire
Trape T3t 78 93 ceaa /fSw w0 a1 Fy, Fa, Fs ..... @ G506 @@
RIS 37 foerema wrel [ a1 W | SRASRnA B e Toinb
T8 WRAMISTE ReEd T 17| B RISy wniem g oSy (between
family differences) 93¢ &S iR @wariNg T4y 22 oS T A |
T ffom TR W 14w Sleersd m, o[ e Sl o
(LsD) Ficf 77 wim fofars wifews wiihit Ndvm =1 23

TRITbS I 41 WP oW TSiers FHEesrpi Aem 23
RS [fen wRFR 1R FH (SHeed (within family error
variance) FIFSI (homogeneity) AVl I T SOATS! A0 &)

AFBEBT-9F *{S TR T TW| AW TTg9 Leiids w1 o [fen
N TUES (ST qFagS (pool) IA T 92 IFANGS (T

RATETR &F (& S0.8) WAt
2 10,8 @ QTGS (ST [ 78
TENEl (DF) | 9PTiE (SS) | 918 9 (MS)

ToRom Bes
(8V)

F-93 9

FETE
&1 (a)

= r-1

f1
(r-1) -1)

E(a)

4 o6

ri-1

et
TEGE

iR

f(p-1)

FE-DE-D

E()

= ()
o]

fpr-1




Yoo FrafdwE ordree feiEn

F 13w 353 Tt 42 9ER (ST Sieert)d w7, wid fon el o gac
TR ABCT TR GH & A &1 (SE) Wl Ia T a1 =)

. f 2 x E(a)
(@) 7f6 Tom wifRf sren s sl @ (SE) = or
(%) Tom e wess b e Jatea v F (SE)

) .\[g{Ea + (p-1) Eb}
r p

>o.e.a.mmwﬁﬁtwmqﬁm

S, ﬂﬁﬁmﬁ%ﬁwﬁpmwwmmﬁ’%ﬁj%w&w
R @ @R T T, 9@ SERS! 4 @ 4A wyiHiE
i T e 320 I | s R STeered T Qa2 TS @b |

2« fowisn = R aaE FiE awse SREen foren e
TS| '

©,  Bfew s ST IS OF fUendy Seg? 3o Fivea T 43R
BT |

8. @% fowE@ o 25 (dummy plots) wmmeﬁ YT A @R
@ierm T Ao A IwT (R TN 26 AT WO ST IR

IR @
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RS SR A

Simple Rotational Experiments

3.3, gfie

FEm AT T OF AR RO A Sate W MG T @R
FRSIRT T4 oo A1 WF | GTF T AATAS AN QWS A | -
3ot o s aw e srweEr /s T Seim  wdis
TS (Crop rotation) P @ *F0 T TP AT TS
T 9 R AR SIS WA S TR | & YA SRR (I Y
HETTEE YTRTEE WS g A% €T A & et srfiaee ez
8 I & AoR (TS A O TS WiEF FAH | 9FH [ew FA @
YRR X7 S TG (@ ST T4 O A 9 G AR T
S 394 | 9o S BT ~mafed e el TR TGS G AR | I
s e cwra i SEiS PHEEa T @ A3

@) fifen g s Wi- 93 Tawa @R e (@ 93 e wE
SRR o A LR FA) @32 B 9 1@ awli

SAfTEOI (471 T, QH-TEHET ARMLIET T {7fHe T ) W
T | :

(4) T Fem =y s Jfen 3 ~raten = o

AT, @ e RN I EE AT TS YR @ R AR
1 T | TSN P ¢ Frfdesicr Biow At @ 3R Mo
TR A T PRAlE 37N 29T 39 TR

33,2, TOATSER 3 (Nature of crop rotation)

7 | TRIReREeT © MR PTEET (3) G- (TR (&AM Al (%) G- (-
774 A1 (o) GEN-TRAT-TRH TG AN | ARG R [ G 7
@ ; HSCEE @R~ v WAR 9 932 PSACE@ e TIR
i~ I s T TR T | A RTSRT SRS R WS 1R
TS S5 T4 (@S A |

o —



Yoy ' TRGSE e oo

() AU S HFTN A 4191 9 AR WL (R AN AT | BRI
ZOFS A1 G- |

(%) ﬁﬁm%mwwmwmmmwm
(@R WL G- EE-TRT | arwca 2T rfivenE A vt
Waaaamwmmwmml

3.9, WIS AT TAAMY (Basic principles of crop rotational
€Xperiments)
T A G (T, ‘mmwﬁwwmmw@meml
% Siowo @@ TF T @, AT FHAT (WE 9T IGA AT W[ 9T
wmfmwﬁwmwmﬁmwmwﬁﬁzﬁwﬁww
(AT ST TR 6 X ) T Rivn ~1figerw a1 pRorafda afvaes g
TR ARYA T A | A FR WG DT RAF WG G4 B0 Rom
AR T ALY @ R AR |

Ry (Ffid 3) — A (C) - I (L) WeA CLCL

'Ry (*rfiFe ) — =1 (C) - @FR () T/ (L) CILCIL

sifurst &S o o 92l T o TREw T Bwl Ve e
Afoed &S Flera wmea b 5 e s 7w wg ¢ (Fke)
C (R1): L(R1), CR2), J(R2) L R2)@ o6 7 b trarfiosma azm
wmaa&aﬁswﬁmmmmwwmmaﬁmg@m
AT TR IR 33,34 TorEI T Tl |

BT WD

T oB

b % O 8 4 R
2 L C L C ] C
Tadin C C C L L 1
T L C ] C C L
v C C L L J C
e L C C C L )
ki) C C ] L C L
QT FTHAT (, S &AL 872 26 AT TN (R() T 9, ¢ 8% A 25 {7

RIFTR (Rp) &5 €32 GBI GWTSIR 7 ¥, elfdmen Rfsw 1w s
SEPITA @91 A1 GO | AR 20 TS 32w g i gy @3e <%
fad (control) Brwa s 7w



TR BT A Yo

GO WiestT el {am 9% @, oS srfmmg o3 A4 24w =7 @ (C)
e | & WREE wwe 93l 75 G2 IR, T QR 7, IE WHEK I3
GOIR AR | IS T »8rmd foa3a seeraem &9 Fie SwEis
rRarEie 9wy W 7|

(@) = “TmermE 2l MR & a3l 26 1S A

() 2f FEFE BHrrberEm WMAROSIE A TS 2@ |

(31) AT TARATE TG TR (fresh) TR TS LA |

(@) S} AZAGTEACS Tl FA (AT T WA A

3.8, AT favema s1afS (Method of statistical analysis)
() * S A A1 L AER W T T WA @3 A W
Tl off e [rpe T 7@

R] — "o (Fallow) — %

R — SN 4 — 99

R3— §§T-- gLl

Ry —» Gl (EIR — 9%

Rs — 7@ S §) 408 — ™

Rg —> TGS — o4

eIl TR 7)ol g oz gl T 7@ | @ TS g o
oI St T T WA W 6T e (Ao 2 T T |

ASeT PTTw T 4T 3 AR | WG TS TR 219 TS TS
I7 TowiRa SErel Reme 908 TR

7% Froa ATl ¢ T IR efore@r BonEa oy (e RgEreE @
A T wew e (T 55.3) |

LSRR
AR B[ g F5fIE 1% 35 F-FRdwgrs
(SV) (DF) (58) (MS) =

= 14 SS(B)
“Riar 5 SS(R) VR VR

' VE
T 20 SS(E) VE
(o 29

TR 0 IFET TG SHGTA AW B & 4AAQ ToAh = (Of IS T Q3R
SAEIGS (SAITERT (VR) DIIEe]foR A Fars 4@ | 97°@ ow



Y8 TRASEW A3 wrEa

TR BIGF QIR T (pool) IR &) ¥+ Traa o off e
(SHITFA (VE1, VE3, VE3) SIS (homogneity) TGIZTA & B0
%S WITE @ ¥ TS 0| 1w v ARt
LI T B TR TR IS (pool) T LA |

AT e @3¢ ARsfFTE e et Ry vaw wn Bemd s
@R & WOye =3 3, 0 tofd 71 7=

CROMR
Ry T
(Rotation)

Y] Y2 Y3
R1
R7
R3
@5

9 =3 AfST W ¢ FreR el e s | RSt S Rz
ST I RGN | ((R) T2 TNS(Y) 932 T2 (RY) T
stiaael T4 7@ |

T 3.8 T IRT TS (SUNEFA FNILS R aweia IS Borgem
g 7l

=T 3.8 1 o7 7e@m Beire a7 cowre R

fSaom ¥4 Y@ (DF) IOWRE(SS) e W (MS) F-ad
(SV) R
& ®) 12
T (Y) 2
THEFI(R) 5
YR 10
Th 60
I 89
GRS IS (Suied T Sl 71, 97a 6% WA TR Slerred

PR (1LSD) T w17 I3 FATET S AW (rotation) e @vare
EICH



HIYR R ST ¢

() 34 ~rfrmErm AT 091 93 T=E g Tem

W@ 77, BaesEe 932 G- swmen Tt c@we T @
sTiiENaE! [ FivRs 91 2@

Srfas a
. TAGE (T N
3. Ry = (J-c@mam) X
©, Ry — (F-72175) N
8. R3 — (- (SR (&) ®

€. Rq = (FF-E7-330) o

(g GRG o ~rifarce o1 191 (2 + 2 + 3+ 3=10) 30,
W8, ATSH AABoIE I, STAGAT 2007 7240 = 30 + 5 = 3> |
BT V3 ¢ RTSH o NP ((RR ) eIl 256 |

» BT W.E

T oI5

3 2 0 8 rg b q b > S0 )
> C C ] C L C J J C J L
3 C J C L C ] 1) C J L C
© C C ] C L ] C J L C J
8 C J C L C C J 1) C J L
¢ C C J C L J J C J L C
Y. C I C L C J C J L C J

3.¢. AEEF QA (Pooled analysis)

T AT TR (G, ¢ (AT 30 TR TG G AW DL 47 AAGT

RTe I SRATS =P ~[HFE (crop rotation) T G5! Prarg raw

AT AT G YR OFGY | G A TR QA @S W A, @ @

AR TG IRLE TA 7T T W IRAGTER T WATHS T (random -
sample) B T9 AR | TA (ST ANMRE ROGA WS 0T,

FihwiNe (ore Mime LT @ Reme T @)
)




by HFrFmmE «Frw g

RYRX %ﬁﬂ H 3w Soitga Ay 7T (Problems of analysing

data in long term experiments)

(F) ﬁa@m@wﬁwmaﬁwmﬁr@w@mm@
FiBA WYY TZ-T<F (correlation) 4TS #INA A AT (@HET
R (BT 2 T |

(}) FHT T AMEP ToTSA (pooled data) (SART RTAAT 1y 04T
TFAFq 7, 747 oG @I SRR (residual) FOR AT A | ABE
9 4 TAG ~eT @ |

(@) Q@ @ A e Semter RedaeE oete W @ lB ST el
FAWA SN W T | @ @A R o [/ e o T
@, WA “Ewed cwa Tomag g[S sa@wg oo, |dEiam
iRy (crthogonal pelynomials), @Wﬁﬁf (quadratic), Foiae
(cubic) TS A | T THTEN ~RIFEE (H@ T2 BAaa Fiwam
(linear) 4R (F1 T | IMZE TG FIS 41 FAR PTG & 473

T A |



I R
BoitET R

Transformation of Data

3, g
(SRS RTa[e &1 46 et ¥ 2et—
(@) SR FH R 8 Tt [ (normal distribution) 4R 432 @7
STEA *[TS (0) @ (SHITT “IS[THM (SHITSFA (02) WM A |
(%) =it TG RN SfSt, BHMTE 2oR O3 FHT FAARS @TFER
T AL G STA TWAESIR R[S AR, TR I WA 4 (0) S I
(SHTEE T7T |

& T T ol W, A TS TS RS 99 | e @ 4379
FoirEa (owier Regmd o AfseaiTsE e T8 9TSrEE 9
(@A TS Aol 0 Fawe Ko e WE @ «%fs teem a4
TR | BANGT « T TALT P9I (thransformation) 51 2 | _

ToNTHT AN+ (SWIES TArefaer I A FArea ol T T |
WBAT (TR ROIER #1S O Bo0s S (B T90ad Teoirss 3@
Sy |

BoITaR agforem Fead *Tafe fof 2| AUTS A5 (square root),
WRENEA (arcsine) 972 MAGHR (logarithmic) €2 9 *M&ore Tre
Fetraad a1 T8 | Fis Tair feiike wema a9 e

3R, 3‘1‘{?[ TIAY (Square root transformation)

S ST TATS (- @S S SR Ay, PG Aey,
9T o erEA Fedl) QISE R[S A (7, 97 (SRS A% N
FARATET 932 afb afeS (additive) P (A A1 Q7 TG TSI
RN T 71, T (owred AR & BHTsa aiiea aeE ) 9 9@
BT (W A (Vx) TED STATS TN @ TGRS 2Ny Tomwad
RfSn seartem@m 3ofE TR (Vx) @S T 932 GUHTE 9 WESTE T
PRI e et T ) S @I et A 4R (@B T (Vx) a3 AT

‘\/x + 15 &7 WA 6T TF |



S RRwEmm »@rw ey

S0, JMEAZT TAIBA (Arcrsine transformation) _
AT A Wova RO Jesio o8 Aurers aREmTE Ranowr
(binomial distribution) T G | (a1 REATR *RH T A | Q L@
BT T R e e Tare Seenga @meead et e am
WIS TME | @ T TR TS W Srmie ARee AT T4 7 |
Sine ¢ = Vp
¢ = sine-1 \E}

QYA p A TS [fSn 9 | @A Brads o3, $eisa 5/ W 1% <0 @
0 1 97 WY AT A B & 4T FelSI TE A 0D | T
Torae Al 1% 01-97 T 932 201-97 @P Bomm ~ifT AT T IR A
(TR TR R IrfAS 7 {4 eI ST T A 9 AeSEa o
R ae Bl RiSH *roxval MR o g-aR i 1 I BRa e
FITECRCE W IRTR I NGE, TIT a1 74 |

3.8, AN 9184 (Logarithomic transformation)

QAT FAMRA () 97 T3 AT BT (WG AT | I TSI
TR Rl o @ e =@ | T Seiren s Ky T 9@ @l (A - 3,3
Z1i%) 972 g WM 47 AT ((AFA- 3000, 0,000 XHIH) T, IR @ AT
TAGE TIAEA BT WACS RN @ meread =Sl NSa A9
SHERFIPL, @A T T 6 Fage 9@ &) Foaerr IRER IE
AT T QT $AG NS GF, TR QI Y 8 TR “So,000° TR
AISYN (5, 9 @AEA NI CH@ @Al TR A, % Mewd ~aSEg e
=ffre Rgiea wm wmk S @) yrom {Tfs & ) @ 79t cvm
(log x) AT T FATS B3 7w TR A Bt 7 @ o
TR (SHIET [ 9 e T |

53¢, TG g Twigad
PISIETE Cercospora leaf spot WIFE 2aiwaRT TR T @316 =t 21
Q| s [fon wiar wu3e H5TSHE aie war Fage B (o) Fiw orsw
T | BAATe fa I warae [JAfSa s esr gem 3

A [JfSw wra (§ooes)

To = (@A TARAIET A2 T W) FHage

Ty = @R B9 0.5%

Ty = (@R B/ 1%

T3 = @RI A 29

T4 =75 - 80% 0.4%

e Twi% = (RIS g0 Taida

SR = 4



BATET T . Ve

2T 520 : oS iy B9 (%)

EEICECEN T Ty To T3 T1
14.5 10.5 20.5 13.5 12.5
(22.38) (18.91) (26.92)  (21.56) (20.70)
T1 To T4 - T2 T3
TR 8.5 18.0 7.5 9.0 11.0
(1695  (25.10) {15.89) (14.46) (19.37)
T4 To T3 T1 T2
A0 11.0 22.5 10.0 15.0 12.0
(1937)  (28.32) (18.43)  (22.79) (2027
To T4 T1 T3 Tz
N8 10.5 7.0 9.0 6.5 8.5
(13.91) (15.34) (18.46)  (14.7D (16,95)

ATTE TG 7« DOTT &2 SR 1M (range) 6.5% (T 22.5%~93 W4
ST AP @ ToATT (AT R TS AREAEA #ATATSE 2= |
TR AT @ £E SFET I o R 2o’ weilifs e [ g
el

R
mm:ﬁmﬂm:{ﬁmw’aﬁwﬁ'@@mmﬁmewmﬁmm
eI T

T 3.2
SR o TR (AT
' To T, - T2 T3 T4
R 2692 2070 2238 21.56 1891 110.47
R2 25.10 1695 17.46 19.37 1589 94.77
R3 2832 2279 2027 1843 19.37 109.18
R4 1891 1746 1695 1477 1534 1 83.43
Torweea | 9925 77.90 7706 74.13  69.51| GG WA ((G.T.)
Q] = 397.85)

gist 2 @ GG T (CF) e :

2 2
- GD =(39;_'85) = 791423

I (CF) = =5 5

et e - — y —



Y40 - : FRREE 23w Toa
19 o : SRR AmE (RsS) R

(110472 + ... +(83.43)2

5
=8013.16 - 7914.23 = 98.93

w9t 8 : Torrboiae PR (Tss) Fefa:

RSS =

2 2 2
Tss = {77992 + (17.06) : ............ + 952
= 8046.03 - 7914.23
= 131.80 :
g%t ¢ @ B PO (Total SS) Fef -
Total SS = (20.70)2 + (22.38)2 + .o +(18.91)2 -CF

= 8176.66 - 7914.23
= .262'43
qit v : Fioeriae asPmE (Ess) Fefa:
ESS = Total 8§ - (RSS + TSS)
=262.43 - (98.93 + 131.80)
=262.43 - 23073
=31.70
5t q ; (SHET REECR &% (99 |

B 3,9 1 (SO RATAAEE T

forom | gowa [abmR [9% 3| Foag F-4% A0S
T Sv) | OF) [ (8S) [ (MS) | frfeem 3 WA
5% 1%

4-1=3 98.93 32.77
5-1=4 ; 13180 | 3295 12.48 3.26 5.41
12 31.70 2.64
19 262.43




TorEd DS 39y

Ty FATES Faq T 1% T W Qe TG | W HHrTroerne (S
I wierrs) | Tead LEFDLTER 7 FETA L g T L |

a9 v 92 ¢ mmwwwn—mmﬁcﬁ:
LSD = SE x 12 TEWER (@l o= @) 5% T 197 T

Q9T SE='\f3"TM-‘1=1‘15

A LSD =115%2.179
=2.50
€19t » : THTOTAR oIS ARAA G AT T T AT AASTACD S
TR SHEFAPA TS A 2 -
T4 Ta T2 Ti T (Frra)
18.38 18.53 19.26 19.47 2481

QA 7% TN T (A, A T Q0@ T FHOEa red ey LSDT
R/ TG | WO FEFA T DR SmerEa A | v@ Ty &
T 4~97 W CPITAITEAR BiesHopl s (7 | A (bar) Toram Megen @ e
75 ST T | & T SREE TR (¥, TR IR Taad SoifEfS




urRd| L R

Erewes farsEd

Analysis of Covariance

9.5, SR
T TR 212 1R 2 46 T TS W e R SO STy
TS T | LR WA (@A ZF QATF TS (T Z e TIA9 71T
AR | everEm TEowba wig T A AT A | Y ST @
TR i Fowa (R o WIS | T TSR e s e o
T3 TR WS (A, o, NG Fagem (v 3, 71, e Topiw
F(A) WG FoA TR PACA TV 93 T RYFS! @ THS@ 7R
THowsa o I PEs @ew AW | B WIOTIOR & ¢ rion T
TES FHT W1 4TS PAE FSI TAS (@ (0L G 1 70 ONHR T
G (ARTER ereRES T e T a7 |
T} FRCGHIER RO ATR SRS T8 | (AN (I *57) $FEIva 1 O 9
Teitwi w1 Arera we forns ool i @4m @ = Sfeea ol sres
TR TG G IS T @7 TR Ao NI SSR [F T T
mﬁ—wwaamwwﬁmﬂwwmww
whRER st W Favle T 2 9@ Se TE® (ancillary
observation) a5 T | ALIHATR TH 25 TS 206 IRINSSIA 4] T
mwﬁmzﬁama@mmn

& HETTA TR W AR A

(=) TOTFS 2rars= Moy N Bo1g 9Tvd 4O L3

(%) *Rrm TS 7 (SRTER SR AN TS A2 T 2

ﬂawﬁwwm@wﬁawwwwmm—m
@t FazaiE Fog ARAT fRaga (stalistical control of error) q0=1I
TEHEH GATD (ancillary variate) INTGB 519G (concomitant
vanate) T=0 TH | .

V0.3, ATHISE RUYER FIZR (Uses of analysis of covariance)
(F) RIS ~IRrwe QR TR Ifa TAL T TP [ A
AT | TSB! YR B (Y)-93 T @36 ALffE F2peTd (X)-99 THrg



TeroaTe [T 39

(R TG | (B 477 (AT TH (7, Y-BFEd B9 X GoNTa LS AR Gae
RCAR Y-97 B T X GFa TSa9 4oR 1% 1 70 T 299o0s
FHFHD (TP (03 q7 1T T )

TSP RO X 992 Y 5o FSasa o= o 4l I X F Y
TR FIET AR T TR T LT @12 | QB SR @A TSRS
TS T Y HoTS SO ASRA (TS Sl | T, STESHeT Rraarem
NI A4 5T TR (AT ) FATTHGD GNP ASA [F WA FOAAD
(ST IO TRGT WP e Sty WHeesa T mt s ars
icd

(4) TEBERRA GAFT (disturbing variate) ASHTS FAA TS
TRrSHIeS REae T4 28| @R (HIE TR RIS w78 7
TR WAPSTE wea (TR g ke fowel el 3) w3 T
(U TR G TR =T RIG0eA Bl T Fre A3fies @ i sifdw
A G [ (O G LT T T3 A 9T, | G @,
@y @ FARETSl (Y) 97 W) @Al T S Al | @i e
A AN FEFER 50D T T (AT (maich) NE, @R @RS
w4 FA T (TR G (HE (WG] NI W Al IR G
NS AMGIIAA FA1 (WS 1A |

(31) STaronte RaETE M [OIrEa AORaT AT F1e &= A9 |
HELSHI RTEA T (X )97 T Tiely FaTSHIeE SGTPEC 14 Y-
93 MR T ST HAGPTINCE 7 Y- T RS 29 & T |
T Y97 B9 [50T5A 2foM, T wieride)d emids 71, vy W s
T @ Toml R =3 oRg afdTem |

(@) @I ToTE W T fag ik A wr@ crwa Ferewre T
SRS IR 39 T | S0 ABEH B[ I @, Wik 5 owra sryewies
SRS MU Soicaa A Rras a1 7193 | _

(8) 3= fTar WEATTFT AN (TS (fiting) TSR Rrael
RS I T T |

>9.9, TEronteE fueane eterim =i (Assumptions required for vatid

- use of the analysis of covariance) :

AT RACRA T TR *E WNE | QS [Y ITEE 9 47

ReEe @ T7 | “FoEn W w9 w9 94w I @, ©wes

frrapITeR 1T TR @7 e =g |

() T [qAA Goers, JT G e eom wwi% @B (additive)
FISRISN

(¥) oAt (By;) W2 *RRTSIA (normally) 932 MATsT F4E 7o
A G I ST ) S OTT (SHOP A |



S8 FrfrEE sfw s

Yo 8, fangaea sifFmeegifera oMafS (Statistical method of analysis)
sarewes Rrarr Rfsa et [ ada =0 Zen—

g5t s ¢ AORE @ Berra TE S99 (Computation of sum of squares and
total sum of products)

s Fifon Beorie aom /ey Biowde T goois 3oz Fdw @3
o | T B Tt~ fowiZmn TR e @ | W (s T g
o ST AR (T e LA RO 2t AHCH! Wi
(& 3 0.5) AT Ze

T V03 [ TSR RAEeE 20

fowom | Tow@ | X-5WaE | X 8Y | Y BEA| Y DO F
T sy)| OB wA] e L] A A
goprafe = | qererem | apmig=| Al
x2 |aPmiR=| zy?
IXY
e b By Bp By
oS t Tx Ty Ty vT Vr
VE
b2 6 e Ex Ep Ey Vg
AT b+t+e
T+E e Tx + Ex| Tp+Ep Ty+Ey
=Gx =Gp =Gy

ARSI X @3¢ Y GAwA AR Fefn @ 7w s FWuew @ opdas
WTPTCE, A T TR L TR X G Y SIET 9 L (sum of the
products of X, ¥) et simte e 96 = <@ |

() e ¥ (CF) Wl

cp o CDx =Gy
- N

AUHE (GT)y 9 (GT)y T WG X TP X 5o A 932 Y
TR IS 3 |

(4) X, Y GETRA SeRPTER 12 WA (Total SP)
= (X1 Y1 +X2Y2 # oo XpXp)- CF
(1) QFTTA FFES, COTSEAS Coaac Qo N e A 2|



TEreRTes f[er Bl

419 3 2 R FRH FSRaTTen Sie 7wt T (Test of significance in the
' error line)
B (x)-4A o UM FACTR (x)- ST T Oreerwyd
TS 7@ ACE ANFTFA (adjustment) I T Foarea= sresrgsplel
F =@ T T T | SRS WG A6 9 70 |

(s) FSasireeriae AsTE, S8 (b) = %533

- EPY
Ex
2
(>) Y 5o T AW FA TG = By - @zﬂ%—
X
-, TRGTFS IO (EY) =Ey- @EP)T-
__®EYOR
| oo St | Yol (OF) | @oPmiz sS) | ofE 3 (Ms) F
E ()
 er=ares 1 SS(b) SS(b} S5
| e-1 Ey’ VE

QAT TR BT 21 P -aF R O V= 1932 Vg = e-1
T F-97 @ W SIeeme 7, SR @51 PR @ THTea e o @ ANE
(adjustment) T AR I T THR)

it o : FSTE ANHITAS (Adjustment of the sum of squares)

G T + E 932 B & T 7122 ANGTAA @7 T T4 412 o[@ R
@ TGemsa o W 290miEe TR [T 39 T TA T + E 9 E-43
WA} S TETE I T A Foowsa T 53R v v | e«
ARGITPS AE G2 THTER N wieenfor R gl e ze

T 0,0 [ STHT (SIS AT ATz g

RooR TEFI@ | REEH] T AN | oFE 39 F-&% F-43
TBeA (SV) (DF; (SS) MS) | fefpr T | TR
DI T+
- TS0 t Gy - By VT
ko e-1 (Ep)2 . VE
T+E t+e-] a2




Q% @ﬂﬁ@m i ﬁ_‘ﬁﬁ;‘

o @ RraTE @R gt IS o d TR 39 7|
2
NG AL (v) = Ty2 - g%z?l
x-—
2
=SS (y) - [S.P. (x ¥)}

5.5. (0

4} 8 : BB Sea ARG
off T oFrwa g ol Aw @, BHOTD ST ey SRerde A W
@ MG At Toraesa P W e IS T |
% ith TOCTESa WANET STYT WA Yi G2 ANET T AT Y1 T

TAY{ = Yi- b (xi- %)
QAT (i) b T FH3 AIE Feare

p=2XY  EP

vx2 Ex

(i) xi T x~ P& jth TSR 9%
(ini) X 91 x Tfrera e 5 T

o ¢ o ¢ S
(2) R S C1 AN A TS ANAE e
Vi=yi-h{x;-x)
7T (W =V (§i) + (X - X V (D)
QATE, V () 2T FOOMH ST @PIGIM (residual) (SHTF QT2 V (b) T
ST T (b) TR
.. VE VE
Q. V (§i) = = RVE) =

QT Vg T ARG T FHE S (SHES |
- aTTs QT HHUFG T (SN
1 o o302
_'VEI'I:'F EX] }
. 97 THES e oifafs Fh

. . C 2.
= qVEE# (Xi - X)° E)f -}
() % ey BoorS sres e @
T i 942 yj jth 932 jth THORD FAWG 5T W 77 W




TrEwEE e VI
Yi- Yj=(Yi- Yj)-b&i-X)

- )2
WS S E. (Yi - Yj) = ‘\/ VE{ (ulL}

(50) TG (SHOT G2 AT Sle~TIop ~M1efy
@AmrTST m%wwmﬁﬁmm«wmmml
T @ TG (SHIET,

sz{ 1, Tx

n-1 Ex

- (SE)Diff=VV

QAT 1 T G A TR v BB N, ¢ T SRR A
@3¢ Tx @ Ex T0en 2rr FoorS wae oihwiie 3sbmig |

G (AT T AR TATS AL LSD el e it

$0.¢. ESD = V¥ x 1 (5% W 5T 01 T TS 1< W)

1.8y, TSRS RTeReeR Baigad : o Hrwm A 5 (38) 9w
o Wigm 4Em T ewem @ Jia 201 O e w0 (39.8) @Ol e 3T
@ X Taew <mairam A @32 Y o eerTm e @R TR 3, o, 993
ﬂﬁm?ﬂ(ﬂﬂ%ﬂﬂ)mmiﬁwﬁqwmmﬁmﬁmm
SRR BT (VA S S TSR TSR @R B | WS (R (7
ored SR g% A o i gk ma e

BF - 038
. "
T ' 5 q
X |y | x |y | X Y X Y
% | o8 |l | & [0 | | 1| m
108 | 102 | 125 | 8 | 132 | 84 | 100 | 54
94 | 102 | 85 | 51 | 163 .71 151 109
128 | 108 | 82 | 72 | 143 | 6 | 116 | 03




s St @ s

qiot 3 : ISOTITE WAL QeEeTSTTE W9 [ Caleulation of sum of squares (SS)

and sum of goducts (SP) |

SS a2 SP WA Ry 7 Yo ¢ TR T -

=T Y0k
L] TG M=
T 9 o q

X Y X Y X Y X Y

96 98 109 |64 179 {71 127 |72

108|102 | 125 |86 132 | 84 100 |54

94 12 ]85 51 163 |71 151 |09

128 108 |82 72 143 |62 116 |93 (GTyx | @GNy
[426__[a10 Jao1 |213 |617 [2s8 [494 [328 1938 | 1299

(=) X 5T & A (8S) AR

2
G e T (CFy = (o

= 234740.25 _
(i) SR 9B TSSx = (962 + 1082 + ... 1162) - 234740.25
= 11683.75

(iii) TSR W S = }2(426?- + ... 4942) - 23474025

=7010.25
(iv) T TSI SS = (TSS) - (FAGT TG SS)
= 11683.75 - 7010.25
= 4673.50
(4) Y 5573 T 2508 (SS) T
(i) (N4 T (CPy = 1%93 = 105462.56
(i) SR BOTAL TSS = (982 + 1022 + ... 932) -~ 105462.51
= 5502.437
(iii) FAQER W0 BOTE (SS between groups)
- i (4102 + ....... 3282) - 105462.5
= 2826.687



TSHeE ROEs W

(iv) TR WSTBA A5PTAE (SS within groups)
= 5502.437 - 2826.687
=2675.750

{51) "X R "Y* BEA @ TR (SP for XY)

1938 x 1299
@) (CF) xy =-———1’;— = 15734137

(ii) TG @9 (Total S.P.)
= (96 X 98 + ... 116 x 93) - 157341.37
= 486.625

(iii) WETSTNd WiH} SP (SP between groups)

=l (426 x 410) + ....... + (494  328) | - 157341.37

=-1376.125

(iv) Wi=Ta B[e5gid SP (SP within groups)
= 486.625 - (-1376.125)
= {862.750

TP 30, | (SIS 32 FRTSHIOP TR &F

fomem | {&991 | 7,2 gg Txy SP| ZTy2 MS F TP

Tax (DF) & | Ffirs| <dm
(x) Xy S5(y)

(3V) . TH (5%

BE)

p—— 3 701025 |-1376.125 | 2826687 | 924.229 | 4.226 349

RIS

p— 12 3673.50 | 1862.750 | 2675.750 | 222.979

REIE

oIs 15 11683.75 486.625 | 5502.437

QU FATPS F-97 W9 G T 5% e 3, 12 AT TETER F-9F T
(3.49) 97 G TF | 97 7Y, 7 AR &7 v T o oF s s
Bl SN @A

9Bt @A TS IR @, Tjeas o oo fe fifew B fom wram amm
W W) 9T WA SR NER YRAEE oS SNf@E G 981 O
sfeRm a0 e Al SRrs (T 97 SRR JSRTE SRE)



R Tafmng Afrw iy

WS o s | o w oaw Feres @@ w1 o s
3! T VIR |

ol & ; WYTITTR Slermepor el =@ (Test of significance of the
regression cocfticient)

TP S, SP IR AN I (adjustment) AT -1 B1F &7y
TR SieReler R IR TR | T Slesry 1 9@ T I
A (N, AR AR LSAF SRR AT T 203 My e

Ol T 0 BoITE AT TS TR | A, Wi Siesreysfor
e 1t = '
o~ 2xy2_(Ep)

(F) MeAimas™e SS(b) = < 5 =62

2x=  Ex

_ (1862.750)2
4673.500
= 742.449

() Y-98 T WG 1 SS

wefle GTEIA SS =SS (y) S8 (b)
= 2675.750 - 742.449
= 1933.301

BF 30 9 L y-d T (I RO 7

ferom  yewa  (aPelE [amae | paw F Siakigs
B (sv) | (O (SS) (MS) s |59 @A
- R TR A
e | 1 742.449 [ 722449 |4.224 4.84
@A | 11 1933.801 | 175.765
g HITFS F-99 W T8 TR @7 (@ e s wlese

T | T TATET ANGTPAT LA (1% 1 I GE S A] *%Fo0 3571
LGl

45 © : RS 292 W1 T @32 FTFS (SwIerd REgE (Adjusted
S8 and dnalysis of reduced variance)

e el A28 IR TS AsOE (adjusted SS) I T2 73 |

2xy

S I = Ty2 - =
Xx2



TETSweR AT b

o 10 b IS (ST K@ v

fomem | qEma | yaa T oS | ol | Rerps | mfirs
SISy | (DB 37412 (ssy adj) (MS) F-499 | F~93 A
T} 5% B@
wAGTER | 3 5482.169- " [11827956 [ 6.731 | 3.59
- 1933.301=3548.368
i y 2675.750 ; 1 J%.?ss
(862.750) (
A 4573.500
= 1933.301
o) 14 5502.437-
(486.625)2
5482.169
= 5482.169

g e A P R RETS 3, 11 TR 59 W F-93 1R
(AP IS Wq5GT TR 8T AT W T (T 9wd WS Jies o
3f TR 1 ABIZ T S N |

919t 8 : TBrroa sToa AMGNTF (Y1) (Adjustment of treatment meas)
Q< TSR T B TR (2R W Jad W Do S
T A FACS W W R BoorS eiren s T o

Yi=Yi-b-x)
QU b T F B AR Feaares |
_ Zxy _Ep_ 186275 S

b= 32T Ex " 467350 03
:
aaex =128 _ 5] 125 N
16 . '
BT V0§ OTTA NG
@A CZai | xiex B(X—X) TEINEAT | TG
I SI% i TT Yi
Yi-b(d -
X)
T 106.50 | -14.625 | -5.835 10256 | 108.335
4 100.25 | -20275 | -8.329 68.25 76.579
5 15425 | 33.125 13.217 | 72.00 58.783
T 12350 | 2.375 0.948 82.00 81.052




Shy G Adw s
g9t ¢ : MIGHTS SIF AR e & Sl =13l (TesL of

significance for comparing adjusted means)
SE of (Yi- Y))

= V VE[%+ Xi-x)? E.: 2]

(i) TR,
_ 2 5 -123.5)2

SE (@-9) = \{ 175.755 [4 + (106:67;53 > ]
=19.035

. __ 9 108.335-81.052

‘T SE(FT) 19.036

= 1.433 (St %)
(i) 9FTOME,

SE (T9) = 20.9108

108335 - 58.783
AR =""50.9108

=2370"
» Tdie, 3 8 51— ST WER T 5% BT Dl ey TR
qrzea fifen Gomwsa siwa v gem I Brars o T

Qo o : 5 (SR A2 JSW Tlesfeld A Fef (Calculation of the
average vaniance and the least significant difference-LSD)

(ki-Xj), x DO@A FHES T5OME (Ex) 99 TN IT T4, W93 Wl
TOTIEET Tol TS S (S (7) PASW Do Afa (LSD) T
TS AR |

VET, L, Tx
“or n-1 Ex

2x175.755F . 1 7010.250
4 a1 4673500

= 131.81625
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LSD = Vx TOgage AT TEIET 5% BT (<99 3T
= 11.48 x 2.20
= 25267

gt q ; A BT MU Tl Brgl" (Representation of the results by
bar diagram)
WA T 9q g 5
AGHFS 108.335 81.052 .579 58.783
G A% I

9 v : TP

Toiare R e 2 7, mmﬁﬁw%mmﬁ—a
(& F@E | DA TAGE TE G L, o, ¢ T-a7 FOlY QT
TR TR Siesidefona foaea 731
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Cross-over Design

8.5, gt .

aor ez o WS R @ g fwiem ot Ty
QT BTEY AT (@, A WS TonETEn - vrais w1 37 fwiEs,
@ FIG 35 TeoZAe YRR (continuous) TETEAS 35 T | @A & LTAA
e THIEET (@ @I A TG @ Ters s I 7w
A T TG T A T w1 A 93 TG 9% o
IRIR A 1 G F-soR fTomma g ~1iwe oG @ 9o
GB0FG ~drmrea WYl ST W 79 TWHE G I99d DA T T
AlTey @ W BOITD (FEW TN WA A{9red WY T & 4Ar
Frorem T4 {oa w Torsa siedm o[ | wa-gr fowzm arg 93
SR IBFRG PR TS HIT M @A T 9T THFS 2wt I
AR AT I@ T MO @ST T- T AW @ 4 FoeZaE T
GO (cross-over) 4 J26-9Sd (switch-over) &% 7= 23

8.2, e 3BH (Experimental Units)

g e SowiREa (hig RrEeR T TN ToaE 7 ST
TBAB (fractional durations) S T T 4R At [Jfw Boews a@zm T4
7m, R @R TR 2R Ay TBRG R [ara w7 73 93
@ TTWEA MG T Y AN ST (1R TErrooTqeza =M aa 2
G TEY @, YRR A TEZea owa @y 9T Tk a5l
forer 19 TG 9Tme - mwwﬁi@ﬁsm*ﬁwwﬁm
TG e R =i

89, Cﬂﬁ"\g‘\ﬂm #etq @72 fTHM W (Residual effect and rest period)
@I TEors 2t a5 Tam smRs o1 Toresa @ 451 5ATS AT IS
caﬁgzna TR S[SM A PHR-€TA LB (curry over effect) 77 | r?lﬁ"g\?ﬂ?r
SR T (@A BEowsa arsm #fwet Tars [ aRms @ s
SIS (AT T |
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WO RS (@I GorT TARER WE o awgs Toresa
TG SeIa RE @ o Pt W S | &3 S RS
s Torwrsa % ~@ed TR = Borws amenad | (R THHeE
Rrg P &= g o7 =) |fie, Q3R (R (@It S ey A
D 21 77 A | DT EGAR srow e 3 W13 Ao owea eitey S
2[GH (border effect) 99 WS |

38.8. 1A G2 FAyEt 1SS (The technique of conducting experiment
and analysis)

T A{Srer e TS [WT6A RSTaei® (fractional period) THOWGA

oroifire erEE Bor TS18 @ ¢S (grade) T4 TR, (T BT T (better

period) TOR 1 S QAR GEIEA WRETRE SR T @R T

T, Rt Remem e RISH @6 @ Qe (@o-% 97 AW Fam

TS AT

SrrzerE©l, 3, AR SR Sfle U S G492 MR R LR
AT T QST T FATS @ 4R~ oA W v |
ey ¥4 (R W) i o W e ot e ool s g g
(TR AT V0] ST L S A T 4P 4T I AR By a3
T} RS AT ) W G 4 G AT T et o aw

QTR T4 AR AN T STHHCE S AP 472 TS A
1oy T (TS ST | @ SIFA TR aRB 517F (3 St J4 o7 SIS S o
o | @ St Afef s T e BT FrbAl $Are 1 @32 g
AR R Rsiers afSh Torrn s ToRE Rei s 41 73!

QU TTEY A ATIEA (4, FAFCA Ly FATIEE FOOFS AT
T 701 - B HHTEBA (BT AR A 8, v, b, So T A
oS BTHeon cora SRR A - 9, b, 5, 33 Ry

7% THrTEhT cwia T T S 7 A, &9 s o wm
B W JIAT Q FH AN

98.¢. TBTITBA ATMS (Application of treatments)
T IR P gae @ §H BoTEs amr 4 oRime T DY 93 9 @
AT | AT WP CFC@ e a3 IS (T 4R AR FA L
“aep epfraaryd Wy TN &9 Wele B T A @A W AT 49T
I | CFESTA A A Al T | W s A Wi areta
sipq TWAITen RS 27 Ty (Al |

W o Fem @die, Wi AufEem aEEE FE AFH A T SR
SRl (2% 98.3) T
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T8
5} FAN (SR (60} o5
y X 9 B g b 9 R
SR N 3 T T T T Ry
S T 9 g 9 9 9 R2
Ci C2 C3 Co, C1o | >@wie
(G.T)

QYA 773 T3, TO0eS QA ‘e ~rime aoom ¢ wiRes Fbfies
SIS (A SR | A1 ¢ 5 Aot o2 sRfiron BHes et v =@
R

38.¢.5, COMIEF FRATCIT 57 (Structure of analysis of variance) - TAfSa

BTN (SHIOT AT P 1 (SUTOT ROPOR &2 7o 191 20 932 &
IR TYA (38,37 B (A A )

T 33,2 : Braie Srrmm vy cowres R

fomom ¥ Y@ (DF) PR (SS) KB RS F
{SV) (MS) CgATE

T _ 9 SSC vC

i 1 SSR VR

[Hgesy 1 SST VT V1
VE

T 1 SSE VE

ol 19

Ol A @, BoITEA Framel widepiee (e Ao 25 s wre | af
N T F-aa wm Sieere 7, o SrasreE Wl (SE) ey
T TB50FG U531 ey gt ol 7 |

area g TS srwa s e 3 (S

_\/ 3 x e e

o SR Fedyt

SE Fdtim == A 5Ty WA WS SMF ACIRET & ¢
ST LD (@die cD) Raw 71 73

LSD = SE  ®i54 &} DF @ ¢ B@ " 99 TN
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386, FH-GST A Fowide T qofa TILT (Use of latin squares
in cross over design)

nf% Tl T @, ST 93¢ T TS AT Q% TR (AT G SR
foAoq T@, SIEA TRERITES (FAR TS SHZA o7F) IS
T TH (A, @ AR TS Q@ ECR-30 @ TR AR 23 |
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AT ofd STERS S €Y (OHe Raen e oo 8.0 97
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