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(S / k) pald) Jyumaa  (1-1) Jsda

Without fertilizer with fertilizer
S Ha2 X PO

2.55 3.27
2.36 3.68
292 3.52
215 3.72
3.06 2.89

X , =261 X , =342

P oSty Ophadl b Laseddl e Gilsal gadidss
oa) 5L o ¢ tade Ga slacad) gy Cas Joraall B 350 Gl Ja -1
Oe Liladly . Liswall Gaaas 5 30 0 (gotiaa Fo0 58 Usamall 3 G5dl Ja
: A} (Null hypothesis) paadl a3 SL3AT gis Jlgeal! 138

Hy:l,=H,
Lagils Gasddl laa Jyiag s paill Jsana Uniapia Laa b, 9 |y ol Saa
MIUIAVJHJIJM;VJL‘,:M'UQ Sa ual 4T gl Hlisbusa
:(Alternative hypothesis) Jauaadl o jdl) sue 138y « Lase Sy

H :p,#H,
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Testing Hypotheses L IVES PEN RN S N FY -1
Estimating treatment differences slallall cns Fophdl yaais -2

Li,adll 2-1

ol 3aaua 3ilda e Jypaad) pliiey mbaiis 5aiad Loy Liyasdl i as
PR | JODE PYOWDY PL: Pl J6-W JU UL PN & W IWRCH IR PP TR IR
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: Treatment allal] 1-3-1

G0S3 wdy . Lansasll Bl le il peldy A0l Ligohdl o
A o ¢ Bl G Lo gana o) paddl cilical o Logaas e 3lie alaltal
B daal) 5550 Lay ¢ cpma ansa cubagtues JSa galy (Factor) Jalad culsgtieua
BlsalS Lidsay wladlall 5553 a5 iy - wbigtantl & olallakly o Jalall
REVORTTORCR FPLIOL & IVt 9 PIOS 1)
: Experimental unit  Laasypdd] Taaydl 2-3-1

- Baaly Lalles Lale (o503 o7 pliand Toaasaadl 3ol S Ladad 5aud] o
Ligad b dnanas Lallas Loale (o525 oo, Takad Laaasand) damedl 555 ad,
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IR E TN PR TPON | P BT | PP SR R TREY
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S, — B ondeeasib] oas GoAL TBEI1 3,35 95% uanyl -

Losaall Gudu G Ligaall o padlaiad Gaiiyoh Lol Lalye 40 22

2 Gk JS pladdiwl G 33055 5 say (21/100gr) LI bl | elaw

13.00 1393 1378 1321 1376 : _J % Gkl —

: Ll G dadl —
doadl pas, dll we Hgtp =p, paall ja,d , il -

10.74 9.79 9.08 1428 11.72

.fa=01 aie Ha:u]>;,t2
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: l‘,Jl:.JLS (100 x mg/gr Dry W )=bilad i =aslSy (Methionine) cps gaid)

Control 27 30 18 36 33 18
Infected 21 50 35 26
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18 30 Lol
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TH [ —He onr Goal B 5,3595% sa sl —
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Patient 1 2 3 4 5 6 7 8§ 9 10
Before 70 8 72 76 76 76 72 78 82 64
After 68 72 62 70 58 66 68 52 64 72

§ odasll ate pull biie Ga padd sl gud) pludsd Ja -
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OPTION PS=65;
DATA SODIUM;
DO JUICE='APPLE', 'ORANG';
INPUT X @ @) OUTPUT;
END;

CARDS;

4.86 4.72
5.11 4.81
5.23 5.22
5.19 5.7
5.61 5.52
5.32 4.96
5.20 5.35
4.95 5,34
4.98 -

i

RUN;

PROC PRINT;
RUN;

PROC TTEST;
CLASS JUICE;
VAR X;

RUN;

Variable: X

OBS

(Yol EN I T, I VOB LB

18

0.2
0.3
P

1-2) JGa
JUICE X
APPLE 4.86
ORANG 4.72
APPLE 5.11
ORANG 4.81
APPLE 5.23
ORANG 5.22
APPLE 5.19
ORANG 5.67
APPLE 5.61
ORANG 5.82
APPLE 5.32
ORANG 4.96
APPLE 5.20
ORANG 5.35
APPLE 4.95
ORANG 5.34
APPLE 4.958
ORANG -
Ttest Procedure
std Dev Std Error Minimum Maximum
2485798 0.07495266 4.86000000 5.61000000
3930338 0.11996186 4,72000000 5.67000000
rob>|T|
0.7547
0.7888

JUICE N Mean
APPLE 9 5,16111111
CRANG a 5.19875000
Var%ances T DF
Unegqual ~0.2661 11.9
Equal -0.2727 15.0

For HO: Variances are equal,

Fr=

2.28 with 7 and 8 DF.

Prob > F'= 0.2717
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H
OPTION LS=65; (2 - 2) JL‘...
DATA FEED;
INPUT X1 X2;
D=X1-X2;
CARDS;

36.32 30.51
37.51 29.37
35.47 28.72
38.20 31.33
36.52 31.56
37.22 29.80
38.95 30.50

.
r

RUN;

PROC PRINT;

RUN;

PRCOC MEANS;

VAR X1 X2 D;

PROC MEANS MEAN STD T PRT;

VAR D;
RUN;
OBRS X1 X2 D
1 36.32 30.51 5.81
2- 37.51 29,37 8.14
3 35.47 28.72 6.75
4 38.20 31.33 6.87
5 36.52 31.56 4.6
6 37.22 29.80 7.42
7 38.95 30.50 8.45
N Obas Variable N Minimum Maximum Mean
7 X1 7 35.47 38.95 37.17
x2 1 28.72 31.56 30.26
D 7 4.96 8.45 6.91
N Obs Variable std Dev
7 X1 1.18
X2 1.03
D 1.24

Analysis variable : D

N Obs Mean Std Dev T Prcb>|T|

e e e e = e
e it e o e M i S e e e ot B ok Y T Y e e e =

e et e e e et o e e 2 i D T S R o o T e T e =
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One way ANOVA  (gsla¥l galadll Jalas 2 -3
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i=1 j=1

-—rz(Y -Y.)? +22(Y1, i)

i=l j=1

= SSB + SSwW

eule gaall Jila

p gl LS LS Ll cla 5u 1523,
df ¢gp, = df sop +df oy
kr-1 = k-1 + k(r-1).

SSTo = Z Z y3-CF, CF=(Y.)*kr  (Comection factor)

=1 j=l

SSB——— ZYZ

i=1L

SSW = SSTo - SSB

MSB = SSB/(k- 1)
MSW =SSW /k(r - 1)
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F>F

k—1,k{r-1)

oK il

(2-3) d‘,.;?llv.'-c,__nl__..ﬂl Jualad Jgis pasliy

- sla¥! Haball Jolad Jgaa = (2-3) Jysa

BT asan | Tsall @l sa] @lagsll paaga| el cilbwyid  Laus
Source of Degreesof | Sum of squares Mean squares F
variation freedom

cile yaall o k-1 SSB MSEB - h";‘;’g
Between groups
cile gaall Jalo k(r-1) SSw MSW
Within groups
g oaall kr - 1 $STo
Total
: (1-3) Jla

Sl pass Oa LipSia Lihlgddie Line cugaw citua JS ey « (AB,CDE)

c 33) Jasal) b bl sdas
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Y2 (5522

kT - 507) = 8705.83

SSTo=2‘.2Yi2j-—CF , CF

= 9720 - 8705.83 = 1014.17
5
SSB = -i- > Y2.CF
i=1
= % [84 2 +118 2 + ... + 112 2] - CF = 9059.14 - 8705.83 = 35331

RV A B C D E
7 13 20 9 18
9 15 22 14 16
20 16 21 21 17
calaalidl 19 14 217 2 14
11 22 23 8 22
6 22 15 10 10
12 16 19 7 15
Y.  poaall 84 118 147 91 112 | Y.=552
Y, huesll | 120 168 210 130 160| Y.=1577
SZ bl 30.67 1348 13.67 3867 13.67pTY ;=97.20

SSW = SSTo - S§B = 1014.17 - 353.31 = 660.86
MSB=SSB /(k-1) =353.31/4=88.328

MSW = SSW /k(r-1) = 660.86/5(7-1) = 22.029

F=MSB /MSW =88.328/22.029 =4.01
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ot ( A-4 Jsua)a=.05Tuall gytias aie Lad guall F L .(3-4) Jyaall

= - . I-a .9 _
_)—.IS‘ “rl « F=401, 1,._1_;.-....:-“}-" LA—J—‘U‘ L-._l_’ Fk—l.k(r—l)_F4a30 = 2.69

d—alas on Lisnaa Ly ol oF asasy H ) padond Ladyaall F o
o5 L Lle olag A0 lia ) Lileay Tasday . Towadll JUas 1) il ol
orle #lag s JGH sasll Lo 51500 Tilia Jaad¥ Gad elld)  clilas o Gaal

-H, paadl Gasd Lava pue e (203 Jods Wl clGlod] o3

CJ@h ) etibed el Jalas : (3-4) Jsea

S.0.V df SS MS F
Between groups 4 353.31 88.328 4.01
Within groups 30 660.86 22.029
Total 34 1014.17

(P-value) : Lyyuall Lisiall

oedlis paadl Gasd Jsa LA IAY Goia pogia A Lsecall Tgiadl
slosls Lalyaall il gloatily Lhlaaa¥l Jylaall pladtl Ylapnawl 3
O Prvalue gidiacis . oe 30l o Lgtall gatene L liey Tygoall 1y giall
oY) acalall e Tupasl] Litlaadl galall plinay Lopeeall L33 Ly
@, lEad ) Sl Lpawad

e Laiatas J80 Tae gilas Lle Jywaall Jladal L3t P-value Gias
JUal 5abid) dalad Jgua 5 F LAAY TewddGi .« sualad) gradl g H
b 401 a 5T Lsian F Lle Jyasall Jlaial Lygeaall Logiall Jha Gabud)
b A (13) USAIH o pagdl] 13A gty Laaaie Lo yill uilS 150 L3 gua
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P-value = 0,01

F* = 4,01
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i=1 j=1
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n.-1=k-0)+Mm.-k

F>F, 7 ., :WH,

Oolall Julas wlalykmil wllila. 4-3
Violations of ANOVA assumptions
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Ead] slass] (g0l G e LS uilas pae LAY 1aa @S 153),

Ll Jalad o ya] Jad piol]

Y | L9
i) e Liliass e cols )b Lyl poaiyad (1-3) JULE paisos
n =35, k=5 $2=22029 C (LT

PBealinh 00 Tad Glua wilphs L Loy
A =(35 - 5) log (22.029) - (7 - 1) [log ,(30.67) + log (13.48)

+log ,(13.67) + log _(38.67) +log c(13.67)]

=30(1.343) - 6(6.475) = 3.311

1[5, 1
C—1+-§-[—-6—+35_5]—1.07
3.311 ‘
B= 107 = 3.09

. X Tos.4y =949 Liguual) IS agya Lasd 54K5 00 = .05 Lusiadl (g yluea dia,
Md Lol gl 1Bl a 5T crnand B =309 s )l jlasidl Lags of Ly
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wle @dbagasd) Gany Jlial oo AL o34 Tallal b Laslad) Tkl
el
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Sl 5% e oals Lasua ff asste 5ud Tausss el p Ll Uta
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i=1,..,a ; j=1,.,b
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Zai=z Bj =0
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Unddl cmslas ya p gannay

a b
SSE=ZZ(Yij-?i_-?_j+?..)Z = SSTo - SSA - SSB

=1 j=1
[LIN N

SSTo = SSA + SSB + SSE
ot palall GIGd Lasadl cala yuy

dgSTo=dfssA + dfsgp + dfgSE

ab - 1 = (a-1) + (b-1) + (a-1) (b-1)

AT bl cllacytia sty - Guliall Jadal (7-3) Jgaall Gaoa | 5adly
MSA =SSA/(a-1)
MSB=SSB/(b-1)
MSE = SSE / (a-1)(b-1)
fal H,,:a =a_=..=a,=0 pom—adl Gh—d i

delds gaus LALANH Gaball Julas ¢ (7-3) Jgum

Ay juaa df SS MS F
S.0.v
A =l stuns o a-1 SSA | MSA FA = MSA/MSE
B eubistina gag b-1 SSB | MSB Fg = MSB/MSE
Waall (a-1)(p-1) SSE | MSE
) g saall ab-1 SSTo
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Lanboll  oladgsll
ladgnl) Uneelys culaaimpill ells e Llal S F Sladil g0 peda
Peaabal] g g Ba La,sSas At Ll )

E(MSE) = o >

E(MSA) o +——Za

i=1

E(MSB)=o +——Zl32
j=1
6% ulaall 5laia jui 1,04k MSA 5553 Lagace H g, 5553 Lasic cllil
2
Li.o S=laald faslaiis Hald G paudS Taawdd Ge 3ae Fp G540 598,y
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P AGIE ULl alsy (mg/m ) Lbealt syl

Lusaladl ra Uliaa SLT Laad b elggd] ipls £ (8-3) Jyam

B : Location
Time A 1 2 3 4 5 Sum
Oct. 76 67 81 56 51 331
Jan 82 69 % 59 70 376
May 68 59 67 54 42 290
Sept. 63 5 64 58 37 278
Sum 289 251 308 227 200 1275

22 Y2 = 84853 .
i J

tn gl L ps S God Laa GIS 1] La HLSa o8 Tl yad) 03 e gl

P AGIS claa Ul g pasa olal Ty g 5l paatall Cunady
Y, =331 Y, =36 Y,=290 Y,=218 Y..=1275

Y =289 Y ,=251 Y ,=308 Y =227 Y (=200

2
SSTo = 2 ZY 2 CF=284853- L22)° _ 375175

20
2
SSA—-;—[(331) + (376) 2+ (290) 2 + (278) 2] - Q%"g-)—=1182.95
2
$SB =+ [289) 2+ 251) % + ... + (200) 2] L209) - 1947.50

SSE = 8STo - SSA - SSB = 3571.75 - 1182.95 - 1947.50 = 441.30
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P VS Sl Jalad J e GaSay

S.0.V. df SS MS F

Factor A 3 118295 | 39432 { F ,=10.72
Factor B 4 1947.50 | 486.875 | F ;=13.24
Error 12 441.30 36.775

Total 19 3571.75

Lomydll padsi e FP3, =349 a=.05 sie Lulyuaall F pa FA U ,lEa,
b Lotae Lioladl dlia o) g3ty . 0= 05 Lipsall (gptune aie H
¢ 00=.05a3e Lulyuall F pa Fp i liens . Lauaddl oKLY s tagbsll 2o
Calnas walall Lae of gidiuudy H g pandl o padss . F 23, =3.26
NUNPRLYCCU] I VVARREPURUNT Y 1LV | PP UV [ PIRE SO B3 ST | s o
A 1imy &plid) Lo 5o comua GSLAYT 355 o] Gos-adl ells -‘—‘u—'- 2l apaas

PSR VOR VT DY [ JUIC TP | RYPETRERLINE TUF e

Oylad
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CRINPEY DI JERAC
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¢ Tl Luys¥) wie JoyaudyS) cillasayia ;a3

¢ Bartlett HLsal graly Legana JSI 5alall da 3]

s gaine 3o JUa SIS 13 Lo LLadd oubasl) Jalad Tl pad Sl
? o =.05 Lysall csina sic lasyill
€D3JD1V.L_...‘,:“Q5_,‘3_,LUIEJIEJ:J95%4+JI

=sladlaa & 5315 Lawlyu) (Nakhal and Kahtani, 1986) Lay23 cut ]
cilSy saadll o p Il Lagyl i wloSedl Loas Lle sandl glaasy

P PR L R TV L
il Blual
Treatment S8 aads  gedA a5,
A 79.61  79.93 7548 83.22
B " 88.11 86.12 86.20 93.87
C 88.08 97.62 89.48 88.93

&)l eladlal) oslaiayia ad

Lisail adgd LGS Galaall Julas aay]

e oladlal) gaay saidl Alial o Job JUA HIS 13) La 5p3al
L 0=0.05 Liyiaa

C ol il b by pSead ) LuaS dayal L8 5533 95% o)
32309 veda ophieall ey Gie il TR 3,55 95% ua o

el iy 2-3 Gusaidly al) Loaid] pudid (o540 cibulas @il
P osadl) b Blad) 2all) LS 161D
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vy
yaid | Cilical
Treatment LA aaad eda a5,
A 36.05 41.78 40.67 37.51
B 39.75 35.30 3749 35.79
C 38.26 33.80 4090 38.40
SO cladlad) sillaiupia jud  ~1
Oabndl Jalal Josa sayl — o
= Laginll (g atuun win clallal) g Goddly GLLY] g Gdll jusdl -
.o 0.05
QS%MMCILALI-AJ AU.ALLAWJJ'&“M'ZJ:IJJ*J', -
ol oy S o i3 (Oxygen) CpamunSY) LoaS Laal yud 4 yea ol 4-3
P A Jsaall & Pm) @lileal!
Lake -
1 2 3
0 1 14
2 3 26
1 4 25
3 6 18
1 8 19
2 ) 22
3 5 21
4 4 16
1 3 20
3 5 30
Tige JS) cbiubolly oUayil) aast  —1
o = .05 sie Salaad) Guilad opa aSTL Barlett [,LGA) padstieal - o
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YT= VY +0.375 U, sl r..l.'a_'u.ﬂ Oslasdl ualas fos UL-.;“.J' -

(FIas ey e slid (caL:Lqu) o..._.:‘,.LL-U Ol e &"JL.IL_L.I CH P

. dada O Bartlett ,0aa) aly

U el juand o Gl aSaly Galad] Jalad Jyaa syl

Treatment

A . B C
4.2 4.1 38.7
2.3 10.7 26.3
6.6 14.3 54
6.1 10.4 10.3
10.2 15.3 16.9
11.7 11.5 43.1
7.0 19.8 48.6
3.6 12.6 29.5

L0 =05 wie Subedll puiled ,La3aY Bartlett ,Laad) pudiiel
Csaa O colinh GLasl saly Y p=log (V) Wisasd) padiwl
 Taals Uysadll sda ,udas 13U pua sy
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(1-3) Jtha
OPTION LS=65;
DATA ORANGE;
DO VARIETY = 'A', 'B', 'C', 'D' ,'E’';
INPUT Y @ @; OUTPUT;
END;
CARDS;
7 13 20 9 18
9 15 22 14 16
20 16 21 21 17
19 14 27 22 14
11 22 23 8 22
12 16 19 7 15
6 22 15 10 10
i
PROC ANOVA DATA = ORRNGE;
CLASS VARIETY;
MODEL Y = VARIETY;
MEANS VARIETY;
RUN;
Analysis of Variance Procedure
Clasg Levels Values
VARIETY 5 A BCDE
Number of observations in data set = 35
Analysis of Variance Procedure
Dependent Variable: Y
Source DF Sum of Sguaregs F Value Pr > F
Model 4 353,.,31428571 4,01 0.0101
Error 30 660.85714286
Corrected Total 34 1014.17142857
R-Square c.V. Y Mean
0.348377 29.759260 15.77142857
Analysis of Variance Procedure
Dependent Variable: Y
Source DF Anova 88 F value Pr > F
VARIETY 4 353.31428571 4.01 0.0101
Level of =  —vmemm—mmeme——ee Y
VARIETY N Mean . sD
A 7 12.0000000 $.53774924
B 7 16.8571429 3.67099312
c 7 21.0000000 3.69684550
D 7 13, 0000000 6.21825270
E 7 16, 0000000 3.69684550
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2-3) JGa
OPTION LS=65;
DATA AIR;
DO TIME =. !OQT',"FAN','MAY"', 'SEPT';
DO LOC = } TO 5;
INPUT ¥ @ @; CUTPUT;
END;
END;
CARDS .
76 67 81 56 51
82 69 96 59 70
68 59 67 54 42
63 56 64 58 37
F
PROC ANOVA DATA = AIR;
CLASS TIME LOC;
MODEL Y = TIME LOC;
MEANS TIME LOC;
RUN;
Analysis of Variance Procedure
Class Level Information
Class Levels Yalues
TIME 4 JAN MAY OCT SEP
LocC 5 12345
Number of observations in data set = 20
Analysie of Variance Procedure
Dependent Variable: ¥
Source DF Sum of Squares F Value Pr > F
Model 7 3130.45000000 12.16 0.0001
Error 12 441.30000000
Corrected Total 19 3571,75000000
R-Sguare c.V. ¥ Mean
0.876447 9.5125325 63.75000000
Analysis of Variance Procedure
Dependent Variable: Y
Source DF Anova SS F Value Pr > F
TIME 3 1182.95000000 10.72 0.0010

LoC 4 1947.50000000 13.24 0.0002
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v

Level of
TIME

JAN
MAY
OoCT
SEP

Level of
LOC

(4, I U S I ]

(L0 BT

zZ

B

Y o———

Mean SD
75.2000000 14.2021125
58.0000000 10.6536379
66.2000000 12.7553910
55.6000000 10.9224539

Y o ot e e e e

Mean SD
72.2500000 8.4212034
62, 7500000 6.2383224
77.0000000 14.6742405
56.7500000 2.2173558
50.0000000 14.5373083
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COMPLETELY RANDOMIZED DESIGN (C.R.D.)
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die BUL Ula Jd Ga Uy Slaay] dolasdl Lk oS~
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1
T

1

SST = = [14.14 2% + ... + 1693 %] - CF

Ty} -CF=

= 200.023 - 196.063 = 3.96
SSE = SSTo - SST = 8.051 - 3.96 = 4.091
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770 540 320 730 550
630 390 310 890 660
wl,l,Sall | 750 440 355 750 510

670 475 725 460
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gsaaae | 3610 1845 985 3095 2180] 11715
T, 5 4 3 4 4 20
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i=1
= 7363690.833 - 6862061.25 = 501529.583
SSE = $5To - SST = 573613.75 - 501629.583 = 71984.167
MST = SST/t - 1 = (501629.583)/(5 - 1) = 125407.396
MSE = SSE/(r.- t) = 71984.167/(20-5) = 4798.94
F = MST/MSE = 26.13
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Mean 7220 46125  328.33 773.75 5450
Std Error 30.98 34.64 39.99 34.64 34.64
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welad 3ala O] Gase sbasll punge (- 58 Lol ailaayy e alalladd
aay JS Ja s 3 ha adad U Al Lo aidl daayll Jal< e Jyraall
ouad s Ualal) 3aay e Guladl) 321 Ulall ada i . Jsasll uliy hsian
LS L santl Baa sl e

AN Sy tean Lislallodn Ga piiay
c Laaasedd) alaagdl Jibs Galadl cilas s oo clisaal —
 Talladl s @idd] 3l L ye 3l ciluasd) o lidail —
Wadlly iy yrall ggd L8 Lal (Sampling error) Lialall Uaiy Jo¥! aas s
a3l gdgailly potill Jia puags s Landy . (Experimental error) s a5l
- Loyl
Linear Model : v.l.,'.ll g iyl

[V FRUCTIIS VI § SVILOL B PEWOURPT R Y P PN



Of Gua

ENTMURUS E WUETTE IWNTIENS'S FEVTR DIR SEPa giy

pladl byl

idaladl 30 T

i Zadlal) g j Lowapail] Baagll Algdiall Waldll €,

| Ladlall oa j awa ot Baasll a k Liaad) Guayd Alsdead) Wadll T
ot gl 13 Lol culial y33Y1,

£, ~N@O 0)

i

n ijk-N(O,of])
ol e pades da Lpilsdes Ve oo 550 @ilallal) @ilS 13) Loyl
e G Galaa)
(Random Model) T, ~N@©, 05
i e bl JS4 Qe clallad] ol bl Gaatd Tyl wulS 13) L
gisadll e LJGI sl
.

(Fixed Model) z T.=0

i=.

e lalaadl
ciline capany 150,53 1 lpaa JS )% Taflaa t Goad o Gyl 1)
sl Gle Liyandl sia @il GoSaa Lo sad Saay JS Uik e 8 lana
eyl paatall Glua Washe o basd pailsy . (94) Ugaall b puuall
S

Y. =ZY i 1Tl oa § Ll Suasll calualidl p pans —
k=1
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aA

. -L'n.:nb.u & CRD\p..:u_u:n :_uL'nL_...:t (9-4) d,_,..l.a.-

Treatment | Exp. Unit calaald Ll E.U. |Treat.
1 - 2 S Total | Tot.
1 1 Y Y Y 11S Y 11.
2 Y o1 Yy Y i2s | Y 12
T 1rl 112 irs Y ir, Y 1
2 1 Y 211 Y 510 Yus | Y 21.
2 Yo Yo Yos | Yo
T Yz'rl Ym ers er. Yz
t Y tll Y tl2 Y t1S Y tl.
2 Y 0 Y 22 Y s 2.
r Y trl Y tr2 Y irs Y tr, Y L..
t_\,—‘?—l Y...
T
Y, = ZY i i lolladl culaaliia g sasa —
i=1
t
Y... = ZY il QJSJI &JA#' —
i=1
Y, =Y, /rs ilatall facuyia —
Y...=Y../ts pladf fawysll —
Sabaall Jalad  Jesa

_)J-AA_AU.LA:_'L-_ILIJJ - CRD hl-l-l-‘:lj b__,L_;_'.JE I'_Ila-l lJJ-l—? fas n.-
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Lonayasll alaaydl Jiks Lulal) aliay oo @Udadd] say dasa cissdl

(1049 Jyadl paialy, . (Sampling error) Lislall Uady juall 134 Lavay,
-l yl) ol sil Laala Ml clad gadl g Saband) Jalas] o jadf 13, L

. Ciglalf ps CRD paacas! ulailf Jolas 2 (10-4) Jgaa
S.0.V. ds SS | MS E(MS) Fixed Random .1 F

2
It
Treatment | t-1 ] SST|MST| o2 2 i |lo*+s0?+rso>

cs"+scs=+rsh1 n c < VFT
Exp. Brror | tr-1)| SSE| MSH o2 +50 o, +sG. Fg
Samp. Error| tr(s-1)| SS§|MsS|o? ol

Total trs-1 | SSTo

SSE=ZZ(?U.'?1..)2=":—EEY2 L —ZIY]

1

S—EZY2 -CF - SST

t AGH panll o (104) Jgan cilagsa p gasa cunaly

SSTo = ZZZ(YHIC )?=ZIXY ] -CF, CF=Y?/us
i=l1 j=1 k=1
SST = Z( -Y.)?==-EY? -CF
i=1

558 = ZZZ(Y,K

Y ;) >=SSTo - SST - SSE

MST=SST/t-1
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MSE=SSE/i(r-1)

MSS=88S/u(s-1)
F = MST / MSE

Fg = MSE / MSS

Laa il Laa “‘.:ll‘,-l.’n_L”J A A || E:‘J—A.:LL' Luall Fg i g
a>aa; (104) Jgaall s gunly 3y H 10250 Wudl v Hy:02=0
N SN Y T O PL YT [ B T RN TR |

L il T it Ula b B piiy

Hy:t,=1,=.. =1,=0

H, 1, #03aalyT, Ja¥ Ll - T | BN
GJL.;.JIU[.—.VJL.L,..:_.LL;.J:.MQ_‘__.L*.\,:“_.JJ_,_i..-Jt...,;,lSl:s_lL._,__.:..s.,_.gi
FT 525400 Lalsdiad)

N

H0:01=O
Ha:02>0
T
cillosngid Toawaly ) cladyslly (104) Josall o paly Lol fia Loyl

By ,Lasy LSl elaad)

A Y i. LﬂMng—_ﬂ.‘l‘MlJ

o2 Y, - Y odesnia 0y Godll ool LA,

S- - =V2MSE/rs

Yi--'Yl.
o B i G s 5

S 3
Y *t (1 - 2, 1r- 1)) S 3 .
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P Mo H T ordeustia cns 3AU k1) 3 04,
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Yi Yy, t(l-UJ'Z.l(r-l))SYL-YL"

: (3-4) Jlia

Sleall Lol Lle ontlgs 58 Tl yad 51,5000 e Layal g yal
ghs 1,0 18 Lupaall aia b paid sy (Control) Ludi L) Ladlae pa ,rianl!
Silallakl G Lallas Legeas IS craliouly cile gass & ) Ll stie Gay3ss
Lasf pocal dovas Talii e waliyh 3 @lulad Tt U JST cudawy « ol
Liglas e ke o8 Uladl adgs ULy Laaasat Suay JSI claabios sl
Yol Tasiy . (114) Jsaall b @lilaal) coadly . Loyl aluagdl Jils
JSE Sl Glas el @3B cile paadl ops Subasd ] pusilas e oSTaL
(1-4-3 3,341, ks)) Bartlett  Laal pladsiwl o3 S25i=1,23 Leyann
ot SIGI Jadll 3 GS3 LS I H 10 2 =0 2 =0 2 L all ,Lady
- ombandl Jalasd Towlu 1 bl 339 e

Ol sie rand! Sleall e wilallas &3 ,utts 0 (11-4) Jyua

Lajladl

T, (Control) T, T,

41 42 40 34 33 35 35 36 37
S0 51 52 37 39 38 32 31 31
46 47 45 30 31 32 44 43 45
53 51 52 42 41 41 45 44 44
45 44 46 35 34 36 35 36 37
52 50 51 27 28 26 40 39 38

LIZY [, =89875



calaaltie ssasd ok alldy sppadl o ol paay ciling S 7 luay
JELS 7 Goliea Talae Tale Tiayy ls Lagd peinsdy - Ly soadl wlaasd) Jil
. cuYiadl aia

ducasdl Jals i Tallall e wlsalidl sae A n .. ) YT S
Talleall @l I Sall sse A T; 9 =1, ey T si=1, 0 tta j Laguyasdl
On Bamsdl Soa K Baaliall Y 0 Sas%s . Sl bt pas Ul g
P ABIES P aaans i Tadtall

E(Yf,/n,,) YHZ 5 l/@;

j=1
S 2 pased (34) JUaLl Luunllyy

ZYZ /3-YZ2 /18]/(6-1)

=

e Juaad Bood¥ Uslall sladsnuby, . 0 =3 4r=6 S¥ T ellay
sbaal Losy S2=77.02 4,82=7672 483 =57.20 LG = labsl)

GRiA B X Fpp = 461 Ladsuall Lasilly Leas ) liasy + B = 0,129 a Bartlen

o Ut JUA Guatd JGILs Tailada 6 =123 glgainas, Hy
Jhia AT JIKAT ) Wlagad gaaag LoV aalibpad) Jle Galdd) Jalad dadas
 (5:3) Jsually Loyl ol

(11-4) Jyaall =llay pasls Gulaal) culay pr faans Glua losuasly
el y - Laaa yas daay JSI SO clualil) conas Saaa « (124) Jgeall A
P Y PCQES PR\ EN PR

SSTo = ZZZ Y2 -C @:9%%9—)—2—

i=1 j=t k=1



‘Y W\rw|r¢»¢ﬂ| C:"JMJ"M'“

Lospad Gumy JSI claabidl peast pa (14) J guall 2 lilyy 2(12-4) Jysar

allall
T, T, T, Sum
123 102 108
153 114 94
138 93 132
156 124 133
135 105 108
153 81 117
Sum 858 619 692 2169

= 89875 - (2169) 2 / 54 =2753.5

_ L g5y + 619 ® + (692 7] - 21602
SST = — [(858) 2 + (619) 2 +(692) 2] - ~~—=7
— 88788.2778 — (2169) > 1 54 = 1666.7778

SSE = +-[1237 4102 + .. + 117 *] - 88788.2778

= 89843 - 887882778 = 1054.7222

$SS = SSTo - SST - SSE = 2753.5 - 1666.7778 - 1054.7222 = 32.0

. (134) Jyaalls pasll Gulasll Julad Jysa 5 paalall ada padliy
_,L_.:..:L'!lf.a_:;u...JHo:u1=u2=u3,._5'i¢.u....,:.1ld‘,.-.l._...:-,u|_,g:.;¥‘,
s F5 =368 su 5uSl & 1185 iy ol opa Fr = MST / MSE

0= 01 40 =.05 gy —Gens aie L_spias galiula F 215 = 6.68

13a “,J G——atdl J_Ii_'al) SAS E',-‘L"-H “r'l JL_A-"IA'Y' Iin "J—-??J
. (Among animals within treatments) wsladlall Jala eubil paadl cas laassy



3.._..2"-:-':3‘ (L‘I.“ r-:a—'d-ﬂ\ :C-_g‘_,“ J...a,&.“ Vo £

L (34) JUal galaad) Jalas Jyea t (13-4) Jasa

S.0.V df SS MS F
Treatments 2 1666.7778 833.389 11.85%*
Exp. Error 15 1054.7222 70.315
(Animals within Treat.)

Sampling Error 36 32.00 0.889
(Measurements within Animals)
Total 53-|- 27535

oo LAY classse poaaa oo iobe o8 Ligladl Uad Sl Lia S5y
cam b MSE = 7031 5 (134) Jpuall oa Lioadliy ¢ el paall Ul o baaldl)
ol @ Ulsaall oty A SUNEY] plins 5 Lo 13 Jugy ¢ MSS = 0.889 &

Lalaald Lot (ol calaaladd] o

DY aaadn T g Lol dasasal T80 3550 95% alaf Lol 51y
Y, *t (.975, 15) VMSE /15
38.444 + 2.131 v/70315/ 6(3) : (34.23, 42.66)
. 3423 s, < 4266 i
Olal
Ll ad liid] S cilegana paof Lo (Died) »13adl o plosl Loyl e 14

Lyl ans S 55kl auSI 31500 ol @il « SI1 Lo Las5t
ot
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Diet
A B C D
342 317 334 3.64
396 363 372 393
- 387 338 3.81 3.77
419 347 3.66 4.18
3.58 339 355 421
376 341 3.51 3.88

3.84 3.55 3.96
3.44 3.91
Gill (1978)

§ Bartlett jLigal plasdialy Sabaall bl pal 58] G54l

§ laidlp 1pal oas L Wl F L3210y Galaddl doalad Jssa do g
?Ahﬂlgs%mMW|zﬂ4§J1

§B oA acuyia o JoA 95% 185 (gatunas LI 3555 anyl
JJ....‘..--.‘J.LUIA_AL@—;_-JL,._:.L.:L_.Lnldelg::JLe_ﬂllL_‘h_A“rilfRﬁm__nJa_1

Jssaoa U.LA: (Stress - Medium - Wet) g‘)u g:aL;lJ."u.u—A i)' b J__I:ltl Lol 5ul
33 Tk Bl Gl @) 550 b JAaslly 5,300

Treatment
Stress Medium Wet.
88 81 91
70 75 92
08 92 99
104 32 97
92 92 93
74 93 91

(MSE = 82.067) Lasaill ad¢d 5aliall Jalad Jsan sa sl
$ 0=.05 sic clallal] claiuyia cpa G g0 aags Ja

. Luyasll oda gis padl

ude o T onaliniy [ opaling Lalaly 16100 Ladlas  ciladlas & cie s



Artadl ol el Dl W fuadll

Vo

Sl gadl ellsd (kg) o3 5% b 3alu5d | ey Tt sdie L slas Bl yua 30
:V,L_‘ L;SELCL'JI:_-_'-[SJ

s 34l

Control vV, v,
5.09 4.23 4.73
441 5.45 5.23
3.73 4.27 4.05
4.14 4.59 3.59
5.00 4.68 491
3.32 4.14 3.82
3.73 3.77 4.26
3.94 5.09 4.59
3.56 478 4.04
4.07 4.92 4.38

UL sile gand ) cpa S Gailas ass) ~

 ollanayill JSI 95% 135 (¢ ptianas AT 3,50 da

T Slawusil) ops gadna G4 dla Ja -

A

Lﬁl_,.[!,Vl A Gl 95% LiS (g aliuwas A 3,00 aasl — o

Lailly V),
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a
(1-4) Jha
OPTION LS=65;
DATA CORN;
DO TREAT = 'CT', ‘KN', *KP', °'NP';
DO REP = 1 TO 5;
INPUT Y @ @; OUTPUT;
END;
END;
CARDS ;
3.96 1.70 2.52 2.92 3.04
3.84 3.36 3.28 4.16 3.95
2.52 2.28 3.24 2.36 2.56
3.16 3.68 3.50 3.47 3.12
V
PROC ANOVA DATA = CORN;
CLASS TREAT REP;
MODEL Y = TREAT;
MEANS TREAT;
RUN;
Rnalysis of Variance Procedure
Class Level Information
Clasas Levels Values
TREAT 4 CT KN KP NP
REP 5 12345
Number of cobservationa in data set = 20
Dependent Variable: Y
Source DF Sum of Squares F Value Pr > F
Model 3 3.95962000 5.16 0.0110
Error 16 4.09176000
Corrected Total 19 8.05138000
R-Square C.V. Y Mean
0.491794 16.151469 3.13100000
Analysis of Variance Procedure
Dependent Variable:; ¥
Source DF Anova SS F vValue Pr > F
TREAT 3 3.95962000 5.16 0.0110
Level of ——— Y -
TREAT N Mean . SD
CT 5 2.82800000 0.82190024
KN 5 3.71800000 0.382125%63
KP 5 2.59200000 0.37989472
NP 5 3.38600000 0.23891421
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OPTION LS=65;
DATA LENTIL;

DO VARIETY = 'A*', 'B*', 'C', 'D' ,'E‘';
INPUT ¥ @ @; OUTPUT;
END;
CARDS ;
770 540 320 730 550
630 390 310 890 &60
750 440 355 750 510
670 475 . 725 460
790 . . . . .
i
PROC ANOVA DATA = LENTIL;
CLASS VARIETY;
MODEL Y = VARIETY;
MEANS VARIETY;
RUN;
Analysis of Variance Procedure
Class Levels Values
VARIETY 5 ABCDE
Number of observations in data set = 25
NOTE: Due to missing values, only 20 observations can be used in
this analysis.
Dependent Variable: Y
Source DF Sum of Squares F Value Pr > F
Model 4 501629.5833333 26.13 0.0001
Error 15 71984.1666667
Corrected Total 19 573613.7500000
R-S5quare cC.V. Y Mean
0.874508 11.826618 585. 75000000
Analysis of Variance Procedure
Dependent Variable: Y
Source DF Anova SS F Value Pr > F
VARIETY q 501629.583333 26.13 0.0001
Level of = @ —-—————e——r e ———————
VARIETY N Mean SD
A 5 722.000000 68.7022561
B 4 461.250000 63.0310770
c 3 328.333333 23.6290781
D 4 773.750000 78.2490682
E 4 545.000000 85.04900585

2-4) JGa
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»
3-4) Jlha.
OPTION LS$=65;
DATA STIMUL;
DO ANIMAL = 1 TO 6;
DO TREAT = ‘T1', 'T2', 'T3';
DO § = 1 TO 3;
INPUT ¥ @ @; OUTPUT;
END ;
END;
END;
CRRDS;
41 42 40 34 33 35 35 36 37
50 51 52 37 39 38 32 31 31
46 47 45 30 31 32 44 43 45
53 51 52 42 41 41 45 44 44
45 44 46 35 34 36 35 36 37
52 50 51 27 28 26 40 39 38
i
PROC ANOVA DATA = STIMUL;
CLASS ANIMAL TREAT S;
MODEL Y = TREAT ANIMAL(TREAT);
TEST H = TREAT B = ANIMAL(TREAT);
MEANS TREAT / LSD E = ANIMAL(TREAT);
RUN;
analysis of Variance Procedure
Class Level Information
Class Leveles Values
ANIMAL . 6 1234656
TREAT 3 T1 T2 T3
s 3 123
Number of observations in data set = 54
Analysis of Variance Procedure
Dependent Variable: Y
Source DF Sum of Squares F Value Pr > F
Model 17 2721.50000000 180.10 0.0001
Error 36 32.00000000
Corrected Total 53 2753.50000000
R-Square c.V. Y Mean

0.988378 2.3472424 40.16666667
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Analysis of Variance Procedure

Dependent Variable: Y

Source DF Anova SS F Value
TREAT 2 1666.7777171778 937.56
ANIMAL ( TREAT) 15 1054.72222222 79.10

Tests of Hypotheses using the Anova MS for
ANIMAL (TREAT) as an error term

Source DF Anova SS F Value

TREAT 2 1666.77777778 11.85

Analysis of Variance Procedure

T tests (LSD) for variahle: Y

Pr > F

0.0001
0.0001

Pr > F

0.0008

NOTE: This test controls the type I comparisonwise error rate

not the experimentwise error rate.

Alpha= 0.05 df= 15 MSE= 70.31481
Critical Value of T= 2,13
Least Significant Difference= 5.9577

Means with the same letter are not gignificantly different.

T Grouping Mean N TREAT
A 47.667 18 Tl
B 38.444 i8 T3
B

B 34.389 is8 T2
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RANDOMIZED COMPLETE BLOCK DESIGN

Lania 1-5

LodaS Ll Apdeandl U poacadtl I Sabudl Juadd) b B3yl
O Oy cda s 1wl G san Tapasidl wlaagdl dals e cladlad) pas3
3]s Lasasasil) claasd) puilsd oa paesail! eld Gaalai) elu] by olin
ot Loandl aluaodl oa aays Al Gaodd] auitie dasld] 1aa ey o
Pl AL Typasd] 3oGS G Jalisl] ) alld (pa5u s o s rasd | Uadll Lays
cclallad) G Ladadall 34,400

Ula Ay« Lapadl) clia sl g puiladll poe Uls ciaay 13] eyl
b laasd) aia c_h._a ealsll oa Gla e Glaall G saaadl 0 Lals,
sigzy - olethill dals clallal] Tylaa peis o8 cilalad 5f Luilass clesana
reaoandl Uadll G ilelladll ooy clisaad | gloacl Galals puad Lokl
Lt lstiall calelaidf paasad sutiagy aasadll Uadll saias L (g5 laa
Siadl aalaa b Legad A1y Lol olagasaill 5 RCBD 1S

.V.J.-JI

: Blocking oilells Vj Lo yaddl eulia ol pani 2-5
daly g lhd 8 Luilaill L sodll clinsl] paasd G bl iyl
LalSa) o 5u%3 L Llle . 35008 Bius clalladl Tijlia o dualall gnSai ga



ALl 31y all Slelladll o pands T sl Juil Y

Lisas Lsl 5355 L 1]« Laslase elelhag b Lossaidl cluagd) apassl
wle (A1) SIS G aaadl @Gay Laaa, ol Tl Ll alplil Gaay
OS5 Lalall Lael, 5 oslaal Lol s+ ppaasd) elldy pods Lol
O S5ST Luall Lials e Liadlatia Lpudins o Ls i) Lopssaill calaa gl
caalypllad b Gdan oa LaasRdl laagd] pass el o buaad) calaaydl
Lajdas 558w (Response) Liladiwdl o cldadl cuay of Guas
Lapoaill cluagdl on LAl @USEAY T cad s alallall oay alislaiiy|
3l sandl i chiiall cina @bilpaall paad alpaall glasy ) olad) Lawally
Boll juias poditint Lieliall csladdl by - L) cliaall i Gudall
OsSs Le LdGy . Lailasa wilelhd b laasdl gpoeaadl JalaS Ly sasl)
Saalae St B elliy Topa3 JS) Loddly CildSas (o 5d poasd Jalse Jlia
cgaladl a )

wilaagdl o Halasdl 508 O (A paasid Lilace L3 Lagl) Uainlly
Vo Lol alaagdl JS oas 301 Galant] e J31 p Uakl] Jibs Lo yaill
OS5 daptil) 134 Sa5%0 ol laly . Laali i cilelhili pladtna Lilee paas
- Ladeadl) plI) praadid) 3,6 Ga ST pracadl! 138 3.US

P ) LGal) Goludl pagaldl Ga gty
b LSl BT ALY e ela 51K 5] Ltaall Lol 31 s lasl Luwsil —
s s cala3¥ ellid Taalatia ik clelhill poys Logaddl La,0
byl sad g Wsladl cilelail!
L yail) elaagdl e sae J3F Lo datitid A 3kl cilethill Juais ~
o Uaidl Jabo Loyl wlsa gl oas alpadl ol 3 p Uail) paa ol LalS ¥ 1 ks
c et G Gpa Jlia O CiaSias 48 liag
33liay plaill Jals oUnay) ga Jolisll olelilf Jabi e Jaas —
o aalpll g laill Luasisstl elel o Lty aa s 1igdy o clelhill o calastzayl
Tisodes pllad JS dals Lilpidie wlallall g 553 ppeasll Lilee i La 13l
Ladanll Labae i daingion Lo Jiny Lisail) o ooaY) wlelail) G Uit



V\Yy FHACY] l;Wl olelhkall r:-s-a-'v' :u.«.nu-l LJ.ﬁ.&.H

. (4-5)3_adlL

pracaill Ggaey Lise wlalazswl 3-5

owilad pis Uls b Wl Lslptiall lelhill prasad pai i
A Sl g latid Lilae ga Galadl 3Sams Sua L sasll @i o)
Lol G peaass ALy e padl] Uadll Ga culelail] oo
f o pasadt] 1igd Lol Ll 30
- ileladll plasials Lypatll 3,GS, Las (punad —
s alallald Gra sas g1 cilelhill G die (o pladtial LaKal ~
laalidl Gany olais Ula b he leges i Silaay] Julasd] ~
 Lee 5S35 paadl paay alliag,
o] el (g5 p Unll Ja s Lagy st ) clam o) o puslasll aes o 13) —
- gtoandl Uil Laad 3uty5
- ciladladl sae o) clelhil) pan 33L 5 paasatill 3.US yadis —
puibad Ula i paaadl] Fia g Jodal Losiasd) pladl praiatll o< —
’ L yandl elaa gl

: Randomization Ladasdl 4 -5

A, : Lallaa t=4 Gyal 31 45,333 ROBD paasat) Lodiadill Lalas paan sl
puaisy wlelhs Usts ) Towpadd) 30l ¥of padsi . wilelhir=3 4B, C, D
IS Jab Galste ¥ alallell £ 503 08 ¢ LseS @laay 4 ] pled JS
pinsy - AV wlelhill b pdn ol Lot e Uit Ligshay plas
Jals @liagll p13,5 pa Liaapad wiliag 4 1) g lad JS aaads (1-5) JSall
Garda e plad JS Jila g ¥ wlalladl padatis pads pi . 4 ] 1 5ap Laill
(A1 Jgan) Lslsdiadl pla Y1 Jglaa pladie

P U Lol 3 Letiasill Tolae by Loy sy
O Baae¥ Lad) Lal passaad : Tadyp leidl Jals ABCD clalladl gasei—1
Calig; o8 ¥ Lo )W L gilgdial) Y1 Gilaau s A1 J gaalls 53 1) 50



WS &3t ptall Aelladll 1pana T pualih Joil V1 g

ol Ol sdiadl 05,1 a3 S Lalladl
1 593 2 A
2 995 4 B
3 103 1 C
4 868 3 D

Lorasanl) Suandl J2ls Lgaaiys quua Llalaa JS peand . Lo clias
3 AD 1 AC 44 b, 50all B 5205, duagdl Al L Lalsldl

pis | Sladadl a3, R Ladlal!
1 112 1 A
2 950 4 B
3 544 3 C
4 168 2 D

i Sl adead] o3| a3 Lalladl
1 924 2 A
2 156 1 B
3 991 4 C
4 977 3 D

Sesa o (15) JSAIG skl sandl le WUl ool JS& 5080 1aaly
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_ Block
Treat 1 2 3 4
D, S, 1970 18.75 18.95 20.40
D, S, | 1995 19.66 2095 20.02
D, S, 18.65 20.75 18.10 18.95
D, S, | 2275 2255 2050 19.65

lacpil | TOELF HLndl pe Loaibladyd Galadl Jalad aayi -1

35S 5 oy GAUID ; 4D, cay Goal 95% WS (oytenay WA 3,53 wayl -
Sl

- pasatt] 13¢d Lopeasll 3.6 uay] —

Y 5, = 19.66 saalad) plaii Ula b sabaadl Jalad uayl =

sladl b Ulll Lilaall slgh) LaaS Tisliay spadiad Lays csal 35
P VPR JPER DN § LILICHYS DIPL TS FIRN IO PR TR TRPCIN |
Laoa 300l ,adll 53] oa pUaiila . Liadl b Liliis T wlid o]

f A (kg /10 2 oL) cbibodl il Gatadd olaay & clulbidll,

Block

Plant 1 2 3 4

1.65 1.66 1.60 1172 170 1.70] 1.50 1.51 1.49 |1.38 140 141
1.71 1.72 1.69 | 1.80 1.81 1.83] 146 145 147|205 2.03 201
141 142 143 [1.72 173 1.68] 1.38 1.39 1.36| 1.66 1.69 1.6]
2.12 2.10 211 |199 198 200] 1.65 1.67 168 11.88 185 1.89
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ALl 48lpkalt elladll goanas @ pealdl Joaill \Yg
(1-5) Jlha
OPTION PS=65;
DATA WFERT;
DO FERT = 1 TO 9;
DO BLOCK = 1 TO &;
INPUT ¥ @ @;0UTPUT;
END;
END;
CARDS;
4,80 4.63 3.98 4.05 4.51 4.32
5.03 5.20 4.03 4.13 4.83 4,85
5.12 5.23 4.28 4.60 5.63 5.28
5.28 5.68 5.01 4.83 6.31 5.85
5.29 5.53 5.36 5.18 6.21 6,20
5.28 5,63 5.40 5.13 5.23 5.48
5.13 §.48 5.33 5.11 5.43 5.43
5.18 5.50 5.32 5.18 5.18 5.26
§.13 5.33 5.26 5.01 5.08 5.10
i
PROC GLM DATA=WFERT;
CLASS BLOCK FERT;
MODEL Y = BLOCK FERT;
RUN ;
General Linear Models Procedure
Claeg Level Information
Class Levels Values
BLOCK 6 123 458
FERT g9 123 4567
Number of observations in data set
General Linear Models Procedure
Dependent Variable: Y
Sum of Mean
Source DF Squares Square F Value Fr > F
Model 13 10.36635185 0.79741168 10.05 0.0001
Error 40 3.17479630 0.07936991
Corrected Total 53 13.54114815
R—-Sqguare c.vV. Root MSE Y Mean
0.765545 5.4759338 0.28172665 5.14481481
Source DF Type 1 5S Mean Sguarxe F Value Pr > F
BLOCK 5 2.7977704 0.5595541 7.05 0.0001
FERT 8 7.5685815 0.9460727 11.92 0.0001
Source DF Type III SS Mean Square F Value Pr > F
BLOCK 5 2.7977704 0.5595541 7.05 0.0001
FERT 8 7.5685815 0.9460727 11.92 0.0001
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5 B F E A c D
658 | 568 66.7 66.7 73.7 71.1 | 400.8
6 A C D E B F
67.8 65.3 603 | 64.0 675 | 471 | 37120
foama | 4034 | 3800 | 3745 | 3051 | 4108 | 3923 |2356.1
Taact] Y..
2
CF = TZ" - (235366'1)2 = 1542002 pamsaill Jalaa

6 6
SSTo=ZZy§-CF=61.62+63.82+ .. +47.12%2_-CF

=1 j=1

= 155543.53 - 154200.2 = 1343.33

s ladad
(NH4), S04 | NH4 NOg [Co(NH53)5 | Ca(NO3), |Na NO3 {Control

podse | 409.3 3993 .416.0 4039 | 400.7 |326.9 |2356.1

byid 6822 66.55 69.33 67.32 | 66.78 | 54.48 |¥.=65.44




6
SSR=2yi2_/t-CF=-é- [407.0% + ... +372.0%]-CF

i=1

= 154345.455 - 154200.2 = 145.255

6
SSC=Zy_2j/2—CF=—é- [403.42 + ... +39232]-CF
|
= 154356.96 - 154200.2 = 156.76

6
SST=ZT§/e-CF=—é- [409.3 2 + .. +326.92] - CF
k=1
= 155097.05 - 154200.2 = 896.85
SSE = SSTo - SSR - SSC - SST = 1343.33 - 145.255 - 156.76 - 896.85
= 144.465
sied Salanl) Jalas Jyua padls GEAY uobeal clagdl poyase dloal dasy

- (4-6) Jyaalls Lyl

- goSaall cdll Jpimas L yaid 5alaall Jalad Jgaa ¢ (4-6) Jsan

S.0.V. af SS MS F gl®
Rows 5 | 145255 29.05| F ;=4.02* [F 23 =2.71
Columns 5 | 156.760{ 31.35|F (=4.34** |F ) =4.10
Treatments | 5 | 896.850| 179.37| F =24.83**

Error 20 | 144465 | 7.223

Total 35 | 1343.33

Jdoda laay a =05 sae F o 5 Fp Lsina (@6 Jysall Sa paddyy



g_il.lA_L'lL:A.'JlS TaacWl, JM'@%#J'@IMJ'MQLA&QTUJJ
20 =05Lagiall gotiua mg‘,:u..FT,L,;;.lc,iJ.wf,_;;ulul‘,__ﬁ_m;
o= 01

C.V.=(/MSE7 Y.. )(100) = 4.1%
LS Juds liay . (P-value < .001) 0.001 Cra J—3i W Lia L spuuall Luipially

Lol sda L Yale Jgeanll 15 a0 bl e ol Toan il i)
P oh bgiall (o, baadl Uailly

S 3 =4MSE/t =v/722/6 =1.096

k

A pdansiia G GoAU g, Laall Uasdl

S 3 .37 =v2MSE/t =v2(7.22)/6 =1.55

o Ladiandl ) prananll Lt prasaddl 13 Lossdl 3G

_ MSR +MSC + (--1)MSE

(t + 1)MSE 100

RE

_ 29.05 + 31.35 + (5)7.22
7(7.22)

suiaad 3 laals 9IS Loaall aiyd paiiil g paaastl 51 Lle Jals laag
el 51 S8l due KJQJH;MI;FQK@*:LUS:JIJ%LB‘{;J#JQJIMI
pL pracatills Lpail) 10dss Ula b Ll puds Lle Jpsanl] 91% Loy
' . Ladeasl|

Taas] dla 53 oy clelhill o culS Chgdaall 5 Gua,sil 15]
f ks LS L) 3, G Casi

100 = 190.9%




Vol SN mil aas t peslldt Ll

_ 31.35 + 5(7.22) 100 =

_ MSC + (t- HDMSE

1 .
RE t MSE 00 , 6(7.22) 135.7%
o L) 2.6 5500 olelhdl] oA eals aae¥l o) Lalysaly
_ MSR + (t-1)MSE _29.05 + 5(7.22) _
RE ¢ t MSE 100 = 6(7.22) 100 = 150%

wdgdiall : MlqilnéUMKhuqﬁdlléLubiulcﬁiJ:dJ]hJ

. ;J—A.EYlJ

: Repli‘cated Latin Squares ,<l| Ul 3-6
Lira alajo ead ¥ Ll 2 3diead) ool cilaa ) e catay
Waall Ly oa 9 has 3 %3 A0mUl pl) WG oo sandl taad] 2,318
ah#,.ugpﬁhﬂm,”k‘f4x4ﬁaﬂlc.:-_,if\,.‘_,__;:._,_}:..ll
o Tase 0, 15%0, praanl) 1] paicill Galall ety L Ll Gl Ut

P PP LT PN I CTR HL FORER P LY LIV [EV N IV
S Tole igliall @l B Mch ¢ Buae¥] udiy igdeal] pudl pladsid ~
JiS Taae¥h S il ¢ 35080 wlasd) b Jlead) puds padtus Jlae
praatl gyl Gads puddend (o0AT Tlanay - @lEgY) Guds pudsisd iyl

 calelail] gudsy L s sl alaasd] guis (@ Jo¥1 pasd) b ek 3l

2550 US b (ouSadl i) Buas¥l il Cpdeall udt pladtal - o
Oasa1 Jlae padiion Whai ;5% S 3 Tlsaa Suasly cipden pladil — ¢
CaoSa JS e 5al Blayl

(1) Ul Lol . L1830 Wy phe GSaR L Satasd) Jdas cilsay,
wr Y e O 0203 5% JSTE Galaad! Ld olelaill udt coadiiod doa
SIS0 saey ¢ £ 51,80 bk Lallad) eidls Al §asacy i cdia e SaalsL
Josa 00Sad e T12 pa el U UST lsaldilf sae psaae oF dusa 1 gl



() Uladl 5 (5-6) Jgaall b s 34 LS Tysasd i adyd Gutasdl Jalas

S B Uilia s Gigiea caaaidsid LT Gaomasl () Uladd Louallg
OuSha eldl . 5580 JS b spas e balln 55K Gy ¢ BaacY] pudly S0
ey - S Ja ks dsdial) o @ lidBAY) Ga Gdeal] cilag sa p yana
es LBl Gl « Laoaall sl piU dola st () Ulall L3 (5-6) Jsaadl
- U LSl Ylall g lass

JS B Ll Taacly g paiis I e (€) aY) Uladl W
OS5 il Gy 5580 JS o auin dges by dasa Chial SJGA 5eSawid . S
b @KU Jaks dipdiall gt AL @ lESEAY ] e Cpdaal] cilay e g saae
sied Sabandl Jalas gunss (5-6) Jusall b () Uladls . Suaed Lol ¢ ol

< Lasandl
: “,JCU(S SSTo

SSE = SSTo - SSRep - SSR - SSC - SST

bl e Jyan b Bugmsll Lusall e s 3l s TSI

(gl a2 2t )l paali 4 -6
: Graeco-Latin Square Design

O ydeaa q_'-rS:L"-JIL}:.lS..I dla 5 t.r"'-‘:'-’U|l':"J'|"|"d""“‘:‘g‘ Ly
wiodiall AL cowa Lappaill wlasgll paaad Usaslss elliy cidtsas
FXIDVRE LU LIPS L SU T/ U L T] J VIR ) FRPRURI L SRV PR FIbwr
095as Opaa aladl L3 aSaty p Uad JSy cilelbdll g p ls3] Listh (f « islzasy
' . Ouoa ¥l s (orthogonal) laalasia

U3 e p lo3t 4 oas Goadl LAl LAY pale b Bialy sy Hiad
Goi—ll (1) & MEIW jolias TS b pSatll sasuy - Goddl Lqals oa
ssbial Sasmy - NIl 50 (7) o el ()



e Gy S0 i) s pall Sl Julal ¢ (5-6) Jssa

(1) Ui () Ulalf (g) YUl
S.0.V. df SS df SS df ss

Replication | r-1 2,2 #2-CF | r-1 X¥2,A%CF |r-1 2Y?,a%CF
2 £ ) ’
Rows #1 2Y2m—CF [re)) Y2 a-2Y 28 ) 2y2, Dvin’
i 1 2 i X ' 1 ) 2 "
Columns | t1 2Y2/r-CF | t-1 XYZ2/i-CF|r(t-1) 2y 2 a2y’
i J » £

Treament | +1 2T2/rt-CF| t-1 2T2/n-CF| t-1 2 T2/rt-CF
k k k

Error (t-1)[c(t41)-3] substraction | (1-1)(rt-2) substraction (t-1)[r(t-1)-1] substraction,
Total n?-12y%,-CF | n?-1 XY .CF|ln?-1 XY?2, -CF
ijt ijr ij ¢
Y 2
qu.]hilalutdut‘,.._-_;...@ rI‘k 3 CF = rt2 HEL-TE VN

clallaall jasu Toaily Lasassll iy 3aac¥ly chyiaalls Tisthl) Cistiay)
oL By S e G AV L
pesad ¢ Oaaat¥ Gaaial e eSS A G2 YT o) el 5550
Aoa¥l a0ty paya Gl d LU Gy aWh Jpae 0ty as s
O0Sad (Y wija JS pa dalid Tualy B e Aoy e JS aay 5]y - Tada,2Y)
Otadasaid] o paall ppaiadill ey Guseladia sl Glasasadill
(5-6) S b paasadl] Figd YU gty . Easd¥] Gl aasll preialy
suc abaa) g Lo pouy alo3s Laasyaill wlaagd) e G paesail] lin e 3351,
Iia paidie ¥ .Ul goodl prasatil) Gaae o Laal 138 518y ¢ claltat]
clalad) Bl o paaa il Libee 5 LS ranlallos cuad Lol paasasdl
calaaldd] jaas Glads Ula 5 4T caila I 3adast) Laaca 5a5a0 Saulasa

s Lace Jalast) pacas



G s M s 1 sl il Vot

i giall
1 2 3 4
1] Aa BB Cy D&
3aac¥l 2 B & Ay DB Cao
3 CpB Do Ad By
4 D vy Cd B o AB

O 2 sl st i : (5-6) JSa

o lalladl Jya Lo ,ddl )LSA) Lava Kempthorne (1983} adsing,

Jla LY praiasill 11a phaaid pony guosss G2l iase¥) goodl paasas)

OWS oSy paasalill 13 5alas Jalasd ] Ahdll gdgaild Godadis oy Jlsa¥ e
LSS Jasae le laa

< laa ol Lisla . & q_'n._.l.:'n)L” c...l_,.ll hl—‘-—l‘:l 5 -6
Lagayendl

: L.S.D. with Sampling of Exp. Units

Sy Lapa sl eiliasl) Viglawy slasdl phny b Salad) pody ad
Ladae o Gioaaid y L et alaasd) oo loage Lilatl cibiay le claaldos
c Laaayad taay JS Ja s s o lens

o8 Loasll aiyd el gasaslly

Y aor SR+ B+ T g+ € 00 M 00

Uasll o N Ty Laaill (1-2-6) 3,3a00 pun gl Galud] pagaal) Giial eoaa

- (66) Jguall (o LS gnbasd) Jalal Jgaa HuSay - Laladl e g@ll) alsdiad]



\oo

wlaasdl Ligta s pa o3y psd Guloadll Julad Jsaa :(6-6) Jyia

- Laaayasll

Rows t-1 SSR = 2 Y2ns-CF, CF=(Y..) %t 3s

i
Columns t-1 SSC = Z Y _2j./t s-CF

i

Treatments t-1 SST = Z T2/ts-CF

k
Exp. Error | (t-1)(t-2)| SSE = EY 2 /s- CF -SSR - §§C - SST

ij
Samp. Eror | t?%(s-1)} SSS = Z(Y e Y i) 2= EY izjx - EY ;‘}./s

ijt ij2 ij

Total t 2(s-1) SST0=EYi2” -CF

iig,

ity Laossped Baay JS Jils clualidf cilbhuwyia e Joeaall Ula Ly
Lele duans A1 a0 ks le Juaas cullwgil] e Sulasd! Jatas

L (66) Usaall b sl Fabudl Judaidl p Ll

Oplad
HJ.&Z&;Q(&.MI@M];LJU'JlJJTTiLJJ-JJIJ.:uSLnlJJJ 1-6

uJJJl‘.._:.aszIJQ;,_,JICH_;J‘,L.‘JIJL:‘:.__.;stg,_'.._.:.nl.ll‘.__,,.u
. (AB.CD.E) (g yaall cilll oa Lo addl Cilua¥l Lol GiyaYi
tdasall gl paill e Topasdl sin olily calS;



SNl e bl Juadll Vet
Liull pae
1 2 3 4 5
1 |E D A C B
6.67 7.15 8.29 8.95 9.62
2 |B E D A C
5.40 477 | 5.40 7.54 6.93
3}1C B E D A
a3 7.32 853-| 850 | 999 | 9.68
4 |A C B E |D
492 5.00 7.29 7.85 7.08
5|D A C B E
4.88 6.16 7.83 5.83 8.51
T Lipasdl ol oubadl Julas Jasa anyl =1
fa=.05 ae aladlall or Gy,b dGa el 15 L paadl —
qA.._a:u..Jl“,_iL,‘,J.JJIJ._u._,:..Lu:.JIz,:.i95% syl -
A cinall b Lisholl daiepia o Gl LRA) 3,55 95% wayl  —
SE . diially
§ CRD prasati; Lijlie pracadt) 1igd Lorddl 3,USI unyi  —.a
T Szbaid) dalas sa i 8.51 (¢ E Lallaald 3 ,0a¥) Jualidl glads Uls & —
2-6

Ofa Uaialys 3,3, 32 ) &51 ¢l 39 (D=10, C=5, B=1, A=0) 35,3 it
H 41(7)-&.‘&_"6.‘;1.3:!: BIQLJA?-IJ"J;'J:ZI JJ*IJ';J.&'-.I: 1):11[:15-_‘
L G Ll e luls el WLl Giall & TaasYly
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Latine Square 1

Latin Square II

1 2 3 4

1 2 3 4

1: 26.3(D) 23.7(4) 19.0(B) 27.8(C)

26.0(B) 25.0(A) 22.3(D) 27.9(C)

: 22.5(B) 27.7(C) 19.6(D) 22.3(A)

27.7(C) 24.0(D) 18.3(A) 20.9(B)

2
3: 23.7(A) 24.2(B) 26.6(C) 24.1(D)
]

26.1(D) 24.2(B) 25.3(C) 19.2(A)

1 29.0(C) 24.2(D) 20.1(A) 21.7(B)

24.9(A) 27.8(C) 21.1(B) 25.8(D)

S Ly anill ada Lead cituad 5 ,SU AUl ol e e G Ul 46

Looaadl aigd uluad) JulaS Jsaa s

Tlaals Labase Ll ologase o 5] pand Lules =il Ja

? piall 3ok oas gaina Gobella da - g
-3
(1-6) Jlia

OPTION PS=65;
DATA SUGBEET;

DO ROW = 1 TO 6;
DO COL = 1 TO 6}
INPUT FERT $ Y @ @;OUTPUT;
END;
END;
CARDS;
F 681.6 D 63,8 A 70.4 B 72.6 E 68.2
E 68.2 B 63.8 C 66.0 F 55,0 D 72.5
D 67,2 E 63.4 F 47.7 Cc 67.8 A 70.2
c 72.8 A 66.9 B 63.4 D 69.0 F 58.7
B 65.8 F 56.8B E 66.7 A 66.7 C 73.7
A 67.8 C 65.3 D 60.3 E 64.0 B 67.5
H
PROC GLM DATA=SUGBEET;

CLASS ROW COL FERT;
MODEL ¥ = ROW COL FERT;
MEANS FERT;

RUN;

FTo@E®YQ

70.
67.
66.
70.
1.
47.

P HEHNNWDB

General Linear Models Procedure
Class Level Information

Class Levels
ROW 6
COL 6
FERT 6

Number of observations in data set

Valuesg

1234656¢6

123456

ABCDETF

36



General Linear Models Procedure
Dependent Variable: ¥
Sum of Mean
Source DF Squares Square F Value Pr > F
Model 15 1198.8608333 79.9240556 11.06 0.0001
Errox 20 144.4688889 7.2234444
corrected Total 35 1343.3297222
R~-Square C.V. Root MSE Y Mean
0.892455 4.1065863 2.68B76466 65.44722222
Source DF Type I SS Mean Square F Value Pr > F
ROW 5 145.25472 29.0%5094 4.02 0.0109
COoL 3 156,75806 31.35161 4.34 0.0078
FERT 5 896.84806 179.36961 24.83 0.0001
Source DF Type 1II S8 Mean Square F Value Pr > F
ROW 5 145.25472 29.05094 4.02 0.0109
CcoL 5 156.75806 31.35161 4.34 0.0078
FERT 5 896.84806 179.36961 24.83 0.0001
Level of ———
FERT N Mean sD
A 6 68,.2166667 1.65821189
B 6 66,5500000 3.33691474
[+ 6 69.3333333 3.52003788
D . 6 67.3166667 4.59626660
E 6 66.7833333 2.64152734
F 6 54.4833333 5.50911725



Saibadl Joitl!
Sa el | bl ylid !
MULTIPLE COMPARISONS

P L auia 1-7

Laay woladll paaias o Orpabedd] cpdadl Js¥) Juadll o Lo
ol Gush LA @ilS 5] L dilass) Jia clawsill Jpa alunyd ,Lsdd
Lgiaa clS o) Foodd) alls 5uuit o8 clallal] eilbwsia

Jiu 1igh Lsina 5ad Gabadll Jpdal Jasa b Lupall FoenlS B
UL Ll i3 ¥ A Ladadia sl tallall ony Gadd) o1 e
ol 3 sall 1ia ate ciBsiiy clallal] cillasia oas clistasl dsay paaa
caladlia) gpay piituid Lagtas F ol 3] L. Lok GtKal Wil Glaa
Tladaa Y | ells ag 3 cillacastia (6 a1 AU JIgaad) £odady clla g3l ons
ot Slallall cllayia o @bl doe slya] goooadl Ga 03] paeazy
«JLiay . (Multiple comparisons) dsaasll els GG iyl sda L ausy L yasll
iaall LY Gohadiiy sluaad] cas b4 1a,5i5l) Gohkll e dasadl
Ty LY Lyasll slya) way Layiia cli Gl sda yetiasy  Laslad]
- oaliall Jutad Jgan 3 F Lusdany

iy ia o Lipna @bl oolastl paas (o8 dalddl p5ga
Losand) 3adnn Jos duaad) Glaal b daaas cali )LL) oda S5 6 calallat)



okl b jlall :GL.JI il v

la,lLasayy . (Planned in advance) L yaill Jad dodaa ol jlEe eSS qJL‘aJL“
Lialadlas 5955 o slas eliay . (Contrasts) Lawsall UG 3i 3k pustas
Lasd s cua bl pigs turay LaSI Jalsadl aa¥ Uilias wlisdus e Solae
Jalans Ll yud) eda andy dalaau] s dalad] cbgtans o dlad)
Julady Hlass¥l doalad oas gades oo 350 Ay (Trend Analysis) <. _alas¥ i

cdpeadtidl Ga aa5en Goladl sda JS ) Sl Ly Goladiwy - gabasdl

: Boaaall el Gl 2 -7

A9t slanyl b e 53 A Sosasdl bl e saaadl dla

c Gokdl Al e JS LT Joa pibany ] o Jealsdia Sl Jas AL

¢ wlasayd ora 33 2a¥ el wl ull L] cilayd La e L) a0 5555,
. Carmer & Walker (1983) 4 Carmer & Swanson (1973) LS.

bgdaas (gaina 34 Jil Uyl 1-2-7
: Protected least Significant Difference

o3 L loa ] Uspad daaasl) cilijlaald gyl Juasl oashll a3a jabas
Lolilt Uiy slusia) Ay - Laawall galial) L] Josasd) o5 Leasal
I3a ey - (AT feadl) b G (3] opilitus DpTpe olasasTia
Lisian Ula & ¥] 4alusdals eays ¥ Fisher alladl oY ks Lyialls Lsa Y]
i (goiaa G AT Wkl <oy o8 HUS aind) JS Lidall Ly - F L5
C B Jeakd] Ladia 5 oG] 030 G il S0 w3 Bdall

:L_dl:‘dlcal\,.h.illgjli._._,ulshm‘at‘n:a‘,

5ol Ligiaa F oailS 3y « gulall Jolas Jyus A F 5Ladl b -1
Jalad wie catiping Ligina ypi <3S 5] L]l il o

. oalasdl



1 aadacil QU)L&U cl.....“ J..p_a.“

PLSD=t . » S Y )
d_"u.'u.:.n__na.
1~ 002 Ltiasd Lo las Laslny Lo o33 (Sl Ldgaall b 2aas €

@ 5« MSE (g Uaill lay sma o s lias Tealal Lasall Lo o 0 5 b a5 s
S il G Uad i p sBadl Jlaial 51 Tppaadl (g ptue
Ul Ul Ciliidy cotbosnsia Str Sodl olaal I adll 52 S = P
¥ T Lasbatie calS 13 L @l LS ey pracaid] qana goLud)
JS o Gl e Baelad clalladl clliiny Se 353 4y —g
PLSD fpa 5€i 1Y (= Y ;T 35a00 oIS 13y . PLSD Laids 5050 o8 ondasuysa
13 61
Y -Y 1>, 8= Y5

Ligledl laladll a edting - 17 By o Gotas Gsd apay pisicss
Uta by oatiaball oo Calud Sl pLa o3 Gay SLIAYS 1in elyal Uspu
0o (PLSD) bis daaly Laad <lia 553 auladlad) JSI el 51,8500 sus (gsbuas
@l 1S3l gsland pue Uls b Ll calalladl el ion ot Fosidl JS Ui
. ondacustia ons GoAU (g lad) Uadll CiN3A L PLSD Layd Cil3iass

¥ PLSD Lay, b oS0 Lgtaa F ouSs olaa¥l pans & 4l Lia ,<isg
JS 5aada F oY 1aa pasay oraaesion (o a2 Lisdas SlDEa! Ge iliss
Lol L2508 b, Gl 5a5a,s PLSD L ol sl ous aSall b, Gl
. Jaia (Pairwise comparisons)
aanill gall LAy oSse W,k 2-2-7

: Duncan's Multiple Range Test (DMRT)
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¢ siluandl G agaadl i e Boaa 4m3is oF Jud pladsad] Latadl Gkl
c AT atad! e Sasa sbl Ltlaan ¥ paal s plins 0 35005 Ay

Tagliha ol @l Ligiaa Fuod Tue slag] A Uosldl i paidns,

Ui Gy - Laatnd aan cllacasadl oo sacd) (gan le Lpaa cidpa Al

ole i el adliy . saastl gall Sadl Wskad) ada Loacd @i

cGelas bbbl cllasusia i — 1

S-ft \-.L_:.._:.L...-.J.S?| =VMSE/T buusiall g laatl thall sloy] -
o USn UA oy - Laalad) daladdl 3 (oadinn ggoe J3T Lasd -1 lucal
@alad pae Ula 3 LT @l L8000 sie gyt Ula 3 oo land! tadll ilea
—ilaal (Harmonic mean) ,aul s3] b sl T e Yy pu At el 1,000

@ T el <all

t
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2 k)
i=!

(A5Jsaa) goiall ouoald oS30 Jgaa e q (5 V) a3 gl —g
gosdl GaUad | o3 p sdadl Jladal 5] Lagiad) (g9Tuua A0 k=2, .,1 e
 MSE il il Lusa cila o 4 0 g Jo¥)

Oma S Ll @l J3g R (gdna (pies JBT Lanid Glsua ~
c Al el e k=2, .t

Tr
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pis O (] Lalaadt eia Jualsdy R Ll daapin yival Al kdsia



vy Badacll UL bl fuad

Oy in s gl Godl) GUS 1Ly - HELY2 52 Lasaes glas¥] US Lyl
wlastall Gaag ciaadly . Lataa Goadl elld s R e el 5l gl
o Hladiall gllawysl) s 15] Godas Goa sotay S Glaal disas S

e Baaaill @bl b ,Lad) JS pilisy « DMRT Lad) gol6s pedlsy
P g Lpgians Ldsd 0S5 ol Al el il ciad 250000 b plad puiagy
Loaasy Ligpa AV ol galss padtiay . Gielias cllownyall g5 ys e
. J.JJ.QII;,AK’J...

Sobdl B jlia Ipals Huddl Lalsy ¢ cpilnad) Gea auaald) aizily
Galaa pas 503391 138 Lle 33305 DMRT ,Laal ¢ dssasl] bl datsal)
ety Lagaca ag H pady 6l Jsh posd) g tai g sl (e LaalSI)
co=105.Jo¥ g st e las o el Jlasal &) Boardman and Moffitt (1971)
Ooilaal lia,y . calasestia Jol aas Ciliay bhyia JSI 004 Lanis sloa
- aanid! galdl Laal 3,8 Labud 1yasss)

Lialadl Jsisy DMRT plassily eess 3 clalinsd) saast 15k,

st ¥ Gala el Jl Lala¥ly . bgdaa gsina God JST Un,h o Wbl

Oe iolae A LAl 0 ToaSH) clalladl Tl fuaasl) wblll plad sl

Gy coladlall LadSags Lahaaa Lijas spay sie i€y rna Jalad ol

il G Gkt Laila (,a] Yola dUa oba cpd ¥ casitall
Laslall

: (1-7)  Jtha

b il Lisedll pusiis DMRT i,k s PLSD Ligyh Gaakasl JliaS

Lisias FealSy ousall Jsemas ipa cdlial 5 glisl e 3500 a4 (24) JUL
c () Jsaall b Ladltly Ll allasa il | 1 ,lia Gl oty Laa



sadatll UL £ gl Juadl Vg

Liaclias s e 24) JUll cillaanyia s (1-7) Jyam

il aYl
C B E A D
Y, | 32833 46125 545.00 72200 773.75
T, 3 4 4 5 4
MSE = 479894 wv=15

Tawd CAl3as JUL 134 b Laedl) @lhssll Tytal PLSD 13,k — 1

1 1
PLSD .05 =t (.975'15) VMSE (I—' + T-)

1 1

1+1’)
i

T T,
i

= 2.131 (69.27) \/(_

PLSD g = 1127544500 3oa Jil Laui 00837, =3 T," =4 cul i3k

PLSD ,, = 104.39 - r.=4 r.=4

PLSD ,, = 99.03 y - . r.,=4 r.,’=5

PPN T [ O TRPET | PEVC I [E SO R UORVE LR E TU RS PLIECHIRENLY

cillasill ST A Y 4 9 Y p of gilsdl a3 Ga padlay - Lisiaa Lig,h
.Y ¢ Llaiy

Goaa o (2T) Jssalls punsll sasll Gle piliall pasils (i LS
L@J&MJJJW'#'J@I—L&J:L“Q—,LLL'JJJ”'J__SMJ



1Yo skl <ULl :C:L'JI J..a.iﬂ

PLSD plasisaly eallawuyshl g Gaoddl La,lEa : (2-7) Jgaa

Rank Mean -37 C ;'- B ; E -37 A
328.33 461.25 545.00 722.0

5) | v |773.75 |44542% 312.5%  22875% 5175
@ | v, 72200 |393.58*% 260.75% 177.00%

3 | vy |54500 |216.67% 83.75

2 | vy, 46125 |132.92%

=05 (g9iaa aie Lipinae I;i_;‘ill *

Buaaill el ) el Luaal gals gasadsl ¥ s el Tk Laisy . Gl

La‘,Jlr’.L:uaL.a S-}: J.a=.05¢i=er._n.‘ig:..,.u..=::D1\dRTu._.,.L—..,.
a5 saal ailsal)

5

. _ 1 3 1.
rh—t/Z(llri)-—Sl(?+ —+ ) =3.896

i=1
S ¢ =VMSEF, =VATORABEG = 35096 :
R,=q (2,158 - =3.01(35.096) = 105.64

1

DMRT 1,k plaiiinls cllawgall ony Gooddi Lislia : (3-7) Jyua

Rank Mean y c Y y E y A
328.33 46125 54500 7220

(5) |y p=773.75 |445.42>R, 312.50>R , 228.75>R , 51.75<R,
4 |y ,=722.00 [393.58>R, 260.75>R, 117.00>R ,

(3) |y g=545.00 | 216.67>R, 83.75<R,

() |y g=461.25 |132.92>R,




sadalt btk :GL’J‘ Jaalt Vi

R,=q o5 3,15 S = =3.16(35.096) = 110.90

? i
R,=q o (4,158 - =3.25(35.096) = 114.06
R, =q o5 (5,158 — =3.31(35.09) = 116.17

.(37) Jaaall 3 DMRT Ls sk pladtunls cbs ;@] Lulae paidly

: LG 3l e Juaas 1554800 o ghall plassal
Y ¢ Y s Vg Ya Yo
328.33 461.25 545.00 722.00 773.75

PLSD gaiispladl (a JS pladiaaly galaad] guds le LGliaa Gl Ladtsy
planily Lalaaa gilis le Jseaall 5Sa 41 ] 350891 503y . DMRT

: Dunnett yLaaal 2 -7
@lallal) fya Legasa Lijlia pa oladll poas 4 rabed? ] dagdl 5050
o olasnyill JS Tylia e Liage (Placebo or Control) 1530540 Lalls pa
Salall sasu oladll eda iy Buasdll @b Gl b Gallie paacd] Lopday
Cl g Ll dallas sia pa b= Lo 1 0 P gt JS 205 el
t UWaaad ) s L pid) pdins o s ol G - T dlan o Shew UL,

Ho:p'i':p'o
Ha:ui;t”'o i:'-].,...,t-].

t LLAAY Suaad a4y« Dunnett (1964) Lia -k o el Gl i LUt Basldly

I Houaiis Y ou Y,



Y aadasl! b sLall :CgL..Ji St

D=d Sy 5, =h-tol ta

Vg 0 Ligaall gaiiwa gie Dunnett jLasa¥ Lol yaadl Toakil d t-1, ) Jiad

gt ad | Ukl Lsm Ty

i Y []

LT, T eSS ase
.JJ"' ,_',&_” PR AT U"I! Lasniag A6 JJ..I_-_JI g.i 339> 3= Dunnett h‘j.’
(s« aaly aladi g3 HLaaaY AU e5ally cnalasd (g3 5Lasay paiien

Ho:u'i:l'l'o
H_ tp;>p,

(‘f'i F JL;\_’L&' :.;IJ:L.A_A OJd2 Dunnett JL;I:I_‘;I r'dﬁal L:‘.A_'nl__tjl ",lS.-!.__-_,
Jood Bosas Latda 03 Lasnag Al @UoGL Y elliy ¢ gabad] Jalas Jgaa

P bl e apa

e Usaotie waoiTalles 16 Jlia B I3 () T o/ T, =VE-T ool -
paasadll 508 ligs Dunnett asly T =41, 533 4i Juiiy Control
. (Optimal) Luti.

2 2
. 0L =0l gigesstl o -o
7 =O0% oloasull -

gJL.un:lJ &:IIJJJS:L” Jdde ‘_;‘JLA-M:I Uu‘_uu‘i ‘.’.Ln .JJ'J—'_L” Caf i g Lx__l.i..'h” c‘r-‘J
Saaas u‘_’d."n“ d a(t-1, v) hn.i t.._l.LL:I:I_.I ey eliilaa daa 3y Ll CJL.IT_IL‘I:L”
. Gill (1978) ) eltd b p sa sl o%asy - Lisna

Boo— K Suodld Lol el )i gy cialuld Dunnett LSl maday



asdak! ol ekl :C:L,JI Sl \ A

— - — ) + _ -
Y0 Yl_du(t-l.'u)SYl-Yo
- Dunnett ,Laiy oraleddl ld Ll yuall 1idl ad 0 2o
: (2-7) JG.

b Dumneit L3al 3aasl (1-6) JBLL ssU) gl bl pasus
th‘..ll‘p..'-JluL.-.JL".J.l |5-A“,-'IL:JU-.“J.';1| eaalsy

Yo Y a Y 8 Y ¢ y D y E
54.48 68.22 66.55 69.33 67.32 66.78
MSE = 7.22
S 3.3 = V2ZMSER =v2(722)/6 = 1.55
Dt Dunnett L34 Laai,
a1, v = 4 056, 20y = 273
D=d _ S< - =273(155=423

I [

ot Lagwnal] Gasdlls D = 4.23 (goiald GoAl 3500l Loaill s way o ,L85 ¢
So—d 3] Lystaa kastsy . ¥ ; olhas il 3l Y o deaassll
s o caual s Lagian Luadll Fo5all JS3 JGlls Y 5 = Y o = 12.07

Laall

: Designed Contrasts laewall obL,ELN 4 -7
0053 na ¢ AL cladlae & e Jadis o wolaill Jiaa ,‘,.J

-
-



V14 RN P U N Dbt et

sdd caas bl Hyit,=7,=..=7,=0 : Lua,ill Jya 5155 ,laals
siag  H tT, 20 Ja¥ Lle sualy Lallae @ Woaadl Jadsed Lasa il
US T s 4 Basds (31 JS oY « (Composite) (uS 540 g s3dF o Uil Lowa Sl
- Laglatin coad il st
clallal] cllacsin ons Suaall bl pangs dabal) pig L Ly
Laaias @lslia S e Toasdl 3adss Jod bl o8 paad ligly
sin sl S 13l 45302 cladladl s 1 Laltall Tiylia J5a ¢ (Contrasis)
s Ly ] alal) GiSalas Uisucs (6 (Orthogonal) 3astatia Laasall als;lill
el nd pn s bl el Tatola @b,laadl slaa) Jle 308,503 F L34l Ge

- L 2GR0
: Contrasts Lawsall wta@dl  1-4-7

IS Lhalh Bisladl Gipass =1, i
Q=A 0, +A, p,+..+A, 0,

t

i=l1

Lamsall @l Gl pypha o gil (2-5) Gusad paihliudy

: (3-7) Jla

P LG o ¥ clallad) L, RCBD paasal dualy padil
DS 18 /ha sie ciiall gyiuuny (Bl J¥I fa, Bl —
D S,:58/ba sie ciiall (gyiuuny (ol Jo¥I Gl —
Dzslzlllham._ueuu‘,:uu_,u:._,u“,zmlaJqu -



adacll SN : bt Juadll 2

D, S,:52/ha wie Cidall (gaiunay ol AU sl -

DS, D,S, D,, D,S,
y, | 7780  80.58 7645  85.45

Y. 19.45 20.145 19.113  21.363
MSE=1.31, df. =9, r=4

ST LT M S PO S TR TLO, (P

oo il e Jo¥ Bl G o) e Jaall gt g leusas Ja ~ 1
?&,:.L'i.ll&._._,t'dl

T (gomadll chdall agis wie Jyanl] biiyia subutia Ja — o

§ ol ol Guua (g uddll Cidall st o Godil lBaa A —g

&YI&&JQQA#ULPQSQJ.Q#JIWMBJMI Lol guadl
:l!L_.L.S
H Lt +p)=—(.+p) ~1
0'-5 l’l'l p’z)_; u’3 “’4
1 1 1 1
Hy:Q, =51, ——H,+—H,+—p,=0 J
0 1 2 1 2 2 3 2 4
H, i = +
0 "2_(“'1"'“3)'"_(”2 ) o
1 1 1
H, Q2='2_u1+’£'p’3_—“‘2—_”'4_0 J!
H -
Q-?(ul uz)"' (I-Lg—l-l4) g
H Q p— _.1 _-_l_u + u =0 _,.1
0 3 “jul 2”2 73 g 4



.L...A.u.ag:..L':JLi..-,_‘_..niJL_Lc(‘,.Aub)l:dlcul:ub)ﬂl‘)?ug_unﬂolngha)UJ
H,:Q, #0 Wau asH Q=0 T, J< 530 Gald] wa sy
QL;_JLIJ,_._-AJJ JL_-_n__l!g_JJJ_a.&JIMJL.l:LiY| |:L‘..;|r'__|.i.|..|_, k=123&qa

—

oSl e Y ollacyilly Hj paasads QLand 5uily . spadsll elld) 5al5,
Q=2 ,p +A,p,+..+A 1,

P LGl Lol

Q=2 +A, Y

1 1.

vm)zhszyﬁwmﬁm)Qwa

t-'!:’\,:"” i Loy EJ_,.A.A.” g..l L_MMI pla¥| ,:,1 Lz ,5al L'I'!J
L_lJl:IJ':.-A—.I-U' c.ain&.'.‘u.ugn__n._n.anl
7\ N\
t*=Q/VV(Q)

Lu;...,.w.._.‘,_‘sﬂltk;llli_,_ml.?ﬁvnuqh. VLo da,mat b:-'-.JJ‘:'J
Lol JSI LA 5ok sla ]y Bl | @) e loaidl e JS SLEET S%a
cal€ ] o Ligall (g atieue wie Lo yill pad 5, . Q

Itk >t
(1 - 0/2, v)

f o 100 (1 — 0)% L85 (gpemas Q L3, lial) LikI 3,30,

Qty n o VVQ < Q< Qe V@)

(-2, v)

Taadl Q) spainy Yl psina H Q[ #0

Q =-L3y 135 15 .13
1 2Y1. 5 Y 2. t5 Y 2y4.



sl SN aldl feadll \VY

Q,=- % (19.45) - -%- (20.145) + .;_ (19.113) + _;. (21.363) = 0.441

P A Sl uigd T =T =4 plate @l LS 3 Ly

V(Q) Z“MSE leMSE

_lely2, o1y i2
—[(-2) 3 P+ 5

12] 1.31
+—2- i =0.3275

o Lowallt Laaa,
N\

- 1 _ 0441 _
’V(a ) v/0.3275

wles o tigrs o) =2.262 & 0 =.05 Lusdiall godaus aie Ludgaadl t Layd,
ol gaatiwy H j Loaa,dll pai,s sl 1077 1< 2.262 : L ,llL aladll i
O [ Juwuwuhl_un_.y,d.u._md,m_.

lia U“""""—'JH-a'QI#:OM Ho:Q1=0¢JJ_.I_lA|JL.L“|MVA
wlaa,dll jasas, . glabasl daaadl a,dld oY caalasyl 43 ;s
e ed b Sl il iy H,:Q,=0 4 H,;:Q,=0
HtJL.I_:.&IwJTIOTu‘)SLJ-i‘_‘JUUD.:J—J—KdJ;I:IJHO:Q1=O
20 5 1 a wla ;0 F ladl

QlJlﬁLJa_:LL'AJt JA'J bl.?:lls‘.'.ll:lt:-l'_,'_.l:u.h' plﬁ! “Jls-lYL._l L'JJS:L'I LS
pe L H 1 Q | =0 Lo sidl i

% - .z . -
It I>t(l-al2,'0) lJ!HO ot Ha'Ql?EO
E 3 - - m . -
t >t(l-m,'\)) |J!Ho iy Ha.Q1>0
tF<-t 13) H j saa,s H_ :Q, <0

(t— a, v)



YWy okl Sl 2 Ll il

Ptd Q) Ll Tdl 3,03 95% aslladl Ol o MWhiaa

ﬁl-tu—m"’) 'V(a ) SQ, < 61+t(1—w2,u)\/—‘;6_1—)

el i sla) a6l opalandl (3 HLEAK WS @50 Laad paddaa
rhall e TN ol y5h @pial 1) JGHS H ) dga L1080 gaits WA
H o oaays shaall Lo gias oI B3] H ) pai ;s s

: Orthogonal Contrasts laaladll Vewiall a4l 2-4-7

SoSa b Ldle L3S0 clallan s Lo (o933 A s lasl] Lol
Joaa A WasLaaT aasay - Lol 30335 Jol Taaaa Lo olila ealu
Uik s TGiolaa -1 ala] $Sand Lollaa t Jla @nlS 1 . Galasd) Judas
OuS5 O Uale piaty Uisius Laaall @l Ul 5583 LSy - L Lo
ol Land ity Uiiaes At ¢b Saalatia @lislall el 1]y Taalaca
wle ol Jolal Jgua b Laasak!l @bl planind Lol sebsd gyl
- (Treatment totals) culadladl paeloa A Lhd olidle g

: 1 taeldll
t_’J_-.s_ndSJi=l,...,t q.';n:unYl l‘,-__...l_-_._.le.!h..tdu.na'iu&_,:..i.'d
: kil Tistad G T ; gya s

1
Q=7LIYL+7\,2Y2_+...+ltYl_=z7\iYi.

i=1

gilJ-iJAL!JL“;I ri"?’-’!"h?"i u.,U.JIh..iJIC_,_‘_-__. ols 'JIUJLLL{A

t
i=1

OS5 Mate (n‘.ulJlJiiJl Ju,__;JL“:UL_-.VJZKi=O Ji)ZIi?\.i=0
T i=1



dadazll b Al :GL-.JI Jeadlt VWi

t

Z R rE?L;"
r,A;

i=1

58Q = Qz (= QZ , T . =T

cBaady Lo 1o, SST cladlall wlas ya pyase a o e

: 2 1aelRl
P olha . Jdla s 1a)

1
Ql=lllY1.+)"12Y2.+"‘+hlth.=zlliYi.
i=1
t
Q2=7‘-21Y1.+l22Y2."”'--"”ltht.:leiYi.
i=1

T paho 0 A Lagalalye o Jealys pyaaa ol 3] phsalatia ¢

L
TyA A+, A LA+ +rlln?\.2l=2ri?\.“12i=0

i=1

t
. Zl 1102 =0 ed 1801 g gl Ulal Luaally,

i=1

: 3 tuelili

i
Qflzri?tfi ol Q, 3Q | cadualatia plis,lia Hlaa =als 13)

i=1

L
Lo, SST Ga Mt bria JSd Lagia JS, erwQ§/Zrih§i 3
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\Ve aaduall e,lald :GL,.JI Jrdll

: 4 zaeldl]
lasd Sualain T, (1-1) JUa el 1] b bbbl e saad Laddly
Aidde L
2 2 Q2
Qi + Q3 + .+ t1 =SST
i t 1
; A Y
Zrilli Zrilzi ri?"t-l.i
i=1 i=1 i=1

Lasie LiSuus Gl (F1) olamsl HISaYL G o ¥ aclypdll o G piitiaady
La,lie US Su58%4 0 a3 t- 1 ) SST LAT Lo puaity ¢ Tadloa £ ollon 50
Wil Liya La,0 (A V&aa b g 1 e claya F LG pladsil tua e
JE 00533 Bagan UL 03 e LilSae cilegana pany (Say . g yasdl
O0S3 S o1 sl a 5T g ¢ elld e GEST Yy Ukhas LijlEa (1) G Lo pana

sl lee Jslaa cild cleganl) o3 JS

4-7) Jtia
rL_n.i.” Saa ol a0 (1-6) deJJ'GXGVJ._ﬂ)u'e_,Jlt_.J_QVJ
q_iLu_m.“ QUJLﬂ'thﬂJaM'@wul A b Ea uaa

L (1-6) JBL 3 iUl

culadladl A B C D E F

Losallsbyttl Y, [(NH ), SO, NH,NO, CO(NH,), Ca(NO,), NaNO, NoN
409.3 3993 416.0 403.9 400.7 3269

NoNvs N -1 -1 -1 -1 -1 +35
ORGANIC v§ INORGANICN - 1 -1 +4 -1 -1 0
NH ,-N vs NO ,'N +1 +1 0 -1 -1 0
(NH .} ;50 ,vsNH ,NO ,| +1 -1 0 0 0 0
Ca(NO,), vsNaNoO,| 0© 0 0 +1 -1 0




s;_\,:ll';uujull esbedl Jeadl '

L Ll Saaladia (4-7) Jyualls Lo sl uadl) G UL 3T Badly . (497) Jyaall
O Lila¥l padin S UGLELE G 0085 Gean Tipa il Lo ahes Ligea oli Ay
byl el g gans Clualish pagty - Lol Alaal b B T bl @ gl

6T dyaall A

QUL Sl aoll el aslpeadlia L6l 2 (5-7) Jgaa

Yl. Yz. Y3. Y4. YS. Yﬁ.
ola,lall] 409.3 3993 416.0 4039 4007 326.9 Q'i r2A7 | ssQ,
1 -1 -1 -1 -1 -1 +5 |-394.7 | 180 | 865.489
2 -1 -1 +4 -1 -1 0 50.8 | 120 21.505
3 +1  +1 0 -1 -1 0 40| 24 0.667
4 +1 -1 0 0 0 0 10.0 12 8.333
5 0 0 0 +1 -1 0 3.2 12 0.853

Q| = -1(409.3) -1(399.3) -1(416.0) -1(403.9) -1(400.7) +5(326.9) = - 394.7

rZA,%i=6[(-1)2+(-1)2+(-1)2+(—1)2+(—1)2+52]=6(30)=180

Q;

=Y

= (- 394.7) 2 / 180 = 865.489

1i
Q , = -1(409.3) -1(399.3) +4(416.0) - 1(403.9) - 1(400.7) = 50.8
rEAL =6[(D 2+ (D 2442+ ()2 +(1)>]=600)=120

SSQ,=Q2/rx A2, =(50.8)2 /120 =21.505

Cdalad (67 Jsaall padlyy . Ligshdl puisy SSQ 5, SSQ 4. SSQ 5 awuaty



\VY 3adazhl o ,Lall :GL,JI Sl

ey Lijad aay ¢ (16) JUL) o (goSaad) cndldl 1500 clibad JalsI) ool
el L e T plie Lta JS et Laopd Lipa cilas 5o Guads ] ciladladl 45
o) @libuall puis g 67) Jasall 59S3ay - (57) Jysall i Lasipll Guaill
wlallall @laya g ganl Laadll clopwinll Lla] pa @-6) Jaaall 3 sy

Of e

SSQ , +SSQ, + SSQ , + SSQ , +SSQ . = SST
865.489 + 21.505 + 0.667 + 8.333 + 0.853 = 896.85

pre oSl il Ly oant JalSd) oaland) Jalas Jgaa 2 (6-7) Jyda

S.0.v. df SS MS F F'

Rows 145.255 29.05
Columns 156.760 31.35
Treatments 896.850 | 179.37 | 24.83

Q,:FvsA-E 1 865.489 | 865.489 |119.82** |F 7 =4.35
Q,:Cvs ABDE 1 21.505) 21.505| 298 |F3=8.10
Q,;:ABvsDE 1 0.667| 0.667 | 0.09

Q,:AvsB 1 8.333| 8333 | 1.15

Q,:DvsE 1 0.853] 0.853 | 0.12

Error 20 144.465 | 7.223

Total 35 | 1343.33

F o Laaal ol Luaddl F ol )0na) hagia f (67) Josall o Uil hastsy
:gi Fr elailaal

F,.=(F, +F,+F,+F ,+F,)/5
=(119.82+298 + 0.09 + 1.15+ 0.12) / 5 =24.83

Badss Ay padll Claal i cuniiey A0 UL Lrgal 4 el LIS 038 U,
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Lsanl) LA el LAl Tucaddl Taal ) e 6l pladial aie gt

Jiaay a3 ¢ JSLAL pass e Laasall @l plaial slag v,
c Ondaalade ud Lagdl dalasdl LUAT oty o8 oatt i Galdl sas Lilal
orhS Le Lol (AT B lie Labaay Lol Laalpn Ulall ada b waysy
LGS YW Jalaa Cacasd San jod el OIS ol - 3aaladia 0S5y oapall Guddy
:,‘,:'-YIS aalaifl pue Lo 5u 4

t

Zrillix?.i

i=1

=—= :
E 2 E 2
T AT LT A

i=1

i=1

P12

Jalaa Laad =il 130y - @l 580500 e (golaws Ula 3 Uslall Ga T Adady
=il 13)el o] p | < 20 gl 3 yrice (aSaalasl]yas s, Bl o Py, dalas Yl
Jalad €aus amli,ll) Legaas o Gaisaladia jud bid 5las,lia ol
Sodoall ra pasas a3 Glaialy . ToladlS L33 Y) ooty aaladll pos
Lyl 5085 o Lags Y alliy Saalasd] pad Lasall oL, plaasiwl
Sada oSk gl Tiolia pa sdalada 5sS5 ol oo Juddl Aae @l Laaal
Lk taabasdl yui Lacial) Ul Lasiieall Gobed Ga 5S35 . (e
Lulys a8y LS 13 5 Ll Gokss ol Scheffe” 1, 5y Bonferroni

. Miller (1966) h_..l:.Sv.i e Laaitua



VW4 aadacll ob,kak GL,..H Jail

Jdadall T,28C Taatasll eb,GLN 3-4-7
: Orthogonal Polynomial Contrasts

sa¥ Lilie clsioce oo 3bae olalled] 543 43 coslaall pany b
paatedy 3l all ga (Factor) Jalad) &8s o3 JUL dages Loy LoasT] Jalgadl
b Lesioa e 3,505al il Ll e (40 0,50, 100 deg. € : wbssiwadi
wlisduay ¥ Lilatwd) g 0l 5 oalh, dealodlh o i cosa calall
LaiasaSs pf (Quadratic) Lanas,3 ¢l (Linear) Lolad Lidtaldl aia Jay ¢ 3,)5all
daalasli ab )Gl pladsal o ,‘,.....L..u‘ll gl B3] . eld i pl (Cubic)
2l Glasal g (a5 Goan Lilagwd | Aadia JS& Lijaa sa gyaall 3,08
(Polynomial Curves) 4 guall 3,255 ebuiasll o1 g yaay . Jalald gotiua Jail
alaisial fguusy - (nonlinear) Lahadll 5ol culyiaiall Lop 0% Uswy
P oGl Uil Sae3 15] Galasll Jalad J i s

150, 100, Jhia Takinoa 5 Loglatia sladd e Jalad) cblaghiana 5085 ol =1
. 50,0

.JJL;J'@QJLMJSJQJL.JJmlJngAJibJSJQi i

T3ad) Saatasll @l,lill b coaadiod Lol Bgohll puis padtu,
Bualasll bl Leald cdlalae @l 5Ky SST clallad] cilag s p yaza
ot ol vae £alyaby - (7-7) Jasall b Loyl pay sguall 308
loa 555 et Tk Jale g2y Ula Lda . 8 )3 5a (7-7) Jyaall
Lidladls ald »5a 1 SurSa (A SST poadis GG 50y wladleald Ty a Ga o
st Tassl dale ayas Ula iy Laaa,3l) Wskally Geld 301, Tubasl)
Lol : ol3a] T35 3] SST psaaks fn tunlall 5Sas TAIG Ly a Ty ya byl Ol
Liadl oas wbisad] iy (1) JS&Il paibiy .« LasaaSally Loass,ally
o (L: Linear) Tukd Jlyas Lasuuds Uiashey X daladl elasSioay Y Lousall
. (C : Cubic) LuasaSs 4f (Q: Quadratic) Luass ;3
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L,C

C : Cubic l;l__h_us:l

| YA L
2
C
3
<> vid
YA Q
L,Q,C
> >
X X

» L:Linear Lilaa

» Q:Quadratic Laaai,s

358 Jalaas Uayaais Wity X 5 Y cas clistad] pams : (1-7)

. JJ.\:-“

JS&

—

: (7-7) JJJ?IIVEMJMILLH-UJJJ;HQG,JJVL:L:JJ‘,&J

Order

1 =Linear, 2 = Quadratic, 3 =Cubic, 4 = Quartic

i=1, e Yi. J.AiwulthiyraJﬁubJSJuhaldm:ﬁls L

Obh k Lo yull a i allaallggiall 5 Jalaa A A Loy oy

t
Qk=21kiYi.

i=1

t
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ageall 308 Taatasdl @b, G Jalaa 2 (7-7) Jgan

No.oflevels [Orderk| 1 2 3 4 5 6 7 8 9 10|EA} m,
2 1 11 2 2
3 1 10 1 2 1

2 1 -2 1 6 3
4 1 3 -1 1 3 20 |2
2 1 -1 -1 1 : . 4 1
3 103 31 20 |08
5 1 2 .1 0 1 2 10 | 1
2 2 -1 -2 -1 2 4 |1
3 102 0 -2 1 10 |5,
4 1 -4 6 -4 1 70 Ps/12
6 1 5 -3 -1 3 5 720 | 2
2 5 -1 -4 -4-1 5 84 | 3/2
3 5 7T 4 -4-7 5 180 | s/3
4 1 -3 2 2 .3 1 28 7/12
7 1 3 -2 -1 1 2 3 2 [ 1
2 5 0 -3 -4-3 0 5 g | 1
3 101 0100 -1-1 1 6| us
4 3 .7 1 6 1 -7 3 154 | 712
8 1 7 -5 -3-1 1 3 5 1 168 | 2
2 7 1 -3.5 .5 -3 1 7 168 | 1
3 75 7 3 .3 -7 .57 264 | 23
4 7 <13 3 9 9 .3 .43 7 616 | 1112
9 1 4 -3 .2-1 0 1 2 3 4 60 | 1
2 28 7 -8-17 2017 -8 7 28 27172 3
3 14 7 139 0 -9 13 -7 14 990 | 5/6
4 14 21 <11 9 18 9 -11 21 14 2002 | 7/12
10 1 .9 -7 -5-3 -1 1 3 5 7 9| 0] 2
2 6 2 -1-3 -4 -4-3 .1 2 6| 132] i
3 42 14 35 31 12 .12 -31-35 -14 42| sseo]| 53
4 18 2217 3 1818 3 -17 22 18| 2860 5/12
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F, =SSQ, /MSE

(sobons k Lasull a Slaasdf Jabaa o 6« H g B, =0 Loam,idl Lz
danngial ba 5lod le Laghh iy aliall t05a0 plassl Lo WS, b
D ay (14-7) 3,340 A

t
t,=Q,/ rMSEZkﬁi

i=1

* -
M'QPL?‘,JH‘—‘D#t(I—UJZ.n) c Ldgaallt Laeais t LCi,liasy

kot 5Saay . MU 1> st 13 Lumsdll G2k p3a « MSE sl
t=4 ol Ganyadl gl gdl o Laaoall o4 k=2 5 Tl Baskad) a5 =1
O MW as . k=1,2,3 wlajall Ga Hla a3l Jalaa Sl aal LalKa b

D ABIS gasad

Y=B,+B X+B, X% +p,X°>

Ua ol o H B[ =021, sl F,=SSQ,/MSE .52 ..
o H :f,=0 Loa,all F,=88Q,/MSE ,.xa,,H_:B,=0
Low,all F,=8SQ,/MSE ,.sa, f,0ais H,_ :B,#0 Uil
H_ B,#0u=H,:p,=0
wie Y Lilaeol Ladisall aaill aloy] GalSaly Tikadl Luess Layna duyy
sl Tokn Ugguny plaaiy pdlaa juisy . X Jalald Lalnal) byt
P LY CQUEAL YT TY
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: LI o add) Y g dsas

d=x,,,-%X; :daladl bt om Godll -

(1T Jgaadls Sasaskim | g3 —

: LG falal ) et o

P ,(x)=1

P,(x)=m, [(x-x)/d]

- 2
P,=m, | Xyz. L -1,

P () =m;|(=5) - (=7

3t2- 13 . 3t2-1D(*-9)
560

P4(x)=m4 (
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A l\‘ Vo A‘ I\’ /\‘
=P ;+B PER+P,P,0+PB P+ B P X

Fal
Ll glsand) Lo Juans Taskall o3a iyt dulels B  udiT dagy

: (5-7) JUia

s s asall 58S sualanll wU, B Faphil (155) JULD paiSas
r3a tel3al Luad Al claltadl ity sa pyass Bizad Llae B7) Jodall peinse
LppaaSall &Iy Taagsald A c3alls Lahadl o) AG¥] Lo yudly pald
A3aa ot @iy« Ly ila o Lyl Uy SST S S Ly e LaebasU a2l
Jsaall pumszs - Laglsll Lo yall sny o2 Lo SLART 3 33l G pupd Y
ih g i adliy .« Loyl il clalaa¥l g ddad pa Babasll J—ulas O-T)
0 Loginll (gaione dic Ligaadl oo ddh Lonaasally Lahddl o8l o Jsaadl

CF 50 =731 : Glgaall F ga a0 IS Laldll F s 25, 5] elldy = 05

apiall it Baalaia wlilie ) elatladl culay ya g sasa B323 1(8-T) Jata

X, okitadl
0 75 150 225 300 375 450 525 600
26.29 28.07 30.14 32.96 3377 32.15 3191 3162 3091] Q, EA, SSQ,
-4 -3 -2 -1 © 1 2 3 4 31.86 360 2.8196
28 7 -8 -17 -20 -17 -8 7 28 }-259.24 16632 4.0407
-14 7 13 9 0 -9-13 -7 14 24.11 594C 0.0979
14 -21 -1T1 9 18 9 -11 -21 14 58.61 12012 0.2860

#wN,_.g

r=6, t=9, x =300
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(1-5) JUiall culalod¥?) Julad pa oabasdl Jalas Jyaa 1 (9-7) Jyaa

S.0.V. df SS MS F Table F
Blocks 5 2.798 0.560 | 7.08
Treatments 8 7.569 0.946 [11.92**
Linear 1| 2820 | 2820 |[35.52% [F ;,=4.08
Quadratic 1§ 4.041 |4.041 | 50.90%*|F /=731
Cubic 1 0.098 | 0.098 1.23
Quartic 1 0.286 | 0.286 3.60
Remainder 4| 0.324 | 0081 1.02
Error 40 3.175 0.0794
Total 53 | 13.542

gisaidly Laanyd o) Ll Lo ull ooe Lastedl ada 53S0 lalesy) Jolas
:g:.‘lls‘,.l

>

~ N N
Y=B,+B ,P,x)+B,P,x
N
P AGIS B datadl Canay

A, —
Bo=Y =5145

=

1 =Q /rEZ A}, =3186/360=0.0885

Pa

B,=Q,/rT A2 =-259.24/16632 = - 0.0156

(7-7);]‘,4___-‘-" “...'IL_.IJA_AL_JSIHz:S ‘ m1=1 Jad=75 Qil_a._ld
f ol S Gl glsasdl paas X =300 4

X-300
75

A~ .
Y =5.145 + 0.0885(1)

2
}—0.0156(3) [( X:I"'SOO) .9 ; 1_]
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T =4.352 + 0.006172 X - 0.00000832 X 2
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X-300

X-300 \ 2
75

¢ =5.4565 +0.0885( ) 004676(
wle L'n.l.mag:l.” G:l‘,_n_"n.”uu.i_'n e Jaas Uolall sin sl y caad )i anay
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OPTION PS=65;
DATA SUGBEET;
DO ROW = 1 TO 6;
DO COL = 1 TO 6;
INPUT FERT § ¥ @ @;OUTPUT;
END;
END;
CARDS;
F 61.6 D 63.8 A 70.4 B 72.6 E 68.2 C 70.4
E 68.2 B 63,8 ¢ 66.0 F 55.0 b 72.5 A 67.3
D 67.2 E 63.4 F 47,7 Cc 67.8 A 70.2 B 66.2
C 72.8 A 66.9 B 63.4 D 69.0 FP 58.7 E 70.2
B 65.8 F 56.8 E 66.7 A 66.7 € 73.7 D 71.1
A 67.8 C 65.3 D 60.3 E 64.0 B 67.5 F 47.1
)
PROC GLM DATA=SUGBEET;
CLASS ROH COL FERT)
MODEL ¥ = ROW COL FERT;
CONTRAST 'No FERT. ve. FERT,'
FERT -1 -1 -1 -1 -1 +5;
CONTRAST 'Org. vs. inorg. FERT.'
FERT -1 -1 +4 -1 -1 0O;
CONTRAST 'NH4-N vs. NO3~N'
FERT +1 +1 0 -1 =1 0;
CONTRAST '(NH4)2SO va, NH4NO3'
FERT +1 -1 0 O 0 0O;
CONTRAST 'Ca(NO3)2 vs. NaNoO3i'
FERT 0 0 O +1 -1 0;
MEANS FERT / LSD;
RUN;
General Linear Models Proceduxe
Class Level Information
Class Leavels Valuas
ROW 6 12 3465686
COL 6 123456
FERT 6 ABCDETF
Numbar of observations in data set = 36
General Linear Models Procedure
Dependent Variable: Y
Sum of Mean
Source DF Squares Square F value Pr > F
Model 15 1198.8608333 79.9240556 11.06 0.0001
Error 20 144.4688889 7.2234444
Corrected Total 35 1343.3297222
R—-Square c.v, Root ‘MSE Y Mean

0.892455 4.1065863 2.6876466 65.44722222
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Source DF Type I SS Mean Square F Value Pr > F
ROW 5 145.25472 29.05094 4.02 0.0109
COoL 5 156.75806 31.35161 4.34 0.0078
FERT 5 896.84806 179.36961 24.83 0.0001
*Source DF Typa III SS Mean Square F Value Pr > F
ROW S 145,25472 29.05094 4.02 0.0109
COL 5 156.75806 31.35161 4.34 0.0078
FERT 5 896.84808 179.36961 24.83 0.0001
Contrast DF contrast S5 Mean Square F Value Pr > F
No FERT. vs. FERT. 1 865.48938889 865.48938889 119.82 0.0001
Oorg. ve. inorg. FERT 1 21.50533333 - 21.50533333 2.98 0.0599
NH4A-N vs. NO3-N 1 0.66666667 0.66666667 0.09 0.7644
(NH4)250 vs. NH4NO3 1 8.33333333 8.33333333 1.15 0.2956
ca(NO3)2 wvs. NaNO3 1 0.85333233 0.85333333 0.12 0.7347

General Linear Models Procedure

T tests (LSD) for varliable: Y

NOTE: This test controls the type I comparisonwise error rate
not the experimentwise error rate.

Alpha= 0.05 df= 20 MSE= 7.223444

Critical value of T= 2,09

Least Significant Diffarance= 3.2368

Means with the same letter are not significantly different.

T Grouping

PRI Y

]

Mean N
69.333 6
68,217 -]
67.317 6

7
66.783 6
66,550 6

54.483 6

FERT

C



EJJUGL‘CDLQU&‘ :CerJ|Ly¢uﬂ‘

\4Y

OPTION PS=65;

DATA WFERT;

DO FERT = 1 TO 9;
DO BLOCK = 1 TO 6;
INPUT ¥ @ @;OUTPUT;

END
END;
CARDS
4.80
5.03
5.12
5.28
5.29
5.28
5.13
5.18
5.13

I

PROC

-
r

7

4.63
5.20
5.23
5.68
5.53
5.63
5.48
5.50
5.33

GLM DATA=WFERT;

3.98
4.03
4.28
5.01
5.36
8.40
5.33
5.32
5.26

4.05
4.13
4.60
4.83
5.18
5.13
5.11
5.18
5.01

CLASS BLOCK FERT;
BLOCK FERT;
MEANS FERT;
CONTRAST

MODEL

FERT

FERT

Y =

'Linear"’

4.51
4.83
5.63
6.31
6.21
5.23
5.43
5.18
5.08

4.32
4.85
5.28
5.85
6§.20
5.48
5.43
5.26
5.10

-4 -3 -2 -1012 3 4;
CONTRAST

28 7

CONTRAST

FERT

CONTRAST

FERT
RUN;

14 -21

'Quadr.’
-8 ~-17 -20
*Cubic’

-14 7 13 9 Q
‘Quart.’
-11 9 18

-9

-17 -8 7 28;

-13 =7 14;

g =11 -21 14;

General Linear Models Procedure
Class Level Information

Clase
BLOCK

FERT

Levals Values

6
9

123 4546
456

7

Number of observations in data set

General Linear Models Procedure

Dependent Variable: Y

Source

Model

Exrror

Corrected Total

DF

13

40

53

R-Sguare
0.765545

Sum of
sSquares

10.36635185
3.17479630
13.54114815

Cc.V.
5.4759338

Maan
Square

0.79741168

0.07936991

Root MSE
0.28172665

(5-7JGs

F Value

10.05

Pr > F

0.0001

Y M
5.1448
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Source

BLOCK

FERT

Source

BLOCK

FERT

Dependent Variable:

Contrast

Linea
Quadr
Cubic
Quart

r

OPTION PS5=65;

DATA WFERT;

DO FERT =
DO BLOCK = 1 TO 6;
INPUT Y @ @;OUTPUT;

END
END;
CARDS
4.80
5.03
5.12
5.28
5.29
5.28
5.13
5.18
5.13

I

.
f

’

4.563
5.20
5.23
5.68
5.53
5.63
5.48
5.50
5.33

1 TO

3.98
4.03
4.28
5.01
5.36
5.40
5.33
5.32
5.26

DATA WREG;
SET WFERT;

IF FERT=)] THEN

DF Type I SS Mean Square F Value
5 2,7977704 0.5595541 7.05
8 7.5685815 0.9460727 11.92
DF Type III SS ¥ean Square F Value
5 2.7977704 0.5595541 7.05
a 7.5685815 0.9460727 11.92
Level of Y
FERT N Mean SD
1 6 4.38166667 0.32504871
2 6 4.67833333 0.48358729
3 6 5.02333333 0.49350447
4 6 5.49333333 0.55644107
5 6 5.62833333 '0.46093022
6 [ 5.35833333 0.18170489
7 6 5.31833333 0.16129682
8 6 5.27000000 0.12633289
9 6 5.15166667 0.11990274
General Linear Models Procedure
Y
DF Contrast S8 Mean Square F Value
1 2.81961000 2.81961000 35.52
1 4.04072737 4.04072737 50.91
1 0.09786062 0.09786062 1.23
1 0.28597503 0.28597503 3.60
9;
4.05 4.51 4.32
4.13 4.83 4.85
4.60 5.63 5.28
4,83 6.31 5,85
5.18 6.21 6.20
5.13 5.23 5.48
5.11 5.43 5.43
5.18 5.18 5.26
5.01 5.08 5.10

X=0;

Pr > F

0.0001
0.0001

Pr > F

0.0001
0.0001

Pr > F

0.0001
0.0001
0.2735
0.0649
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IF FERT=2 THEN X=75}
IF FERT=3 THEN X=150;
I¥F FERT=4 THEN X=225;
IPFP FERT=5 THEN X=300;
IF FERT=6 THEN X=375;
IF FERT=T7 THEN X=450;
IF FERT=8 THEN X=525;
IF FERT=9 THEN X=600;
X1=(X-300)/75;X2=X1*X1;
RUN;
PROC REG DATA=WR‘EG;
MODEL ¥ = X1 X2 / SS1 S82;
RUN;
PROC GLM DATA=WFERT;
CLASS FERT;
MODEL Y = FERT;
MEANS FERT;
CONTRAST 'Linear’
FERT -4 ~3 -2 -1 0 12 3 4;
CONTRAST ‘Quadr.’
FERT 28 7 -8 ~-17 -20 ~-17 -8 7 28;
RUN}
Regression Analyels for the Data on Wheat Yield
with Phosphorus Fartilizers
Model: MODEL1
~Dep Variable: Y
Analysils of Variance
Sum of Mean
Source DF Squares Square F Value Prob>F
Model 2 6.86034 3.43017 26.185 0.0001
Error 51 6.68081 0.13100
C Total 53 13.54115
Root MSE 0.36193 R-Square 0.5066
Dep Mean 5.14481 Adj R-Sgq 0.4873
C.V. 7.03493
Parameter Estimates
Parameter Standard ‘P for HO:
Variable DF Estimate Error Parameter=0 Prob > ITI
INTERCEP 1 5.456551 0.07467477 73.071 0.0001
X1 1 0.088500 0,01907560 4.639 0.0001
X2 1 -0.046760 0.00841935 -5.554 0.0001
variable  DF Type I SS Type II SS
INTERCEP 1 1429.332452 699.435534
X1l 1 2.819610 2.819610
X2 1 4.040727 4.040727
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Analysis of Variance for the Data on Wheat Yield
with Phosphorus Fertilizers (No Blocks)

General Linear Modela Procedure
Class Level Information

Class Levels values

FERT 9 1234567829

Number of observations in data set = 54

General Linear Models Procadure

bependent Variable: Y

Sum of Mean
Source DF Squares Square F Value Pr > F
Model 8 7.56858148 0.94607269 7.13 0.0001
Error 45 5.97256667 0.13272370
Corrected Total 53 13.54114815
R—-Square c.V. Root MSE ¥ Mean
0.558932 7.0811615 0.36431265 5.14481481
Source DF Type I SS Mean Square F Value Pr > F
FERT 8 7.568581% 0.9460727 7.13 0.0002
Source DF Type III SS Mean Square F Value Pr > F
FERT 8 7.5685815 0.9460727 7.13 0.0001
General Linear Models Proced;re
Dependent Variable: ¥
Contzaat DF Contraat S35 Hean Squarea F Valua Pr > F
Linear 1 2.81961000 2.81961000 21.24 0.0001
Quadr. 1 4.04072737 4.04072737 30.44 0.0001
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Buaaia cilesnds e gaiad L3l Lalledl G g s Gl Jaladl i ey
febisione T ga Ll dale 5055 3 QUi JBS, alpialls s
Felg e Tyl e 350l Jaley e Lafiahay Touigley T la
Ol Lal Jalad] culystuea oF USLY) 03 Ha iy - 30 . 20 , 10 , O deg.
Lol Lan g Sha s alad Ludimg g 350508 aS Jalad TS 0

a2+ IO U paanids Lbaladl ooy laill Lol 35,00 gyl
Lipns Llaia 5,500 e san iien YISl el 530 B3 lana 3 taaly
la 5Shawd . hel )y patilias IS dea 6 < 35000 L e ol G o
JYLOSCPRNTE RN T ETL. TR |
T eyl gy Jail gala -
TS i aS AL -



T L3l b Loy L Lasasndll Sacdl AL -

EPWINUNNTE ISPy -

§ Wasill L ,all Licys o L -

pheal! tas Adaall Jals @bl on wbled) Lail a G -

JS Lasats cualall poda a3 3,000 g3l Gle dalyadl sia JS 315 Tad,ul,
Jalgadl Ll conlS g saly dale cbiytas Laya5 oo e Taa e dale
daladl =15 wotatill oolastl sda Jhia Lasady . gl o 527 Jalas s raly
<l oolanll A JSUELE Gaan ol Gy . (One factor experiment) aal gl
LuaSy slaadl LuaSy 1,300 Laoshs gooll LoaS L3yl Jia aalsll Jalal)
OsS3 a3y . (Interactions) caabelinlly T, 0bl ) ol , 85 02a Ge samay (sylasldl
Ga oy - LelaleS oS ¥ Sipans Lsadll b 550 Laal @ld @dtelisl) ada
Glaav) mans JUL ligsy - Saaly La,a5 P Jalsaldl J< JLagl Laa¥] e
by taes Judily Jalpall pal wiaad ooy Lalaladl Gjlanl) Lot
v lgaas wtelin Wla G 13 Le dilssy

calayiaally C o By A Jhia 5,0 Lisulas]) cdabs Latla Jalsald 3a 50
sse L . Cp .bj.ai&‘uwlw&yagdga&.zwlqpvg
w3 b, M L cobladia ipuiall cipall U S dabad) el
By - B dabtall AL caiantly A Jalald J ¥ (gsimedl G L3sSall Lallall
a b ualsdl LS50 Jadisws B, A oalalad) Lo Tbaladl 2550500 (g 9500 i€
JS cibigtiona pa Lead URTaI) Jalpadf guny Tablaledl ajlanll ipat s - Lallaa
bsa=3 3C B A Jalye VS lo gl Al Lalalal) Loyl Wi ale
Factorial Experiment) 3 2 x4 43 x3 x4 1_lale Lupald Lewic=4 4=3
.(3%2x4
Sl e Legaas i Labaladl pladll A clallal] Jiass

i dale US (ootiiea sa g Gpag AST oalale byt O (Combinations)



144 ilabadl oozl el ol

wiylia oa siladlad) dis poisa IJ.¢JJ,_;_,$Y|J..|‘,AJIJS:JL=J:W&1..IJ+3”
Lkl A Jaladi ol 13) Wias. Q,_L'di‘.‘_'l Usal) Jalgadl JS byt s
Jasall “,_i S (3 x2) conndl caladlad! 5555 caaiytivues B Jaladly CH P PPN

. (1-8)

c3x2 Llale Ljyas caladlaa : (1-8) Jgum

A
a, a, a4
B 1 a,b, a,b, 45D,
2 a,0, 4,0, azb,

Glaladl coladll grey Lisay alalaisal 2-8

woladS pdadl deadl Gaalys pran 0 Llabdl Golandl pass
e L] le Adly e By Lasad A Jalsad] e daaadl 50815 Tl 5uf Ty
olad b 3,0 Jalsad) papas L Tlley . S0 alyay Jalsadl pal ,Laal
SLEGSY Colesl) ada puadus LS L Lelga wlaglall o auiall (o4l
rd Bb Wlaas g,k e Looail) Jlos pacusidy o Jalgadl ng edlelisdl
LBl Gaalas (gue g

t ot Lolaladl s lanll Lol 3l W
Letias ol (o Aitina Jalondl 585 Lashie @ eadyplly Walgal) Julis -
IS crasal 51 LS Lad) e Lol Lo juy dalpadl @lyyt Lads elis
. (Hidden replication) Al 1,50 Laass ol 3y caaly Jubad Tyyasll
el aiasdua (1) ssall b sl Galaadl JLALI L3 el Sasts,
IS Sle @lill gy 5ay Las b, e AL ciiasdly b le coladlall
et glatii daa e Jale JSI 1ypa0 Gasitied DG . A Jaladl obogbo.
plaicls Wale duaas 30 Taall guds e Jyaaatl Topssaidl culaagdl sus



daladl oyl v L | R WY Yoo

c Latalad ) Loyasll

. Laaaitgy estelandl Galass! — o

Gkl Lallia Lilabad) olasll e Tiala sl ailalisn il 5383 ~f
Jalgall @lisios Sae wio srae Jale 535 Ludyod Toks Talsa o T gy

AN
: "'.l g__.u_,__l.n.“_’
Libate Lisanl Loslly stias . Jalpadl vse slao3ls Liyasll paa ;0% -1

eIA ik clelad 4 b Leacay Gayl aly dallas 48 llia 4 x4 x 3
Bl yads aans Ll L0l moaal ellizy Aagasaes Suay 1923, 5530
il paaldl HIS 5] La 3 gua A dalsdl ¢ Uedd] Jabs Tacilaal] L il
glooy! plantiuly ol 138 gllayy . WalSh Lhlstiall clethil] praiad oa
sd ¢yl Gl . (Fractional replications) 1,5 3all =l 1,851 4 (Confounding)
c Ladlill Jpeadll b prinl gL
oA Bilia] dand 51 Jiall b 350 Tabaladd slaill Gaskt canims  — o
C saidh lun sl puileS pund Losis el Hadll Lagd 3 ay35 L]
LU elelintl b Llad) wlayud) @l wdlelind] jouwds cuavas — g
el se T e SAST ot AdF e lind) T Jalge LS o A
Jelially Lawasodl olatiadl 3-8
: Main Effects and Interactions

b o2idlls (Main effect of a factor) Jualall  aaad d1 5 30dT G yna
Tawai oIl @l S 3R Lasady - Jalad) (ot suist Tauss Lilodwa |
J—alall bowadl A0 Lt . Lapanll Lo plasad] ASL L kas LesW
die Jale oatees oar Llodw¥l B 3540 s4a (Simple effect of a factor)
Gl iU s giin 3a Jalald q.....__..'._,Jl sy . A Jalad ias (g9licaa
@il siacs o Lilaswdl 5 iG] 4ed (Interaction) Jelisdl LI U]



Yo Edaladl oplameclt ¢ - el J..a.é.‘l

AT Jale @b 5aaid Lagis nas Jale
Lalale Lapad of Gajyadad . paalid] ada poeypdd by JU 320,
spansll Jale 3& A dopa Glisious 4 Lagia JS B g A Galalad] e (gyiian
Loaalyoalpdly by o by raa,ls il psa paBya, , a8 oassiaua

C Lapanll o3 bl 28) Josall muassy . padll Jscana Lo Loa,udts

cilallaad caad (LESH) b oh) padll Jyeans  (2-8) Jgan

A Effect
a, a, Mean Simple Main Interaction
B b, 4.25 3.81 403 -044 11

b, | 397 463 | 430  0.66
Mean | 4.11 422

1.10

Simple |- 028  0.82
Main 0.27

Inter. 1.10

:(.‘J__ILQ_.L..LJ_’.I—'IJ
tdalald bl a1

. B Jalald 455745 A Jalald ,;,LL__._H....‘;,I‘,.._ﬁt'...:JLLAL_-_,;__".JI.h&,.i
‘,.Abz ool r‘,._lé..LAJ“O.M_,.Ibl _,.x._dlr_,._.mAd..h.LJL_;u.,Jl_,._.:.t:dLi
.8, 132082 ya | wic -0.28 sa B Jalald luddi 0010, . 0.66
rdalald gt J) el -

>l ellal . Jaladd Uoswsd) &), a8060) biug e e 3,lac g
3isua Oa dlawdl 3050 1oy . 0.11 5a B Jalald y 0.27 sa A Jalald oty dl
u,#d,‘..all,iz.,l_.\h:rlh‘,:ugjnt__.jL,.hc_..._..-'- 8, gaiwa A,

b Lasf e gan, b, 1B Oa ol pun uady . LS L o 027



aladl Cojlaet 1 el failt Yoy

OGS 5 o 011 Lasud Jgeasl] b

rJeldsnl)l ~ g

§1 delad da g pd 13y 110 sa Lia g el el 30 Gy GA01 5
audi 32 B Jalad] sl A dabald dapeacdd] 58680 500 ¢ opliGees splalad]
By A crlabadl grs Jelisill (1-8) JSEU) sy - Todea Jalidl (g abony 553l
b sle illy b sie Lilenud) bl gllis,

oo Wituaa A Jaladl 5L 3] @1 G gratin Walad) claausy il Gay.
S gl sl Gle Aleal) palh 55S Jelis Lagdas oual (6] B Jaladl
Jelds usay pae e Jua b ol5 10 carladll 5T JS2) Taa oo Ladtsy . (2-8)
.B 3 A s

Lot ) bl Qe 3aS,500 maas dalpad| G Jelis aay L 13)y
Shabius pa A daladl el gt e Ll yu sa pa¥ly 3l Gga Jalsald
e B daladl cillacusia g A Jalad | cilacusia Tual 3o oo Yo (o ieoa ¥ Jalgadl
. AB Jeliall cilawuyia u il Bus

476

0.66

4.26
0. 8%
-0.23

ak =0.44

876 I

386

1 1
3264

a
ol 2

A

2-8) Jasall wlilead B 53l pasg A slasad) oas Jelasl) = (1-8) J<&



Y.y Llaladl jloelt : -palah Jeadll

4.76
45
bz
4256 /
b
| / '
8751 ,
356
8.2 1 1
o a, a, A

- B Jaldls A Jalad) pa Jelis @dlia ol @ (2-8) JS&

Uy Wsay 5253 (28) 5 (18) eplSall b Las ol coula gyl
Laibaadl sl b Galadnls peisy calibod) e al5) 3, 0a.,
Lol 35565 walall laas Laabaadl claganyd) oY « Lan olld oIS 5e G, LU0
ol LU 3 Sa00 alls peus Alaadl Jalasl] Unalyy of bl Taash e
. Laals
Odlale =l Uilale Liyas 4 -8

Two - Factor Factorial Experiment

8 Gliyieea diey A Jaladl o gatale e Llalad) ajladid) fow] Jatids
Los—aallada g olallad) siee mias Guaas b Gligts dacy B Jalally
L L] lagasaill o prasad b cladlall ada Jiusy . t=ab
(RCBD) 1Ll Lyl stiad} calelilf praaty (CRD) Lotinsill plall puasasl]
ST Lt Uy Lalall Qg,kil) qua elliy ¢ @S) aisU) gl puaaty
Lioaalt abasdl Julad Jysa 55325 RCBD paacal Laludtid cilepeiasll
Silasa psane Uijas pa poituadl paeiasll Gabasdl dulad Jgus G Lalalad)



Gabadt oyl 1 2l faaidll Yot

- L Al etelinlly Jalpadls Zals #1320 4] culaltal)

Ladadd) pUI) ppacandf 3 plale ell Llale 34,93 1-4-8

Ll pracatlh b B 1 daaly JS wiy,S ab wlallall 51 Laynanl
in J saimins A Jaladl 5 i (s33un on K Saaladl 4 Y o ol Tadiaal]
bt LS Lol adgd (Linear Model) ill gisasdl 55503 B Jatad]

LIWEN

pladl dauysl) p

A Jaladl e iggstiua a8 O,

Balad) Haj cgotiuna a8t B

B a0t casdelisdl ,u3 (af)

Laltall @il Al Kk Lssasl) taaslly peallf Al sdial) tadll €

€45 ~ NI0, 6 %) o yay3issa,; b

P paiastl b ax b Lalale Lo Gubasdh dalas Jyoa casays
Eoans L3al pa Ladiasll LI paraasll gubast) Jolas Lig sl Gudda Lpdiasld)
B Jaladly ali s 3ay A Jabadls el o501 ol5al T3 L] elaflal] cilas ;s
Lisasl 5l atant Tadgas 3-8) Jsuall Jiass - AB Jelisll pola wudts

JJMJ‘QIJ'JSM’JungHw'rm'M'Qj axb I:LI.ALE
Y. .Y Y. 6 el

ij . .- i.
ool Yo,

r

b a 1 r a b r
Yi..=;zYijk;Y.j.=ZzYijk; Yij.=EYijk ’ Y"'=ZZZYijk
j=

k=1 =1 k=1 k=1 =1 =1 k=1



labdl oyl ZL'J.ALﬂl J.a.&]l

S —
Y ..

SST°=ZZZ(Y ijk'?n-) 2=ZZZY ;‘;k-CF, CF = Y
i j k i j k

SSA=er(‘fi__-?...)2=

i..

i=1

. Ladiasdl pladl
S.0.V. df SS MS
Treatments ab-1 SST MST
A a-1 SSA MSA
B b-1 SSB MSB
AB (a-1)(b-1) SSAB MBAB
Error ab(r-1) SSE MSE
Total abr- 1 SSTo
: ('l"‘ L:-ILL.J-M":IJJJ
Y, /br, Y Y_j_/ar, ?--_=Yij'/r, Y...=Y../abr
f ot cllaagiall LoyLall UiV
S— =+yMSE/br ; S; =y MSE/ar , S? =VMSE/r
i. BN if.
q-lc.-LL_..u‘,:'Lllo:_.-JJ_,LIJ 1._nJL_|.I.“ !LLA..Y'J
3 =v2MSEfbr ; S? 3 =\2MSEfar , S 3 7 =+2MSEfr -

. .

t GBI bl Jalal Jssa @bigSa uualy

abr

ZY 12 /br - CE
i=1



adabadl cojlamalt il Jraddl Yo

SSB = arZ(Y Y. )2 ZYzlar CF

=1 j=1

a b b
SSAB=IZZ(TU._-7 Y (Y. ZZY?j_/r-SSA-SSB-CF

=l j=1 i=1 j=l

SSE = Z Z Z (Y 4 - = SSTo - SSA - SSB - SSAB

1J
i=l j=1 k=1

2 g Slalladl cilas e g yana Sl Lad S35
SST = SSA + SSB + SSAB

ab-1=(a-1)+(b-1)+@Db-1): Al Lall ol e

Solaisaxb Litalad) Ty paald Sabpadf Jalas Jase laa Lales paaasd saay
L Ula JS Tt ol lanad s Jalgad] @listions dsa 3l clal,aml oY)
oAty Tucst conum ellis Liladin Laly gl Jalsnd] claytions 5553 o Lala

 UiSar s gles L1 elligd 1L Lepacil)

wolsgaivuay (afixed) Taali A el phcua ‘)TIEJJA.:J]V.;UBJ:LM:I Glea —
O3l plad) dacwyill Ge cslal oYl Sliptel) el pubG Huiiy o (bfixed) LGB
) Lol ol cliall e85 Jlslb, Za;=X8.50 gs5=

s Al gis—astC T Ela—ed —asuts Z(aﬁ) i =2(°‘|3) j =0
i i

. (Fixed effects model)



YoV Adeladl oploecdt 1 paltdl -t

- (Mixed model) lalzally gigasll 134 ey B ; ~NI(O, © ;) R

Ladlsdis a gyt 1 T gigandl 3 be use TH gigadtl 0 o508 : T glgas ~
il faay . ZBj=Z(aB)ij=0 Jai-eNI(O,ci) 1 Laali b,
J j . (Mixed model) Jaliia gses

0 ~NIO, 6 2) (f Lllste b ya 5l Lia p2,305 IV glgar —

. (Random effects model) A lsdind| gisastls 13 rasusy [3 i~ NI(O,(_:J_;) J

Loy, ¥ gilasll (Bxpected mean squares) p3pill Salaill @-8) Jsaall b sty
k) Glsall wl,dall ,LasY Ll F el laal (5-8) Jyaall padls LS
Loim gl gilssdl ) 5500 8 e (5-8) Jgamall GLESAI 5 - Tay ¥ gilesd!
o Hy:a,=0,i=1.,a Lol F, s . (¢-8) Jyaaily

2
:.___;:.l_,..n.‘n'.n.r.ri Lol a mlagteea cal X '5!'_-g=.a~ua.¢LjiJHo:0a=0

. 2 . : .
said Iyaaly HO:GB=OJ|H0:BJ.=0, i=1l,.,b Fgy s,

1

Ki= 2 Ha-1), K= 2. M), Ko = 2.2 @p /(a-1)(b-1) .
j i :
H,:02,=0Hy(@P) =0 i=1.,aj=1,.,b Fy

.CRD prasad b 2axb Lilale Luyasl giyill abasl) : (4-8) Jase

Model I Model I Model II1 Model IV
S.0.V.| (afixed,b fixed) {a fixed, b random) (a random, b fixed) (a random, b random)
A o2 +1bK 2 02+rciﬂ+rbKi ov2+rbcsflt 62+ro:$+rboi
B o %+maK } cr2+rzm'25 02+roiﬂ+ra'K§ 02+ro;+mc;
2 2 2 2 2 2 2 2
AB o +1K 4p G +10 g G +0 4 G +10 4
Error g 2 G z . o] 2 o] 2




Galabadl ottt 1 el Jaad

YA

L (4-8) Jgually Al Ty Y gILGU F ol Laaad 1(5-8) Jysa

Model I Model T Model 1T Model IV
5.0.V.] F |(afixed,bfixed) }{afixed, brandom) | (arandom,b fixed) { (a random, b random)
A F, MSA/MSE MSA/MSAB MSA/MSE MSA/MSAB
B F, MSB/MSE MSB/MSE MSB/MSAB MSB/MSAB
AB F .s| MSAB/MSE | MSAB/MSE MSAB/MSE MSAB/MSE
(1-8) Jla

A A J¥ Jaladl s pnlale Jelaty 580 Laaay Lalale Logad ol
Casasidl iaa Jale sa B 4-5,-15 , - 20 deg. € by stiouns L33 3,0 adl Jale
Ladsualid) 3 (Ascorbic acid) els Sl saala e« 8,6, 4, 2 puala¥ls
o5 Lepana 36 ] cucyay Llgealill fa Lusssuall LaaSIh canan « ol puiall
SO Taaly JS @S daan - Lalles 12 G Liaas Lallas Logaas JS cialial
. (68) Usualls pumsll yasdl Lle Layasill ain gilis ety . ol s

L (7-8) Jssall L3 elld paits 5alyall Jolad cliloca slpaf aaay
¢ (5-8) Jgualls T pisastl cuns Uiyl F alpladidl Jouall lia b paisiud
Cra paddas - L0 Lsasdl ada b Usall Jalsad) cbytus IS oF dpa
@il laagiall Lilaadl ooyl ey (68) Jysally ol Lpba¥l olilaal)
350 Lo p La3,) o padliog Sl paala 32$53 of < (3-8) JSalb
Jia of Lol gassasy . Ty 9 T, aie saiadd) parboad ga o u3aadl
Sebail) Jalad aS3ay - a3l Saey 350al ola s cuwa Cilis padliad]
of e clalans wyleia  (78) Jsi—ally penpldl Loy 3dl ai gl
3050 Ll la caald Ligana F gy o oSty dasins F g, F g, F oy
deldad) Lualyu e 53] 3855 calsall Loaatioll @l G0 S dugaall 3
c el Sl paala LS 51 138 ans 5o Gadal Baas 3o10adl Lo 5o oas (gl
paalasl ity 5aadn ¢ Lalaal 533330 cils e sie Leale Jhaas 5l
+ (B-8) Jyaall b Jelisdl byt paili Nigy G255l



Y+ 4

FRPPY | g..Jqu-ﬁ.“ :L—,.EJI l...a.a.j f

12 caad ol yadall Ll gealill 3 (mg/100gr) el St paala 1aa 1 (6-8) Josa

- 3x4 Lalale Lysas b Ladlas

Temp. Weeks Sum
2 4 6 8
T,=-20 15 17 15 14
16 15 16 17
14 15 14 16 184
T,=-15 15 12 13 12
15 15 15 13
16 15 14 11 166
T,=-10 11 11 8
11 9 7 5
12 8 6 6 100
Sum 125 117 108 100 450
3 4 3
ZZZY 2 =6056
i=1 j=1 k=1
el S paala bl Salad) Julas £ (7-8) Jyda
S.0.V. df S8 MS F P-Value
Temperature 2 326.00 | 163.00 130.4 | <.001
Weeks 3 39,22 13.07 10.5 < .001
Temp * Weeks | 6 35.78 596 4.8 < .003
Error 24 3.00 1.25
Total 35 | 431.00




idaladl oyladl - Cpaltl fadll Y\

8 ascorblo acld {mg/100gr)

;
18}

14} — T
12 \

r
o
of e
j e .
L
ol
0 l L ' I
0 2 4 6 8 |
weeks of storage

—— T1 ———— T2 ......... Ta

Oa3ailliaa il allla yo pudetiill cloeyia Jysa 2 (8-8) Jaum

Weeks
Temp. 2 4 6 8
T,=-20 15.00 15.67 15.00 15.67
T,=-15 15.33 14.00 14.00 12.00
T,=-10 11.33 9.33 7.00 5.67
Standard error for Y g0 S ) =vMBSE /1 =0.645

Taary 350 adl Lasay Llaoiw) Liste Liyas Loyl dialad) aagy Las

Erkian Slaasl giss Ladl slay] sas oo Lagins delaallyy guyas
LalSabey . calalall Zal5all Giy,kll wie el ,Sul paala 1oaS Hauil Gl g
1 dsaall 3,8 Tualanil) @b, pladsl Fak e Lstall el 5uads



YA Lhaladl oyl ¢ -l fuadl
¥ aalall bl cala pl) paalas elal clua Gk 1 (9-8) Jssa
Temperature

Y, Y, Y, Q [Div] SSQ

184 166 100
T, -1 0 1 -84) 241294.0
TQ 1 -2 1 -481 72| 32.0

Weeks

Y . Y, Y, Y.,

125 117 108 100
W -3 -1 1 3 -84 | 180] 39.2
WQ 1 -1 -1 1 0| 36 0
W -1 3 -3 1 2 118010.022

Interaction

Yo Yoo Yoa Y Yo Yo Yo Yoo Yy Yy Y Yy

45 47 45 47 46 42 42 36 34 28 21 17
T, Ww.| 3 1 -1 -3 0 0 o 0 -3 -1 1 3 |-62}120(32.03
T Wql-1 1 1 -1 0 0 0 0 1 -1 -1 1 2| 2410.167
T, wel 1 -3 3 -1 0 0 g 0 -1 3 -3 1] -41120]0.133
TgW,o|-3 -1 1 3 6 2 -2 -6 -3 -1 1 3 6]360]0.100
Towe |1 -1 -1 1 -2 2 2 -2 1 -1 -1 1} &|72|0500
TWe |-1 3 -3 1 2 -6 6 -2 -1 3 -3 1] 32]1360]2.844

Jasa b Uidtadl ells Loey3 apsady ¥of Tassd . Galuadl Juadll 3 L L ls
s Oursa 3, el Jaladl il e pgaae Vijain 5alaall Jualas
w03 a1 e 1al Vo ) Sa5antl ale wilagsa paaaay i maiysy
©-8) Jsuall pudnsas - ¢lial Lice I dolisl] oy yo p gase 1udly o asassy
o O8) Joually L3l Tsanll 53 paaliy . ol3a¥) alls a JS coluea Ly,
. (10-8) Juall b gy lly JalSH a3l Julad Jgan



LAl oyl et el YAY

el paala bl JalSI ol Jutas : (10-8) Jyue

’,

S.0.V.. df SS MS F
Temp. 2 326.00
T, 1 294.0 294.0 235.20%*
T g 1 320 32.0 25.60%*
Weeks 3 39.22
W, 1 39.20 39.20 13.36%*
W, 1 0.00 OOO 0.00
W . 1 0.02 0.02 0.02
Interaction 6 35.78
T, W, 1 3203 32.03 25.63%*
T, W, 1 0.17 0.17 0.13
T, W, 1 0.13 0.13 0.11
T W, 1 0.10 0.10 0.08
ToW g 1 0.50 0.50 0.40
T oW ¢ 1 2.84 2.84 2.28
Error 24 30.00 1.25
F {5, =426 ; F %, =782

o oy Al clilnaY] e LaaiS 4, T W, ., W, , T, T
Gosa 34T7) 1 ,5al0L ‘_,:.JI afulall plassata, . Y elay, SO¥F A ala T _aaS

V)

A‘ N\
Y=B0+B

B o
B

N
P (M+P

y..=125

=Q /IZA?=-8424=-35

PaS Fa
LP(M+ P, P (W+P P (T, W)




Yiy Lloladl iyl 1 palthl ol

N

B,=Qq /TEA]=-48/72=-0.6667

~

B ;=Qu /T \7=-84/180 =- 0.4667

~

B.=Qq w /rEA]=-62120=-0.5167

Pl(T)=m1(Td'T )=(1)(T-;15)
T !

e 5225

N|

p u(TLwL)=2(T-;15)(W2-5)

X, =(T-T)d,, X,=(W-W)d O3l

bl LS glsasd) paiayi

12
- 0.4667(2) X , - 0.51672) X , X ,.

N 2 8
Y =12.5-3.5X - 0.6667(3) [x 2. __]

Gale Jhaas (il glpaddl guds (e Juaas pigasd) J3A Canisys sasy



Lhabadl oyl 2 et fiadt Y\S

o) X, 0 X | wlinll g Slaas? ) Julal Ligsh Lasadul LK)

¥ =13.8333-3.5X , -20X 2-09333X ,-1.033X , X,

gl LS el S aala TuaS (s 5mail) gasasll

T -=- 4.586-2.58T-0.08T?2-2016W-0.1033 TW

el gt @Mg”' Jlaall 11C1Jd=ly gl 13a o Lia S35

taay T=0deg ¢ 3,5l p—a Loayud Laludianl o ¥ (gl « Lusasdl Jalpadl

W =2 35.5-53 500y T=-10 3 0,a Lauf Lowilly Miad . W= 155543
A

L—A-u‘,.”c,..ng:.l.:‘,_.i s Y =11.24 qu_"lJIJ._lJ_L'iJl E.:l_,..a_'l.” laa Lisdasns

Boua¥ Uslall sy . Y 5 = 11.33 (4 (8-8) Jaalls Ladtall adgl abiaall

. (4-8) Jsadi o Ulutl adyd




Yie LI g_'J_)L?._:“ :L'),ol."..H J...a.fz.“

Laalsptall clelhlll pracat b gtlale @l Lalale Lyse3  2-4-8
T[]
UalS Lo wlellad prasal b grlale o3 Lalale Lusad consal 1)
fople LS Lsasll adgd Lhall gisasdl 58,

Yijk=u'+ot.i+[3j+(cr.[3)ij+pk+eijlc

plad) Loyl M

Adaladl jaigytions 5280 o

Baldl e j (paiana s B

B aladl pa j spiunay A Jaladl a i (g ptina c,}__.dsu:ul_,,:t:(aﬁ)ij
.pk~NI(0,0:) Guakplaill 8 p

2 .
- € ~ NI, 07) &1 paysin, Slsdall tadll € ijk

! Basdadl Gadig G ,Lald sUaa¥iy colla g3ty paalall ciyady
sileal clelhdl) cilay s psass Lilinf pon Lodeasll pLI) ppasaill condiiod
paamsad b Labaladl olasll 5alentl Jglad (11-8) Jaadl puissy . cistiay]
@l Ula b adsill 5alisll pa wlassd) pualas oba Lia,ky - RCBD
Unlzally Lol gpdiadl ¥lall Ladyall wlubadl Wl . By A daladl elistos
- (4-8) Jsaally Al Wyt udiiy plidtaid



Alabadt ol 1l ol Y11

g axb Lalale Lol gulasll Julas Jyua : (11-8) Jgsa
. RCBD

OLSS | 1-IqE m0L
.© | s | ass | (1-D(1-qe) | somy

aswavsw=" 4| 31+ o lavsw|avss| (-G | av
ASW/aSN =" d| 7 3®+ o | S | €SS 1-9 |
asSWVSIN=" d| L da1+ 0| VS| VSS 1-¢® \%

d
O+ of dSW| ¥ss| 1-1 | syporg

A SIWH S SS P ANO'S

SST0=ZZZY?,-k -CF , CF=(Y..)%/abr
i i k

ssn:ZYfk/ab-CF
k

SSA--ZYf"/br-CF
i

SSB=ZY_2J._/ar—CF
i

SSAB=ZZY§_ /t-SSA -SSB - CF

1 J
SSE = SS8To - SSA - SSB - SSAB

Toaladl Tapadl calan yu e cslaa )l p gaas pnits colag bl cllacesiin sl y
- L2



Y\Vv 3.:.Lnla_" g__)_)l.::r_'.‘ﬂ :;,,o‘.ﬂl J..a_ﬁh

1 (2-8) JUa
Al Taale — ol Lael 50 @l Taas b Lobale 1o 503 e sa]
paasad Liyadll aigd poitiily . Ajax gulbaydl cidue e — (1988) ssac
A A daladl da e 2x3 Llale olallas cod LI Lo gdond | cmuleUaill
95 way: 8, gLely 3l e Lage 80 wnut 8 | Gpasenns (soedd Clliaa b feauls
@lgda UdlA, cidall 50550 & B Jabadly o Tely3d0l e Laga
o okl Jsiaa s @Bl cuny ey by=5,b,=3, b,=0tha

(12-8) Jgaall

RCBD("_E
Blocks
Date  Dose 1 2 3 4 Sum Sum
a, b, | 2410 23.66 2205 2220
b, | 1930 1814 1870 2005 | Y, = |Y  =203.63
b, | 1934 1889 2018 1992 | 246.53
a, b, | 2930 3069 2500 26.63 Y ,=156.88
b, | 2042 2225 1877 1925 | Y, = |y, =162.11
b, | 2198 2240 2020 1920 | 276.09
Sum 134.44 136.03 12490 12725 | 522.62 | 52262

o Lie gttty « Lyl adgd Galasll Jplas (138) Jpuall o mpus

 Taadaa GBI Y Higly 0= 05 Losall gy Sawa aie (gpina AB Jelisll

Copr Jelanl) el 3 (5-8) JSAT) nyay. By A golaball c IR | DS T )

Cas Ba0atia L3 lEa ol y o) 5Sash gaima Jelall 5f Layy . ByA ool alall

ot Lalaladl ol _allall 4 svaly ] o uas] g clinl) il yia
A Jelindl lacayia (ol oas Godl (golandl Ubally . Lisasllada
S < -u.,=‘\/WE/r =V2(1.687)/4 =0.918 .

1.7 Y



el oyl 2 el Joadlt YAA

RCBD 3 2x3 Lkale 1503 b puhlogdl Jguaal bl Julas £ (13-8) J gime

S.0.V. df. SS MS F Table F

Blocks 3 14.655 4.885
A 1 36.408 36.408 | 21.58 | F i =454
B 2 164.034 82.017 | 48.62 | F;}; =3.68
AB 2 17.905 8.952 5.31

Error 15 25.306 1.687

Total 23 | 258.308

B

bl b2 b3

a, | 23.00 1905  19.58

A a, | 2701 20.17 2095

Laad §oSad . (14-8) Jaualls S by il 5, PLSD 100,k pddsd
:gjfua=.05QJMIugmth1~gp‘Jﬁﬁi

PLSD—_-t (1 _ UJZ, ) S _‘Y- ii'——Y- ij.‘ =t (-975' 15) 0.918

=2.131(0.918) = 1.956

G e Joaas Qi Gooddl 5Ladls Teaslias bl St sasy

a,b, a,b, a,b, a,b, a b, a,b,

19.05 19.58 20.17 - 20.95 23.00 27.91




Y4 idabadl ot 1 et il

potsato yleld
30

25

20}

—*—al -*-a2

156 ! 1 1
b1 b2 b3

defoliant dose

B A psdeliniilaiga bl el bugil SUadlpawyll : (5-8)  JSal)

18,50 Ladlad) pe IS Gulalla sl Jyana Juddi of e gilGall a3a Jasy
Ladisay a b ase oh Usaas il L3l gmadd] cliall (i) st
eloa O 3a3LE JUa e ol Bl s Y Naay qga dil Cdaall (B, Gaag
c gl SAT 55 al a3 ) Ul @ld) Chias o3l . Ciiall plessl
oadl Jsemy 5AU Ersa s Vs oI Loatll 43 eyl ) paasd] oS
Lasteat ) clantza ¥l Labisd clpiand) g agaadl Lysasill L1835 53] caglially
. (Diquat) (5 il hiall Sall « cday o) « 3050 o S

e pd s aslalaay | folady sbadl dald) a0 18] JBLT 1igd Lol
daaall 3525 Baaladie el lie GusSs GilSalad ¢ B el sl (gl
gkl Al ot gl da iy «(7-7) Jgualls Lanayll ells canyd y JULI i Tala
c padanll 13a g paenyil) Ga s 3all (Draper and Smith, 1981)

H v_'n.;n.'if &t hn.a._.'l “’.i C)}Lnl.& A K 1.3-'-'-: L.l)-.h-l .3-4-8
duadll d Tasasl) Lodeasd) Wy Gaabhs pe s Gadlesl) sae oSy



;._._.LDLA..“ L_..l)lar.:.“ :‘;,.aL":JI J—.a.ﬁ.-“ Yy,

3] Whas . D.C.BAdy,all b 5asn Lol Lalaladl clalld ] Lle pusledd]
rasiuwa dy Blalallga 1> 2 2 ay;.:.l._._,:........lbL‘-U\, A Jdaladl Gyl 5K

GBI Lbalad! cladlaald 34,55. b, b,

A=a b, B=a b, C=a,b, D=a,b, E=a;b, F=a;b,

- i
LS sy (s prasad axbL_.J..Lnl._._,_,:.J(_,.l-.&llEJ\,A.'.Jlg\,S._.J
:Vf'f

Yiju=u+0ci+[3j+(ocﬁ)ij+pk+'y£+eiju

s 2 asandls K chiall g L yo il Saasdf Saaliia 8 Y e
cBUaladl G jgstina g A Jabadl e i (gpionn ol

B A oplaladl o delistly Lpawgh o)l patsll a (@P) 5, By o
Kl a8 p

R agandl 58 Y,

eijuo-NI(O,cz) of paslisy Alstallithsll €,

bl eaid] 3 coany 3 Wl udig GaGaall Jalad Jsse qaeasy
b3l @llasasil Loyl miladpsll g (15-8) Jyaall b olld Ga » 50 SS33,
Lallos g 2% 2 Llale Lyl JBRSy . Lt sdadly Tl gilaad! Uls 3

- (3-8) Buoaill J3I5 X5 iy pasa prasad b Ll



YY\ ol oyl el il

axb llale Ljmasd Halnll ciladiyiy Galaidl Jalad J gua : (15-8) Jyda

- i3V e prasal A

_ (EMS)
S.0.V. daf Fixed Random
Rows ab-1
Columns ab-1
2 2 2 2 2 9 2
A a-1 ¢ +ab“ K} o +ab6¢+ab S,
2 2 2 2 2
B b-1 ' c +a bK% o +::1bcsmﬁ+azb6‘5
2 2 2
AB (a-1)(b-1) | o~ +abK %, o +abo
Error (ab-1)(ab-2) | © 2 o
Total a%b?-1

: Jalge UMS wld Lalale Lise3 5-8

LS Ly Lasload) ajlaill Talaiala x b x ¢ Lalalad] Luyasdl 5adas
dac paias Svay o gpiuaa CUYCy syious bUyBy aytuue A A Jalge
olandl sda Jha b clalladl ase pdi s Higly . abe Lalalad) culallad
SISET A GIS 5] Wiad Lglall Logssail) claasd) sue gdlsn JGIL,
. aber o plall ifaa ] die piias

P paaasll plusgal Ula A Golasdl sda JaL sl gigandly
: oa Ladiasl)

Y ikt =|,L+(xi+]3j+'¥k+(aﬂ)‘ij + (OY) 5, +(B'Y)jk + (oBy) ik T € e

i=1,.,a; j=1,.,b; k=1,..,¢c: A=1,..,r1

BLLahJ"jaJuJL&.JCJaLdl‘}AkM23MMJ|VlYuk‘d‘_n:m

cr @] A Jolisl) pay Jelinll fa dysa pa @llagh LAGAT eslelisl]



b0 PP | PP PR R U g W | YYYy

Laalidl e Laga yud LU ealelinll 5455 3uley . (ABC) LUl Jal pall

ha 50 OF duaas tupa Taga 35583 a3 UGlaaly Llaled Sas Lakaphsl)
| . C Jaladl sptuua ity 5uiy AB AGAI Lol

ot prand Uil Lypaild) B Ulal) Jalsadl IS o1 L il 13),

Ll tiad) @Yol Lowslly LT . (168) Jsuall i pesye 58 LaS Hulasll

Sieel and Torrie 4 Ostle and Mensing (1975) Laal s piel) o€alas Latsall,

cmlaapll g gpasa sbibus L. Za23U) F el Laa) g Giasll elliy (1980)

Jsaalls sapasdl wlas sl gy olua Larh L Loss oo saiady
: (16-8)

SSTo = ZZZZ Y2,,-CF; CF=(Y..)%abcr

SSA = ZY 2 fber - CF
SSB = ZY %./acr-CF
j

SSsC= ZY 2/ abr- CF
k

SSAB=ZZij__/cr-SSA-SSB—CF
i

ABC = ZZZ (apY) 1Jk/(a 1)(b-1)(c-1)

SSAC=Z ZY 2 _/br-SSA-SSC-CF
i



YYY Lt ol 2 )l faaid

o 8XDxC Lilale Liyas! 5alisl) dolad Jyua : (16-8) Jsta

5.0V df SS | Ms EMS F
a-1 SSA |MSA [oZ+beK 2 |F , =MSA/MSE
B b-1 SSB | MSB |6’ +aciK % |F , = MSB/MSE
C c-1 SSC |MSC [o?+abK 2 [F . =MSC/MSE

AB | (a-1)b-1) | SSAB| MSAB|o *+erk 2, |F ,y=MSAB/MSE
AC | (a1)c1) |SSAC |MSAC|o*+bK2. [F ,.=MSAC/MSE
BC | (b-1)c-1) | SSBC|MSBC|o ’+aK 2. |F ,.=MSBC/MSE
ABC |(a-1)(b-1)(c-1) [SSABC MSABC| ¢ *+ 1K 2, |F ,,.=MSABC/MSE

Error abe(r-1) | SSE | MSE | o2

Total aber-1 SSTo

SSBC = ZZZY %k /ar-SSB - SSC- CF
i j k
SSABC:ZZEijk'/r—SSA-SSB-SSC—SSAB-SSAC-SSBC—CF
i j k

SSE = SSTo - (SSA + ... + SSABC) .

ol F ol,baal gujus Guball cillawglay wlagyll g gaas Gla dasy
lia oIS 13y . ABC AU Jelindi Ly gina opa SGUF oo Lsal UJ],L-..-.JL_.
@l G @l cuaaly Ttlelitia J—alpadl 5 piitiwss Lsoaa Jelisll
O Jada A Jeliill cllavastia gadls o8 paa ) Lpaday e Uit
OIS 13] Lal . callaasill ad¢d (gotaad) Uil uliea pa ax b x ¢ (Three-way table)
Unalpy Ll etela sl ), Lasd gpina i ABC Jeldsll



Adaladl oplomedl el Joadll YYS

il ta b gpiaa AUS Jelas ellaa LS Bly . Fpo, F oo, F g
o Wilhsin pailsy Uiios cueyd Jeliall elld b a8l prtabadl
RRACCI A

A hd Ui sad LGS walelasl) el 18] 1,00y
Jaladl cllacasia pailiy LA Jalsall (Main effects) Lows ) el ,atiall
(17-8) Jysall padlay aaly sladl (g3 Jsaa o8 Lagtaas 43l55 @il il
otr Burilly wlassiall LosLoal! cUad¥ly wlbwsil) olaa 13,k
5lSals 515 CRD paneaid Lisbaadl 353400 3 Lidohs il 3]+ cullaca sl
ot AUy U oY) pabiasld 5alaald) dodad Jasa LESAT w(g LA
LU Tl ptiad] cile il pyacad 1 JUL

-CRD i axbxclalaleds yaslls yLalls thd¥ g Uaugall = (17-8) J gaa

Factor Mean SE(Mean) SE(Difference)
A Y, =Y, for MSEJbcr \/ZMSE/ber

B Y . =Y facr VMSE/acr V2MSE/acr

C Y =Y | /jabr MSE/abr V2MSE/abr

AB Y =Y, fer MSE/cr V2MSF/cr

AC Y ik = Y i /br MSE/br V2MSE/br

BC Y =Y far VMSE/ar V2MSE/ar

ABC Y p =Y .k MSE/r V2ZMSE/r
(3-8) Jta

s LIl Jralgad) 5ad05 Taad 5ot Loyl cay o
n ,=50kgha, n =0kg/ha : sragiuma N : bua g msll spawsll -
p ;=20kg/ha, p ;=0kg/ha : causiumas P : (sogiunill Lransll -
k =20kg/ha, k ;=0kg/ha : cassiaan K 1 ualipall agpansl] -
Jelas upay adsil 8=2x2x2 Lolalad) cilallad) coasiicaly . 3501 Jysana Lo
:QJC.:IIJS..:.JIULcal:_JL;LI;:dtS-:JJJJ.KJPJNq_,



YYe Lell ol 1 sl Jadh

1 2 3 4 5 6 7 8
[reat. n pok, n p kg NP Ko 0P ko BoP ok, n,pok, nopk,npk,
Symbol 4] n P np k nk pk npk

bl @il . Wl Lutlpdond) cleUaill paaiad L yasll sied pasiuly
. (18-8) Jgsall b LS

RCBD i 2° Lulale Ly 03l (@/ploD) 3,301 Jseana : (18-8) Jyuin

culadlatl
Blocks| (1) n p np k nk pk npk|Sum
101 106 312 373 265 291 398 450} 2296
106 89 324 338 272 306 407 449 2291
87 128 323 324 279 334 423 471 2369
131 103 324 361 302 272 445 437} 2375
Sum | 425 426 1283 1396 1118 1203 1673 1807 | 9331

LW N

clallan 8 JUA o1 SLital ga Galenf] Julad Jgaal @lasydl praloms couady
:(‘,Jt'.JLS

9331 2

SSTo'=[101 % + ... + 437 2] - 2222 — = 466779.7
2
SSB = = [2206 2 + ... + 2375 2] - Q%%I)—- =774.1
2
ssT= 7 [4252 + .. + 1807 2] - Lg_%)_ = 458718.0

SSE = 466779.7 - 774.1 - 458718 = 7287.6

. (19-8) Jssally oapll bl Jalad Jpan o el pails



Llaladl Cjlndll - ppelthl gl Yvi

- i,al bl Galaadl Jabas : (19-8) Jgaa

S.0.V af SS MS F

Blocks 3 774.1 | 25803 | 0.74

Treatment | 7 458718.0 | 65531.14 | 188.83** |F 93, =37
Error 21 7287.6 | 347.03

Total 31 466779.7

7 ] (198) Jysally il wlallall cilassn poans Tijady pudl ph
Ge ellds s onna Jelil ol dale 55 G 2333 Bualy Tuse Loy +52 JS #l3a]
sl a sa3ms 28 Llaladl el gy - el plad ol Gasle
o2 NPK 31 45} 208) Jyaalls 3l gilasd) a Ladliy . sodiladl Joadl)
qgoinll oo lid PK AGAH Jelind) olia 150081 ealelinl] Gay qosina
Lol S SR &y Jelinl) 13a bt pagdds elld Laauy
N Jalad) cillasustin gadlion ligly (goina N Jaladl 5 Ladliy K 3 P e JSI
camly oladl (23 Jsua

el el Gl U prdal padf cilag sap ganacobua : (20-8) Jysn

)] n p np k nk pk npk| Q S5Q F
G,GLl 425 426 1283 1396 1118 1203 1673 1807

N -+ - o+ - + -+ 333 3465.28 | 9.98+*

P - - + + - - + + |2987 |278817.78 [803.4**
NP + - -+ + - -+ 161 810.03 | 2.33

K - - - - + + + + |2271]161170.03 | 464.4%*

NK + - + =~ - + -+ 105 344531 0.99

PK + o+ - - - — + 4+ |-669}] 13986.28 | 40.3%*
NPK -+ + - + - -+ - 63 12403 036

f ol baad Lusandl sda gilid paits clldl



Yy el calondl 1 il il

N Jale csllaiuyia —

N
_ n, n, Standard Error
dacygall 281.19 302.0 4.66
PK Jelisll wilhiugia —
P
P, Py Standard Error
- k, | 10638 334.88 6.59
K  k, | 29013 435.00 N

50 Lalia} aix 20 Lagis slaja 3,30 Jpana of N Jalad) collacusia e Lastsy
A dalsad) elstians Gu SBad) iy elldy i 5330 ) alasd] e kg/ha
Py Do o Aliag Ky wie 5,00 Jsmana of punsad LU Jgaall L
(s3ienny Ljlie Py die pilye 3,00 Jpuana k) ane Ll catacad 2208 )

'pO

Ladall 6-8

Gyl o GY Lilaladl ojlasid] goa fasuis o500 Juaill lia o5 Gl
o oalides LS QLS el Gallasd QL) 1aa b LSl wflall S a5
Paktoe, : Gantdl e o sald T pal yall ws 5Ll 4agdy - Tataladl cylaal]
. Kempthome (1983) 4 etal. (1981)

Crdlad

= (1986) ypmue elil] Loale — GalisIl caylaill Unaa 3 Lisad cupal 1-8
Joraas Lo (Stress, Medium, Wet) (gL b pmuns LS 5030 Lualyul



i:l.nl.a." s__.a_)l.?v.ﬂ| .u.nl:." J...,a.ﬂl YYA

2 x 3 Labaladl Loyl ity (V |, V ) guhaladl fa adien (kg/m?)
e LS bl =ty Ladasdl plal) poasadll i

Treatment
Varieties Stress Medium Wet
vV, 2.60 2.30 0.93
2.80 2.15 1.25
275 2.05 1.55
vV, 2.10 1.73 0.78
245 1.45 1.23
2.15 2.03 1.35

Lyt add Habad) Judad Jgaa anyl -1

Jolsall b paGadl padly Lot ) el 80800 Jelisdl a8 a5~

s3e Listaa cblid) i) ollaws 3l ons Tliald PLSD Ty ,b padsl — g
.a= .05

ks . Llpalil Jyimas e Lol 30 Liliea 52505 Tipaa Gals alL] 2-8
o0 ¢ Jsaall Lle LA G 3] Loy Calia¥] cps pasd) labas] cislaay
libacd @baptiucs Vi (61« 4 x3 Lalale 4,00 plasif cual
OLS a1 V L pualil] fa dlia Laa ;15 60,40, 20 cm : S el 3]
3 Leéydally 3y walll Gl o Big Green , New Era ¥ 3% L icall
pasat 0 Lsaddl eididy . pasidl Ualsy Uyl Red Lake, Little Gem
S JYFOFISAA L FUSRE T I P S T EITRE SRATRCWN TRER TR 1]
Lalpwalill Jysaas Ll clladl Jhay Lol ploce (o3Soas

: (kg/plot)



YY4q LLaladl oyl :o.nl.’:ﬂ J.-A-ﬂjl

\' S Block
Variety Spacing (cm) 1 II I v
New FEra 20 23 21 19 22
(Bushy) 40 36 26 21 24
60 42 33 26 26
Big Green 20 37 38 27 30
(Bushy) 40 39 45 44 37
60 50 54 54 42
Little Green 20 35 32 29 30
(Tall) 40 34 33 28 28
60 33 29 25 26
Red Lake 20 440 36 35 38
(Tall) 40 35 33 31 35
60 28 28 23 30

Petersen (1985) .

. (MSE = 12.98) Lalabadl Luyaidl ad¢d Subaid] Jalad aayf =
s ellainyill padl Lytias o€ ol =05 wic VS Jelisdl paidl -
: LT W e Lilodld i, G,k pansial  —g

Tl gladly 3 yaualll Alual] caa ol -1

§ 3ousaid) ALY o J yeamall 5,06 =2

¢ Waghatl Blall tps Jysmall 5,6 -3

¢ elibudly Jymall g Lalad Lidle JUa Ja — 4

$ libiadly Jywaall oy Taass,s Lidle ellia Ja — 5

3o ait) lusY) s (Alnas S 3 Y o Lokl Ll Ja -6
§ Waslatly

omeadl) Calia¥] oo USRS S Y cas Laas,ad) Laskadl Ja ~ 7
§ Wnsladly

T 3 onaalll Ciliual) op Leauds (o8 Laladd Tidladl Ja -8

T ALYl s a4 Laass 53 ) Lastadl i - 9
?MIJ&A_YICHMQAWIUMIJA—lo



LLll oyl : ol J..a.&.ﬂ

Yy

§ Uygladl Cilioal] ona Lpoudd 4 Lanssyad) Lidtadl Ja — 11
c Alaa¥ly bibiadl g Jeliadh clawsil iladl gl syl
sl Lasaslh Ge JatSI) Galasd] (sl

ol Lalyl clallon 5305 Tualyud 55 aaistl puolh prasad paiiad
I § V‘i (Mercuputin) oy 21 9S L1 35U (Lethal dose) Jslad SaS ,all
b‘jJIJfL..,‘!I:UA,._i)I:-A)}.JQ:-JM ,‘,.-rSa.'iUhu..‘:.JI laa ya3aly
C:n,p, .B:np, s A LG Laltaa o4 wlallally . Sdall g
Ammonium chloride s-a N Jaladl 2o a E: n,p, .D:inp,
Phenobarbital isla g P Jalally (0 ) Jley (N ) paditie @ caastvue
e 3oLe 4 clallalle eliily . (P () Jles (P o) oaidie © Gayaiuuar
Lladead | e crlibond] oy - 2adl 00 Ladlas 1] LilaP X 2 325155

Y : (log mi injected for Threshold toxic dose of mercupurin / log

body weight in kg)
Minutes between injections
Day 05 1.0 1.5 2.0 2.5
1 A C D E B
' 1.576 1.161 1.231 1.032 1.048
2 C E B A D
1.432 1.168 { 1.220 1.031 0.935
3 B D E C A
1.394 1.266 | 0.580 0.934 0.925
4 E B A D C
1.199 1.240 | 1.168 1.139 0.665
5 D A C B E
0.856 1.182 | 1.023 0.889 0.983

Gill (1978)



v

Llaladl Oyl ;i Loadll

(MSE = 0.0372) Luyaidl ad¢d Salasl) Julad Jgaa dayl
: Lkl

2% 2 Lalaladl claflal) wus L3540 Laltaa
N Jalald s st -
P Jalald gttt -

.PJNO:-QJALEI-“ e

ole cilaaliia S canan 3,0 el Sil) Jaad gaa Ll jud Lo yat b
el Jale sa A Jalad] IS dsa 4 X2 x4 Lulale Ly pas b Tadlaa 32
Jale 52 C daladly siall o gpdian 5o B Jalally bt Tag,ly

: Ludad! (Heat tolerance) 3 1 yall Jasd cila 54 culawy ¢ 15314 Ga olaid]

-1

T

S B1 B2
Cl 2 C3 4 Cl 2 C3 4
3.6 34 29 25 42 44 36 3.0
Al | 38 37 28 24 40 39 37 28
39 39 27 22 39 42 34 29
38 38 29 24 44 42 38 20
A2 | 36 39 29 22 44 43 37 29
40 39 28 22 46 47 34 2.8
37 38 29 21 42 40 40 20
A3 | 39 40 27 20 44 46 38 24
42 39 28 18 45 45 33 20
36 3.6 26 20 40 40 3.8 20
Ad | 35 37 29 20 41 44 37 22
3.8 39 29 19 42 42 35 23

(MSE =0.0395) 5abuadl Julad Jyda anyl

- Jalgad | S o pladl ga Ta 33U sl ,LSAY) JS 30

() UNsend) Loy le Ui Ly g puid | ccsllaa gl | Jslan any]



(1-38) Jla

OPTION PS=65;
DATA QASCACID;
DO TEMP = 'T1', 'T2', 'T3';
DO REP = 1 TO 33
DO WEEKS = 2 TO 8 BY 2;
INPUT ¥ @ @; OUTPUT;
END;
END;
END;
CARDS;
15 17 15 14
16 15 16 17
14 15 14 1é6

15 12 13 12
15 15 15 13
i6 15 14 11

11 11 8 6
11 9 7 5
12 8 6 6
i

PROC GLM;

‘CLASS TEMP WEEKS;
MODEL Y = TEMP WEEKS TEMP*WEEKS;
CONTRAST 'TEMP LIN' TEMP -1 O :
CONTRAST ‘TEMP QUA' TEMP 1 -2 1;
CONTRAST 'WEEKS LIN' WEEKS -3 -1 1 3;
CONTRAST 'WEEKS QUA' WEEKS 1 -1 -1 1;
CONTRAST 'WEEKS CUB' WEEKS -1 3 -3 1;
CONTRAST 'T(L)*W(L)' TEMP*WEEKS 3 1 -1 -3
CONTRAST 'T(L)*W(Q)' TEMP*WEEKS -1 1 1 -1
CONTRAST 'T(L)*W(C)' TEMP*WEEKS 1 -3 3 =1
CONTRAST 'T(Q)*W(L)' TEMP*WEEKS -3 -1 1 3
CONTRAST 'T(Q)*W(Q)' TEMP*WEEKS 1 -1 -1 1 -2
CONTRAST 'T(Q)*W(C)' TEMP*WEEKS -1 3 -3 1 2 -

MEANS TEMP WEEKS TEMP*WEEKS ;

RUN;

-3 -1 1 H

nO0O00

0
0
0 -1 3 -3 1;
6 -3 -1 1 3;
2

aAMNO OO

DATA QASCACIM;SET QASCACID;

IF TEMP='T1' THEN X1=(-20+15)/5;
IF TEMP='T2' THEN X1=(-15+15)/5;
IF TEMP='T3' THEN X1=(-10+15)/5;
X2=(WEEKS~5) /2;

X12=X1*X1;

X1X2=X1%X2;

RUN;

PROC REG DATA=QASCACIM;
MODEL ¥ = X1 X2 X12 X1X2 / S81 8852;
RUN; .
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General Linear Models Procedure

Class Levels
TEMP 3
WEEKS 4

Clase Level Information

Values.

Tl T2 T3
2 468

Number of observations in data set

General Linear Models Procedure

Dependent Variable: ¥

Source

Model

Error

Corrected Total

Source

TEMP
WEEKS
TEMP*WEEKS

Source

TEMP
WEEKS
TEMP*WEEKS

cgntraat

TEMP LIN
TEMP QUA
WEEKS LIN
WEEKS QUA
WEEKS CUB
T(L)*W (L)
T(L)*W(Q)
T(L)*W(C)
T(Q)*W(L)
T{Q)*W(Q)
T{Q)*W(C)

Level of

TEMP

T1
T2
T3

Sum of

DF Sguares

11 401,00000000

24 30.00000000

35 431.00000000

R—-Square C.V.

0.93039%4 8.9442719

DF Type I SS

2 326.0000000

3 39.2222222

6 35.7777778

DF Type ILI SS

2 326.0000000

3 39.2222222

[ a5.77777178

DF Contrast S§

1 294.00000000

1 32.00000000

1 39.20000000

1 0.00000000

1 0.02222222

1 32.03333333

1 0.16666667

1 0.13333333

1 0.10000000

1 0.50000000

1 2.84444444

N Mean

12 15.33333313
12 13.8333333
12 8.3333333

Mean
Sguare

36.45454545

1.25000000

Root MSE

1.1180340

Mean Square

163.0000000
13.0740741
5.9629630

Mean Square

163.0000000
13.0740741
5.9629630

Mean Square

294.00000000
32,00000000
39.20000000

0.00000000
0.02222222
32.03333333
0.16666667
0.13333333
0.10000000
0.50000000
2.84444444

1.07308674
1.58592292
2.42462118

36

F Value

29.16

F Value

130.40
10.46
4.77

F Value

130.40
10.48
4.717

F Value

235.20
25.60
31.36

Q.00
0.02
25.63
0.13
0.11
0.08
0.40
2.28

Pr > F

0.0001

¥ Mean

12.50000000

Pr > F

0.0001
0.0001
0.0025

Pr > F

0.0001
0.0001
0.0025

Pr > F

0.0001
0.0001
0.0001
1.0000
0.8950
0.0001
0.7182
0.7468
0.7797
0.5331
0.1445
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Level of

WEEKS N
2 9
4 9
6 g9
8 9

Mean

13.8888889
13.0000000
12.0000000
11.1111111

2.02758751,
3.12249900
3.87298335
4.48454135

General Linear Models Procedure

Level of Level of —— T
TEMP WEEKS N Mean SD
T1 2 3 15.0000000 1.00000000
T1 4 3 15.6666667 1.15470054
T1 6 3 15.0000000 1.00000000
Tl 8 3 15.6666667 1.5275%2523
T2 2 3 15.3333333 0.57735027
T2 4 3 14.0000000 1.73205081
T2 6 3 14.0000000 1.00000000
T2 8 3 12.0000000 1.00000000
T3 2 3 11.3333333 0.57735027
T3 LS 3 9.3333333 1.52752523
T3 6 3 7.0000000 1.00000000
T3 8 3 5.6666667 0.57735027
Model: MODEL1
Dep Variable: Y
Analysis of Varliance
Sum of Mean
Source DF Squares Sguare F Value Prob>F
Model 4 397.23333 99.30833 91.172 0.0001
Error 31 33.76667 1.08925 '
C Total 35 431.00000
Root MSE 1.04367 R=-Sgquare 0.9217
Dep Mean 12,.50000 Adj R-Sg 0.9115
Cc.V. 8.34936
Parameter Estimates
Parameter Standard T for HO:
Variable DF Estimate Errxor Parameter=0 Prob > ||
INTERCEP 1 13,833333 0.30128161 45.915 6.0001
X1 1 -3.500000 0.21303827 -16.429 0.0001
X2 1 =0.933333 0.15558116 -5.999 0.0001
Xiz2 1 =-2.000000 0.36899311 -5.420 0.0001
X1xX2 1 -~1.033333 0.19054722 -5.423 0.0001



¥Yo %AAbJ‘;_UL?dJ|Z‘JAE“ L}gzﬂ|
Variable DF Typa 1 S8 Type II SS
INTERCEP 1 5625.000000 2296.333333
X1 1 294.000000 294.000000
X2 1 39.200000 39.200000
X112 1 32.000000 32.000000
X1x2 1 32.033333 32.033333

QPTION PS=65;'

DATA POTATO;

DO A ="Al','A2";

DO B ='Bl',"B2','B3";

END;

END;
CARDS;
24.10
19.30
19.34

23.66
l8.14
l8.89

29.30
20.42
21.58

30.69
22.25
22.40

DO BLOCK = 1 TO 4;
INPUT Y @ @;OUTPUT;
END;

22.05
18.70
20.18

25.00
18.77
20.20

22.20
20.05
19.92

26.63
19.25
19.20

PROC GLM DATA=POTATOC;
CLASS A B BLOCK;

MODEL Y =

BLOCK A B A*B;

LSMEANS A%*B/ PDIFF;

RUN;

2-8) JLa

General Lineax Models Procedure
Clasa Level Information

Class Levels
A 2
B 3
BLOCK )

Values

Al A2
Bl B2 B3
1234

Number of observations in data set = 24

General Linear Models-Procedure

Depandent Variable: Y

Source

Model

Error

Corrected Total

DF

Sum of
Squares

B 233.00263333

15

23

25.30575000

258.30838333

Mean

Square F Value Pr > F

29.12532917 17.26 0.0001

1.68705000



LJ‘LJ‘“beFﬂ|:gb‘EM LL‘UH‘ Yy
R-Square Cc.Vv. Root MSE Y Maean
0.902033 5.9647081 1.2988649 21.77583333
Source DF Type I sS Mean Square F Value Pr > F
BLOCK 3 14.655150 4.885050 2.90 0.0698
A 1 36.408067 36.408067 21.58 0.0003
B 2 164.034408 82.017204 48.62 0.0001
A*B 2 17.905008 8.952504 5.31 0.0181
Source DF Type III 88 Mean Square F Value Pr > F
BLOCK 3 14.655150 4.885050 2.90 0.0698
A 1 36.408067 36.408067 21.58 0.0003
B 2 ° 164.034408 82.017204 48.62 0.0001
A*B 2 17.9050038 8.952504 5.31 0.0181
General Linear Models Procedure
Least Sgquares Means
A B ¥ Prob > |t| HO: LSMEAN(4)=LSMEAN(J)
LSMEAN i/3 1 2 3 4 . 5 6
Al Bl 23.0025000 1 . 0.0006 0©0.0020 0.000F1 ©.0076 0.0406
Al B2 19.0475000 2 0.0006 . 0.5689 0.0001 ©0.2395 0.0565
Al B3 19.5825000 3 0.0020 0.5689 - 0.0001 0.5303 0.1586
A2 Bl 27.9050000 4 ©€.0001 0.0001 0©.0001 . 00,0001 0.0001
A2 B2 20.1725000 S 0,0076 ©.2395 0.5303 0.0001 . 0.4135
A2 B3 20.9450000 6 0.0406 0.0565 0.1586 0.0001 0.4135 .

NOTE: To ensure overall protection level, only probabilities

pre-planned comparisons should be used.

OPTION PS=65;

DATA CORN;

INPUT TREAT $ NPK 5 @;
DO BLOCK = 1 TO 4;
INPUT ¥ @@;OUTPUT;
END;

CARDS;

T1 000

T2 100

T3 010

T4 110

TS 001

T6 101

T7 011

T8 111

H
PROC GLM DATA=CORN;
CLASS BLOCK TREAT;
MODEL ¥ = BLOCK TREAT;

131
103
324
361
302
272
445
437

101
106
312
3732
265
291
398
450

106

89
324
338
272
306
407
449

87
128
323
324
279
334
423
471

CONTRAST 'N '

TREAT -1 +1 -1 +1 -1 +1 -1 +1;

3

associatad with

-8) Jlia
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CONTRAST
TREAT -1
CONTRAST
TREAT +1
CONTRAST
TREAT -1
CONTRAST
TREAT +1
CONTRAST
TREAT +1
CONTRAST
TREAT -1
RUN;

I'P "
-1 +1 +1
INP "
-1 -1 +1
IK L]
-1 -1 -1
IHK [ ]
-1 +1 -1
IPK .
+1 -1 -1
"NPK "
+1 +1 =1

-1 -1 +1 +1;
+1 -1 -1 +1;
+1 +1 +1 +1;
-1 +1'-1 +1;
-1 -1 +1 +1;
+1 -1 -1 +1;

General

Class

BLOCK
TREAT

Number of observations in data set

Levels

Linear Models Procedure
Class Level Information

Values

4 1234
8 Tl T2 3 T4 T5 T6 T7 T8

General Linear Models Procedure

Dependent Variable: Y

Source

Model

Error

Corrected Total

Source

BLOCK
TREART

Source

BLOCK
TREAT

Contrast

N
P
NP
X
NK
PK
NPK

DF
10
21

31

R-Sguare

0.984387

DF

DF

o

[

Sum of
Squares

459492.06250
7287.65625

466779.71875

c.v,

6.3886056

Typa I SS

774.0937
458717.9688

Type III S5S

774.0938
458717.9688

Contrast 88

3465.28125
278817.78125
810.03125
161170.03125

344.53125
13986.28125
124.03125

Mean
Square

45945.20625

347.03125

Root MSE

18.628775

Mean Square

258.0312
65531.1284

Mean Square

258.0313
65531.1384

Mean Square

3465.28125
278817.78125
810,03125
161170.03125

344.53125
13986.28125
124.03125

F Value

132.41

Pr > F

0.0001

Y Mean

291.59375000

F Value

0.74
188.83

F Value

0.74
188.83

F Value

9.99
803.44
2.33
464.43

0.99
40.30
0.36

Pr > F

0.5381
0.0001

Pr > F

0.5381
0.0001

Pr > F

0.0047
0.0001
0.1415
0.0001

0.3304
0.0001
0.5563






ambidl Juaddt
dubindel | ibsbinillg dhiuil! pdaid! Gilougeai
SPLIT-PLOT AND SPLIT-BLOCK DESIGNS

1 davia 1-9

cleadiattl G Wil clelilly Wdiill plaill cilagasal 5atas
a ¥ rsall Ga AU e Ligdall b gatad ¥ Ay o Sudall pady el
3,00 155 o1y L @bl ddal Tpali e ¥y ks prasasll 1aabs
diiens Jead (L Gokas 0] Gadad el ikl palad] 3 Galaasil

Luxa a3 @luay e Wdok) plaill ppecasl Teulod ) L ,nl) Jasds
sy o (wlelhd o) @l,1,85 J2l olelaill sda waydy aslelad Jils
Lu g3l claa o il Ll | celua pd1y (Wholeplots) UalSU 1 cla 31U obe o]
ge SV e Galalay olacraiadll sda b pigly - (Split-plots 41 Subplots)
addy Adaldl Guual IS o Mh5ad . Y 30 dule Gle Laadl Ga da3a il
Yol podai « B Jaladl e, oST Lau agyiy gtians bl B Jaladly ¢ (gptioca
Lo i o pUad f 51,85 US 3 ULSH wlaagdl le A Jaladl b plons pos 555
woliay (Al WalSI @laasl) puads o8 0 UK Litlyitind) alelinil) prasad i
lagaaill sia Lodis ol Ga ey B daladl cilystues pliwsl Lyl
Ol 2 Lpdnsl] g g3l figly . Titend) plazily

cAdaladl G,EL B Jalald ST Gis e Jgsmadl —



azsoll L.'_JLGUQJLH_) Rl CE.EJ‘ Q:.Jl—-d-_vhdj :C.oLZH J...a.ﬁ.“ \ & 1)

Balll le Leiaaks Lol dalsadl paay Lahd ofola preeasdl oY —
- Laaapasldl
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: Whole Plot Treatment in RCBD .8l

o Slisiace Vst A Jaladl : oabale p53 Tabae (19) JSEJ) g
- Ll claa gl B OasTinas B 3 RCBD popasas Jals ULl culuayl)
Slaa gl pey pa Lidiia pdad porasads cdah T yodd il glaaldl ety
: 2 LS RCBD 4 Ul

Yijk=u+pi+a’j+nij+Bk+(aB)jk+Eijl¢:

i=1,..r; j=1,.,a; k=1,..,b



sl clelladlly 22l il Slagana? : pldl Jusidl YeY

Block 1 Block 2 Block 3

" b, b, a, b, b, a, b, b,

a, b, b, a, b, b, a, b, b,
a, | b, b, | a, b, b, | a, b, b, |

f"ﬁh—u"'t‘ il cLJH.-..‘:U.inZL_..L.LgL_.,;_;.J.LL.;.. (1-9) Jsa
AL S el 3 RCBD

A dabadl G j (oaTuna cialiud [l g Ukl Ga Taalal] 2 Y o Sora
ObliSues yldlydie 5laaas €45 o My s Bdaladl G k (gaiunay
1O, 9 O a3y shea gty asslll gu5eal] caa gliedses
peaally Lisadll sipd Gulaall Julad Jgua pues 3 gdoaill 1ia Gaebuy,
Ol LalaAl pa Salaidl @ladiys (19) dysall L35S0 LS, (1-9) Jyualty
Loyl sy (i) F oy 51 (19) Jssall o adliy. gL By A oelatal)
FaoFp LlwlG. 2B, pass, Hy:a =0,=.=0a,=0
Ho:@B) =0 V;, sH B, =B,=.Bp=0 glopia s
Lilaladi ujlaal) a4 Lo L 52 Lley . Lagalin A E ) glaadsin
ralad Lt )l pu80 538038 g pdma Sud oIS 13)5 ¥5f AB Jelisd] anasd
By A

wuSadl Juaa 13y . E | 5a 5aSTE | 5485 o1 Latls pinss G Loy
« E,<E, calgn) s} (Sampling errors) Lizlall sUad] Loadis Lin.ally
¢« Ey 3B, s gapenill 5ulusll plassly Steel and Torrie (1980) moaiasd
: JEIS L 02 Gulal s

CF = (Y...) */rab MSE =E, , MSE,6=E,

_dfE,(E ) +dfE (€ ,)
B dfE _+dfE

4




Yey faclt cololailly a2ll ahaall olapemal el fuadll

RCBD plassial pa Lidill plill ppasail Galasdl Julad Josa : (1-9) Jgda
' Ul slaayld
S.0.v. df. S8 EMS F

Blocks(R) r-1 ZY 2 /ab—CF
A a-1 ZY_zj'lrb—CF Gl+bo 4K | F,=MSAE,
J

Emor(a)(RAY (r-1)(a-1) ZY 2 b—SSR—SSA-CF | 62 +b c:
ij

B b-1 ZY_z_k/ar—CF o:+raKg F , =MSB/E ,
k
AB (a-1)(b-1) EY 2 f—SSA-SSB—CF | 67 +1K % F ,;=MSABJE ,
jk
Error(b) by Substraction o’

E

(RB+RAB)| a(r-1)(b-1)

Total rab-1 ZY?jk-CF

ijk

CAB Jelinlly By A el 5l o JS S LaaY elldy

« AB Jeliall 51 B Jalad) of A Jaladf culsstons oas culi Gl plailly
Jas—all 4 Lo —all LisGall slad¥l pails Lglhal] L8501 el )3 aleaYy
. (29

oadad L3y (229) Jasall i Lo sd] () Ulad] Lowsdly 4] Lia ,<2s,
bigtanl o1 B Jale (gatians pudid A dale fa Oapstons acnsia Ll
: LJGEH Ladll jla B e Lalsaa

Diff. between Means _ (alasugie S §ill
Std. Error . soluall Uaill




el wilelaall, danal Cla.'i.ll Solsnsnal :C..-L’Jl St Yeg

. daall c.ln.i.” hL‘.J‘:IJ Laylanll sUad¥l: (2-9) Jsaa

Difference between Example ‘Standard Error
2E _
1. Two A means a,-a, 5
2E,
2. Two B means b,-b,
ra
2E
3. Two B means at the a,b,—a b, -
same level of A
4. Two A means at V2[(b-1)E +E I b
- Same level of B a;b,—a,b,
or - Diff. levels of B a;b,-a,b,

il £ aadnd plaiid oSe Ulall ada 3 o0y « 1 ga3edd puaas Y
Lo d] Lasss Lopa,83 Lyl gay ST damddl 5a (42) 3550100 opd gansdl
s Limam (1988) & Lalia ¥ J] Lasidees il Layy Satterthwaite. (1946)

. Carmer et al. (1989)

: (1-9) Jlia
slae¥ 3o &l 5l HLasY Gosl) Lebival pivas b oS cosal
e Dpaad) gl aie 350l Jalad obisiuce Laayly  Ladoll Lol
e Lidol) culelail] pracad paitl ady . wid) sa ghall Gogdl Laslia
saall Lipaall Ha clpal &l oa Ut wlaaglly « paadl oo pladd] 5I<
Lo, cuad o3 JS gealedd slal Ll A LoaS IS coanady Uitsall gokdl
Jyaall cnasy 130120, 110, 100 deg. ¢ : LILl! wilapicad) o Lizaa 3,f 4
, pdaad) Gosl addl Laylie abules (3-9)
JRkll aely g Uaill b gbll Goald st Laylia &Y o cals l&gJ
PGS paalal) 5 9<5a k3,0 all Lo yusy



Yo daacslt olelazlly danill Claj.li L P :C_.L'Jl Sl
asll 3,0l Laylie olilas: (3-9) Jyaa
Block
1 2 3

Method 12 3 1 2 3 1 2 3 |
100 | 30 34 20 28 31 31 31 35 32| 281 |

Temp 110| 35 41 26 32 36 30 37 40 34| 311
120| 37 38 33 40 42 32 41 39 139|341

130| 36 42 36 41 40 40 40 44 45| 364
“Total | 138 155 124 141 149 133 149 158 150 [1207
Y, =417 Y, =423 Y, =457 : clelad

Y , =428 Y , =462 Y , =407 : Gkl

Y , =281 Y ,=311 Y ,=341 Y ,=364 L3, all

:q.ltzll_,_m:.Jl,_,.L.-.uj:..:.l.l -.:aln.-_,.“t-;ulqu uuali g

SSTo=30%+ .. +452-CF=822972, CF=(1297) ?/36

SSR = - [4172 + 423 + 457 2] - CF = 77.556

584 = —[428 % + 462 % + 407 2] - CF = 128.389

SSE, = [1382 + .. +1507] - sSR - sSA - CF
= 46970.25 - 77.556 - 128.389 - CF = 36.278

5B = [2817 + .. +3642] - CF = 434,083



SSAB = -;- [89 2 +..+ 121 2] - 128.389 - 434.083 - CF = 75.167

SSE , = 822.972 - 77.556 - 128.389 - 36.278 - 434.083 - 75.167 = 71.5

o1 (49) Jgaall ira Gl iy . (49) Juuall b oalaidl Jalad galas pailsy
il ptUal] Lupiad s ¥ ALl F 055 = 2,66 0¥ 1,03 (gsina delisl
il ol yads Jelinll cilwyia b Tysaidl 238 gil53 ailsy Lyl

L @9) Jysally pungs 38 Le 5loE Lo Ly

adll 3ol Laglid oalaall Julas : (49) Jyaa

S.0.V. df SS MS F
Blocks 2 77.556
Method(A) 2 128.389 64.194 7.08
Error(a) 4 36.278 9.069
Temp(B) 3 | 434.083 | 144.694 36.43
AB 6 75.167 12.528 3.15
Error(b) 18 71.500 3.972
Total 35 | 822.972

: (2-9) JUa

Ll ;u) (Bouchandira, 1984) Jowa Laala (33 x 3 Lalale 43,23 syl
Laaws o olall Lo puw dalad ol phuna Tidth s il yall s Alal Tkl 530
Labalad) dyolidl pa La,Lasid alply 53 Ui dualydl 5ok 4y - 3,301 aly)
SBhall cradital doa Whall phill poawad Loyaddl adgd go38l « Tamil]
bl el Ll alaagll b slsall Lo s daley Wall] wlaasdi b
- (5-9) Jasall b Lawnya LS

_;J-_ll) u.nd_-n.” (“J c_.a_,_,..n &.l—l-l l...lL-lL.l._L” Cra tJ..l.” lim Ul Ll_,.SJ‘_, le..\J' _,J..LA



YV aaxall wlelaally a2l CJ‘E“ Slaanas :c.ulﬂl J...a.&Jl
MIc.kiJlﬁuﬁ"iszeﬂ %) 34.1.”;‘_'.:'—_!—'!!@! (5-9) d‘,d.’
Speed (Km/h) No till Fall Chisel plow [Fall Moldboard plow
1 2 3 411 2 3 4 1 3 3 4
2.82 89 100 89 97190 80 91 91} 90 99 58 89
4.02 95 89 79 38193 100 96 63| 93 89 83 64
724 62 66 64 42|76 78 66 951 70 68 85 91

il pliaa 4S5 L.-..\.'..gl Lu‘-._:b Ulall 2a o - Salad] alas bl yn ey
Guaddl gaa G 3] oF ¢ 75 fa SAST 9T 25 e JET eslalayd) o Sl Lpall
(Arcsine transformation) 315 Jasaidl pladswbls puasiai ¢ 40 §oda Ligall
Lol pna yal a0l (sine) Lpa 00Sa A Lasl3d) ulag] 5 Jiasa gl
. Sine "'/¥7100 i Arcsine VY7100 [ EX Y IRNIUCT - P '€ TIAY
Wsgaddl sin o <55, . Waypasidl adn a5 Laadad) Lowlaldl =YY pliaay
- B oaSAl do gyl Lol b ya5s o 1] 3000 LT L cacd

s Lole 3adaid (59) Judalls Laagl) cbiladl o1 ) Ga ynda
iy . 40 Gods Wdas waaall oally 75 oa 5T il pliaa &) daga da g5
- (69) Jgaall i Usall poil) ciiaily canid] adgd gal3d) JugasdhGasitol
s Uoall @bl e asashl by Gplaidl dulad ol sals pods o8
¢ Sine 32t Lakua¥! bl Baay ] wllowssl) Jhia @il pass LAY
- 100 o G yemy @bl g yn

L 59) Jsaalls il @ls?! qunadd ()30 Jagasdh £ (6-9) Jgun

Speed

No itl Fall Chisel plow Fall Moldboard plow Sum

1.2 3 4 1 2 3 4 1 3 3 4
282 70.63 90.00 70.63 80.03| 71.56 6343 7254 72.54 [ 71.56 84.26 49.60 70.63 {867.43
402 77.08 70.63 62.63 38.06 74.66 90.00 7846 52.53 | 74.66 70.63 65.65 53.13 |808.2]
724 5194 5433 53.13 40.40| 60.67 62.03 54.33 77.08 |56.79 5555 67.21 7254 | 706.00
IEEZ }, = 163035.78 2381.64




w| ._yl:-Ua.U\_, R ij_“ QL@.:Q...Q: :CH-“:M Jaﬂ-&“ YA

(19) Jysallh Loyl cilag bl pyaaa Gla oYalaa plaasaly,

79 Jasall (3 Luadllly Layasll iyl Gulanll Jlad clipSe le Jonas

gl oSall Juan tipa iy o B S E | Lualdll 7 (79) Josall Ga badliy

o raan il Gaanll alaa sl ety Ul 23 iy . E >E | o

) gy - LA el Laad Gl peasd) IS Lt E L 9 E |
P gls LS agaandl

. (r-1)(a-1)E , +a(r-1)(b-1)E
r-1(@-1) + a@-1)(b-1)

_ @DlE, +a®-DE,
T (a-D) +a®-1

df po=df p +df g A B bl Gsall ala a,

i B Lyiy . Tallas b Lo pUas JS olpial pa Ual€l Lol ptiadl conlelbaill

P Laoandl
. (3-1)(46.98) + 3(3-1)148.14
E = = 122.85
(3-1) + 3(3-1)
PP ] I RURCT PRSI WY I WY [ VPG ¢ L) R PPN
5.0V df SS MS "F
Blocks 3 465.83 155.28
A 2 206.07 103.03 0.84
Error (a)RA 6 281.90 46.98
B 2 1111.49 555.76 4.52%*
AB 4 742.52 185.63 1.51
Error (b) 18 2666.61 148.14
Total 35 5474.42




Y4 iaz:ll QLDUE.E."_, azs:Al da.i.“ Ql—&:—é.-.dj ch\.‘i” L}..a.&J\

n.:,u.u_s_':f..'i 24",.‘E‘b-_lL_cl-ul:l‘)&ul:Jlﬂ.-_‘)JJlEb\’ Ea C,}.}L&_.LU'QJ-‘J.:_&J:AJ
: G (79) Jsanlly 5| Bl =l ,Lsay

MSA _ 103.03 _
Fas—g—= 122.85 =0.34
_MSB _ 55576 _ , cous
Fp=—fg—= 122.85 =4.52
F - MSAB _ 185.63 _

E° ~ 12285

Lodgaall F Lany F o Gl alliy AB Jelaall jLesaly ¥l fauy
MS 5ol ph (gadaa ud Jelial) 5T Tyl eia e passiaiy . F f’; =278
B alall i gasiiy F 3, =340 Lulyuall Flaas ga Fp ,F, oa
ate slpall Lo puad VA cilysduell oo Lysina @bidiil JUa ol osiaa
Jalad o3 a3 G G S35y . o, slael Gk g clidba ) GG cuady Hiud!
s wgal3ll dasasidl pladid ans 61« (5-9) Joaalls Ad) Lalal T calilyyd)
- Lssdaa alas Ul e Jalasd el ghlis Cadss

¢ optlalad) pufines Gtoll phdl) pracedit Lol 361 Ga oSl
Slaasl alaltes padeidales @ilS 3] waly ga Jit Laals a3 B7E | -
. Laals ULIKH
;Si&hJLLAJIUJZJL_A:,UL:LKLAAA.ﬂUSIJ!J:;lJ&A_,__LSTUAJEl/Eb -
U las ol elallan U jlia Tall) eataltaald Tuwalls

S Py E7E , = 122.85/46.98 = 2.6 ~.al< (2-9) JLidl o oSy
os 31 A BUE | = 122.85/148.14 = 0.89 , gyl uSe (o waly ore
cadonll use Tali liay saly

>S4 e (29) JUL Lo eaas o 1 g3l5501 a3 e palitiasy
L, Lepuadl ale lapions o4 Al c Lpslil] claasd) alallad Towult



‘UL-’LM OLPUG.BL’ E.i..i.‘.l\ da.ﬁ.“ QL&-:Q-\AS cdt.“ J.-d.&.u Yoo

o Blaa (5521 3,00, . 02 Y puaan Uosh )y LK oliopldl calallag
1 Sadalall Lady aBlgll Ay . paasasdl igd ghsil] (use e (29) JULI
3] AUl Lasasd) 3pdns pdly wasds La A Jo¥ 1 opeasts ;) Oaasad paacasll
Loty p3sall Cisa Jeaa [3)s . AB JeUally B alald Tis sl dualadl ol ]

 Ladls Ul oo 5Le3 30033 wie paacatll 138 Tanlyos oasd LI Copall

v:h_l:ﬂ-" t..n)ll f-_l-.-ld:l U‘i UL e.ki.” c.nle.".n.n 2-2-9

Wholeplot ‘Treatments in a Latin Square Design
S Ll wiliay ) WalS aa g JS pandSy guobead| Juadd] 3 e gl JS2L
laS Lyl adgd il gipaid] 50Say - B daladl cilayius Lilstie aliws
: e

Yi,-,u.=|u+pi~w,~+0tk+1r|i;k+l3,+(ozl3).u+eij,d

Giaa
Cra A (gatuua bl A syanly i ciaall e 3aalad] 2 Y‘W
A Jaladl Sa k (g ydunay B Jalad

plad) oyl m

i chaall il P ;

J duall 550 Vi

A Jalad] e k (g ptmua Huals o

M i ~ N0, 6 7) G payaiiy Tyilil) whaa sl Slstad Taldl T g
Bdaladl e £ (gsiuuae 525G P,

Jetssl (o),

2 A . » -
€ pep ~ N(0, 6 2) 5l bay3iny Lpalill claa sl Slsdal Ul € 45,



Yo aill olelleally 42201 éai.“ laenas :C.-l:.H ezl

— @9 Jaaall o Loaddl sda Sl Hubasd JulaS Jgsa pasliy

JLiY]y Ltlaad] @l LSay] Liuty . oulaall calhasil Laabodl classsl)

b ye LaS paaadll B Lpsdly @llawsid] g Goodldy esllawsiall 1,00l
(129 Labdli, sl

frion paasad b WAL il ppaald Galaall Julad Jaus : (8-9) Jsda

g‘.‘-.':‘y
S.0.V df SS . EMS F
Rows a-1 SSR = ZY iz___lab -CF
i
Columns| a-1 SSC= ZY %.fab-CF
]
A a-1 SSA=2k:,Y?_k_/ab-CF o ,+bo +abK 3| F,=MSAE,
Error(a) | (a-1)(a-2) | SSE _=ZY :‘i._lb-SSR-SSC—SSA+2CF a : +bo f'
i
B b-1 SSB=ZY_2__‘IH2-CF cl+a?K?3 F ,=MSBE
4
AB (a-1)(b-1) ssm=2v _’_k ,/a~SSA-SSB ~CF Ly : + aK fm F ,n=MSABE ,
Error(b) {a(a-1)(b-1) | SSE , = by Substraction ol
Totl |a’b-1 |SSToe=XY}  -CF

Split - Block Design (Strip-plot)
q:.Jl Ladnll adaill povasat) dagyilly WL ) suadl Ga spaad) Glia
Liol] clelaill poacad Lgra jS3% ¢ Laadadl latll cilasaaiS coaddiiwl
o] lalas¥] aal U’j g Uaili pads prasadll fan ‘."" . Federer (1955) aliss LX<
iy il ais Vi ylas U, &) 2in oA Jalad) cilagiona p 5535 Loidl Lia 2]

Llatis B Jaladl cilbastina p 3955 Ladgas Ua ] Al i) iy @i gl puds



Gl olelaally aasli 2 Slaseal | anldl fuadll Yo¥Y

LS 530 laa s UalS wlaay Jla 5553 o JGIL, . U ,a¥ ada e
Jils Tt Uigshay L pdiaslf Lplae p33y . WLl plaill passad b

- plhd U<
L‘_UL._I".:I—M LI__IJL_A B,J...L-J!_,al,az,a:,:‘:.t:_.‘,_:'m_..lﬂi.!qA

oia hli o (2-9) JSAI JS e ccleld B Liualy b, b, by b,
f L el o laa gl o p a3l TisS Wlia 3T 2-9) JSAIF G Laasliy - Lujasl]
. AB Jeliall 5,a0s B Jaladl ciboyiud cloagy A Jabadl cubaydaal claay
sigd abaadl Jutad Jaia b Loparas oUed] Tl clla 50 GG,

- Lyasll

Block I BlockIl Block III
b, b, b, b, b, b, b, b, by, b, b, b,

L Gdil) olelil] peanas plaiiuels 354 Llale Lisad klaioa s (2-9) JS&

B Julall 5T A Jalall G JS allady Ladic ppasadt! 13 podugs
Jaladl 5Ss Ladie Lael 5340 cuslaad] i Shias o Lo sasdl 3alll a a5l
Slaay pladticl Juadad @) Wash B Jalally oo ¥ jpdai i,k A
Lot pastians LS. oplalad) cubysiona o JSI Gasad | Waliy U gle Lo yas
o et @laayd Ll alay] b claalal) g spaad) doaws aie
‘.,J..._i poads lia 595 G Supa (RCBD) U.ls Laalpdie wlelad pracas
Slilas 1435 48 o) caoladd Lol S as . cpales! i clellaill
tdasd) Gudid oléia Suae 33) Jhe Laaayadl) tsaydl puis e Lodlos .
i BT |



Viall oa Lo yo SH AB Jelisil laas G prasail] 138 patiliad Gy
) LS Caliasinly eays 1aedy . B 5 A pabalald Lowaad 1 ol ,u81a00 1 lia
35l ada Lle Jssasdl tualy

f A 52 Lsanll adgd Seall glganll

Yijk=u+pi+aj+7ij+ﬁk+9ik+(a|3)jk+8ijk

K (s3icua g A Saj mml;:uli'tulb,zumlv. Y i

ipglaill , M5 p;

Adalall a g gins S35 O

A daladl Slosiond Lo ol clin slly Galall il st Uadl] 7
BUaladl gak eotuea 523G B,

B Jatadl ey yiend Tussyaill i gl alil ladall tasll 8,
B, o O, o Jelandl (aﬂ)jk

Y taalhall Glssalithan e

- 09) Jgaadl b punsa sa LaS gisand! aa JhL galand) Jabas Jyas oaSay
e Iolas Ay alayill oo Gusdl L,0eadl oWl (10-9) Jyia pasliy
il (ooland) Wil Miai ¢ V2 L5 Ly peds cllaunyaall T, luadl o lasY
0ld iy—dsy \[(B-DE  +E J/1b 44 B ciligtioua gui’ ade A Jaladl
daladl psiens ausio oas Godll (g laall Uadll le Jumas V2 5 Tagall

. B Jaladl (¢ stme puii aic A




aaz:ll C)Lﬁwb izl C:E.ZM t.".Jl_o.:q...a.'; ‘c.uL‘.'..“ J..a.n.!l Yo¢

LBl wleldl) peecas] Galsll sl £ (9-9) Jsse

5.0.V. df SS F
Blocks, R r-1 SSR = ZY 2 jab - CF
i
A a-1 SSA=ZY 2 /b-CF F ,=MSA/E,
i

Error(a),RA | (r-1)(a-1) SSE _=Z\' i’j_/b -SSR - SSA - CF
ij

B b-1 |SSB =¥ 2 fra- CF F ,=MSB/E ,
k
Emor(b),RB |  (r-1)(b-1) | sSE, = 2.¥ 2. /a- SSR - SSB - CF
b " ik
AB (a-1)b-1) | SsAB= ¥ L /- SSA-55B -CF | F 4,=MSAB/E ,
ik

Error(c),RAB | (r-1)(a-1)(b-1) | SSE _ = by Substraction

Total rab - 1 ZY - CF
ijk

za &~ Il
Diff. between Example Standard Error
1. Two A means a,-a, '\fZE,/rb
2. Two B means b,-b, V2E, /ma
2[(b-1)E +E ]
3. Two A means at the a b -a,b, ( rbc :

same level of B

4, Two A means at diff.
levels of B

2[(ab-a-b)E +DbE ,+2E ]
a,b,;-a,b, 5

2@ 1E _ +E ]
ra

5. Two B means at the a,b,-a b,

same level of A




(3-9) Jia

e (ow, Med, High) ,iull Jaad cilasiua Bsth ga (Light, Heavy) s, Jalal

i AGl gandl e
Block I Block II Block HI . Block IV
Heavy Light Heavy Light Heavy Light Heavy
’ Light

Low |16.5 | 16.6 Highl_22.0 16.1 | Med 18.3 | 19.7 | Med] 165 | 21.2
High{17.0 | 18.0 [Med| 17.5 | 17.7 | High| 15.6 | 20.2 |Low| 15.9 19.6
Med| 169 | 19.0 |Low| 18.8 | 16.1 | Low 16.8 | 18.4 |High| 16.8 | 21.8

sodly Liidl wloay A cletaill Litad Toawds dUa o) JS&I 13a Ga Ladliy
Gl e (oilly davaal) (119) Jyuall b calibpd) sia pailiy . Liagas
Iia 3 galll jhsl) laayl dala U SAS galiys b @Ulaadl clad

(Sl

Wtoil) olelndll psacad 3 (Qha) Shill Jyans : (11-9) Jsin

Trrigation Seeding Block
Rate 1 2 3 4

Light Low 16.5 16.1 16.8 15.9
Med 16.9 17.7 18.3 16.5
High 17.0 16.1 15.6 16.8
Heavy Low 16.6 18.8 18.4 19.6
Med 19.0 17.5 19.7 21.2
High 18.0 229 20.2 21.8

Gads Lapasdl adgd Sulasd) Jolad gil5s (129) Jys-all piasay
) dale ons Jelanll o] Jalasll 158 Go piitady - Laslall colyaisl)



aazll colelhanlly 2222 c\m‘d\ Y I :C.»l:.‘\ il

YoX

S.0.V. df SS MS F P-value
Blocks (R) 3 5.205
Lrig. (A) 1 44,282 44282 | 15.20 0.03
Error(a) RA 3 8.738 2913
Seed(B) 2 5.981 2991 | 4.60 0.06
Error(b) RB 6 3.903 0.651
Irrig x Seed 2 5.951 2975 | 222 0.19
Error(c) RAB 6 8.039 1.340

Total - 23 82.098

o3 ol dalad a1 5 8all LT (P-value = 0.19) (gyine 5 Laadl daley
s gl agiena ons Lipdaa Lisa Wla o e 138 Jugs 0= 05 aie (gpina
6= Las il 315 - (Borderling) Ldaia Lupiae U Hiul) Jule ola 1,020,
Ladiy . Toasadl ells Ligiaa pac o Liglaa 0,0 3LAS) aalasis S 05

 (3-9) JSBIL (oill collaasiall abod) psdl pa iG] a3a Gullas

Cotton yleld (q\ha)
24

22

18

16

14 -~ lowIirrigation
== High Irrigation

1 2 1 1 []

(o] 1 2 3 4
seading rate



Yov ittt clelaally (a2 ol lapands © puslil fuail

Unill g (o d) dale hasayin Lowinga Loyl ada galas (13-9) Jgaall padiluy
pei s 2.7 Q/ha Tasis w3 5] Jpaaall davagin 5F Jigtall 138 n iadlig < oo landl
CLagaadl (s atiica dic (gadaa IMSAYI liay e ] cdads s (o] (s 9tions
b G ot e 35300 Tigd T8I 3,555 95% alaa] LilSalyy . 0= .05

. g‘).”d.nl.c q__i\,:w aie Shaill Jyoona : (13-9) J_’.LQ

light Heavy
Mean 16.683 19.400

Standard Error '\/E—' /b = v2.913/4(3) = 0.49

Y - Y, tt g5 4 V2E, /D

2.717 + 3.182(0.697) : (0.50 , 4.935)

cobiS A Cail fa ool (patea g S HESEU

Lot sl phill poaas 4-9
: Split - Split - Plot Design

¢ Lkl plail] ppasad 3 C Jaladl 5ol Sl Jale JLaa) Lia,l 13
¢ C daladl lisiis diay pinal phid ] Laalill oloa ol iy pyisd
POUPY LV BPUIL VT PR [ EY Y Litlpdn Jalad! 1in culysiana p 5s3y
TS agad 1,45, . (Split-split plot design) Lastl L idall plaidl arasais
-y Liaapaid) elua gl Ulsaa plaal
' A dalald Lo yas ciluay —
AB Jeliilly B Jalall Lossyad @lamy —
ABC 4BC 4 AC coteliilly C Jalald L yad wilaay -
Jasalls paasd! Galaill Jlas Jgaa b Lawasad oLadl Lol ola §sSui



il o.'.a\.ﬂ-\.\ﬁ.'ajb azsall éa.i.“ OL-«MJ :cuw\ J—Aﬂ\ YoA

cUasdl

Lot Wasll phaill paasass gabadl Jolas : (14-9) Jgan

S.0.V. df MS F

Blocks (R) r-1
A a-1 MSA F ,=MSA[E
Error(a) RA (r-1)(a-1) E
B b-1 MSB F ,=MSBE ,
AB (a-1)(b-1) MSAB F =MSAB/E ,
Error(b) RB+RAB ac-1)(b-1) | - E
C c-1 MSC F . =MSCE _
AC (a-1)(c-1) | MSAC F ,.=MSAC/E
BC (b-1)(c-1) MSBC F ,.=MSBC/E
ABC (a-1)(b-1)(c-1) IMSABC F ,5c=MSABC/E _
Error(c) ab(r-1)(c-1) E
Total rabc - 1

‘.,.‘:\.IJIL'iLuu._._,!....-L_._,l,_u..ll 'My",bl‘-.l‘)-t't_,.lé.—ﬂh.:lm '(_‘_)LLHQKAL_IJ
o L SShie Gl phil) praiatd Sagde (s5a] aue liay . (2-9)3,3404
- Balak) L2 plail] pyasad Laaldll 5 ,34)0

dolal) aal! ahaill parasas 5-9
: Repeated Split-Plot Design
3333 a3 ARG phil) praial casa @33 A plasd) paas B
Solal) Taelo3dl caslandl L La Jhie d0a) @i Tae le clsaladl
Lely) oa wllia a4 wil sl Toad L pans o AT 3,511 Jlaa¥iK
piasad e Jiall L 3300 Lyl 5085 ooladdl ada o - gyl



Yoq Gatall colladlly il whidl Clagands  pusldll Juadl

Jalad daldl 5l€aliy prasaill puis Gl cloalid) 5,53, 1adal) plill
LS o (29) 5,50l1 o Lawmgdl Tiapladl Lo Suals Luia 3 35540 1sa3 JS @il
ol JalS, clallad) 5280 Jsa J¥aswnl alibe i JulS Jutas e
s (159) U guall paimys g - Tada 3 lpadll pe clnas culS 1) L jlasly
. Slad) Laidiill plail) praad b Lptbaall @l ,L3i¥y Lsall cils

Wl lsmgd] pd A Jalad] by gioun prasadil] 1in b cunca gy

talal) Wil phaill paacadl 5alsl) dalas 0 (15-9) Jgue

S.0.V. df MS F
Blocks (R) r-1 MSR
A a-1 MSA F , =MSAJE ,
Error(a) RA (r-1)(a-1) E,
B (b-1) MSB F , =MSB/E ,
AB @@-1(b-1) MSAB F a=MSABE ,
Error(b) RB+RAB | (r-1)a(b-1) E,
C -~ (1) -. MSC F . =MSCE |
Error(c) RC (r-1)(c-1) E,
AC (a-1)(c-1) MSAC F ,~=MSACE ,
Ermror(d) RAC (r-1)(@-1)(c-1) E,
BC (b-1)(c-1) MSBC F p=MSBC/E _
ABC (a-1Xb-1)}(c-1) { MSABC F ,2c=MSABCE ,
Error(e)RBC+RABC | (r-1)a(b-1)(c-1) E,
Total rabc - 1

3553 € le lalid! cde s Ll wliasd] b B Jaladl cligioa,
Locad of Talaa s sledd Lo Ala G (159) Jyaadl 5a Boadliy. Laia)
Ll otz pigs Ll pdaill galad! oabasid] Jalas GY 51 ol 3all Jhas ¢ ol3a
odis (61« Laia 3 @l ,5il) JSTAB Jelasdly B daladly A Jaladl e JS 5ot
potil lasial e 3,02Y) Tl L15aY1 L Lana 3l wloiill e ksl



iazd) cleladlly a2l il Slaanas 1 pldl Joadl .

Eiihaty - (9) B,AAIL Ladill wlelthill pyaiadl paitul i)l Julasl)
o plie IS orem e (29) Jptalls Lyl iyl ki Ty yLandl Yl
Ac Tl

Lol (159) Jaalls oill JSAIL oubailh Jotad Jgan LSS silsd opas
@I,LEaY] aaads SAS galisy b gisasd] LS Lilas dipans o WSl
: opasaiaill NI o} Juaddl 3a Gale b et doa o Lol Toileaadl
SAS galiss Jals Jan coi€ Tidiill clelhaif) pracaly 1adall plaill paaiat
Led 30U B asasdl Uadlly H ) Ly dl) 2,565 00 suasy TEST 2alS, fuus
TestH=A E=RA; : Jia.

Lall 6 -9
e d a3 JgY Slaadl Tl 3l paladl atias
Wiad o LasSs usy Al ebieall sl jaally Tagbad! abey ol

OSly . yabia ya,] Lakd g Subplot y 3,25 La,l Lakai Jas Wholeplot
. (Montgomery 1984) Licuaigdl y Luclicall

b Slapaaill s3a ] cooledll gt G3< Gokas L Ldle,

3ooktia paalia paitiid ¥y sl pans Satas WY 1543 5,0aY) Jpeadll
£ aay (Incomplete Block) Laladl a2 wl_sllill y (confounding) g Laus¥! Jia
priaal o Whad . Lasladh Jguadll b poainsill Ga dader clegaosl] edyl
1igds UalSIl Slam gl pa Loads UalSh claayd) eulalla <5 Ladinl) plaill
i - WAl calam gl o J3T Las Ta s Lyl a253 ) clallad) el el

elsasll cladlad UalS cilelad UK claagll 5aias Layd prasastl fia
plaill praiaih Uia fay UalSIl culsa o) culalled Ul 5ad cilelledy Lops il

Jlia adlyl) o - Lol joi elelbidd) cilagaas G Lold Ula 52 Laall
Gill (1978) ] ¢ s I s il SSans wlagasaill sl Gisall jymall a Jaaal!
. c._u'a,.ﬂl Oa dajall Carmer et al. (1989) 4 Federer (1975) o
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ol 80 Lualjul spas el Laaboy qoladdl Uaas i Ljadcuasad 1-9
Lo o plias,) Jad o (Ajax) pulella ] i 5S35 Lo (Diquat) g .ail)
ikl LuaSlly chiall Wil geauls 55y ¢ gl b puilad] 35054
el diga Wadsl] phaill prasad Lot iy Gialed] puisily . L
faols oA D daladl 1 2x 3 Lulaladf culadlad ) oa UalSH s faa ) calallos
35,5 oA C daladly O |, D) Lely3ll oa Lagsy 95 5 80 way : 1
JS ciamaiy . (C(, C, C5):(08/ha, 1, 5) & wligtiuully ciiall
S el 3l Gae dale ugtans calily (sl oaSasy ) sl Tua
Liandl sigl publbaddl Jysaaa guady - (S, S ) : (10, 20 cm) :
P dgdall B Uigpe LS clalnd! calS,

Date of Conc. Sail Block
1 2 3 4

2380 2277 21.72 21.65
24.40 2455 2237 2275
18.90 17.52 18.44 19.70
19.70 18.75 18.95 20.40
18.73 18.12 19.40 19.82
19.95 19.66 20.95 20.02
28.25 27.50 23.60 25.75
30.35 33.85 26.38 27.50
18.65 20.75 18.10 18.95
22.18 2375 19.43 19.55
21.20 2225 19.90 18.75
22,75 22.55 20.50 19.65
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anl) olelladlly Ll aladl Sleassd @ punldl foaill

C bl adgd 2l Ataay dulatll sagl -]
- goeadll Chiall Lila] paey Lalia) oas Godd) 53l ~o
Ll el plly Ual€l cbim sl Lypuan ) 5USH 03 — g
CLasaad) eda galii e Sbiaa ¥ aoinl) Qa8 —

Date of Conc. Soil Block
Spray. Depth 1 2 3 4
D, C, S, 842 8277 834 178.1
S, 934 89.7 916 913
c, S, 814 87.1 828 B86.6
S, 88.7 89.1 899 B87.6
C, S, 887 92.1 922 86.8
S, 88.5 85.7 8777 89.7
D, C, S, 86.6 900 784 928
S, 915 898 925 B8&.1
C, S, 933 935 920 79.0
S, 943 935 80.1 83.,5
C, S, 789 822 964 92.1
S, 983 945 922 894

T Uy § ¥ el llaall ol piste (Arcsine) gl 3] Jasasdida =1
R TRUCTI IS W L WEC T UL P I
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il olellaally izl c\a.‘i.ll Slanenas :c.-\:J\ il

boghe laf slabadl =l y (Vha) i 4

Planting No-till Fall Chisel Plow
speedkm/h| 1 2 3 4 1 2 3 4 1 2 3

Fall MoldBoard Plow
4

2.82
4.02
7.24

2.49 337 2.47 4.19 580 5.62 2.35 429 6.12 4.59 6.04 4.45
2.21 3.87 2.50 2.76 5.56 3.51 3.62 439 4.62 5.78 493 493
2.66 2.07 2.05 2.70 4.35 4.67 3.10 3.39 5.05 4.07 4.34 5.60

€, =108, E, = 0.586) Ly oill sipd 5ulall Julad any]
g laal a pas U 30 Lo 5in pa Jpsaal) laasil Sbadl et aa ]
oY) yaaaas

Lppias lidkaal Gy LAl citlas3l] Tylil PLSD g,k padiol
el addd laad) il cas)

o L) Laalany Loe )51 &opaidly cojlasll Unaas Liyad eyl
(Seeding rate) ,iadl Tuws y (Sowing date) Hiudl =iyl Ga JS 52506 Ll jul
100 : il uns @l . padll Ga Buda oWl Las sl Josaas e
Lot o) plaill prasad Lpaadl iyl paidils. 180 4 140, kg/ha
elelbill pyasasis Ul wlaadl i 53] @lhyl cany Soa
aid] lial T5ualy Lpalidl wlaapd) 53l oty Ul L) pitiad |
Lakd b paddl Jyuana e 35k ablodl @ulSy . (goiall phaill b

:0.8m 2 (g beas Ladaid Lanbiea il aran (gr/plot) o2 ;Y

- Sabidl] alad Jgaa syl
kel g clalladl o34l

i ] lalaSY Jalad ag ol
VsV wnV, 5V, oo,
 Alany) Jalatil) i3 il

-

= et
.

-z
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Replication
Sowing Seeding © Varieties 1 2 3
date rate
d, 100 Vv, 560 603 472
» 485 595 569
3 581 622 556
4 564 471 607
140 | 445 588 432
477 552 479

[ &

326 594 716
484 483 436

w

F-

180 . 386 654 473
) 509 633 549

, 516 497 625

] 492 511 457

597 618 736

) 552 738 656

542 551 519

w

585 590 459
598 710 " 506
503 683 541

537 583 578
709 510 624

s

140

[

[ ]

%]

E-Y

[o N
3]
S
d < < <|l< € 2 <dj<e < < <€ < ¢ <ld < < Lc < <«

180. . 474 595 922
2 612 720 700

). 548 . 671 622

543 630 549

-9
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OPTION PS=65;
DATA TENSILE;
DO TEMP = 1 TO 4;

END;
CARDS;
30 34 29
35 41 26
37 38 33
36 42 36

’

PROG GLM

DO BLOCK = 1 TO 3;

DO METHOD = 1 TO 3;
INPUT Y @@;O0UTPUT;

END;

END;

28 31 31 31
32 36 30 137
40 42 32 41
41 40 40 4¢

DATA=TENSILE;

35 32
40 34
39 39
44 45

CLASS BLOCK METHOD TEMP;
MODEL ¥ = BLOCK METHOD BLOCK#*METHOD TEMP TEMP*METHOD;
TEST H=METHOD E=BLOCK*METHOD;

MEANS METHOD / LSD E=BLOCK*METHOD;
MERNS METHOD * TEMP / LSD;

RUN;

Ganeral Linear Models Procedure

Class

BLOCK

METHOD
TEMP

Lavels

Values

o
ALY
www

4

Number of observations in data set

anendqnt Variable: Y

General Linear Models Procedure

Source DF
Model 17
Error 18
Corrected Total as

R-Square

0.913120
Source DF
BLOCK 2
METHOD 2
BLOCK*METHOD 4
TEMP 3
METHOD*TEMP 6

Sum of
Squares

751.47222222
71.50000000
822.97222222

c.v.
5.5319633

Type 1 85

77.555556
128.388389
36.,277778
434,083333
75.166667

Mean
Square

44.20424837

3.97222222

Root MSE
1.9930435

Mean Square

38.777778
64.194444
9.069444
144.694444
12.527778

(1-9) Jla

36
F Value Pr > F
11.13 0.0001
Y Mean
36.02777778
F Value Pr > F
9.76 0.0013
16.16 0.0001
2.28 (3.1003
36.43 0.0001
3.15 0.0271
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Tests of Hypotheses using the Type III M5 for BLOCK*METHOD as an error term

Source DF Type IITI 8S Mean Square F Value Pr > F
METHOD 2 128.38888889 64.19442444 7.08 0.0485
General Linear Models Procedurae
T tests (LSD) for variable: Y
NOTE: This test controls the type I comparisonwise error rate
not the experimentwise error rate.
Alpha= 0.05 df= 4 MSE= 9.069444
Critical value of T= 2.78
Leamt Significant Differance= 3.41385
Means with the same letter are not significantly different.
T Grouping Mean N METHCD
A 38,500 12 2
A
B A 35.667 12 1
B
B 33.917 iz 3
Leval of Lavel of Y
METHOD TEMP N Mean sD
1 1 3 29.6666667 1.52752523
1 2 3 34.6666667 2.51661148
1 3 3 39.3333333 2.08166600
b S 4 3 39.0000000 2.64575131
2 1l 3 33.3333333 2.08166600
2 2 3 39.0000000 2.64575131
2 3 3 39.6666667 2.08166600
2 4 3 42.0000000 2.00000000
3 1 3 30.6666667 1.52752523
3 2 3 30.0000000 4.00000000
3 3 3 34.6666667 3.78593890
3 4 3 40.3333332 4.50924975
2-9 Jua.

OPTION P5=65;
DATA TILL;
DO A =1 TO 3
DO B =1 TO 3;

DO BLOCK = 1 TO 4j

INPUT ¥ @ @ ;

T = ARSIN(SQRT(Y/100))*(180/3.1416)}
to transform from Rad.

QUTPUT 2
END;

(We multiplied by 180/
to Deg.)
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END;
END;
CARDS;
89 100 89
98 B89 79
62 66 64

90 80 %91
93 100 96
76 78 66

90 99 58
‘93 89 &3
70 &8 85

97
38
42

21
63
95

893
64
91

r
PROC GLM DATA=TILL;

CLASS BLOCK A B;

MODEL Z = BLOCK A BLOCK*A B A*B;
TEST H = A E = BLOCK*A;

MEANS B / LSD;

RUN;

Gensral Linear Mcdels Procedure

Clags

BLOCK

A
B

Number of cbservations in data set =

Levels

Values

4

[
TR
[ R

Gaenaral Linsar Modele Procedure

Dapendent Variable: 2

Source

Model

Error

Corrected Total

Source

BLOCK

A
BLOCK*A
B

A*B

Source

BLOCK
A

DF
17
18
35

R-Square
0.512897

DF

alkonMnW

» W

Sum of
Squares

2807.8114446
2666,6053627
5474.4168074

c.v.
18.397934

Type I SS

465.82519
206.06811
281.90383
1111.49182
742.52249

Type XII SS

465.82519
206.06811

Mean
Square

165.1653791

148.1447424

Raot MSE
12.171472

Mean Sqgquare

155.27506
103.03405
46.98397
555.74591
185. 63062

Mean Square

155.27506
103.03405

36
F Value Pr > F
1.11 0.4095
Z Mean
66.15673589
F Value Pr > F
1.08 0.3954
0.70 0.5117
0.32 0.9196
3.75 0.0435
1.25 0.3245
F Value Pr > r
1.08 0.3954
0.70 0.5117
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BLOCK*A & 281.90383 46.98397 0.32 0.9196
B 2 1ll1l1.49182 555.74591 3.75 0.043%
A*B 4 742.52249 185.63062 1.25 0.3245

Tests of Hypotheses using the Type III MS for BLOCK#A as an error term
Source DF Type III S8 Mean Square F Value Pr > F

A 2 206.06810600 103.03405300 2.19 0.1928

General Linear Models Procedure

T tests (LSD) for wvariable: Z

NOTE: This test controls the type I comparisonwise error rate
not the exparimentwise arxror rate.

Alpha= 0.05 df= 18 MSE= 148.1447
Critical Value of T= 2.10
Least Significant Difference= 10.439

Means with the same letter are not significantly different.

T Grouping Mean N B
A 72.286 12 1
A
B A 67.351 12 2
B
B 58.833 12 3

(3-9) JKa

OPTION LS=65;
DATA COTTON)
DO IRRIG = 1 TO 2;
DO SEED = 1 TO 3;
DO BLOCK = 1 TO 4;
INPUT ¥ @ @; OUTPUYT;
END;
END,
END;
CARDS;
16.5 16.1 16.8 15.9
16.9 17.7 18.3 16.5
17.0 16,1 15.6 16.8

16.6 18.8 18.4 19,6

19.0 17.5 19.7 21.2

18.0 22.0 20.2 21.8

’

PROC GLM DATA = COTTON;
CLASS IRRIG SEED BLOCK;
MODEL Y = BLOCK IRRIG BLOCK*IRRIG SEED 3BED*BLOCK IRRIG*SEED;
TEST H = IRRIG E = BLOCK*IRRIG;

.TEST H = SEED E = BLOCK*SEED;
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MEANS IRRIG SEED IRRIG*SEED;
RUN;

General Linear Models Procedure
class lLaevel Information

Clans Levels values

IRRIG 2 12
SEXD 3 123
BLOCK 4 1234

Number of observations in data set = 24
General Linear Models Proceduré

Dependant Variable: Y

Source ° DF Sum of Squares F valua Pr > F
Model 17 74.05916667 3.25 0.0757
Exror 6 8.03916667
‘Corrected Total 23 82.09833333
R-Square c.V. .Y Mean
0.902079 6.4158357 18.04166667

Gsneral Linear Modals Procedure

Dapandant Variable: Y

Source "DF Type 1 58 F Value Pr > F
BLOCK 3 5.20500000 1.29 0.3591
IRRIG 1 44.28166667 33.05 0.00]12
IRRYIG*BLOCK 3 8.73833333 2.17 0.1521
SEED 2 $.98083333 2.23 0.188S%
SEED*BLOCK 6 3.90250000 0.49 0.7997
IRRIG*SEED 2 5.95083333 2.22 0.1897

IRRIG*BLOCK as a&n error tarm
Source DF Type I 88 F value Pr > F
IRRIG * 1 44.28166667 15.20 0.0299
SEED*BLOCK as an error term
Source DF Type I Ss F value Pr > F

SEED 2 5.98083333 4.60 0.0616

General Linear Models Procedure



iii&l‘cDLGUain llJ;l\C}ﬁﬂtCDLayy~¢ﬂ':C:wtd‘t}qzﬂl

YV

Level
IRRIG

1
2

Level
SEED
1

2

3

Level of
IRRIG

NN

of

of

Lavel of

SEED

WKW

12
12

Y
Mean SD
16.6833333 0.76018339
19.4000000 1.69115345
> 4
Mean SD
17.3375000 1.38969421
18.3500000 1.56021976
18.4375000 2,55115520
> 4
N Mean Sb
4 16.3250000 0.40311289%
4 17.3500000 0.80622577
4 16.3750000 0.64485140
4 18,3500000 1.26885775
4 19.3500000 1.53731367
4 20.5000000 1.85112578
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CONFOUNDING IN FACTORIAL EXPERIMENTS

:dauie 1-10

lallall JS gy o connas AT Lalalad] caplaldl Ga sgaadl @lia
LalS 35S 3uh) Lalalad) clafladl sae alajs Gupa canly plad 5 Lalaladl
O Lalaladl jlaall LSAIG padsy . Labistwa sue o Jalsadl sae sls))
Vs Jale k of opustionns dale k e opiad all @1 35 41 254 00
Crad e Lallaa 81 Lead o 3% Lilale Ljpas Laad calS 13) Waas . cbiytius
Fall) TaaX 555G a3 LS, ul_,t_u..'iv.ic..h..lh.ll,:,.a.n.s.di lin puiny aniall
realil) saadl sad ¥ T saadl 1agd ASS Y diaans §ypdia Laaiduad) Lo senll
O pladl pa ¢ wilalld b paad G Laalaall Loy oasll elaagll Ga
c eSSl lail) g laslos Juiisd 585 3 iall cilelil)

! (Confounding) glasf! Lissh pusiaes plhill paa ,adiiasly
i pedags o] Tapll Hud Llabadl @l 8B daly Loamdsd! b Jhass
. p Uil sial Jasse A« (Higher order interaction) Laladl Lo jall e wdlelisl]
e Laslas) of Wit poletied S wlelhdl] o Loada il 8500 238 acady
sia endh Lalalad) cilalladl Ga ki e e Jaidos aalpdl p Uil o Ly

. (Incomplete block designs) Wal<Il jui culelaidl o tad el
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: gladyl e olegs elliag
il glas] Ula q..id..-_s._-glll (Complete confounding) : JalSll glasy! —
wal ) LSEI paan i clelledll o clasiy) =0 g (Factorial effect)  Lale
C praladl S 1ia st TealKal o lailh Gie g3t L
sl,J.J.L: >0 glas] Ul A5 Jeaaay (Partial confounding) : ,_,.5_',.-.-” glesyl -
>3 glasly «J ¥ Replicate) 51,8501 0 wlelaid] ops SUNSEAY] 5505 pa
e Laslas Lle Jywanl] LiSas glasyl faa iy . AL 1SS 5 AT lale
ARSI TRCTT] PR SOURVON DY PER R RC-YT O ICY SRPIRTT R ST

dalas] dlsy Slale 53805 Tyl doa A glad?l B Lala¥] 3,800,
o olellaill Sa o5 pay (el glasy) 3 clellaill T,lia pa Lyblasia
Lalad) Tasaledl Taslya oo a3 ¥ glasdl b apsll Jud 505 . A5l glaayl
Lipas Liashtiol ud GS ol dasadil) 3o a33a 35 9 2% Lulaladt el
LG8 JBl a2 P Ll

: 2% Factorial Experiments 2% ULdaladl wyladdl 72 - 10

s Ghigtivea e JSE Jale k Goaad 555 oolasdl ada A

C 3 ByA Jalee T le Lalale Lyyas calassl 13)y . Ju‘,.ai_,ruu_:..:..

(1-10) Jysall i Lo yd ciladlas 8 Ty yaidl oda puddind (Hlagtuea Leia JSIs
s Lalll) gm0l pa

ta 530 Lilaladl lalladf 2 (1-10) Jaa

Factors A=a,a, i B=b,b, C=cg,cC ol gadl

Treatments |a gb oe o 8 b gcg 2gbcp 8 b cp agbocy 8 bgey agb e, 2,b 8, wladlall

Symbols I a b ab c ac be abc St

calallaall (Standard order) (peeladl) axisil) sa cag3all 13A SaSiany
il s g silallal) sigd o sSamy - (1-10) JSdl 4 Ll Lauayll plabill



be abe
c
High, 1 ac
) $ — 1, High
Factor C // ab
” Factor B
-~
Low, O 0, Low
{1} «
M
a ]
Low High
Factor A

2% Ul Loast Ltaldl olgdlal] 2 (1-10) J<&
Uitos wlijlia g ] Ga%5e0 Gulal ¢ Gubasdl Joalas Jysa b Ly
] Llaladf ol atal i

il Saa sl oSSy el U el gl UG 210) Jgaall i pensy
Jusl 2-10) Jysall b Loyl caasssw) Llald) claitaal] Gasisl

ol 3 L 2
9 81D C o LLalall o a N tud . Llatas JS culaaliid] p pans

cLlaladl @t @bl (2-10) Jsa

Factorial Treatment Totals Divisor for

Effect (1) a b ab ¢ ac bc abc | Factorial Effect| SS
A -+ -+ -+ - + 4r 8r

B - -+ o+ - - + + 4r 8r

AB + - - o+ 4+ - - + 4r 8r

C - - - -+ + + o+ 4r 8r

AC + -+ - -+ -+ 4r 8r
BC + + 2 - - -+ + 4r 8r
ABC -+ + -+ - -+ 4r 8r




Ldaladl o lael 1) CL-:Yl S PL g W | Yvi

cepthir e a Lulalad! Ladladl olaaliia p ypaas L
G R 16 Tt ) Labalad] ol 58130 c2ils 5 a3K3
Jaladl gyina 5 13) () 3oL831 s Ladle Jaladl (saticna oIS 13) (+) 3LEY1 gy
B Ul o pedl) Jeala b Je bl el jlia Ly - Laada,
e K stad Lt Juamans Tale Liasy - Jolisdl b 3K, Laeas' 11 Lolaladd
P LGl Uslad) Jay ABL K Laladl 580600 Taylia e Jalgad!
Contrastap_x = (@ 1)(b £1) ... (k+ 1)

r? Mo dalad! alld 5 13] Jalald pasadll o gidl Jils (<) 3,LAY1 gy pa
e Ualall o smsy o dsaga god HIS 13] (#) 350831 opllal) dalad) 550510
Vol e damas 27 Lubaladd Tyt Laed U 30as . (1) Talladl 1 0 Juy
ule Ualadl plazzity 410 (1-10) Jyaadls 5 Laolad] Uiy el AC Jelasdl
P A gaid

Q o =@ DB+HD(E-1) =) -a+b-ab-c+ac-be+abe.

aasy . Loy Lagd saaladia @b, Gl JS of (2-10) Jysall Ga Lastiy
a8 Al 508 GalKaly Loleladl STl JS @bt sl
P AT Lale Liiay ABLK albadl 58601 juday . B ylia JSI culagy bl p pasa

1

AB..K = 2 k-1 T Q AB..K
: th'.JIS Glg_.n_,.- & 9aa el g
1 2
88 bk = S kg < AB.K

P A k=3 da s A et Labad) G ad W
=-45r—[-(1)+a-b+ab-c+ac-.bc+abc]

JSEIls (31 anSL tpas le g ¥ Lalaladl colallad] s 3oad) e Solae pas



Yvo Elalall Coplontll 3 a1 2 2ball Juadll

B st laladl 5o8Ual) jaday - canSl Jladi Lo (A1) s ¥y (1-10)

1 :"'JLSJlS
B=71_r-[_ (1)-a+b+ab-c- ac+bc + abc]

el anll) Lyals 3 3l s ¥ Lalaladl wlalled] oy Gkl s Bolas 52y
H;ﬁmcwgglwulhdmlhi.qul@ﬂl
c=-4%.r-[- (1)-a-b-ab+c+ac+be +abc]
o il W aSl e b 5 Y Tl ladl clallad) ong GodF 58
: IS AC Jelinll 5345 gy . p W1
AC=-Zl?[(l)-a+b-ab-c+ac-bc+abc]

A Glasyap ganay

1 A2
SSAC=— Q%

sadll lepladr L 33aal0 2 Llalad] Lyoaall oulasd) Julad Jgsa 00Sas
- (3-10) Jsaalls sl

2% 5 23 Ll Lasd Sabiall Jalas: (3-10) Jyde

2 * Factorial Experiment 2 * Factorial Experiment
S.0.v. df S5.0.V. df
Blocks r-1 Blocks r-1
A 1 k main effects
B 1 A 1
C 1 (%) 2-factor interactions
AB 1 AB 1
AC 1 { : ) 3-factor interaction
* BC 1 ABC 1
ABC 1 (¥ ) Onek-factor interaction | 1
Error 2 3r-1) Error 25@-1)
Total 12 3-1 Total 12 *-1




ALl gl 3 ooV 3lall ot 1

2% Llaladl Gylasdl g JalSil glasyl 3 - 10
: Complete Confounding in 2 * Fact. Exp.

k=3 plaacaly 25 Lalaladl plastl b JatSIl g lasyl panys
w80 T A Latalad) Lapa sl ada Gadad aa,s LT Gaysindy
e20l Oa Lagia saly JS 5050 cinellad Lo 51,55 JS (go5aay « (Replications)
ABC Al Jeliilh o) alill Juamdd] 3 GoSa ol Gave a3 - Lapasad laay
e LS Galaa] g ligls oY Lbalad |l 80301 G Toaal 3T 5itay
Lilae rlyal Jad ¢ Lashil) Llatad] Lpasld hhall 598 coan alethill
(1) Ltalall Lo ,__;.lll pltaill ,_,.._......._._,' . (2-10) Jsadi o Las ¢ Laliasll
. (Principal Block)  au ;11 p L_Lailly

Rep. I Rep. 11 Rep. I
Block1 Block2 Block3 Block4 Block5  Block 6
(1) abc (1) abc (1) abc
ab a ab a ab a
ac b ac b ac b
bc C be C bc c

Jetiall JalS glas) pa Lodiashl Jud 27 Lalale Lujyad hbidia: (2-10) JS&
. ABC

il pUnilly U g Uil g gaas ops oS0 of alasdl 138 5 Ladliy

t A, Sa JS Jil

abc+a+b+c-(I)-ab-ac-be

ot Lo sl ABC Jelaslly Lalall L, ads cudpll 2 4 L,lk aday
oA g Lt Lo ass ABC Yelisll 5 80 utay JGIGy . (210) Jyaall ,21
paall 3iie cilelld pladol oo GE3 glasy) Jaa Unalysy « oleliaill



YVy il Oyt B CL-:AH ;S fadll

i gAY Libalad) ol 581500 sy ABC Jeliilly Laaaill pa « Lailadiay
cdaaua

LaS calasd) Jalad 5uSs (2-10) JSAIH 3 Lasmsl] Lapaald Lawdiley
e alasdl Jalad slpad Tas g al, LSS o Gia <35, . (4-10) Jyaadl 4
Lo, 23 5 iealia 24 JUA Ljadll ada s (-10) Jsaalls Lasesl) Gusladl
Toadly alalall @l ey colelhill Lald (e pued ¢ ganall Tija
saill e clelhill Lpadl cils ja elday - grasadd! Uadld Lo 50 5 2 005]
o gl 00 Lkl Geadbaayl paan goadly . (4-10) Jaaalls piayll
lisain LSaY] 138 Hudasy . Reps x ABC : Lokill plaiiuly ABC Jelisll
q.,d‘tmuu__u.,wv#*guluqzﬂulgglateﬁ Lol . Badd yady
N SO T [ R LY e R <A 1

el S Uats UJABCELJjb.ZS Llale Lopadd Sulaadl Jadad : (4-10) Jsse

S.0.V. d.f.
Blocks 5

Reps 2
ABC
Reps x ABC 2

A

B

C
_AB
AC
BC
Error (Reps x Effects) 12
Total 23

[




Aleladl Ol (8 C\..o.:’ﬂl - | R W | YVA

lagasaidl SIS0 LiSa Goay B b5 Lo ,addl Salll cslS 151,

b Lokl ada Jhassy . glant (o541 Lok pladsal duidyd « Lol

alaslan lo Josaall o BiSa b o 51585 S 5 cilina lale 580 glayf

i Gty el glasdls 158 ey . Lalabadl i, 8150 JS e
. Laslid) 554l

: (1-10) JLia
B) aaraoaadl sbewdd) pa (A) glawdl alawa 5080 T3 ,GL L 505 e sal
. (Brussels sprouts) Gaull LS Jyuaaa e (O gJ_,..l_;...lJl dlaally
IS gotas s 5 lS3 Lo e 0S50 o3l 2 3 iaias Lysaill adgd paisly
oSy - 50m ? (olias Baa gl Lalus « Lagarad wlamy pasls Grellad e Lia
s elellaill pa Labad] 63 gidly ABC A3l ) Jeliall Loaal au ¥ cualudl
+ (5-10) Jgpaall b (kg /50 M ?) Gkl ud ;<1 Jyimas @Ol55 puimsty
+3a =Gl Jalas) (Yates' Algorithm 1937) Yates sy paiicady
:“r.Yatcs Liyh ol slad y Lijasll
dpandl Jals aalad cagin o Lalabe Lallas JS cfualiin g saae iy — 1
. (6-10) Jyaall A4 LaS Response
4 pa @lellad a2 3 Lol Geull S Jpmaa gilis: (5-10) Jyaa
. ABC Jeliill JalS glag) pe Tuguyad cluay

Block 1 Block2 Block3  Block 4 Block5 Block 6

¢)) abc (1) abc (1) abc
19.31 30.78 20.13 24.25 19.62 23.44
ab a ab a ab a
29.44 20.25 25.22 25.97 24,97 23.47
ac b ac b ac b
23.06 27.54 26.16 26,93 19.65 23.69
bc c bc c be c
24.41 16.38 24.81 16.18 2572 18.63 | Total

Total 96.22 94.95 96.32 93.33 89.96 89.23 560.01



YVA Llaladh ot (3 Zlas¥i ¢ 2l Juaidll

s i Sl J pmia cilibes Jafas] Yates Ly : (6-10) Jyan

Treat. | Response| (1) 2 3) Effect | Estimate | Sum of
Effect | Squares
() | 59.06 |128.75 {286.54 |560.01 | Mean
a 69.69 |157.79 |273.47 | 3331 | A 2.78 | 4623
b 78.16 112006 | 121 | 6239 B 520 |162.19
ab 79.63 |153.41 | 21.21 }|-2331| AB |-194 | 2264
c 51.19 [ 10.63 | 29.04 |-13.07| ¢ | -1.09 7.12
ac 68.87 147 | 3335 | 911 AC | 076 | 3.46
be 7494 | 1768 | 916 | 431 | BC | 036 | 077
abc | 78.47 353 |-14.15 | -499 | ABC* . 1.04
* ABC (confounded)

A I a3 pana b A ¥ el (1) dsand] s olia — o
o LA Y il 128.75 = 59.06 + 69.69 : 353 « Response s yae
1063 = : 3845 sy aadl e dsd TGS gly3¥) o Goid) A (D) dgaadl
. 69.69 - 59.06
(V) sgandt 123 loaa b cidipde Al Tigplad) iy (2) dgandl ppd Glwa —
- >2AY) 13a g0 plandial pa
. 3) agandl 53 0S3 () dgandl pud Lo Babad) Lileadl sale] — o

b O Loy Uass k] 27 Lalale 1503 3 Lol ) aia Jualsiy
syandl oy (6-10) Jyaadl b Lygauas 2oac] Tidh Wlighd k=3 (1-10) JULI
- (Contrast effect)  Laladl 85l L lal! ¢ JUL 3 () cd il 4] () 5aaYI
N[EKTVPE VIS 7 en P PR 1| RN [P JPOME SR KV RS ST
g0t Lilaladl el ;860 eban e ¢ gass casuady - 251 =3x22 =12
12%¥=3x23=24 JELI iy 125 Le Whawdy (3) asandl i

L)) laalill pyaaa 560.01 (3) spandl i ¥ Tagid) Jia,



G Ga 5S35, . (5-10) Jsaally il JSI1 ¢ yaall ioa gunly 54 LS « L5l
@ Jasals Al @ULGL plaatuly SdBH syaall o3 le Jyaall GalSal
:wjmlsm',JJlul'Qh_f)athJ. 10)

CF = (560.01) 2/24 = 13067.13

§STo = (19.31) 2 + ... + (18.63) % - CF = 13406.75 - CF = 339.62

SSBlocks = % [96222 +94952 + ... + 89.23 ?]1- CF=12.02

SSRep = % [(96.22 + 94.95) 2 + ... + (89.96 + 89.23) 2] - CF = 10.64

SSRep x ABC = SSBlocks - SSRep - SSABC

— 12,02 - 10.64 - 1.04 = 0.34
SSTreat = %4- (33312 + ...+ 431 2] = 242.41
SSE = S§STo - SSBlocks - SSTreat = 339.62 - 12.02 - 242.41 = 85.19

(7-10) Jyaadls pumpll 5alasl) Jalad Jgsa b Slibuadl aia paids of

ol ity Lalsall Labalall @y Sl Lusdae 50343 F jLn2) el gy

o ,_;h,:u._.mgd:....\,..;Ad_.ulL.ha=.01‘”;.‘......s.ug_,;...Bd..uJ!

G Yy By A oo Jelas U Gualy . 52515 ST B Julally 0 kid = .05

oals A Jale wllainsiag Jada slaahs Liyasid) ada gilas padliy . C Jatald
+AB JTA Lale lagil (g Ladl Uadlly . B Jale olasuyias

MSE 7.10
= = = (0.7
SE Jr bc 3(2)2 0.77



P laayilly
A B
0 1 0 1
2194 2472 20.73 2592

oS Jgeanl bl dalas Jgos 2 (7-10)  Jyan

S.0.v df SS MS F

Blocks 5 12.02
Reps 2 10.64
ABC 1 1.04
Reps x ABC 2 0.34

Treatments 6 242.41
A 1 46.23 6.5%*
B 1 162.19 22 8**
AB 1 22.64 32
C 1 7.12
AC 1 3.46 <1
BC 1 0.77 <1

" Etror 12 85.19 ]7.10
Total 23 339.62
F 3, =475 F %, =933

Gy « WA @530 Unalys Lilaladl wlydlall jLsal Layl Galgal tag
- shuall Lo g5%a3 ¥ 4 Lalalt Tkl w56 culs 13] Cagiaa Lalad) 50500

FaS
31 Llaladl o585 (oolaall Uadlly Q 5a Laladl 801 uu2s oS 13

, MSE ,7.10
SE = = =
Py 33) 1.09




0-t VMSER2 2 < Q < O+t

- 02, ) MSE/2 k2

(o2, v)

.q._.,_.,..s:dlu..a.llif)sla,_,.:u J.'.‘...:e_.._uu
golaal) Uadlly - 194 Tadlly Laladl a5tls ;a3 AB Jelisll Sie Tuusdlyd
Dol LaS WA 3,54 95% 5y85a . S 5 = 1.09

-1.94%¢ g 1 1.09

-1.94 +2.179(1.09) = (- 4.32, 0.43)

q..l_,a‘!‘,.'hl..a_,...l.aABJGW’J#&‘QJ!JJJ}J‘J'ULG.DM':#E‘J:&J
sy, F LGaa) Uesalys (-10) Jysall 3 Lole Gliaa 50l Laatill guds
Saiuy . SuSS) Lasline Bdaldls A dabdl & gle Joa ba odlu AB Jelis]
: AGIS B Jaladl iy STB Jaladl 5 aus A Jalalf 5080

Fal

Q,-Q ,,=278-(-1.94)=472

AGIEB Jalatl ssa s pa A Jualad) 52505 Hakay

P

Q,+0Q,,=278-194=084
O saaisll Gadgd (g baal | Unidl peaas

V2 S 3 =+/2 (1.09) = 1.54

Taay ealSy . B-10) Jysalls Lawmgll Lig,lil, Liyasll o3a gilss jadls,
LU bl olSalyy  kg/S0m ? 4 Jsaall 1ia b Lediasadl Guladdl



YAY Llebadl el G grlas¥ 2 21 Juail

L 02 Tanill Lyluadd oUad¥ 1y (8-10) J sually

3K Ly ya% gh3 1 (8-10) Jgua

Average A B C
Effect | Absence Presence | Absence Presence | Absence Presence
a A A-AB A+AB A-AC A+AC
2.78 472 084 | 202 3.54
b B B-AB B+AB B-BC B+BC
520 7.14 3.26 4.84 5.56
c C C-AC C+AC { C-BC C+BC
-1.09 | -1.85  -033 -1.45  -073
SE | 1.09 V2 (1.09) = 1.54

Ol I F L) Uesalss ABC ol Jeliidl jLana) LalKaby,
a2 U,S3 WS ,Laay) 1aa oSy « Reps x ABC 4 ABC culaya cullacuyia chs
gplaiens ¥ pacsatll ia b W3 G Gatae i gd ALY o pelia
- olelaill e TS pass Y Jolanll 134 e Taplan L sl

pladtd ga ¢ ABC Jelindl e Laglas Lle Juans of cualad] ol 5l
Jaks Cbnie Jelis plas] 4lSalis dusyad wlaay g2t e LSl e lellaill
P Lpasl) Glalall ) Be Ly cibaslas le Juan GG, 188 UK
LA A Gk (il say SGall glas¥l glasd) o psidl 138 ey
i PN ]

2% Llatadl iylazl o o3l glaadl 4 - 10
: Partial Confounding in 2 * Fact. Exp.
ot ol glasyl gt ¢ (3-10) 3,840 G Gk L Lle e
27 Llate Uyt paas oS Wi k=3 pladiats 25 Latadl o ,lanl
3 Ja¥1 SIS 3 ABC glaa] e L rad wliay poasl o TipSa culelhas o



Al lonll 3 grles¥E 1 Skl Joadl YAS

gl 515SaH s AC 5 Toudly @B 1S3l 3 BC 5 L1 18500 3 AB
(3-10) JSadi alas

RepI Rep II Rep I Rep IV
Blockl Block2 Block3 Block4 Block5 Block6 Block7 Block$
(1) a 1) a (1) b ()] a
ab b c b a c b c
ac c ab ac be ab ac ab
be abc abc be abc ac abc be
E—AJ—A ABC E—-A..L‘ AB E.A..La BC E—A-L—l AC

27 Llale Tuyas b o5l glasyl: (3-10) JSa

plailly ALAH p Unill g yaaa i Godd) 5T JSATT 138 5a Ladliy
plailly &dUB10 p Uaill cny Goddly ABC Joldsll ey Js¥1 51,8300 o JaYI
IS LIy ks o) Sady ¢ AB Jolasl) Jhey A0 518500 3 gl !
e ABC e alaglas Lle Josoadl poasaill lia 3 BiSay . AC 3 BC o
ol JGIGy . elld 527 I IV g T 51,8500 Ga AB Lleg IV I 5 I, <5l
Gua ¢ olelhill pa LWhja alas] Laaua AC 4 BC 4 AB y ABC =olelisll
L Y e 585 Vol 61 ¢ Lend gread o Al cal 515830 Sn LA uds 580
Laslal) pual Yates Lale LT 301 3/4 LaaSIL 5ol glasy] pulds L Sy
. (Relative information) Tgawall

Eoaia cauuady . prasaidl 1igl Sl Julas (9-10) Josall painls,
poaaa Lol o Tusladl Gkl Laaakl 5ad ety elelhill cilag s
gess o AN el 510 G s catid Laaall Labaladl cl 51501 cilas e
oas Jeliil) oa Uadll il ya poaasa SoS3ay - Labalad) el S 0l Lgad
Jelail) opa s (Replicates x Main effects) Joafsald Laceai Il el j 56Ty el ,1,55]1
Gll3 Yad gasy o A 518500 3 Lalalad) @t l Jelasy ol 1Sall ore
Loaull odtelasl Tuall cule 5o Fob Uyl caniny Saladdl dulal Ay - Jelial]



YAo Edaladl oyl L_jcl.aﬂl -1 [ W |

Lislaa e Jgeandl Oa @ialdl (80 pranatd) 13 5l L . Lald 16k
3 BC 3 AC 3 AB o JS Ll (3/4) L Taglaay C 3B 5 A G JS e ULl
. ABC

ool glasyl pa 2 ? anianl galall datad : (9-10) Jyua

S.0.vV . df
Replicates 3 1
Blocks within Replicates [or ABC (Rep. I) +
AB(Rep.IT) + BC(Rep.III) + AC(Rep.IV)] 4

A 1
B 1
C 1

AB (from Rep. I, I11, IV) 1°
AC (from Rep. I, 11, IIT) 1°
BC (fromRep. 1, 11, IV) 1"
ABC (from Rep. 11, I, IV) 1’

_E_rror(3x3+2x4) 17
Total 31

Sl 51 (@ ¢ 17 1S5 padt AB L Jeldadl o] e s sl ols

25 @-1) pyana Y G Ola e AB Jelasll iy i* 1,000 elld 0as

Jplaill 5 esSs Llale Tallan 257 e iwi” digm 51,85 (1) e ¢ BaaLia
D AGIE AB Jelil] clay a p gase conaid i 518500 G

2
z Y @

=

2
/12 (c-1)]

2
SSAB . = D, Y 70l 125011 -
=1

: (2-10) Ji.
geadl Gpa o (1F10) JULE 3 55l glasy ] padsal a3 G Lo ,5dud
SISl b BC | ol o AL SIS0 3 AB 4« Jo¥I 1,500 3 ABC



Ll oyt G grles¥l 3t Joail AT

dnzy . G-10) ST b AT LI el 51,8500 o pany s o8 LS LAl
- (10-10) Jgaall i LS ULl pas (5-10) Jyaadl @bl (g3 saled

plaacid pa 2% ulale Lsas b oSl Jsaaas  (10-10)  Jgun

) q.:. sall glaayi
Repl Rep II Rep I
Block1 Block2 Block3 Block4 Block5 Block6
(1) a ¢)) a D b
19.31 20.25 20.13 25.97 19.62 23.69
ab b c b a c
29.44 27.54 16.18 26.93 23.47 18.63
ac c ab ac bc ab
23.06 16.38 25.22 26.16 25.72 24.97
bc- abc abc be abc ac
24.41 30.78 24,25 24.81 23.44 19.65 Total
Total 96.22 9495 85.78 103.87 92.25 86.94 560.01
t_:—a..l.a ABC c.a..LA AB &44‘ BC

ab o (1) Lobalad) lalladl o sediy Jo¥I 51553 3 ABC (el asl! gad]

. >—AY plail) aabc 4 e bia clallatly eyl pUadll b booac,

Lpaall Lbalad ) cal pual calag ya p pase colovad Lisbadl Ustall pladsulyy
t olo Lo le ABC feliall Lautly Juaas

Y ). = (20.13+25.22+26.16+24.81) + (19.62+24.97+19.65+25.72) = 186.28
Y ), = (25.97426.93+16.18+24.25) + (23.47+23.69+18.63+23.44) = 182.56
: “,JL"JLJ_,

SSABC = (186.28 2 + 182.56 2)/4(2) - (186.28 + 182.56) %/8(2) = 0.865



YAV

O s Jelisal) 13 Glaa 3 J2ay 300 ¥ 518500 LT el s

- pellail gay G GMGAY] pa pead] 43 8,000

L ol Al Lpasdl adgd Balasdl Judad (11110) Jguall puasay

23 LSl 2 3l glasy

. (2-10) JUGald 5aliad) Jalas 2 (11-10) Jsan

S.0.¥ df SS MS F
Replicates 2 10.64
Blocks within Reps 3 44.63
A 1 46.23 8.11*
B 1 162.19 28.44%*
AB 1” 1.70 0.30
C. 1 7.12 1.25
AC 1 3.46 0.61
BC 1- 0.06 0.01
ABC 1° 0.87 0.15
Error (2x4 + 1x3) 11 62.72 5.70
Total 23 339.62

Loaal) ezl STl T, baadl pUadYF 503 tunay o Loaall Haiy Loaall Lulaladl

et VB2 olan Laaall 5l 86U Lo laall oW o ST Lta

SE=\/-3— (0.975) = 1.19

foph LS Loasl] 52 el Sl Laeily

_JMSE_ _ [570 _
SE-\’IZH _\, 3y = 0975

: o Laaall el




bl ol 3 LoV 130l ol YAA

Lk call) pigis Ligtae Laaall Labaladl ol 3101 eals NP

¥ ollawsill sin of L 5805y 0 Ly Gasdd) SLaETy cullew sl slal

sl e Vgt llans, Lalad) Gisladl ey cliloadl e 5 le anas

Cana 1S5 i Laass Lplaladl w851 03a o1 Llaied] opmy 1205 e

Uil a3a Uy gorinsill Gn 3ald 5 - @l 1,S300 LAl Ga Wapuads at,
. Gill (1978) ga,ll 4 k)

3% Lulaladl oylasd) ot glas¥l 5-10
Confounding in 3 * Factorial Experiments
Uslt Jale Uy ¢ dale k dlia 3550 3"‘ Lolabad) slasd) i
Soa¥l bistoald s TSl Ljalasy ) cina¥l dalsall 5a53y . cilisiu.
LS 1) 1 Laaana daladl (gpiua HUS 131 0 Uy poa Zowiead| Tsalasyl
- (120) 32 512 1B ,C ) Ladlaall 3ayi et Glle IS 15] 2 5 Uncuyia

Uty odale (61« 32 Lpasll 4 Lalabadl oplosll ada daeaddy
Oalasl] Julad Jyaa b Loasa cila s 8 Lilh GG, o lalles

Factor A
Low Med. High
0 1 2
Low O 00 10 20
Factor B Med. 1 01 11 21
High 2 02 12 22

.37 praian] Wlalad! slallad] : (4-10) JS&

ABJgLL‘..IJJL_‘_,.'.l:;.-_-JJ By, A “rc.u_}:s_,_,__a.‘ltdg 32 f"—“"“:(‘l’i-,
Lisalans 1321 Wl 5o LIS Wla G 1Ly . Lasa wla s gl
L'.'.lLA-.IJ.“ &.—ll—_LA MJ.#M'M:—&PZ—?JJ 32(1'-1)_,1__;1.‘



YAQ ddaladl oyl E-—Le:.\ﬂ ol el

cila e B33 0%y« Gal&l Juaill 4 L Lk ol ulad] 23, 0G
il s aiisd 152 lad 25 2 Surda ] puats 52006 IS LAl
Lughiwtin Gilistons @a3lSs LiaS Jaladl HIS 13) g gaall 35058 saalasil] byl
coabaa¥l

el Taasl I AB Jeldsdl Lasall olad pwadd Las
AGarya 3l Lishdl i A By wAGB « A By A B,
Lol Ll Uiyoh JUay . 5alilly galudl opliailly clatas¥) Jolas i
! (Orthogonal Latin Squares) 3ualagill LadiaidU] eulas ] Uasad 3z AB Jelisdl
Jalad 3 aleas] Jslie colelinll oigd cucady (AB ?) 4 (AB) garja
o] AB Jelaslh o M Layall cuula ju Lol o8 Leda o yildf oy elilad
Taalanll @bl oY 1503 elliy o Loa Sases 25a JS Suaalada Gansa
cdaads Lo Lo L Ll

U ) el s e jg A Jalad) wlisians 3 bl
: U:YIS 3x3

A Square Column

NHO?DJ
N - OO
O N =t
-0 N

:,JL‘.JLS_,.;i3x3V.'.=a:',__,,..,u=.BJ.thgl:.J:u_u3JJ

B Square Column
Row 0 1 2
0 0 1 2
1 2 0 1
2 1 2 0

At.._n_,.ll JJ_IB&J.“L:LA.&JJJ(:;’:-A&._‘_,.“&A..LaLt_"n.nBc_.n_,.ll‘)'ikA)L'u
& L des (o0l (Graeco Latin Square) ool i 2 aa ) Lle Juaad



Adaladt bl @ los¥) 1 tlalt foad Yq.

t AGIE AB sl oSy JGIL . (4-6)3 54

AB Square Column
Row 0 1 2
0 00 11 22
1 12 20 01
2 21 02 10

B bl g A daladl doga o gl cladlad) Gl gl 13 Jasiding
Baalyise aass A Jalall (syiuca JS O ol « Baas¥ly Cigiall g Glaalada
alagtana e dands » bl Gabedag s sgae JS A Taaly isay chia JS A
O Ly il Jalssaalyi,e B g A G Lilale Lodlaa JS sasdy« B Jalad)
10505 LalSalad Suac¥ly chsiwally B 5 A (i « Sualadia laiss 4 5¥) dlia
P 5a JS Baalatia sl3al Laa,l L) olalladls Lalall Slatidl Lsall albe s
ABA10) oy saidl L) Losa S 5oy

Al o aall clallad] cila s ¢ oaas e Lale Liasy
Cra wisidl paaday . (AB 2) 4500l B gl oa cossaall asess « (AB) 5 3alt
23 % Llaladl sl b glasy] Lalany pludll sie padsl) fia

3% Lalale Layea b glesy! 1-5-10

Lalaladl slasdl i ABC Jelisd) 3, lEa (3-10) 358400 5 Laaaiiul
el LaS el ISl JS 0 otellail) ge ABC Jelisli glasy 2 k
Y Uy alld 5, . Sa3all glasyl o Tt A0S eatelasdl ol lia
oY oSy Taaly Lsa Lasa olaadl ells b lale 5050 JSIy 45,0 JS)
TRabadl 350001 b Gyl LaSy . 35 Lalaladl oslastl o elas
e—20ls B s A calalall Ty Uia e @lia 5053 32 Lilale 1o Lol
JSa b gland sy sla) (g9 00dd) Ga pags - AB Jeldill 550 il 59
c eoolaadl aia



Cle Lliaa (0] waladl) ppndll gods Goabas Latee Ly liag
Lisle pladiiunl bS53 ol LU cleg bl Uawalss Byled) 3,3400 b
: LuJLall (Defining Relation) sa..dsl)
Ya,;x/3=Q+R

glaagl pedtuadon (3 Lubabadl Ladladl o 3ad i Jalad) (gptuns a4 X G
o it o il Jalall Ll 0 g3l a; 5« (AB 2) i (AB) Jia
Aalatad| Ladlad! b il Jalald Lowaslly 2 of 1 g ybaas s Labatad ] Lalladl
- Lol Ty AR 53 le Tandl) oale o2 Qpail) . Lusa i ys Ll 51y
gl pods bl gy « 2 511 510 ) 3dBw 50T R Tagiy Lia pigly
Uaslaald 3K pany Sasiy . alegasa & I gl Lalalad) elallad)
.Xa,x;(mod 3) P GBI Galad

3% Llale Liyed culallad LSal) il gundali(12-10) Jyuall pailyy
W haa . Lo,ad cliay el Lle gpiasplad JS ¢ lellas Vit L
pmpeaiall Lisle Guske ey (AB) w5 all Lpuill,

celelhd 3 13 % it olallas gt : (12-10) Jgaa

Treat. Combinations in Blocks

Defining Relation R=0 R=1 R=2
A x /3 {00,01,02} {10,11,12} {20,21,22}
B x /3 (00,10,20} {01,11,21} {02,12,22)

(AB)  (x +x,)/3 (00,1221} {22,01,10) {11,20,02)
(AB?%) (x,+2x,)3 (00,11,22) {21,02,10}  (12,20,01}

B (1210) Jgsall (i) pacsdisll Lle Juans (X, +X ,)/3

nu

00 : (1(0) + 1(0))/3 =0 R=0 10:R=1 20:R=2
01 : (1(0) + 1())/3 =0 R=1 11:R=2 21:R=0
02: (1(0) + 1(2))3 =0 R=2 12:R=0 22:R=1



Llaladl plaedl 8 ELa.:Yl Al Jeaall Y4y

el udd puEs (2% +2X )3 LIGH paashl Lade gl Lia Sa3y
pais (2% | +X )3 Lastall Ladly (x 4% )3 plasials Gale Joaas !
st (A 2B 2) 3all lagly . (X (42X ,)/3 Tistadl 4aais (gill pani sl Luis
s maill 54231« (AB ?) p5mally au (A 2B) #3all o1 LaS < (AB) »3ally
. ((4-10)

e Exponent) su¥) 51 : LIGH suclill Lanis o S3ass La e ol
3L gy Baelill ada plaiiulyy . Todea 4f aaly Lasls 508y A Jaladl
t ole LS (AB ?) L3500 wiLlia (A %B)

(AZB)2=(A*B2)=AB?
Llsayly &S e pu¥) Lased (¢« (M0d 3) Lulae Guplad paay wlli,
TS pladiwl pe 32 Lalale Lisasd gabasll Jalad Jysa a5Sus
L (13-10) Jgaadl o pramsa 3 LS SI5185 Lag s Jibs clells

4 5 UalS Hud clelnd 33 2 Lpas gl Julad: (13-10) Jgaa
.G'JIJ'JS:I

&

S.0.V.
Reps
Blks/Reps

A

B

AB
Error
Total

VA NN oW

| b=t

3% Llale Lysea A glesyl 2-5-10
el 4 3% Lalabadd caslanll pustial] glasd ] Jiads Lale Ly

.3__.__:__:_,@3..\5.,3k-p Ul.:t_LLjJSg\,la__lJa p<k¢.=.nJ.ISJ=¢CLL33P



YAy Aleladl plnall (4 CL"N‘ s ekl il

o Logaey cilelnd Lo o] old (B slaiil oda Jia b glasd) ads ell)
cJal Huiplai3?
9 fra 59533 3, ae 3l clallailly 37 Lalale Loyas Liad il 13)
o 3] plasyl pladial 5,u50al) o pasand add Ligsad @laay
ABC AUl Jalisll Ty ya oo 8 ellin ¢ Lpaill aded Luawidls . Losanall
Sty - Lusa Sasas e3a JS Ukiaea o3al Tagsl I Lates Lalsal
D A Jelind] i LSl

(ABC) (ABC? (AB20) (AB2C?
(A2BC) (A?BC?) (A2B20) (AB2C?

Lo W S 15aY1 o Lasts LUl 3,54l ot SouSal Taelil) Gaadann 3Shy

A%BO)?2=(A*B2C?H=(AB2C?
(ABCH2=(A'B2C%=(AB Q)

A2B20)2=(A‘B*C?=(ABC?
(A%B2C?H?*=(A*B*C*=(ABC)

Tag ¥ el3aY) o BF poini o 27 Gusey « Lilaladl cladtal) T3asts eliad

dils clelail) o <alasy (AB 2C ?) ,3all jluadl s Gl Guay3al ola

Lidke 3385y .« (14-10) Jysally mangd) pawdsll Lle Jeaaiud al,l <5l

(221) Lolaladd Tdlaall Saa . (X' +2X 5 +2X ,)/3 2 w3l lig paneind]
:V.II:.JK Ualad] 5 e<S



bl 3 bVl 1 slalt Juadll L¥:

2 +22)+2M1/3=2+2 , R=2

Vst o poaeasll 13a Guk 13l - ) plailt 3 (221) Talladd puas Ul
Sabes - (15100 Jganlls puings $A LS Salisdl Julad Jsaa 0% « l, 1,5
(el Caaan g-.J__l_,+-IJ| Wl o ABC Jelaall BT o1 5aY] poin Saaladl

- 54 (g ol Uasld Lajall il 0

Clellai3 133 aaat cilallos pends: (14-10) Jyua

Block O Block 1 Block 2
000 002 001
012 011 010
021 020 022
101 100 102
110 112 111
122 121 120
202 201 200
211 210 212
220 222 221

ol 515553 pea Wl 5k ool (33 % Lulalety yantoutiatigalas £ (15-10) Jyue

Source of Variation df
Replicates 2
Blocks/replicates (AB 2C ?) 6
Main effects 6
Two-factor interactions 12
(ABC) + (ABC ) +(AB () 6
Error A48
Total 80

(3-10) Jl.
i Tl pad Lel 3 Taasipl) Glapa 3 37 Libale Topal cuasa
 Ladlal) Jalyadt



A : Axis slope (-10 Deg .0 ,10) ookl Jaa —
B : Feeding rate (50, 75, 100 1b/min) JBEa Jasas ~
C : Cylinder speed (24, 54, 72 rpm) Lilglosa¥] &) 598 Lo yue —

LIS 5k olelnd 3 pladia po 3% Llale Lisa3: (16-10) Jyaa

. alsall o
Replicate
Blocks Treat. 1 2 3 Total
1 000 240 270 217 727

011 190 195 205 590

022 83 85 84 252
101 47 45 49 141

112 49 45 39 133
120 55 61 53 169
202 30 35 35 100

210 | 47 45 48 | 140
221 50 55 63 | 178

Subtotal 801 _ 836793 [2430
2 002 | 150 152 148 | 450
010 | 210 240 200 | 650

021 | 140 .180 210 | 530

100 | 54 50 48 | 152

111 50 47 47 | 144

122 39 40 35 | 114

201 50 48 52 | 150

212 30 29 37 | 96

' _ 220 | 46 49 48 | 143
Subtotal 769 835 825 |2429
3 001 [ 190 185 175 [ 550
012 | 161 162 160 | 483

020 | 170 185 210 | 565

102 | 40 35 30 | 105

110 60 60 55 | 175

121 55 50 60 | 165

200 | 45 50 48 | 143

211 43 51 46 | 140

222 | 25 26 24 | 75

Subtotal 789 . 804 808 | 2401
Total 123502475 2426|7260




Lol el G oW sl ol Y4

dand) Lasile 3lSaa g 53300 3 Ly el il . 3,000 sleas T 3.US e
Takoid) . 3,5S0 Jalpall by s TS plaitieal 5unis Gash oo Jiall b
Lalans s SAll 2y (Rotary Sieve) JLadl oo Lysaidl Lle o sad 3l
poll b his eililee ,__...:L,:(-Lg.m Laalsay Tdasy . WY Jals cialissl
e dolae gl 50K Ganas Layasll aia o gLt Caladl pussal caalsyll
wiakanll 5a3 o€y . (ABC 2) ,__.;mn..hu.uld__.c_,t.-_.n._u poady . plad

: (16-10) Jguadls caadl gasdl e =l 1,85 WS (Sec/25 1b) JaisU)

P A LIS il e p ganna prad y

(7260) 2 CF = (7260)2

1
SSR = — [2359 2 + 2475 % + 2426 21 -
27[ 9 2 42475 % + 2426 %] 1 21

= 650962.3 - 650711.1 = 251.2

Pl LSSl Jads eolelaidl calas ya g sanas
SSB/R = —;— (8012 + 836 2 + ... + 808 2] - 650962.3

= 651150.9 - 650962.3 = 188.

s sl
A A
0 1 2 Total ¢ 1 2 Total
0 1727 398 393 2518 0 1942 496 426 2856
B 1 1723 452 376 2551 C I 1670 450 468 1588
2 1347 448 396 2191 2 1185 352 271 1808

Total 4797 1298 1165 7260 Total 4797 1298 1165 7260



Yay Thalall oyl 3 las¥E 3L |l

B

0 1 2 Total

0 1022 965 877 2864
C 1 841 874 873 2588
2 655 712 441 1808

Total 2518 2551 2191 7260

SSA = 317_ [4797 2 + 1298 2 + 1165 2] - CF = 314223.64

SSAB = % [1727 2+398 2 +... + 396 2] - CF = 7878.37

lia 3ala q.i E;‘-‘J—‘J‘LJ) SASE_AU_HuﬂlJfQLHJU&_AL-_LAMJ
Sl ol Jdad Jgsa b Ule Gibian 200 gALSAT Gailsy (Juadl]
- (17-10) Jsaall b syl y

- G-10) JBIL Al bl Gabesdl Jalas s : (17-10) Jgua

S.0.V. df S8 MS F P-value
Replicates 2 251.20 125.60
Blocks / Reps (ABC 2) 6 188.59 31.43
A 2 [314223.63[157111.81 (1302.7| 0.0001
B 2 [ 2933.56| 1466.78 | 12.16] 0.0001
AB 4 | 7878371 1969.59 | 16.33] 0.0001
C 2 | 22218.67( 11109.33 | 92.11] 0.0001
AC 4 | 14052.15 3513.04 | 29.13{ 0.0001
BC 4 [ 2867.11| 716.78 5.94| 0.0006
ABC:(ABC)HAB *C)+(AB2C?)| 6 | 2432.67 405.44 3.36] 0.0076
Error 48 | 5788.96 120.60
Total 80 [372834.89
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Jalaadt 31 (6T ¢ (st ABC Aol Jelisdl & galiadl ada e badts

Wia AB aGa Jelasll gl GBIy paasl) Gadas e UiSas o] Bolil)

SlAlaaY ) Jalad Ligshe pladsl Galall pl€absy - C Jaladl gaSuuas J50;

cA o AL i Lty Lokl ] dalsadl cilasss psasae Ujasl

Uls yuaisd ellly. @A By A B Jlestelisl) clayra p sanay
L Jalsall cnabastinn Jaddl Usa lpnn st ] Jsaslls Lilasy)

Ladall 6 - 10

ol Waill jpiat b wyie glasy) of Juadll 134 b Gl 5
35ull aia ,utadiy ¢ paall Tophuay Ludladie cleled plodsul 3usk 5o
glea ! 3usla G oSTS (g5 gl Say - Tabaladl s ladl] b glasgt) Lol
A1) clelaill pan jaiuad sie Uale Juaas Al Bl a6 S]] aais
. ( Cochran and Cox 1957 &

Jauaa3d .|_‘. g oSl pang e Yates Hda sai Taall ey
¥ iy . glall yawis ol abasyl Jaladl) eolSte Jha glasyl plaasuly
lealas] e A) colelindh Luanl HL3ed] na Gialull 320G 5T oy

 a—— slale Lpniay . EL;..QJ Lalnall s puall Sra asaadl Jdlia,y
colig s doe dliiy s (Mixed Factorial Designs) 1—Jalsill L laladl

Hicks (1982) Sia kil glasyl Js—a Juealdsll o o ajally « J—alsall
. Kempthome (1983) »

Crblal
clelhill plai ol ga 27 lale prasad b Lol Taoad el 110
oS3l 3 AB 5 Ja¥) 51,8501 3 ABC Jeldall glasks LalSlh st
e Lipaadl cdassly . galll 3 AC 10l &udill b BC , AU
liay sl plad JSiy conellad oo Lesa JS oS @188 Lo



vaq Lol Cpplanall 3 grlaa ¥ 1Sl i

‘JSJ:.IJJ_“ CJ“,J-&J'B_,'SJ’_,A"JALAJJA,J‘LAJ' (JLSJL._I__L_I)?:I

. d J..\.?.“ “...i
Replicate I Ir I v
Confounded effect ABC AB BC AC

Block1 ‘Treat, (1) ab ac bc|(1) ¢ ab abc {(1) a bc abc j(1) b ac abe
Response | 27 35 33 28 |32 31 41 40 {26 29 24 33 |25 26 30 32

Block 2 Treat. a b C abc|la ba bc|[ b c ab ac| a ¢ ab be
Response | 20 24 26 33132 20 32 28 [29 28 35 30 | 32 20 33_26

X .Jlﬁglsgiqﬁyiahdgll__mcdﬁ‘,
Yates Wiy ke pladioal g Losasdl aded oalall Julad Josa aasl
L sendl ghlE paddy Ly e edl] el 5LIAYT sa

Lilalad] oladlad] cilasya gaaas wlual Yates Layh paiid =1
. (2-10) Jliall

L GAH @550 Ul s Lalaladl el 58050 Lo gl Suaal — o

Sloal e Ludasdl) e 5aal) LoasS Ll 3 2 Llale Tosas uasad
CH L1 [ FEWPIL I TEARS LT I P UPYL EL R N PYR VIR PRrrirg 2t L1 R Py
30, 20 : eabipiadls dall) 30855 o€, . Lnay aalynd el an Ll
@Ky 6,3,0: b bl L widl Sl alh,¥ly o, 10

(LT [LQEN LW ERL PRIE JOR FRPT]

Nitrogen (N)
Time (T) 10 20 30
0 229 6.60 9.70
224 585 9.53
3 047 3.05 259
032 272 206
-6 008 076 135
0.21 1.10 1.89

3-10
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cpbval calalasy | Jalas faadil
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L e B ,aly A Ao puye paasal ) colallad) oilayya p sana p 59
. (5-10) 3,300 o
Caay (NT?) , (NT) suesa I NT Jeliifl nlasye pyans poss
b Al Ll abag,dl alaisnwl o SSNT = (NT) + (NT 2)
. (E) Ji !

(A ®B) ols (AB) Listadly Leuat (A 2B 2) il Taske of gl
Visls 11 3 2 Lubale Lusas uladlas pands ie (AB 2) Laiskadly Lyunst
- Lsapad wulaay Elf p Ll JS wlelad

od Bl alelledtl Lle Jysaall (ABC ?) poiill Liste paisol
. (3-10) JULL UalSI)
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4-10
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(1-10) JLhia

OPTION PS=65;

DATA BSPROUT;

INPUT REP BLK A B C Y;
CA =—(A=0) + (R=1l);
CB =-(B=0) + (B=l);
CC ==(C=0) + (C=1);

CARDS;

1%.31
29.44
23.06
24.41
30.78
20.25%
27.54
16.38

[ ]
MR NN
COrRHORKO
LOMORBOKFO
HOQOKHKHKMDO

20.13
25.22
26.16
24.81
24.25
25.97
26.93
16,18

RWNNNNNDN
O O e e
OCOHKOKMLD
ORORMBORDOD
FOOKRMROD

19.62
24.97
19.65
25.72
23.44
23.47
23.69
18.63

WWWW
NN -
OO+ HROKMFEO
orRORRFRORD
~FQoOOrRKFEFOO

’

PROC GLM DATA= BSPROUT;

CLASS REP BLK CA CB CC;

MODEL ¥ = REP BLK(REP) cA|CB|cc;

ESTIMATE 'A EFFECT' cA 1l -1 ;
ESTIMATE 'B EFFECT® CB 1 -1 ;
ESTIMATE 'AB EFFECT ' CA*CB 1 -1 -1 1 /DIVISOR = 2;
ESTIMATE 'C EFFECT' cc 1 -1 ;
ESTIMATE 'AC EFFECT' CA*CC 1 -1 ~1 1 /DIVISOR = 2;
ESTIMATE 'BC EFFECT' CB*CcC 1 -1 -1 1 /DIVISOR = 2;

RUN;

General Linear Models Procedure
Class Level Information

Class Levels values
REP 3 123
BLK 2 12
CA 2 1 -1
CB 2 1-1
cc 2 1 -1

Number of obaservations in data set = 24



bt ol § prlea¥t 1 S el oy
Dependent Variable: Y
sum of Mean
Source DF Squares Square F Value Pr > F
Model 11 254.42989583 23.12999053 3.26 0.0268
Exror 12 B5.18646667 7.09887222
Corrected Total 23 339.61636250
R-Square C.V. Root MSE Y Mean
0.745%169 11.418528 2.6643709 23.33375000
Source DF Type 1 5SS Maean Sguare F Value Pr » F
REP 2 10.635100 5.317550 0.75 0.4937
BLK (REP) 3 1.385737 0.461912 0.07 0.9774
ChA 1 46,231504 46.231504 6.51 0.0254
cB 1 162.188004 162.188004 22.85 0.0004
CA*CB 1 22.639837 22.639837 3.19 0.0994
cc 1 7.117704 7-117704 1.00 0.3364
CA*CC b 3.458004 3.458004 0.49 0.4985
CB*CC 1 0.774004 0.774004 o.11 0.7469
CA*CB*CC 0 0.000000 . - N
T foxr HO: Pr > |T| sta Error of
Parameter Estimate Parameter=0 Estimate
A EFFECT 2.7758333333 2.55 0.0254 1.087724860
B EFFECT 5.1991666667 4.78 0.0004 1.087724860
AB EFFECT -1.942500000 -1.79 0.0994 1.087724860
C EFFECT -1.085166667 -1.00 0.3364 1.087724860
AC EFFECT 0.7591666667 0.70 D.4985 1.087724860
BC EFFECT 0.3591666667 0.33 0.7469 1.,087724860
~
2 -10) JUa

OPTION P5=65;
DATA BSPROUTj

INFUT REP BLK A B C Y;
CA =—(A=0) + (A=1);
B =—(B=O) + (B=1)’
CC =—(C=0) + (C=1);

CARDS;

11000 19.31
11110 29.44
11101 23.06
11011 24.41
12111 30.78
12100 20.25
12010 27.54
12001 16.38



-1
1

Zlalall bl § sV 1S Jaadl

21000 20.13
21001 16.18
21110 25,22
21111 24.25
22100 25,97
22010 26,93
2 2101 26.16
22011 24.81
31000 19.62
31100 23.47
31011 25.72
31111 23,44
32010 23.69
32001 18.63
32110 24.97
32101 19.65

i
PROC GLM DATA=BSPROUT;
CLASS REF BLK CA CB CC;

MODEL Y = REP BLK(REP) CA|CB|cc;

ESTIMATE 'R EFFECT' cA 1l -1 ;

ESTIMATE 'B  EFFECT' CB 1 -1 ;

ESTIMATE 'AB EFFECT ' CA*CB 1 -1 -1 1 /DIVISOR = 2;
ESTIMATE 'C EFFECT' cc1-1;

ESTIMATE 'AC EFFECT' CA*CC 1 =1 -1 1 /DIVISOR = 2;
ESTIMATE 'BC EFFECT' CB*cC 1 -1 -1 1 /DIVISOR = 2;

ESTIMATE 'ABC EFFECT' CA*CB*CC 1 =1 -1

RUN;

General

1

-1

1 -1 /DIVISOR = 4;

Linear Models Procedure

Class Level Information

Clasa Levels
REP 3
BLK 2
CA 2
CB 2
ce 2

!

Number of observatlons

Dependent Variable: Y

Source DF
Model 12
Exror 11
Corrected Total 23

R-Square

0.815311
Source DF

Sum of
Squares

276.89287917
62,72348333
339.61636250
c.V.

10.233736

Type 1 88

Values -

1
1
1
1
1

23
2
-1
-1
-1

in data set = 24

Mean
Square F Value

23.07440660 4.05

5.70213485

Root MSE

2.3879143 23

Mean Square F Value

Pr » F

0.0137

Y Hean

. 33375000

Pr > F



daldl ottt (3 rles¥l 1 Sl feadll vt
REP 2 10.635100 §5.317550 0.93 0.4226
BLK(REP) 3 44.632138 14.877379 2.61 0.1031
CA 1 46.231504 46.231504 8.11 0.0159
CB 1 162.188004 162.188004 28.44 0.0002
CA*CRH 1 1.703025 1.703025 0.30 0.5956
cc 1 7.117704 7.117704 1.25 0.2877
CA®CC 1 3.458004 3.458004 0.861 0,4526
CB*CC 1 0.062500 0.062500 0.01 0.9185
CA*CB*CC 1 0.864900 0.864500 0.15 0.7044
T for HO: Pr > |T| std Error of
Parameter Estimate Parameter=0 Estimate
A EFFECT 2.7758333333 2.85 0.0159 0.974861943
B EFFECT 5.1991666667 5.33 0.00Q2, 0.974861943
RB EFFECT -.6525000000 ~0.55- 0.5956' 1.193957165
[ EFFECT ~1.089166667 -1.12 0.2877 0,974861943°
AC EFFECT 0.7591666667 o.78 0.4526 0,974861943
BC EFFECT -.1250000000 -0.10 0.9185 1.193957165
ARC EFFECT -.4650000000 -0.39 0.7044 1.1939571658
3-10) Jlia
OPTION PS=65;
DATA COMBINE;
INPUT BLK A B C @;
DO REP 1l TO 3; INPUT Y @;
OUTPUT;
END;
CARDS ;
1000 240 270 217
1011190 195 205
1022 83 85 84
1101 47 45 49
1112 49 45 39
1120 55 61 53
1202 30 35 35
1210 47 45 48
1221 60 55 63
200 2 150 152 148
2 01 0 210 240 200
2 02 1 140 180 210
2100 54 50 48
21121 50 47 47
2122 39 40 35
2201 50 48 52
2212 30 29 37
2220 46 49 238
3 00 1 190 185 175
301 2 161 162 160
302 0170 i85 210
3102 40 35 30
3110 60 60 55



vio LUl oyttt (§ rloa Wl 25U o

3121 55 50 60
3200 45 50 48
3211 43 51 46
3222 25 26 24
;

PROC GLM;

CLASS REP BLK A B C;
MODEL Y = REP BLK(REP) A|B|c;
RUN;

General Linear Models Procedure
Class Level Information

Class Levels Values
REP 3 123
BLK 3 123
A 3 012
B 3 012
C 3 012

Number of obmervations in data set = B1

General Linear Models Procedure

Dependent Variable: Y

Sum of Meaan
Source DF Squares Square F Value Pr > F
Model 32 367045.925%3 11470.18519 95.11 0.0001
Exror 48 5788.96296 120.60340
Corrected Total 80 372834.88889
R-Square c.V. Root MSE Y Mean
0.984473 12.252537 10.98B1958 89.62962963
Source DP Type I §8 Mean Square F Value Pr > F
REP 2 251,18519 125.59259 1.04 0.3608
BLK(REP) 6 188,59259 31.43210 0.26 0.9524
A 2 314223,62963 157111.81481 1302.71 0.0001
B 2 2933,55556 1466.77778 12.16 0.0001
A*B 4 7878,37037 1969.59259 16.33 0.0002
C 2 22218.66667 11109.33333 92.11 0.0001
AXC L) 14052, 14815 3513.03704 29.13 0.0001
B*C 4 2867.11111 716.77778 5.94 0.0006
A*B*C 6 2432.66667 405.44444" 3.36 0.0076
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Jia asusy . (low order interactions) L —all ola yudl @ald o clisdly
(Fractional Factorial 1a3jall Lalalall oilaslly clbagasasd) g p yadl
. Finney (1945) ¢ 1,33l &a sa 9 Experiments)

¥ cna Ll oY) Lalaawd slasi o Llalad) lasd) paanies
oAl Ll wasas Ledlealdsy Ll Jalgad] e Juldl) V] Gaaludl pday
Saadl Gaalaa Gay . (gl woled b Lbe Lt sluwl a rlhaY Jalsadl
Laslp 5! potadly Laaz¥l pale Latsadl Lalaladl osladld) pustias adl | aladi
) laad s Laebiadly Laceaigd | Slaa¥ iy

2% Lalale Lusasd Ssall LS50 2 - 11

Fractional Replication of the 2 * Factorial Design

OS5 Lasaledl! igalal) pasinssl 25 Libaladl wjlasil] paitiodiw

wle Gadad Al o Ldsall Lbaladl Golasdl by alasy ASadl 51,8500

patis wlanill sigd Jal&il 1,5 o0 Bl Gasayl Lagy . 25 G last

i Jelas (F) o A00 Jelis (5) o st 58 K puads TSl aa Ll

Jpsanll Lida€ Lo Lagd punginy - dale k ot daly Jelis 150475 .o Jale b

elaall @3 ealelindly Lawitod) alatll) fe Ly goadd) cilaglall le
2% e J3T clallall e sue pladcily Gl

2% Liyadl L85 et 1-2-11
: The one-half replicate of the 2 * Design
cilallall 3aakt padaions ¥y 23 Lalale Tusas Liaal o Gasadsd
plaitd o 6l « hais e gl Gualas QalSals o<y caaly 51555 a0 glaid)
23 =4 Ll gotan £oaill prasadl] oF Ly - Jall b Jal&IF GILSEI e
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v 4 A5 el bl 1 ke (goldd Juadll

SRR

Ladie () 3,LaY0 cilagtiuwaldy « C 9 B 4 A Sl dalpald Gsa, 3G
Joa 508y ki 558 Laase () 3,080l « Ladane paull 0%
ABC & Liua 3l oy . (111) Jssally puasld) sastl Lle 2% iaiast ol ,Lad)
(Defining contrast) a— i3 15,EaS poidsiul

27 Llale Lsaad al,lad] Jyse s (1-11) Jyan

Treatment Effect
Combination AB C AC BC ABC
+

>
'@

(1)

a

b

ab

c -

ac
bc
abc

o+ +
C F +
! 1
¢+ 0+
D+ o+
o+ o+ 4+

+ o+ 0+ 0+
+ o+

+ 1

0o+

+ +

+

Block1l | (1) ab ac bc |

Block2 | a b C abc |

Lipasl) 51,80 Chias 558 tpellaill S (glg ¢ ABC Jelindl Lagias gad] da
Lidke G e Cigais pacdil) jacan ABC Jolisd! pual o3k - 2 2 Lalaladi
: “,JL:.JIS (Defining relation) pasadndl

I=ABC
L lia 4O Lol 3,08 L Al alallad) e Jo¥) p Uadl] Jasisl aily
Ho o () Lo 3,L8 Ll A1) alallad) Sle 3000 p Lailly ABC poais]
OoSiuud Ltall Lilalad) Luyastl 3passd A0 p Uil 5a5d) <f Lue sl

{a,b,c, ab ) :dadd LJGI colaallid) ellaa



Al el ol 1 s (ol Juaall v

Ualadly opauis pna A, wole 3G 41 51 (2-10) A b Gacayl aial,
P aN
T= ¢l 5180 il Lol ada b Lasiatiad G oy, . A . =Q 2k
P
J4E3 Miaa . A =Q 2 W GIE Lalaladl cal 81500 Ga335 k=3 5y, 1/2

P PR DL 4% EOURIL N | IS L. L1 |

A=Qm=—;-(a-b—c+abc)
B=Q gy, = (-a+b-c+abo)
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(D - - - - (1 + d
a + - - + ad - a
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c - - + + cd - c
ac + - + - ac + acd
bec -+ + - be + bed
abc + + + + abed - abc
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AI=A?BCD=BCD , AB.I=ABABCD=.A 2B 2CD=CD

BI=AB2CD=ACD , AC.J=ACABCD=A *BC 2D =BD
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S.0.V. df.
Main effects 6
2-factor Int. 15
Error 10
Total 31
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(P- dale p ia lale 585 aagupd B R Johadl Glale paaadd 058
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Resolution Highest order of Order of effects
R Estimable effects ‘Assumed negligible
p 2R-p
oI 1 : main effects only =2
v 1 : main effects only =3
A% 2 : 2 - factor Interaction =3
VI 2 : 2 - factor Interaction 24
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sl ples i eiaind cancall e Loyl o pavas dorans « Lapasaddl eiluayll
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5 las (Confounding) glasy 1y (Fractionation) Lu3aill o JSs Lilaiawd! Unsulyy
Ll uds

Taads . Lallas 64 Lo gamad ool ¢ 2 © Lalale 2505 Laad o1 a3l
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1) ae af ef

ab be bf  abef
ac ce cf  acef
bc abce abef beef
ad de df  adef
bd abde abdf bdef

cd acde acdf cdef
abcd bcde bedf abedef

A Lailate Logssas By 16 5 LSia clellad 5ips Lunyial ol
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O3S il . eolelbill pa <alasy ACE Jelisdl Uinal LT La sial

Unsul gy . culelaill po Lidal Loaus (ACE x ABCDEF = BDF) BDF (Jelasl|

o1 ACE g il Gste

X, +X;+X)/2=Q+R

laiil 3R | =1t jallyc S pleill L3R | =0 (Al clalladl guds
L (111) JS8IG gl gail] Lo oaelhd ) Lallaa 32 peaisy . LA
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Block 1 (R , =0)

Block2 (R , = 1)

(1)
ac
bd
abcd
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bf
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acdf
abdf
beef
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cdef
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cd
be
abce
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cf
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ef
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abcdef
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Copeled 32 6 Llledy 03 ) SE et bl alas < (5-11) - Jasa

S.0.V.

Block (ACE = BDF)
Main effects

2-factor Int.
Error (3-fact. Int.)

Total
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ABC x ABCDEF =DEF

ABCx ACE =BE

ABC x BDF = ACDF

T= 4 s Liske Lipad 0S LAl oy . glasd) oe Talla el 30500
: L) Talalad] el 431 s ABCDEF

ACE BDF ABC DEF BE ACDF
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i UiSn Gl 005 00d (gl e 5k 0%y 43 liay cmlellaill s e
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1 ABC

(X1+X2+X3)/2=Q+R2
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05 2pdopladll 3 Ry =10 ally1p5,pleill s R,=0 Ll
- Lokl pudy pellad 1 (1-11) JSdly Al 5000 p Uail] elallas it
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Block
1 2 3 4
(0,0)* 0,1) (1,0 (1,1)
1) bd ab ad
ac abcd bc cd
abde ac de be
bcde ce acde abce
df bf abdf af
acdf abcf bedf cf
abef adef ef bdef
becef cdef acef abcdef
*R ,R,)

cebelld Lag ] 3 2300 2 570 Lle Labale Lypas klaia s (2-11) JS&

wlelhd Tag,l 32 3 Lasa Lalale Lioasd oulaall Julas s (6-11) Jyan

S.0.V. df
Blocks 3
Main effects 6

~ 2-factor Int. 14
Error 8
Total 31

(1-11) JGia

O TALEA L phs] Ui 3 Lol Ttin Lalale Lopat o yad
MQL}J#'QEJJMJM‘}J‘I Q:._._nML._L.JS:‘Myl

L (T-11) Jgandl b LS @liboad) @ity 2-11) JSadly punsdl

ST DU TS I EYT RN T SR ICTY PRIIVE LILURPY ST TUPE IYRET| NP
M oleolhill pa <alayf iy g3l) BE Jelndl (gomw - LA calelindl,
Lia e pluatl GalKals Tip—aall ada @lils Joladdy o 052035 pakln
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Block
1 2 3 4
(1) 202 bd 208 ab 176 ad 240
ac 178 abcd 274 bc 174 |- cd 274
abde 241 ae 162 de 219 - be 176
bcde 251 ce 159 acde 256 abce 163
df 256 bf 184 abdf 244 af 178
acdf 258 abcf 196 bedf 256 cf 188
abef 167 adef 235 ef 178 bdef 245
beef 178 cdef 278 acef 162 abcdef 232

ekl 5alasll Jolad Jada b dalaill elld gilas pailsy (Jeadl) Jin Gal
. (B-11) Jyaalts

de (g gina CD Jdelisdl &i (8-11) Jya-albs q_'iJl eolaadl G Badts
padls Ulall sia by . 00=.01 (gyluwa dic (g3ina D gly« 00 = .05 5piuua
Lyias gsina Gob Jil Guakd ps CD Jelindl eillavoyia; Josa b palaall
. ellaiuyall aia LLe (PLSD)

Ch) | 0 (0,1) (1,0) (1,1)
Means | 177.88 236.00 17475  259.99

SE=+MSEf2*% = 271488 =5.825
r=1/2

Pt o=.05 lr_ld.:u.“ [7X P aie PLSD l.AT_ljJ

PLSD=t , . \2MSE/8

/2, v)
=t g5 & VZ(2T1.48)/8

=2.306(8.24) = 18.998
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paill Ll Sansidl Tl galas pails Laelas clhwysll casS,s sasy

: QJBJI
(C,D) (1,0) (0,0) (0,1) (1,1)
Means 174.75 177.88 236.00 259.88

- (1-11) JU galad) Jalas = (8-11)  Jysa

S.0.V. df SS MS F P-value
Block 3 272.75

A 1 128.000 0.47 0.51
B 1 105.125 0.39 0.55
C 1 861.125 3.17 0.11
D 1 41041.125 151.17 0.00
E 1 1058.000 3.09 0.08
F 1 210.125 | 0.77 0.40
AB 1 351.125 1.29 0.29
AC 1 6.125 -~ 0.02 0.88
AD 1 78.125 0.29 0.60
AE 1 144.500 0.53 0.49
AF 1 435.125 1.60 0.24
BC 1 0.000 0.00 1.00
BD 1 162.000 0.60 0.46
BF 1 0.500 0.00 0.97
CD 1 1458.000 5.37 0.05
CE 1 91.125 0.34 0.58
CF 1 60.500 0.22 0.65
DE 1 190.125 0.70 0.43
DF 1 0.000 0.00 1.00
EF 1 6.125 1 0.02 0.88

Error 8 2171.875 271.48

Total 31 48831.500
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- Fractional Replication of the 3 © Fact. Design -
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3 Ldale Liyas L0585 et
: One-Third Replicate of the 3 ¥ Design
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o3l 3271 Lnsa Ulale Lusas oSl L ol 5a3, 0 3771 Lt Llale
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(X,+X,+2X,)/3=Q+R

: LJG lelhaill Sl Juass Lhilya

R=0 [ 000 011 022 101 112 120 210 221 202 |

R=1 100 111 122 201 212 220 010 021 002

R=2 [[200 211 222 001 012 020 110 121 102 ]

Aba 553w 377! Lt Lolale 5038 TVl alelaill a (of a3 41,
: LG @bl ol

A=AABC?)=A?BC?2=AB%C
A=AABC?)2=A%B2C*=B2C=B*C2=BC?
B =B(ABC ?)= AB *C ?
B=B(ABC?2)%=A2B3C 1=A4CE=AC?
C=C(ABC ?)=ABC > =AB
C=CABC?»2=A%B2C3=A*B*C1"=ABC

AB2=AB 2(ABC)H=A2B3C2=A*BSC*=AC
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AB2=AB?*ABC?%H2=A3B*C*=BC
P LG Lalalad] @l oSl 5aud3 phe Loand) a3 Jha o SIL
A+BC2+AB?*C, B+AC?+AB2C?
C+AB+ABC , AB?+AC+BC

Ula o ¥ Tania 058 ¥ 3771 o diasll oF syl 13a e gait
i oay PLISY a bl Laanl @3yt dalsadl g elelanll Gf yal,5a)
b T LS AC Jelinll a s st Uil K00y« anoanid! Uaiill L pa
» (0-11) Jgualls Lpasd) adgd Habasdl Julad Jyaa

l3a o LU colelinll e Lalsha Laaa®dl el 8 5 Ly,
Consg T USasHF 0% 0 @-11) Jsaadly (o3l Chyasd) plaiialyd o poacasll
3 gty 03

037 Lhale Lsad )% @l 5] Julad : (9-11) Jgan

S.0.V. df.
A(A+BC2+AB20)
BB+AC?+AB?2C?
C(C+AB + ABC)

Error (AC+ AB 2 + BC)
Total
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(1-11) Jlie

OPTION LS=65;

DATA LEGUME;

INPUT BLK A B CDEF Xy

CARDS;

1110110 241
1101000178
1000000 202

1101101 258
1 0001101 256

10111210 251
10110211178
1110011 167

2111100274
2001111278

2111001196

2100111235
2010100 208

2100010 162
2010001184

20010110 159

3110000176
3011000174
3110101244
3000110 219
3101011 162
3000011178
3011101256

3101110 256

4010111 245
4100001 178
4111111232

4 001100 274
4 111010 163

4001001 188

100100 240
02120010 176
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i
PATA LEGUM;

INFILE 'A:E111.DAT';
INPUT BLK 1 A 3 B5C7D9CDS 7-9E 11 F 13 ¥ 15~-17;
CARDS;

PROC GLM DATA = LEGUME;
CLASS BLK A B CD E. F; -

MODEL Y = BLK A B C D E F A*B A%C A*D A*E A*F
B*C B*D B*F
C*D C*E C*F
D*E D*F
E*F;

LSMEANS C*D / PDIFF;

(The next step is added in the program to apply the multiple
comparison procedure PLSD and to get comparison results in
Duncan's format.)

PROC GLM DATA = LEGUM;
CLASS BLK A B CDE F CD; - ———
MODEL Y = BLK A B C D E F A*B A*C A*D A%E A*F
B*C B*D B*F
CD C*E C*F
D*E D*F E*F;
MEANS CD / LSD;
RUN;

General Linear Models Procedure
Class Level Information

Class Levels Values
BLK 4 1234
A 2 01
B 2 01
(o 2 01
D 2 01
B 2 01
F 2 01

General Linear Models Procedure
Clasas Level Information

Number of observations in data set = 32

Dependent Variable: ¥



Y 5 Al Ol 1 ie (ool Ll
Source DF Sum of Squares F Value Pr > F
Model 23 46659.62500000 7.47 0.0031
Error 8 2171.87500000

Corrected Total

31 48831.50000000
R-Square c.V. Y Mean

0.955523 7.7674875 . 212.12500000

General Linear Models Procedure

Dependent Variable: Y

Source

BLK

NNl -

A*B
A*C
A*D
A*E
A*F
B*C
B*D

B*F
C*D
C*E
C*F
D*E
D¥*F
E*F

DF ° Type I SS F Value Pr > F
3 272.750000 0.33 0.8007
1 128.000000 0.47 0.5117
1 105. 125000 0.39 0.5511
1 861.125000 3.17 0.1128
1 41041.125000 151.17 0.0001
1 1058.000000 3.90 0.0838
1 210.125000 0.717 0.4046
1 351.125000 1.29 0.2883
1 6.125000 0.02 0.8843
1 78.125000 0.29 0.6062
1 144.500000 0.53 0.4865
1 435.125000 1.60 0.2411
1 0.000000 0.00 1.0000
1 162.000000 0.60 0.4620
1 0.500000 0.00 0.9668
1 1458, 000000 5.37 0.0491
1 91.125000 0.34 0.5783
1 60.500000 0.22 0.64595
1 190.125000 0.70 0.4270
1 0.000000 0.00 1.0000
1 6.125000 0.02 0.8843

General Linear Models Procedure
Least Sqguares Means

Y Prob > [t| HO: LSMEAN(i)=LSMEAN(3)
LSMEAN 1/ 1 2 3 4
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NOTE:

NOTE:

Means

0 177.875000 1 . 0.0001 0.7143 0,0001
b 236.000000 2 0.0001 . 0.0001 0.0200
0 174.750000 3 0.7143 0.0001 . 0.0001
1 259.875000 4 0.0001 0.0200 0.0001 -

To ensure overall protection level, only probabilities
asgociated with pre-planned comparisons should be used.

General Linear Models Procedure

T tests (LSD) for variable: ¥

This test controls the type I comparisonwise error rate
not the experimentwise error rate.

Alpha= 0.05 df= 8 MSE= 271.4844
Critical Value of T= 2,31
Least Significant Difference= 18.998

with the pame letter are not significantly different.
T Grouping Mean N cD
A 259.875 8 11
B 236.000 8 01
C 177.875% 8 00
C
C 174.750 g8 10



b bl Juailt
it bibatd? el
ANALYSIS OF CO-VARINCE

dania 1-12

dalady Gbaid] Julas on US Ot peans 3] Lptlaan ] Lyl s
25940 Oabasd] Jalad SJ G Juadll 3 BGaa gl ail g . 5alial) Jalas laasy]
Livas uslaal! Jolatt s el HISy ¢ clbuit] Joa calpuayd 5LadS i
Oalaad) JulaS zila e oY) ] crassdl Al Gl gilaadl JS oY Lale
-(Analysis of variance models)

G aaat) BT Y Gl aladbal juids gitaad) sia o
Jia Laday (Independent variables) Uiiuwa o) aidie (Dependent variable)
Silpitia ¥V bolnal Hwisd sluasyl Jalad iy - calelbill o] elaltadd
Ll . (Regression models) ,laaidl gilais Ga gilasd) oty TaaS Ui
TR S YOCT/ Ve TR | PR BUC-QE POV T DIPR: IV PN UV T DRl PRPPC PC I 1|
. (Covariance models) ,alisl gilaiy asaiy jalaadl Jalad ¥ yadon e
. (Linear models) Laladd! g 3lastly Tidlid) pilasd) sliaa) ot oy

wile (A el Walad) alagaasl! ga gl 33y L0 wiis 1)
gt ¥ 3] Salplid] JSa o (Covariates) Uiiea wlysitie Y Lladie
e Llatiadl le WS Ga palasll sy oS0y Lyad pSasl] dualbl)
sl sl w8 Jaadd Salasd) Jatad : Wibaad ) Ukl paitiuds
o sl elld o3y . Lead
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e
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B0 LA X Y cpa Ladlall 5T -3
cilallal) JSi Loyl o (Regression coefficients) jlaas¥l Jalaa of —4
(Constancy of slopes)
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DI N T ST I R RTIT
i=1  j=1 i
sm=22(xij-”f")2=22x§j-xf/u
i i
=zZ(Xij—_}Z__)(Yij-?..)=zzxinij-(X__)(Y'_)/tr

Z(Y =Y )%= ZY JT-Y 2%/

-
*Z:Q‘ -X )?2= ZX X2/

(X X XY —i-'?..)=_Z(Xi_)(Yi)/l‘—(X._)(Y__)/tr
-g;w o

I3, .

'E'JZ'(XU-X -Y [ )=S 4 Ty

ol l:..-_,;:ud - (1-12) Jyaadl pa Js¥ -_3_-..”‘{.'- Lild) olilwall S Gaids,
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YJTXHEJQL-.,J.U
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S5.0.V. daf Y - X XY
Treatments t-1 T v T T 4
Error t(r-1) E E E
Total tr-1 Syw - Sx S
Adj. df Adj.SS Adj. MS F
Treatments t-1 SST -~ MST F ; =MST/MSE
Error tc-1-1 SSE  MSE o
Total tr-2 SSTo

f G sanl) e (iG] spaal] Jaal Taass o Uaall

SSTo =S 4y - (S x) 2/S
SSE=E 4 - (B yy) 2/E 3

SST = SSTo - SSE .

1<) .:_.La..._,.llz__,.._-.._.‘,,',_,._._,__h"dl&.‘dlydﬁ Sealy Liya 4a o ciddagy
(S 1) 2 7S 3 Lawill Sl Gin K33y . B Llaasy ] Jalas suaiid Lagss elly
:vjmlai&djl);nmi_,_,anv:l oluasyl A:Jt.l.-_l_yt_‘,-na_h‘v.l

Y. =u+B(Xij-3(q_.)+eij,

il .;.J“iq;Jqujgumanl:usv:uJ.aleJhil_,L,:ul Oass (sl
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H :B=0 Winall wea
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p _Ex) /By
B MSE

s g ¥ g3lsl) B US oy - F o > F 0y @alS 5] H g padyl,
gt o H ) iy pae Sogua 3 O¥ ¥ o] B=0 2l 1) Ll 0,L32Y
Orm cpssan 4TS5 MSE paeas 5 ¥l i L UK 0 5uliall Julad 3 Suad o)
»aaly Lina Lo o Tl pa Gabasdl Judas

PELTTNECEUNS R ECEC TN NI

N Fas
t= [SIS(B)=\/F 5
Fay

N
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Fa®
foh B opaiall g unds Uil

N
S(B)=\MSE/E o
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(B - B o) At 5L
Li,hilhy clallall) wlecwyia Jaas jatisll Jalad plad Sl ase,
Ll

Fal
Adjusted Y ; =Y y=Y, -B(X; -X ) ; i=1,.t
i gal) lauusiald (Unbiased) jlada’ sad 5aai3 Jiag
EY )=p+1;+BX; -X ).

Sataall arisad) Siall s Jaadl e yiall (o5 lal) Ually

. Fal
Sk =SPY)+SHPIX; -X )7

1. Af.

=MSE/r+(X ; - X )?MSE/E 4

S — = | MSE
1.A4).
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r
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MSE

S — - =
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E

2
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Blins ol S50 elS 13y o el L,Sa sue gobiud Gus Lapd L350 uil

S — — =
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e Usadl ollawyiall 3aalada bl Hauds GlLald aa gy
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Q=27~iYi_(Adj‘) : 27"1—":0
i=1 i=1

PGl F PIECE QY XTSIV S
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F=Q2/27\.i28(2-f )
i 1. Ady.

Fal
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Q LJLI—A.U 1a51] :.::l_,_l..l el g .F I.I.((f'-l)-l : L_l-IJhl-%” F & L.JJL-":'J

:QJL".JIS
Pal 7\
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: (1-12) JUGa

Le3a3a3 say pLEY] a (Breeds) cilical Tslh o) 541 L, il Lujad oo yal
@ilSy e JS Ga pLET Lacad capaaala L G et Sul Gitad! Gadd,
03 a3 Aasa 3l Lalay 3 WAI500 dlBal 38Ty 0 aadl d Tasbuca
b LS bl @alsy (V) Loaadl Lilga B S150Y il JI XD o155Y)
- (2-12) Jgaall

oA sl gisandl GTy b X 5 Y ons Laskad) o pasind

Yij:”""ti""ﬂ(xij‘_i—..)"”eij i=123 ; j=1,..,5

LG elag L c_l..ll_-_s..a ¥l s paliGdl Jalas £ Yy

(S) plae¥l cra ilacal T 51540 1 (2-12) Jsaa

Breed
1 2 3
Y X Y X Y X
18 10 20 11 17 10
21 12 24 14 17 i2
20 12 19 11 21 13
21 13 23 15 17 11
25 16 22 14 16 8
105 63 108 65 88 54
. .
Y2 2 2
_ 2 . 2 2 (301)° (301) ° — 104.933
- Z:JZIY i =(18) 2+ (21) % +..+ (16) 3G = 6145 - SN 04.93
3 5 5
. (182)% _ (182)
S ZZX..--———(IO) 240122 +.+ (8) e Cui =2270- a5 =61.733

35 _
o = Z Z XY - E(_?_:Y__)_ = 10(18)+12(21) +...+ 8(16) - -(—1-&%?-92 = 72.867
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Yi{ YI 1 2 2 2]. 301 2 _

T gy = El, L -3_-[(1(15) +(108) % + (88) -] - S3E — 4653
X{ X2 1 2 2 (say2]. (182)2
T}Q(:E, - --—t-r—=—5—[(63) +(65) 2 + (54) ]""5(3)—_13'733

X, ¥, XX¥Y) 1 _(18)(301) _
T,o,:z, T ——5-[63(105)+65(108)+54(88)] - 2526

i=]

E =S - T = 104.933 - 46,533 = 58.4
E =8 4 -T = 61.733-13.733 = 48.0
By =S gy - T gy = 72.867 - 25.267 = 47.6
: IS (1412) Ysaadl a3 0 Sall el cannns o
SSTo =S yy - (S xp) 2/S g = 104.933 - (72.867)%/61.733 = 18.923

SSE=E y - (B y) %/E 4 = 58.4 - (47.6) 2/48.0 = 11.200
SST = SSTo - SSE = 18.923 - 11.200 = 7.723

(3-12) Jsaally puamsdl a G| kit Jgaa b Untead) libsall paiats 15041,
Loaa,dl) yunasy
Hy:ty=t,=1,=0
H,:T;#0 sualy ¥ e Waadl aua
PG F LG Unal s

F ,=MST/MSE=3.862/1.018 =3.79
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Yet

pLEY 5154Y ataad] Jutas ¢ (3-12) Jyaa

S.0.V df Y X XY
Treatments 2 46.533 13.733 25.267
Error 12 58.400 47.600 47.600
Total 14 104.933 61.733 72.867
Adj. df. Adj. SS Adj. MS F
Treatments 2 7.723 3.862 3.79
Error 11 11.200 1.018
Total 13 18.923

‘ FZ?SII =3.98gilﬂ.=.051:_l3.'u-‘.|‘;‘,:m d_'m:.:AJJJ:.:.IIF I.-A__l.i__ICl.‘IJlL-.IJ

BT
:g:ms Boluasy) Jalaa jaisy . TSN AGaYl oy
A

B =E ,y/E yx =47.6/48.0 = 0.992
Sbuia¥ Unwlp H | i B #0 Wpuadl wa H )1 B =0 Lowajad) junas,

F B = MSR/MSE = 47.2 / 1.018 = 46.37

duls 1iay ¢ =01 Lpdadl (gais aia H ) adas F 5 =9.65 o Ly
JBal (g590ad) e mian AL, - Y 5 X pr Laopde Lahas Lidke gpay le

o
Y=Y -BX,; -X ) i=123

Y | agy = 21.0 - 0.992(12.6 - 12.13) = 20.537 ; S —

1.4Ad1)

= 0.456
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Y 5 aqy =21.6-0992(13.0 - 12.13) = 20741 5 S & =0.468

2 (%)

Y 5 (agy = 17-6-0.992(10.8 - 12.13) = 18922 ; S 3 = (0.491

3(Ad))

i @lleisill pa H5€T Lylata Lol Lads  Usall culasay sl LalE,
a5 bl Julad pladtial B,y Ll AT Jodo laag Y | Usall
- ol

o 555 7 clallall 5 bl Jala sl Towlad) caloal ;3030 Gy
Cochran andg a3l wily . (1) gdsaidl pa padll 1ia 53y 0 X JiSudl yuisll
S SSBU JE%dl ppiiall 5alaall alad Jgaa 4 F Liaa) e Cox (1957)
: saF Llaaly . Lasill f3a

F o= (T /2 [ € /12) = (13.733/2) / (47.6/12) = 1.73

of orle Juts o Jla Guala o F ) = 2.81 ga Jal Lapdll 03a ol Loy
X JiSd) aaadl L 500 wladladl

Julad puiniod ¥ BUy bl dalad aaa oo olus¥l Joluasy iy
Jalad Baaadnl f il oo 5] 1ia e Lila¥ly . bid Y LlaawaU ogalsall
f AEHF Lal Lle Jeaaia Y Lo galaall

F ¢=(T w/2)/(E /12) = (46.533/2) / (58.40/12) = 4.78
Ols SLaYl oas Lapiaa Ligph eflia o) ganias « F 30, =3.89 5 Ly,
Julad Unwalyy el Ga sl LS o Lidny Gy @Il e 0T Uadall el
X JiSead) RSl 80 G palail ang Lalasdd

slaasyl Julas g Lalda UlaS ,ublisdl Jalas  2-2-12
Julad s 3,bee s Saliali Julad oF Laald) 3,340 b Liasyl il
sl Hlane¥l ey 3AT 2aY) 1A Jaay o3 oulasl) Julasy Y0 fay



AN J A e Gl Laall Yen

Clpads 8 AS o) HLEAY )y alibuall S oly Llaaayl
gloaid] pdlaa jaams]

Y =H+T;+PX ;- X d+ey

i=1,..,t ; j=1,..,1

sheald Ge Tl LA (Least squares method) (g iuall il L Tig pde pastieas
 LAES Tl

L=22[yij-u‘—-1i—B(Xij_fn)]z'
i
JL _ dL _ dL

o oJt odu
: LGl (Nommal equations)

Liacabdl w¥ulall e Joaas =0 erloelind! Uasd s

t

g N
jL: tr +rZ1: i=Y

i=1

~ A A% .
'ci:rp.+r1:i+[32(Xij—X")=Yi' ; i=1,.,t
j=1

L r
A Fal
B: ZTiZ(Xij'X__)"'B S)Q(=SXY
i=1

=1

ZZ(Xij-Y___)=0 SuSd ks ellay o J3¥1 Ustd) e Jaas Tuuthll
4 .

1



Sl Jobd s e W Ll

Yev

L
A
LMPU#JIJL#UJJV|UJM1&AJ@\;:ET i=0

i=1

A —
p=Y
A s

»

~n A _
T;=Y;-Y -B i-X )
Ja

(X

™ >
i

E o /E 3

Ligicall ciayad Fusle e Liabuadl el spuinll Llua GiSa clisiall Tl

(Indicator variable) T jaa 53 Tsuata t- 1 L paitans Tadlaa t Ggad 1S 3ka . X
f G sl e

1 i Lodladl fa Saalidl =l 13
t Lodladl opa Baaléd] =l 13

I, ={-1
0 . AT Tallea (Y
k=1, ...,t-1

P AT S Glaan¥l Jalad gisal poran (1-12) JUal Ll
Yi,-=ll+"1Iij1+‘°21ijz+5(xij‘X..)+‘5ij

(- JS&JI i Lisan S B glsadll pllaay « X Lishuall s Y Llasd) o,
f AGH said) e (giaall el o) Gk B ity . 12)

B=X'X"'X'Y



RNy R R P (L g P 1 YEA

XX Uisdaall oplie o4 XX 3 X Uigdaal) pupSan AX da
: AGH 5uil) gasastl Lo Jonad SAS gali s pluddoel Unasl ssy

A N

,=0674 4, T ,=0471 , p=Y =20265 &
A A A

Ve
.p=0992 , T,=-7T,-1T,=-1145,

€ =20.265+ 04711, +0.6741, +0.992(X - X. )
A
T

] I, I, X- X .
[ 13 (1 1 0 10-1233
21 1 1 0 12-1233
20 1 1 0 12-12.33
21 1 1 0 13-12.33
25 1 1 0 16-1233 [ o]
20 I 0 1 11-12.33 T,
Y =| 24| x=[1 0 1 141233]| <<,
19 1 0 1 11-1233 B
23 1 0 1 15-12.33
22 1 0 1 14-1233
17 1 -1 -1 10-12.33
17 1 -1 -1 12-12.33
21 1 -1 -1 13-12.33
17 1 -1 -1 11-12.33
| 16 | 1 -1 -1 8-1233 |

Slaas¥l Jalad giged wlighas : (1-12) JS&

t YIS 54 Galasl] Julas L



Y44 A A e G fead

S.0.V df SS MS F
Regression 3 SSR =93.737 MSR =31.246 30.70
Error 11 SSE = 11,197 MSE = 1.018
Total 14 SSTO =104.933

o Y b alidaadt Laas o ¢ glsadd) cilagsa pyana Ll SSR ety
LG cilag ya g yana A SSE ¢ gigaddl 3 clas) Al el puisll oy
gio—audl pass Lol luy ¢ La il pdy ol e Y A slinaay) Ll 3
« SSE(F) Sty Ll 3200 (Full) Jal<dl

Leadll ,Laay,

Hozt1=tz=0

H :t;20 isaly iV le Wesd) s

t A1 Reduced) padil) gisaddl Hais

Y, =H+BX;-X )+e

T, =t,=0 k4. t,=1, -1, QYUfLJI'I#JJJ|9113 _,_s:..z_rj,,

2 Huilf paiall pagastly . T, =0 Llaa 5<aa
P —
Y =20.303 + 1.18(X - X )

oA padall gisantd Halaall Jalas Jgaay

S.O.V. df —SS MS F
Regression 1 SSR = 86.008 MSR = 86.008 59.08
Error 13 SSE = 18.926 MSE = 1.456

Total 14 $STo = 104.933




ﬁLJCM&u Jit-gwl J..,a.q.“ Yo

A laltal] Jya Tislad) Lo yall Su3ay (gill

SSE(R) - SSE(F) / SSE(F)

For= (tr-2)-[tr-1)-1]  tr-1)-1

18.926 - 11.197 11.197 7.729 11.197

13-11 W)= =)/ (=3

=( ) =3.80

L3(alay - Goboadl Hulanll Julad 3 Gule Gliaa (3l B L340 udl 54 fiag
o ya poaaa Vol Gaid . (opa] Lok gubaad) HL0aY Lalia L
LG Jatsll gigasl)

SSR(F) =R(t, B/ W)
Y

A N
Rt,BIW)=ZT,Y, +B S,
=TYY+(Exy)2/Exx L_;Jl"-“:'g-fjua-.".}':‘]l-'d

.M'MzhngﬁngJlaww t-lg‘tz_“l_,_-hla._,d tlgds
M'GJJA—‘IJ'CJLL—_‘J—ICWJJ&-‘IJ

SSR(R) =R(B | 1)

=S ) 2 /S oy

Jiidl 5aisll e gaias padall gisadd] oY T tas Tualy Lise Laya Ll
:L;_,.iJl,;,'l.i“,Jl:dL_-_,..l..i.i

R|n,B)=RE,pIW=REIW

=SYY—(SXY)ZISXX-[EYY—(EXY)2/Exx]=SST(Adj)



oy Al o e G e

= SSE(R) - SSE(F)

. l-lu_l.nd_ln.u:luf&._ALuleTJL_inillua.!d:u:lJ clpalaut-14dy
A @ilalladl Joa Lo il adda GUITF LG8 0uSs odls

p o R B/-1).
T~ SSE(F) /(t@-1)-1) °

: hadla

Ll s RE W B) ol hasadd) A iad sl 138 5 o yadl
(1-12) JLstl iy« (Type 1T SS) AU g gl Gpn culas ;e ¢ gaaa SAS pali e
AL g gilt 138 asusy - (Jeadd] 132 Gala SR30) R(T | 1, B) = 7.729 A
(Type I Js¥) p g3l uSe Le o (Partial sum of squares) 5 3all cilassdl p gases
Loass paea g3l e 4 a5all,y . (Sequential sum of squares) |‘!J..._-l_".:. 42 SS)
. SAS user's Guide: Statistics (1985) ] »s, Gt

Jaadl ilad pae Hlaial 3-2-12
Test for heterogeneity of slopes

Sl Jalaa o Sulasll Jalad b @,S3 Al alal,aey] aal ga o)
AGIy « @aralle]) 1530550 Hlaas] eilas L o 6 ¢ etatlall JSI Ty gLz
tar wsleliall JWaaly Joakl uiles pae SLaidl Luay o B dud! puds Ll
sl (1-12) JEU La e Ty, T wlatlaall Ty ,al) @l it
f ks LS glaadl e . il

Y =ntt T+ Tl +B X+ BTy X+ B0, Xy +ey

LIWEN



Al P L e Gl faal Yoy

L G 5h Elpadtl i Gatusll Jalad dssas

§.0.V. df SS MS F
Regression 5 SSR =94.83 MSR =18.97 16.9
Error 9 SSE =10.10 MSE =1.12
Total 14 SS8To=104.93

Lonjifl yanss,

HO:B2=]33=0
H , : jicall je cilnas daaly JaVf e

sl coaddll pisasdl i Uaddl il e g gasa ops ool U F LIAAT Unal
il ya paaas oy « SSER) 3a s pogaall Higd Sasiy ¢ colelind) 59y
a3 13fy . SSEE) 3aodls paantl Tigd 3asiy Gubond | JalSI £ pastl Ul
ouilad pue e Judo 13 H ) cuas,; 1)y Jeall ouilad e Jua 1o H
c g all) He Lelaa cilnan JiV Ll Tualy Lallas olia o (gl « ol

P om by,
F = SSE(R) - SSE(F) / SSE(F)
B 11-9 9
F= 11.197 - 10.10 / 10.10 ~ 0.49

2 9

H, oain5ta F 25 =426 5385 0= .05 Lysall (gaiews aie ol Lag
B bl uds clalladty Lalill & Slaasy) a¥olal o] piites

satazll Jatas Liawasd) 3.U0H 4-2-12

e Jaladdl 3 JiSes paidia JEol e daslal] L) 3G oS
- toaadl Uadl it Ll Gle Loaladl Gplaall a3 3uslGl e ks,
:,‘,.L_. laX asuad y



roy Al Jdd e U Ll

RE:[Ew/t(r—l)

T ] 100%

Jalad b il Wadlly Guloall Judas a0 sl Uadl] g Liplia 0y
30% 33la3 allass Lyyaill 5T ey 1ied 130% Wi 2,GSH <slS B alasd]
Jaaly bl Jalad Ly A1 Gall he Josaall T yash aliagdl G
Finney (1946) ga uiis) Goaa Uindy caseyd Uslad) aday . Jidud] 0asll

. l‘..';L_lJ.AJCJ:JlJ

Ll gldiall culeladll  —— q..i »Gall Jalaa 3-12
Ut
: Analysis of Covariance for an RCBD

P AYS Ulall aia 3 alisd) Jalad giged oSy - LalH Lol piall cleliad]

Y =u+Ti+p;+BX - X ey

i=1,..,t i=1..r

Al sy e Jp el 30l 5 5] Gabed T (1) gisasd! e P Giial da
(4-12) Jyaall puagay - () glgasd) 3 Lpdosas G (oS gigaddl wliySa
Tyl L L oty Ul Ut ptoall e lelhedl} pvaaasd Sulaal] fulas

el pralas Glua

X2 x? Y2 y? X. Y. X Y
R =Y e : =3 - - = D . .
2 t tr Ry =2 t tr Ry =Z t tr
X2 x? Y2 vy?2 X.Y X Y
_ i .. = i . = i. i . .
T =Z T tr Tyw=2 T it Ix -Z r tr
X 2 Y? X Y
_ 2 _ .. - 2 _ . _ T
Sx=ZEX} = s‘l,\,-.:::z:‘:zij —= sn—zzxijv,.j-

tr



sl A 2 e gl Ladll Yot

E)K:S)Q(-RXX-T)“ EYY=SYY-RYY-TW EXY:SXY-RXY-TXY

S.0.V. df Y XY X
Blocks r-1 R R R
Treatments t-1 T v T 3y T
Error (t-1)(r-1) E E yy E
Total tr-1 S v S S
. Adj. df. Adj. SS Adj. MS F

Treatments t-1 SST MST F =MST/MSE
Error t-1)@-1)-1  SSE MSE

SST =S 4y - (S xy) /S 3 - SSE Gasa

SSE=E yy - (E »y) 2/E 5

h‘j salaadl Jalasd Uaall eallacuy i al) Ta,laall rlad¥l i yas Al
Sy - Gebad) Jolasl) b US i o Ual<l Tlpdeall cileUnil) ppasal
LAY Slaai Jalas
~ E
XY
B =

E xx

HJEHF sLaal Uawlss H B=0 Lan,all HLaaalasy

~ (B ) 2/E 5
B MSE




Yoo A dE e G feadll

l- - - - - ~ = -
.FB>F1' ((,;.-l)(r-l)-l 'J!G lewmﬂowf@
: z.li.s_'!La
: JGIS (GLM procedurd)  GLM Tiy b plaiioal

SST=R(t|p,p, B

£oall pasnias ¥ Lllall ain i T3)y « (Type I SS) @t g g3l Sa g8
Jsa Lpaasdl) ,LaaY (Type I SS) @l g o3ll pusius Ja (Type15S) Js¥)
saF jLas ]y claltall

_Rlp,p,P)/t-1
~ SSE/[(t-D{(-1) - 1]

Foq

]—(1 - - - 2 .
. FT>FL-1,[(1-I)(|'—1)-1] el 1l H 0 WAt S

2% Llale Lyya3 3 olasll Jalai 4-12

Analysis of covariance for a 2 ¥ Fact. Design

praaill b 25 Lubale Lsed b 5ulis Joladd ladd) glsasd) i e
:q.'ﬁ?ls k=2¢|=nal_y5~l.l”ru."

Yijk=|J.+0Cl+'YJ+(OC'Y) i1+ﬁ(xljk"-x_-)+eljk
i=1,.,2a  j=1,..b k=1,..r1

3 Bdaladl e j rgatua y i) 'Yi JA;_L(AJ'L}_-I(_;J:LHHJ._J.:UJ“]J:EA:J
Lislad) of gigasd) Jia b Gua,iily . Y 5O on Jelisdl Habisl (oc'y)ij
Ll T X Y o



A AL e G il von

ot Lad onady - Lsaall ol Lalaidl Jotas (5-12) Jssall pasly,
P hdad XY caslall paball galas o bipSa colua Gub

2220(,,.;)( Y T )= DXy ¥y -

i=l j=1 k=1 ijk a b T

A -er(x =X XY, —Y__):

br .‘ abr
X . Y X Y
_aIZ(X X )Y -Y )= 2 e

Exy=%(xijk"x ij.)(Yijk-Tij.)zs)(Y—TRﬂ
ij

AB ,, =TR 4y - A 4y - B 5y

TR ra byl — —_— X .Y .. X Y
XY =IZ(X ij. - X ) (Y ij. ~ Y ".) = E l-l'r 3. e
ij .

abr

C2F Ldale Uypand alaall Jutas ¢ (5-12)  Jyoe

S.0.V df Y XY X

A a-1 Ay A A

B b-1 B B B

AB (a-1)(b-1) AB AB AB
Error ab(r-1) E E ., E .
Total abr - 1 S w S S
A+E a-1+ab(r-1) AWwtEy, An+tE, An+E,

B+E  b-l+ab(r-1) Bywt+Eyw Byx+Ex Bx+Exx
AB+E (a-1)(b-1)+ab(r-1) AB (,+E ,, AB ,,+E ,, AB +E 4

Adj. df Adj. SS____Adi. MS F

A a-1 SSA MSA F, = MSA/MSE
B b-1 SSB MSB  F , = MSB/MSE
AB (a-1)(b-1) SSAB MSAB F ,,=MSAB/MSE

Error ab(r-1) - 1 SSE MSE




Yov 2l ol s e GUIE L4

P U] b sl g pama o Lad Giady

A 4w +E )2
SSA=(A ., +E ) - A TE - SSE
(BXY+EXY)2
= - - SSE
SSB=(B ,, +E ) B 7E SS

(AB 4y +E 5) ?

SSAB =(AB ,, +E ) - AB T E L - SSE
2
SSE=EW-—(§¥L-
EXX

Unwalyy dolinl) L2l Tash T (5-12) Jpually 3l @l Lol Y ol el aiey
o ey Lipaddl pasaliy elfd wie cidsans Lisdaa oS 131, F ag oLasl
(Eains sk AB LS 1Ly - Luslaadl slai¥) pa Usall Jelill clasia
casa le B Ualadly A Jaladl g JSI Ll s, 800 LLaa) LS
e Bgleadl 3,800 (0 35030 i pla 1) sy iy B luas¥ ] Jalas Huisg
.F :,-a(;(r-l) 21 ol BleaalliF e

Lealall 2y, Lanll o Lai¥ly Uskall wollawasill (6-12) Jyaall 3 pailsy
- ez

condaley Tadale Lot Uaad) colawilh : (6-12) Jyaa

Effect Adj. Mean Standard Error
Y ¥ AT, %) |msmcls Fu X 12
N PR T SRR T LTI SR
) __ . 12
Y Y e 5'd 1 (X'j_-X_')z
B Y juy=Y ;-B(X ;-X ) |MSE (—+ - )J
— —_ 11/2
AB v - ~ Eva ~ . E 1 ( ij. - X . ) 2
Y sy =Y 5. -B(X .- %X ) MS (—r- + - J




Pl JAE 1 ke gl Laall YoA

adla
Jpanlls camnims i i Smans] Tislas oLl i e (Julas (i€
51 sLasiel ga « SAS galisas GLM Liush plai it Teulys alidy (5-12)
. (TypeTIISS) il p s 3l ya milasshf gy ame & Gin Ta2sU cole panl)
2SA3y . (7-12) Josualls pungll sl e palad) Jdalad Jaoa 59-Say
TSI a4 f e ggplons ¥ ST p 4300 a4l g yans o) Lin

copdatas Lilale Lijasd sutasl) Jubas: (7-12) Jyaa

5.0.v, df. Type III SS MS F
A a-1 Ra | W, v, ay, X) MSA F,
B b-1 REY| 1, o, oy, X) MSB F,
AB (a-1)(b-1) Roey | 1, o, Y, X) MSAB F 4
X 1 RXiy, oy ay MSX F 8
Error ab(r-1) SSE MSE
: (2-12) JUia

PPN [PPYCWIRRINE JUSTIPE TSR L SWIIE IV PE INVCTINIY

o Lol claas ) 55 aly - Gaganit] LG SSY Jycmaa Ll B)

Jiiaa 52a5a el 138 puiiads 13y paall Guis Ga cilallal) Lead iyl

Neter etal. spa A (8-12) Jsaalls Lauimsa Loaill 23a wlibeys - daladll 3
. (1990)

- Gosenill G SasY) Jssana @lilay : (8-12) Jyan

A:LP A:WB
B: Low B:High B:Low B:High
Y X Y X Y X Y X
98 15 71 10 55 4 76 11
60 4 80 12 60 5 68 10
77 7 B6 14 75 8 43 2
80 9 82 13 65 7 471 3
95 14 46 2 8713 62 7
64 5 55 3 78 11 70 9
474 54 420 54 420 48 366 42




Yo4 Al J I 0 ke GBI el

c9-12) Jsaall il pulasdl Jalas Jysa Lo Joans SAS gali,s Unsalyiy

JLA_')“‘” JJ.AA&’. ,,.._nl.i:.Jl g,L_AJA-l 1 (9-12) ‘JJJQ

S.0.V. df Type IIL SS MS F
A 1 96.60 96.60 15.36**
B 1 323.85 323.85 51.50%*
AB 1 16.04 16.04 2.55
X 1 3994.52 3994.52  635.10
Error 19 119.48 6.29
F ¥ =8.18 ,a o= .01 Lysaall (ga—iuaa aie Lodguall F Ly 5] Luy

O Lapin o G- elaa Sy B g A na Jelds gyay rd_l:g:l.'l:l_un_'lj
IS pa X pitiall oolat) Julad Gopald « X ditadl 5uisll i clallaald 53

Jsaalty i yadl yaill Lle Julasll eld Uy o ¥ Lalalad) clallal)
. (10-12)

C X Jiteed ) puitial) Salaadl Jalas 0 (10-12) Jgyaa

S.O.V. df SS MS F P-value
A 1 13.5 13.5 0.73 0.40
B 1 1.5 1.5 0.08 0.78

AB 1 1.5 1.5 0.08 0.78
Error 20 372.0 18.60
Total 23 388.5

Sl oy Melds G Gued 5T (10-12) Jyuadly idl Foesl U0 dra glintunsy
c Lulatad ) elallad)y Jisud



sl g s me Gl Laildl Y

Jalad e Liald Ula G Lle Galawd) oGl Jalad poaasys Ga,] gl
: L) Unlad by paangd) il Slaai¥] gisal sudidy pyiis 5laasy]

Y =bto T, +7, Iy, +@7) 11 L iger Tira B X 0 + € 4

i=1,2  ; j=12 ; k=1,...6
1 A Jalald Jo¥i gaiuad] e sunlid) el 1)
Ik =
’ 1A Jalald A gl gpe Baalid) =l 15
1 B Jabdd Jo¥ oaienll e Sualidl ciiS 13)
I1...=
ijk2
-1 B Jablld SUBH optwl) e 3ealinl]) cinlS 13)

X ijk X ijk " X _...)

Prls LaS Guil] Galud! gigant) 5450 (2-12) JUal Luwsdlg
L =700+2041,+3.681,+0.821,1,+3.277X".

A oidatald Usall claesill cabuas Lisyasl] aia @il3s gadds Hasl,
Jeans (6-12) Jyualls Launghl eatfulad) plassialyy - Lasbadl si¥l oe B,
P A e

~
Y =Y - B(X . -X )=745-327709 - 8.25) =72.04

1 9 - 8.25) 2 2
S ._Adj-)=[6'29(2(6) * 3730 )] =0.73

Ll gl e Jyaad] cbibaall Taky JaSs,



Varieties Adj. mean SE
Lp 72.04 0.73
WB 67.96 0.73

Moisture Adj. mean SE
Low 66.32 0.72
High 73.68 0.72

1hasta

(9-12) Jyualls (o2} ity sa gigaddl Fagd palasdl Jadas Jyoa oo
g a2 0355 (REG procedure) SAS gealisss REG Ll pladsd Ula
cGalll b i ga sa LeX (Type II SS) gl g sl G U.nh.’-)Lllc..L..__.,J.l
P Sl S p gans donis

RA,IT,,I,1,,X)=96.6
RA,I1I,,1,I,,X)=32385
RA,I,11,,1,,X)=16.04
RGXII,,1,,1,1,)=3994.52

Tl 5 - 12
giLﬁuhﬁFh-ﬁuhHWJlJ#mhlu&Fglf@mﬂi

) Lasbal obalad 18T Unwl gy elliy « Lall 3als3s od¥l & oSasll —
b il sia paitis o8 ¢ Talladl Lpaaboss Jud s el elassd! e
Ora caily o o1 gl - Y Ltaaay ) olaslsil e Ll a5 Jaaid gdsasl]
oany Lih Gay o Ukleal) culopiall oda Uesdys & puenis pines Y cilistisl
eIy - ARV d pSasilly Lalaadl adh ey o agpatd] Uadl] agias



b paiTos Uil clelill pladsiesy Gulsa Hulaall Julas &) pogill 1ia oa
ST SRR YC PPN U IR (P Y] PO

saalls Y lislaal oa fe e i Ladie . 3uanli e cillawyil] Juaas — o
il pe i35 Y, ool clianyia o 2S3U G pnas e X Jaeall
llasasill 0ia Ll Jaand JLadl (gymdd] Gad conedd! 1igdy . X Jisaddl
cX L ellwsnill o LAl @lskEaY ) S Lned] pra 331 G

31,3000 8 aliauay pladiad) 13ay . UlSa a clogans afyleadl Lulye — g
elegaall o @lalaall Libd Slaasl il ,uads oe Sylae sy (3-2-12)
Lin Gras - Lallae JSI jlaast Ustas JUib 55S5 Gy « Lsadd] b Susasd!
- doall alsn pae Slaal Lokl

oaas pa palall Jutas clalasswl paayd Jeaill 13a L6 Gk il

ol Jia (AT elpaait clalaitiawy] aia aa sl Gl - ULLYI

gl WA p il clagacaty Laaalls Lt 3l Tbaladl oo lasdly sl
Jia puliad] Julad 5 JiSies 52i0a Ga HAST pladsl oS, LS

Yij=“+Ti+B 1(Xij1‘—i—..1)'+Bz(xijz'—f__2)+8ij
Jie Lana )i ) L on Ladad| joais

~ ~ 2
Yij-_—p,+1:i+|31(Xij-X __)+B2(Xij-X _.) + € y;

P A L s, o g gl s bl w38 o paany il (e aujall

. Neter, et al. (1990) 4 Snedecor and Cochran-(1983) , Ostle and Mensing (1975)
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Diet
1 2 3

X y X Y X Yy
108 73 99 98 194 94
136 102 117 74 198 79
138 118 90 56 196 96
159 104 141 111 198 98
146 81 106 95 210 102
141 107 112 88 196 102
175 100 110 82 230 108
149 87 117 77 222 91
174 117 111 86 220 120
176 111 122 92 228 105
| Mean 150.2 100.0 1125 859 209.2 99.5
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A, A,
X Y X Y
238 79 285 251
238 7.1 185 207
226 7.7 203 203
B, 22.8 112 26.6 189
220 6.4 212 254
19.6 10.0 24.0 30.0
27.5 20.1 229 199
28.1 17.7 252 282
357 16.8 208 18.1
B, 277 305 135 135
259 21.0 19.1 193
27.9 293 32.2 35.1
 Laaadl adyd saliad) Jalad sagi =1
Usadl @lawsill dagly Loadll Lo Llale) el p6al -
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Rl Jalas Joda Sra Ja¥T a5l A Jgaadl JSas - 4-12
S.0.V. df Y XY X
Blocks 5 96 16 4
Treatments 8 80 32 16
Error 40 160 40 20
Total
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(1-12) JBa

QPTION PS=65;
DATA LAMB;
DO REP = 1 TQ 57
DO BREED = 1 TO 3;
INPUT ¥ X B @; X = X = (18B2/15),; (mean of x = 182/15)
OUTPUT;
END;
END;
CARDS ;
18 10 20 11 17 10
21 12 24 14 17 12
20 12 19 11 21 13
21 13 23 15 17 11
25 16 22 14 116 8

r

PROC GLM;

CLASS BREED;

MODEL ¥ = BREED X / SOLUTION;
LSMEANS BREED / E STDERR PDIFF;
RUN;

PROC REG;
MODEL ¥ = X / S8S2;
RUN;

DATA LAMBM; SET LAMB;

Il = (BREED = 1) - (BREED = 3);

I2 (BREED = 2) ~ (BREED = 3);

I1X I1*X;

Iz2X I2™X;

PROC GLM DATA = LAMBM;

CLASS REP;

MODEL Y = Il I2 X / SOLUTION;

RUN;

PROC GLM DATA = LAMBM;

CLASS REP;

MODEL ¥ = Il I2 X I1X I2X / SOLUTION;
RUN;

General Linear Modelsa Procedure
Class Level Information

Clasa Levels values
BREED 3 123
Number of cobservationa in cdata set = 15

Dependent Varliable: ¥
Sum of ‘Mean
Source DF Squares Sguare F Value Pr > F

Model 3 93,.73666667 31.24555556 30.70 0.000}
Error 11 11.196656667 1.01787879
Corrected Total 14 104.93333333

R-5quare c.V. Root MSE Y Mean
0.853297 5.02773%8 1.0088998 20,06666667
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Source DF Type I SS Mean Square F Value Pr > F
BREED 2 46.5333333 23.2666667 22.86 0.0001
b 4 1 47.2033333 47.2033333 46.37 0.0001
Source DF Type III SS Mean Sguare F Value Pr > F
BREED 2 7.7288193 3.8644096 3.80 0.0557
X 1 47.2033333 47.2033333 46.37 0.0001

BREED

WK

General Linear Models Procedure
Least Squares Means

Y std Brr

LSMEAN LSMEAN
20.5372222 0.4562827
20.7405556 0.4685122
18.9222222 0.4911975

Prob > |t}
HO : LSMEAN=0

0.0001
0.0001
0.0001

Prob > |t| HO: LSMEAN(1)=LSMEAN(j)

i/3 1 2
i 0.7569
2 0.7569 .

3 0.0391 0.0272

3
0.0391
G.0272

LSMEAN
NUMBER

1
2
3

NOTE: To ensure ovearall protection level, only probablilities assoclated with
pre-planned comparisons should be used.

Model: KODEL1
Dep Variable: Y

1.

Sourca DF

Model

Error 13

C Total 14
Root MSE
Dep Mean
C.V.

Analysis of Variance

sum of Mean

Squares Square
86.00785 86.00785
18.92549 1.45581
104.93333

1.20657 R-Square
20.06667 Adj R-S8q

6.01280

¥ Value

59.079

0.8196
0.8058

General Linear Models Procedure
Class Level Information

Claas Lavels Values
REP s 123 465

Number of obsaervations in data saet = 15

Dependent Variable: ¥

Source

Sum of
DF Squares

Meaan
Square

Prob>F

0.0001

F Value Pr > F



[ A . «la -
vy ~ﬂL...JLJ‘L}.__.:.l’f— '_r“ﬁﬁéLJlLL‘UJ‘
Model 3 93.73666667 31.24555556 30.70 0.0002
Erxor 11 11.19666667 1.01787879
Corrected Total 14 104.93333333
R-Square c.V. Root MSE ¥ Mean
0.8%3297 5.0277398 1.0088998 20.06666667
T for HO: Pr > |T| Std Error of
Parametar Estimate Parameter=0 Estimate
INTERCEFT 20.06666667 77.03 0.0001 0.2604963059
Il 0.47055556 1l.26 0.2351 0.3746135682
I2 0.67388889 1.73 0.1115 0.3894163450
X 0.99166667 6.81 0.0001 0.1456221415
General Linear Models Procedure
Class Lavels Valuesa
REP 5 12345
Number of observations in data set = 15
Dapendent Variable: Y
Sum of Mean
Source DF Squares Sguare F Vvalue Pr > F
Modal 5  94.83355856 18,96671171 16,90 0.0002
Exrox 9 10.09977477 1.12219720
Corracted Total 14 104.93333333
R-Square c.V,. Root MSE Y Mean
0.903751 5.27%093%° 1.0593381 20.06666667
T for HO: Pr > ITI 5td Error of
Paramaeter Estimate Paramater=0 Estimate
INTERCEPT 19.54788539 63.76 0.0001 0.3128812654
Il 0.51739239 1.23 0.2499 0.4206550938
I2 0.78544795 1.79 0.1073 0.43906349%0
x 0.97653904 6,33 0.0001 0.1543548755
11X 0.16929429 0.81 0.4369 0.2081057852
12X 0.02346096 0.10 0.9192 0.2248208364
2-12) Jtia

OPTION PS=65;
DATA FLOWER;
DO VARI = ‘LP','WB';
DO REP = 1 TO 6;

DO MOIST =
INPUT ¥ X @ 8;
X=X=8.25}
OUTPUT;
END;
END;
END;
CARDS;

71 10 98 18

*HIGH','LOW';
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80 12 60 4
86 14 717 7
82 13 80 9
46 2 95 14
55 3 64 5
76 11 55 4
68 10 60 &5
43 2 75 8
47 3 65 17
62 7 B87 13
70 9 78 11
DATA FLOWERM; SET FLOWER;
Ii=(VARI='LP')-(VARI='WB');
I2=(MOIST="LOW" )~ (MOIST="'HIGH");
I1I2=I1*I2;
RUN;
PROC GLM DATA=FLOWER;
CLASS VARI MOIST;
MODEL Y = VARI MQIST VARI*MOIST X / SOLUTION;
MEANS VARI MOIST;
LSMEANS VARI MOIST / PDIFF STDERR;
RUN;
PROC REG DATA=FLOWERM;
MODEL ¥ = I1 I2 1112 X / S§52;
RUN;
ceneral Linear Models Procedure
Dependent Variable: Y
Sum of Mean
Source DF Squares Square F Value Pr > F
Model 4 4966.5188172 1241.6297043 197.45 0.0001
Error 19 119.4811828 6.2884833
Corrected Total 23 5086.0000000
R—-Square C.V. Root MSE Y Mean
0.976508 3.5824069 2.5076848 70.00000000
Source DF Type 111 S8 Mean Square F Value Pr > F
VARI 1 96.601B3 96.60183 15.36 0.0009
MOIST 1 323.84947 323.84947 51.50 0.0001
VARI*MOIST 1 16.04224 16.04224 2.55 0.1267
X 1 3994.51882 3994.51882 635.21 0.0001
General Linear Models Procedure
Least Squares Means
VARI Y std Erx  Prob > [t] Pxob > |t]| HO:
LSMEAN LSMEAN HO: LSMEAN=QO LSMZAN1=LSHEAN2
LP 72.0423387 0.7304444 0.0001 0.0009
WB 67.9576613 0.7304444 0.0001
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MOIST b4 §td Err Prob > |t] Prob > |t| HO:
LSMEAN LSMEAN HO: LSMEAN=0 LSMEAN1=LSMEAN2
HIGH 66.3152204 0.7246356 0.0001 0.0001
LOW 73.6807796 0.7246356 0.0001
Model: MODEL1l
bPep Variable: ¥
Analysis of Variance
Sum of Hean
Source bF Sguares square F Value Prob>F
Model 4 4966.51882 1241.62970 197.445 0.0001
Error 19 119.48118 6.28848
C Total 23 5086.00000
Root MSE 2.50768 R-Square 0.9765
Dap Maan 70.00000 Adj R-Sq 0.9716
c.V. 3.58241
‘ Parameter Estimates
Paraneter Standarxd T for HO:
Variable DF Estimate Error Parameter=0 Prob > |7|
INTERCEP 1 70.000000 0.51187903 136.751 0.0001
Il 1 2.042339 0.52108438 3.919 0.0009
I2 1 3.680780 0.51291000 7.176 0.0001
I112 1 0.819220 0.51291000 1:597 0.1267
X 1 3.276882 0.13001740 25.203 0.0001
Variable DR Typa II SS
INTERCEP 1 117600
Il 1 56.601826
I2 1 323.849473
1112 1 16.042244
X 1 3994.518817-
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05-09

22662
85205
40756
69440
81619

98326
94070
00015
84820
64157

17676
88040
37403
52820
09243

75993
03648
12479
21472
77312

12952
37116
43877
66892
00333

01122
67081
13160
42866
74358

86819
33763
27647
04392
13428

66162
84882
69700
95137
85178

53829
18750
83378
38689
86141

00881
67126
62515
87689
56898

10-14

65905
18850
82414
11286
10651

87719
20652
10806
29881
66164

55659
53364
49927
07243
67879

84460
44898
80621
42815
83666

84318
58550
80207
46134
39693

51111
89950
06468
24969
71659

85651
57194
33851
09419
40293

95761
65409
50741
91631
31310

77250
83615
63369
58625
15707

04900
04151
21108
95493
12236

15-19

70639
39226
02015
B8218
67079

97294
35774
83091
85966
41180

44105
71726
57115
79931
00544

62846
09351
66223
77408
36028

95108
42958
88877
01432
28039

72373
16944
15718
61210
62038

88678
16752
44705
89964
09985

47420
96597
30329
66315
89642

20190
56540
71381
08342
96256

34224
03795
80830
88842
60277

20-24

79363
42249
13858
58925
52511

46614
16249
91530
62800
10089

47361
45690
30423
89292
23410

59844
98795
86085
37390
28420

72305
21460
89380
94710
10154

06902
93054
82627

79643

17401
34450
94211
31211
58434

20792
25930
11658
91428
98364

56535
64900
15564
30459
23068

46177
59077
02263
00664
39102

25-29

67382
90669
78030
03638
59888

50948
75019
36466
70326
41757

34333
66334
67372
84767
12740

14922
18644
78285
76766
70219

64620
41910
32992
23474
95425

74373
87687
76999
67699
79169

03252
19031
46716
04894
01412

61527
66790
23166
12275
02306

18760
42912
056135
85863
13782

55309
11848
29303
55017
62315

30-34

29085
96325
16269
52862
84502

64886
21145
39981
84740
78258

86679
60332
63116
85693
02540

48730
39765
02432
52615
81369

91318
01175
91380
20423
39220

96199
96693
05999
42054
44741

99547
58580
11738
72882
69124

20441
65706
05400
24816
24617

69942
13953
42451
20781
08467

17852
12630
37204
55339
12239

35-39

69831
23248
65978
62733
72095

20002
05217
62481
62660
96488

23930
22554
48888
73947
54440

73443
71058
53342
32141
41943

89872
87894
03164
60137
19774

97017
87236
SB680
12696
05437

32404
47629
55784
17805
82171

39435
61203
66669
68091
09609

77448
79149
64559
09284
89469

27491
98375
96926
17771
07105

40-44

47058
60933
01385
13451
83463

97365
47286
49177
77379
88629

53249
90600
21505
22278
32949

48167
90368
42846
30268
47366

45375
81378
98656
60609
31782

41273
77054
96739
93758
39038

17918
54132
95374
21896
59058

11859
53634
48708
71710
83942

33278
18710
97501
26333
93842

89415
52068
30506
69448
11844

45-49

0R186
26927
15345
77455
75577

30976
76305
75779
50279
37231

27083
71113
80182
11551
13491

34770
44104
94771
18106
41067

85436
10620
59337
13119
49037

21546
33848
63700
03283
13163

62880
60631
72655
83864
82859

41567
22557
03887
33258
22716

48805
68618
65747
91777
55349

23466
60142
09808
87530
o117
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50-54 $5-59 60-64 65-69 70-74 75-79 BO-84 85-89 90-Y4 95-99

00 59391 58030 52098 82718 87024 82848 04190 96574 90464 29065
01 99567 76364 77204 04615 27062 96621 43918 01896 83931 5114]
02 10363 97518 51400 25670 98342 61891 27101 37855 06235 33316
03 86850 19558 64432 16706 99612 59798 32803 67708 15297 28612
04 11258 24591 36863 55368 31721 94335 34936 02566 80972 08188

03 95068 88628 35911 14530 33020 80428 39936 31855 34334 64865
06 54463 47237 73800 91017 36239 71824 83671 39892 60518 37092
07 16874 62677 57412 13215 31389 62233 B0827 73917 82802 84420
08 92404 63157 76593 91316 03505 72389 96363 52887 01087 66091
09 15669 56689 35682 40844 53256 81872 35213 09840 34471 74441

10 99116 75486 84989 23476 52967 67104 39495 39100 17217 74073
11 15696 10703 65178 90637 63110 17622 53988 71087 84148 11670
12 97720 15369 51269 69620 03388 13699 33423 67453 43269 56720
13 [1666 13841 71681 98000 35979 39719 §|899 07449 47985 46967
14 71628 73130 78783 75691 41632 09847 61547 18707 B5489 69944

15 40501 51089 99943 91843 41995 8893F 73631 69361 05375 15417
16 22518 55576 98215 82068 10798 86211 36584 67466 69373 40054
17 75112 30485 62173 02132 14878 92879 22281 16783 86352 00077
18 280327 02671 98191 84342 90B!11 49268 95441 15496 20168 09271
19 60251 45548 02146 05597 48228 RBI1366 34598 72856 66762 17002

20 57430 82270 10421 00540 43648 75888 66049 21511 47676 33444
2 73528 39559 34434 84596 54086 71693 43132 14414 79949 BA19]
22 25991 65959 70769 64721 86413 33475 42740 06175 82758 66248
23 78388 16638 09134 59980 63806 48472 39318 35434 24057 74739
24 12477 09965 96657 57994 59439 76330 24596 77515 09577 91871

a5 83266 32883 42451 15579 38155 29793 40914 65990 16255 17777
26 76970 BO376 10237 39515 79152 74798 39357 09054 73579 92359
27 37074 65198 44785 68624 98336 84481 97610 78735 46703 98265
28 83712 Q06514 30101 78295 54656 85417 43189 60048 72781 72606
29 20287 56862 69727 54443 64936 08366 27227 (05158 50326 59566

30 74261 32592 86538 27041 65172 85532 07571 80609 139285 65340
3l 64081 49863 08478 96001 18888 14B10 70545 89755 59064 07210
32 05617 75818 47750 67814 29575 10526 66192 44464 27058 40467
33 26793 74951 95466 74307 13330 42664 85515 20632 05497 33625
34 65988 72850 48737 54719 52056 01596 03845 35067 03134 70322

35 27366 32271 44300 73392 21105 03280 73457 43093 05192 48657
36 56760 10909 98147 34736 33863 95256 12731 66598 50771 83663
37 72880 43338 93643 58904 59543 23943 11231 83268 65,38 1581
38 77883 38100 03062 58103 47961 83841 25878 23746 55903 44115
39 28440 07819 21580 51459 47971 29882 13990 29226 23608 15873

40 63525 94441 77033 12147 51054 49955 58312 76923 96071 05813
4] 47606 93410 16359 89033 89696 47231 64498 31776 05383 39902
42 52669 45030 96279 14709 52372 87832 02735 50803 72744 88208
43 16738 60159 07425 62369 07515 82721 37875 71153 21315 QU132
44 59348 11695 45751 15865 74739 05572 32688 20271 65128 14551

45 12800 71775 29845 60774 94924 21810 38636 33717 67598 82521
46 75086 23537 49939 33595 13484 97588 28617 17979 70749 35234
47 99495 31434 29181 09993 38190 42553 68922 52125 91077 40197
43 26075 31671 45386 36583 93459 48599 52022 41330 60651 91321
49 13636 93596 23377 SII33 95126 61496 42474 45141 46660 42338




e Jgla L FVA
- - - - * -
t(A_u) A BN ol (A-2) JJ%
t =A duiaa
Pl (A. ) ) -
A

» .60 .70 .80 .85 .50 95 .975
1 0.325 0.727 1.376 1.963 3.078 6.314 12.706
2 0.289 0.617 1.06% 1.386 1.886 2.920 4.303
3 0.277 0.584 0.978 1.250 1.638 2.353 3.182
4 0.271 0.569 0.941 1.190 1.533 2.132 2.776
5 0.267 0.559 0.920 1.156 1.476 2.015 2.571
6 0.265 0.553 0.906 1.134 1 440 1.943 2.447
7 0.263 0.549 0.896 1.119 1.415 1.895 2.365
8 0.262 0.546 0.880 1.108 1.397 1.860 2.306
9 0.261 0.543 0.883 1.100 1.383 1.833 2.262
10 0.260 0.542 0.879 1.093 1.372 1.812 2.228
11 0.260 0.540 0.376 1.088 1.363 1.796 2.201
i2 0.259 0.539 0.873 1.083 1.356 1,782 2.179
13 0.259 0.537 0.870 1.079 1.350 .77 2.160
14 0.258 0.537 0.868 1.076 1.345 1.761 2.145
15 0.258 0.536 0.866 1.074 1.341 1.753 2.131
16 0.258 0.535 0.865 1.071 1.337 1.746 2.120
17 0.257 0.534 0.863 1.069 1.333 1.740 2.110
18 0.257 0.534 0.862 1.067 1.330 1.734 2.101
19 0.257 0.533 0.861 1.066 1.328 1.729 2.093
20 0.257 0.533 0.860 1.064 1.325 1.725 2.086
21 0.257 0.532 0.859 1.063 1.323 1.721 2.080
22 0.256 0.532 0.858 1.061 1.321 1.717 2.014
23 0.256 0.532 0.858 1.060 1.319 1.714 2.069
24 0.256 0.531 0.857 1.059 1.318 1.711 2.064
25 0.256 0.531 0.856 1.058 1.316 1.708 2.060
26 0.256 0.531 0.856 1.058 1.315 1.706 2.056
27 0.256 0.531 0.855 1.057 1.314 1.703 2.052
28 0.256 0.530 0.855 1.056 1.313 1.701 2.048
29 0.256 0.530 0.854 1.055 1.311 1.699 2.045
30 0.256 0.530 0.854 1.055 1.310 1.697 2.042
40 0.255 0.529 0.851 1.050 1.303 1.684 2.021
60 0.254 0.527 0.848 1.045 1.296 1.671 2.000
120 0.254 0.526 0.845 1.041 1.289 1.658 1.980
oo 0.253 0.524 0.842 1.036 1.282 1.645 1.960




VA i_lam Vi Jalu L

(e2U) t i alosia 1 (A-2) Jgua

A

v .98 985 .99 9925 .995 9975 9995
1 15.895 21.205 31.821 42.434 63.657 127.322 636.590
2 4.849 5.643 6.965 8.073 9.925 14.089 31.598
3 3.482 3.896 4.54} 5.047 5.841 7.453 12.924
4 2.999 3.298 3.747 4.088 4.604 5.598 8.610
5 2.757 3.003 3.365 3.634 4.032 4.773 6.869
] 2.612 2,829 3.143 3.372 3.707 4.317 5.959
7 2.517 2,715 2.998 3.203 3.499 4,029 5.408
8 2.449 2.634 2.896 3.085 3.355 3.833 5.041
9 2.398 2.574 2821 2.998 3.250 3.690 4.781
10 2.359 2.527 2,764 2.932 3.169 3.581 4.587
11 2.328 2.491 2718 2.879 3.106 3.497 4.437
12 2.303 2.461 2.681 2.836 3.055 3.428 4.318
13 2.282 2.436 2.650 2.801 3.012 33712 4,221
14 2.264 2.415 2.624 2.7 2,977 3.326 4.140
15 2.249 2.397 2.602 2.746 2.947 3.286 4.073
16 2.235 2.382 2,583 2.724 2.921 3.252 4,015
17 2.224 2,368 2.567 2.706 2.898 3222 3.965
18 2.214 2.356 2.552 2.689 2.878 3.197 3972
19 2.205 2.346 2.539 2.674 2.861 3.174 3.883
20 2.197 2.336 2528 |, 2.661 2.845 3.153 3.849
21 2.189 2.328 2,518 2.649 2.831 3.135 3.819
22 2.183 2.320 2.508 2.639 2.819 3119 3.792
23 2.177 2.313 2.500 2.629 2.807 3.104 3.768
24 2.172 2.307 2.492 2.620 2.797 3.091 3.745
25 2.167 2.301 2.485 2.612 2.787 3.078 3.725
26 2,162 2.296 2.479 2.605 2.779 3.067 3.707
27 2.158 2.291 2.473 2.598 2,771 3.057 3.6%0
28 2.154 2.286 2.467 2,592 2.763 3.047 3.674
29 2.150 2.282 2.462 2.586 2.756 3.038 3.659
30 2.147 2.278 2.457 2.581 2.750 3.030 3.646
40 2.123 2.250 2.423 2,542 2.704 2.971 3.551
60 2.099 2.223 2.3%0 2,504 2.660 2.915 3.460
120 2.076 2.196 2.358 2.468 2.617 2.860 3.373
= 2.054 2.170 2.326 2432 2.576 2.807 3.291




i Sl Jala 4 YA

2 - . -
X A :gls RN clbigha A3 Jyua

A

.005 .0io0 025 050 100 900 950 975 990 .995

<

0.0*393 0.0°157 0.0982 0.0*393 0.0158 2.7 1.84 5.02 6.63 7.88
0.0100 0.0201 0.0506 0.103 0.211 4.61 5.99 7.38 9.21 10.60
0.072 0.115 0216 0352 0.584 6.25 7.81 9.35 11.34 12.84
0.207 0297 0484 0711 1.064 7.8 949 11,14 13.28 14.86

0.412 0.554 0831 1145 1.61 9.24 11.07 1283 15.09 16.75
0.676 0.872 1.24 1.64 2,20 1064 12,59 1445 1681 18.55
0.989 1.24 1.69 217 2.83 1202 1407 1601 18.48 20.28
1.34 1.65 218 2.73 3.49 13.36 1551 17.53 20,09 21.96
1.73 2,09 2,70 333 4.17 1468 1692 19.02 21.67 23.59

10 | 2.16 2,56 325 3.94 4.87 1599 18.31 2048 23.21 2519
11 | 2.60 3.05 3.82 4.57 5.58 17.28  19.68 21.92 24,73 26.76
12 | 3.07 3.57 4.40 5.23 6.30 1855 21.03 2334 26.22 28.30
13 | 3.57 4.11 5.01 5.89 7.04 19.81 2236 2474 27.69 29.82
14 | 4.07 4.66 5.63 6.57 7.719 21.06 23.68 26.12 29.14 31.32

15 | 4.60 523 6.26 7.26 8.55 2231 2500 2749 30.58 32.80
16 | 5.14 5.81 6.91 7.96 9.31 23.54 2630 28.85 32,00 3427
17 | 5.90 6.41 7.56 8.67 10.09 24.77 21.59 30.19 3341 3572
18 | 6.26 7.01 8.23 9.39 10.86 2599 28.87 31.533 .8l 37.16
19 | 6.84 7.63 891 10.12 11.65 27.200 30.14 3285 36.19 38.58

20 | 7.43 8.26 9.59 10.85 12.44 2841 3141 34.17 37.57 40.00
21 | 8.03 890 1028 11.59 1324 29.62 32.67 3548 38.93 4140
22 | 864 9.54 1098 1234 14.04 30.81 3392 3678 40.29 4280
23 19.26 1020 11,69 13.09 1485 32.01 3517 38.0B 4164 44,18
24 | 989 10.86 1240 13.85 15.66 3320 3642 39.36 4298 45.56

25 [10.52 11.52 13.12 14.61 16.47 34.38 37.65 40.65 4431 4693
26 |11.16 12,20 13.84 1538 17.29 35.56 38.89 4192 4564 4829
27 |11.81 1288 14.57 16.15 18.11 36.74 40,11 43,19 46.96 49.64
28 |12.46 13.56 1531 1693 18954 3792 4134 4446 48.28 35099
29 1312 1426 1605 17.71  19.77 39.09 4256 4572 45.59 52.34

30 |13.79 1495 1679 18345 20.60 40.26 4377 46.98 50.89 53.67
40 [20.71 22,16 2443 2651 29.05 51.81 5576 59.34 63.69 66.77
50 12799 2971 3236 34.76 37.69 63.17 6150 7142 76,15 79.49
60 [35.53 3748 4048 43119 4646 7440 79.08 83.30 88.38 91.95

70 W3.28 4544 48776 51.74 5533 8553 90.53 95.02 1004 1042
B0. [51.17 53.54 57.15 60.39 64.28 96.58 1019 1066 1123 1163
90 (5920 61.75 6565 6913 7329 107.6 113.1 1181 1241 1283
100 [67.33 7006 74.22 77.93 8236 118.5 1243 1296 1358 1402

VO W=

Suuice: Reprinted, with permission, from C. M. Thompson, **Table of Percentage Points of the Chi-Square
Distribution,’’ Biometrika 32 (1941), pp. 188-89.



AN HERE WOV [ [ O

F A : F oaades obisia i A-4 Jgsa
,v,) &= -
Numerator df
Den.
a A 1 2 3 4 5 6 7 8 9
1 .50 1.00 1.50 1.1 1,82 1.89 1.94 1.98 2,00 2.03
.50 39.9 49.5 53.6 55.8 572 58.2 58,9 594 59.9
95 161 200 216 225 230 234 237 239 241
975 648 200 864 900 922 937 948 957 963

99 4,052 5000 5403 5625 5764 5859 5928 5981 6,022
595 16,211 20,000 21,615 22,500 23,056 23,437 23,715 23,925 24,091
.999 | 405,280 500,000 540,380 562,500 576,400 585,940 592,870 598,140 602,280

2 .50 0.667 1.00 1.13 1.21 1.25 1.28 1.30 1.32 1.33

.50 8.53 9.00 92.16 9.24 92.29 9.33 5.35 9.37 9.38
95 18.5 19.0 19.2 19.2 19.3 19.3 19.4 19.4 19.4
975 8.5 39.0 39.2 39.2 39.3 353 394 394 394
9% 98.5 99.0 99.2 99.2 99.3 99.3 99.4 99.4 99.4
995 199 199 199 199 199 199 199 199 199

999 998.5 999.0 999.2 999.2 9993 9993 9954 9994 9994
3 s0 0.585 0.881 1.00 1.06 1.10 1.13 115 1.16 1Y

90 5.54 5.46 5.39 534 5.31 5.28 5.27 3.25 3.24
95 10.1 9.55 5.28 9.12 9.01 8.94 8.89 8.85 8.81
975 17.4 16.0 15.4 15.1 14.9 14.7 14.6 14.5 14,5
99 4.1 30.8 29.5 28.7 23.2 27.9 21.7 27.5 273

1995 556 49.8 475 462 454 448 444 441 439
999 | 1670 1485 1411 137.1 1346 1328 1316 130.6 1299

4 .50 0.549 0.828 0.941 1.00 1.04 1.06 1.08 1.09 1.10
50 4.54 4.32 4.19 1411 4.05 4.01 3.98 395 3.94
95 n 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00
975 12.2 10.6 998 9.60 9.36 9.20 9.07 8.98 8.90
.99 21.2 18.0 16.7 16.0 15.5 15.2 15.0 14.8 14.7
.995 ha 26.3 24.3 23.2 225 220 21.6 214 211
999 4.1 61.2 56.2 534 51.7 50.5 49,7 49.0 48.5

5 .50 0.528 0.799 0.907 0.965 1.00 1.02 1.04 1.05 1.06

.90 4.06 3,78 3.62 3.52 345 3.40 3.37 .34 332
.95 6.61 579 5.4l 5.19 5.05 4.95 4,38 4,82 4.77
975 10.0 8.43 1,76 7.39 7.15 6.98 6.85 6.76 6.68
.99 16.3 13.3 12,1 114 11.0 10.7 10.5 10.3 10.2

995 22.8 18.3 16.5 15.6 14.9 14.5 14.2 14.0 13.8
999 47.2 i 3sz2 31a 29.8 28.8 28.2 27.6 27.2

6 .50 0515 0,780 0.886 0942 0977 1.00 1.02 1.03 1.04

50 3.78 3.46 3.2% J18 .11 3.05 3.0 2.98 2.96
.95 5.99 5.14 4,76 4.53 4.39 4,28 4.21 4.15 4.10
975 8.81 126 6.60 6,23 5.99 5.82 5.70 5.60 5.52
99 13.7 10.9 9.78 9.15 8.75 8.47 8.26 8.10 7.98

995 18.6 14.5 12.9 12,0 11.5 1.1 10.8 10.6 104
999 35.5 210 237 21.9 20.8 20.0 19.5 19.0 18.7

7 S0 0.506 0.767 0.871 0926 0960 0,983 1.00 1.01 1.02

.50 1.59 3.26 3.07 2,96 2.88 2,83 2,78 2.75 a2mn
85 5.58 4.74 4.35 4.12 397 3.87 .79 i 3.68
975 8.07 6.54 5.89 5.52 5.29 n 4,99 4.90 4.82
99 12.2 9.55 8.45 7.85 746 719 6.99 6.84 6.72
995 16.2 12.4 10.9 10.1 9.52 9.16 8.89 8.68 8.51

.999 292 21,7 188 172 162 155 150 146 143




sl Jylod FAY

(c_.nL'.'n) F &334 wbighia i A4 Jyaa

Nurmerator df

Den.

df A 10 12 15 20 24 30 60 120 w

1 .50 2.04 2.07 2.09 2.12 2.13 2.15 217 2.18 2.20
.90 60,2 60.7 61.2 61.7 62.0 62.3 62.8 63.1 63.3
95 242 244 246 248 249 250 252 253 254
975 969 877 985 993 997 1,001 1.010 1,014 1,018
99 6,056 6,106 6,157 6209 6,235 6,261 6,313 6,339 6,366

995 | 24,224 24,426 24,630 24,816 24,940 25,044 25,253 25,359 25464
.999 | 605,620 610,670 615,760 620,910 623,500 626,100 631,340 633,970 616,620

2 .50 1.34 1.36 1.38 1.39 1.40 1.41 1.43 1.4} 1.44
.90 9.39 9.41 2.42 9.44 2.45 9.46 9.47 9.48 9.49%
.95 19.4 19.4 19.4 19.4 19.5 19.5 19.5 19.5 19.5
975 394 394 39.4 394 39.5 39.5 39.5 39.5 395
.99 99.4 99.4 994 994 99.5 99.5 99.5 99.5 99.5
995 199 199 199 199 199 199 199 199 200
.999 999.4 9994 9994 9994 999.5 9995 9995 9993 999.5

3 .50 1.18 1.20 1.21 1.23 1.23 1.24 1.25 i.26 1.27
.90 5.23 5.22 5.20 5.18 5.18 517 5.15 S5.14 3.13
.95 8.79 8.74 8.70 8.66 8.64 B.62 8.57 8.55 8.53
975 14.4 14.3 14.3 14.2 14.1 14.1 14.0 13.9 13.9
.99 27.2 27.1 26.9 26,7 26,6 26.5 26.3 26.2 26.1
.995 41.7 434 43.1 42.8 42.6 42.5 42.1 42.0 41.8
999 129.2 1283 1274 1264 1259 1254 1245 1240 123.5

4 .50 1.11 1.13 1.14 115 1.16 1.16 1,18 1.18 i.19
.90 3.92 3.90 3.87 3.84 183 3.82 3.79 3.78 .76
95 5.96 5.91 5.86 5.80 3.77 5.75 5.69 5.66 5.63
975 8.84 8.75 8.66 8.56 g5l 8.46 8.36 8.3§ 8.26
.99 14.5 14.4 14,2 14.0 13.9 13.8 13.7 13.6 13.5
995 21.0 20.7 20.4 20,2 20.0 19.9 19.6 19.5 19.3
999 48.1 47.4 46.8 46,1 45.8 45.4 44.7 44.4 44.1

5 .50 1.07 1.09 1.10 1.1 1.12 1.12 I.t4 1.14 1.15
.90 3.30 3.27 3.24 J.21 3.9 317 3.14 .12 3.11
.95 4.74 4.68 4.62 4.56 4.53 4.50 4.43 4.40 4.37
975 6.62 6.52 6.4 6.13 6.28 6.23 6.12 6.07 6.02
.99 10,1 9,89 9.72 9.55 9.47 9.38 9.20 9.1 9.02
995 13.6 134 13.1 12,9 12.8 12.7 124 . 123 12.1
999 26.9 26.4 25.9 254 25.1 24.9 24.3 241 23.8

6 .50 1.05 1.06 1.07 1.08 1.09 1.10 1.1l 1.12 1.12
.90 2.94 2.90 2.87 2.84 2.82 2.80 2.76 2.74 2.72
95 4,06 4.00 3.94 3.87 3.84 3.81 3.74 3.70 3.67
975 5.46 5.37 5.27 5.7 5.12 5.07 4.96 4.90 4.85
.99 7.87 1.72 7.56 7.40 7.31 7.23 7.06 6.97 6.88
995 10,2 10.0 9.81 9.59 9.47 9.36 9.12 9.00 8.88
999 18.4 18.0 17.6 17.1 16.9 16.7 16.2 16.0 15.7

7 .50 1,03 1.04 1.05 1.07 1.07 1.08 1.09 1.10 1.10
.90 2.70 2.67 2.63 2,59 2358 2.56 2.5) 2.49 2.47
95 3.64 3.57 .51 3.44 144 3.38 3.30 3.27 3.23
975 4.76 4.67 4.57 4.47 4.42 4,36 4.25 4,20 4.14
.99 6.62 6.47 6.31 6.16 6.07 5.99 3.82 5.74 5.65
995 °8.38 8.18 1.97 2.75 7.65 7.53 7.31 7.19 7.08
.999 14.1 13.7 13.3 12.9 12.7 12.5 12.1 11.9 11.7




YAY L _slas V1 Jgla_d !

(C_-'L:') F C__njﬁc_u“,.'s.n s A-4 J_,.\Q

Numerator df
Den. =
af A 1 2 3 4 5 6 7 8 9
g .50 0459 0.757 0.860 0915 0948 0.97] 0.988 1.00 1.0t
90 3.46 Al 2,92 2.81 2.73 2,67 2.62 2.59 2.56
95 5.2 4.46 4.07 1.84 3.69 .58 3.50 344 3.39
975 1.57 6.06 5.42 5.05 4.82 4.65 4,53 4.43 4.36
99 1.3 8.65 7.59 7.01 6.63 6.37 6.18 5.03 5.91
995 14.7 11.0 9.60 8.81 8.30 7.95 7.69 7.50 7.34
999 254 18.5 15.8 14.4 13.5 12.9 12.4 12.0 11.8
9 .50 0494 0749 0852 0906 0939 0962 0.978 0.99 1.00
.90 3.36 3.01 2.81 2.69 2.61 2.55 2.51 2.47 2.44
.95 5.12 4.26 3.86 3.63 3.48 3.37 3.29 323 3.18
975 7.21 5.71 5.08 4.72 4.48 4.32 4.20 4.10 4.03
.99 10.6 8.02 6.99 6.42 6.06 5.80 5.61 547 5.35
595 1.6 10.1 8.72 7.96 7.47 7.13 6.88 6.69 6.54
999 229 16.4 139 12.6 11.7 111 10,7 104 10.1
10" .50 0490 0743 0845 0899 0932 0954 0971 0983 0.992
90 3.29 2.92 2.73 2.61 2,52 2.46 241 2.38 235
95 4.96 4.10 371 348 3.33 3.22 3.4 3.07 3.02
975 6.94 5.46 4.83 4.47 4.24 4.07 3.95 3.85 3.78
99 10.0 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.94
995 12.8 9.43 8.08 7.34 6.87 6.54 6.30 6.12 5.97
999 21.0 14.9 12.6 11.3 10.5 9.93 9.52 9.20 8.,
12 .50 0484 0735 0,835 0.888 0.921 0.943 0959 0972 0,98
.90 318 2.81 2.61 2.48 2.39 2.33 2.28 2.24 2.21
95 4,75 3.89 3.49 .26 .1 3.00 2.91 2.85 2.80
975 6.55 5.10 4.47 4.12 3.89 373 3.6l 3.5! 3.4
.99 9.13 6.93 5.95 5.41 5.06 4.82 4.64 4.50 4.39
995 1.8 8.51 7.23 6.52 6.07 5.76 5.52 5.5 5.20
999 18.6 13.0 10.8 9.63 8.89 8.38 8.00 7.71 7.48
15 .50 0478 0,726 0.826 0.878 0.911 0.933 0.949 0.960 0.970
.90 3.07 2.70 2.49 2,36 2.27 2.21 2.16 2.12 2.09
95 4.54 3.68 3.29 3.06 2.90 2.79 2.71 2.64 2.59
975, 6.20 4.77 4,15 3.80 3.58 3.41 3.29 3.20 3.12
.99 8.68 6.36 5.42 4.89 4.56 4,32 4.14 4.00 3.89
995 10.8 7.70 6.48 5.80 5.37 5.07 4.85 4.67 4.54
.999 16.6 11.3 9.34 8.25 71.57 7.09 6.74 6.47 6.26
20 .50 0472 0718 0816 0368 090 0922 0938 0.950 0.959
.90 2.97 2.59 2.38 2,25 2.16 2,09 2.04 2.00 1.96
95 4.35 3.49 3.10 2.87 2.7 2.60 2.51 2.45 2.39
975 5.87 4,46 3.86 3.51 3.29 3.13 3.01 2.91 2.84
99 8.10 5.85 4.94 4.43 4.10 31.87 3.70 3.56 31.46
995 9.94 6.99 5.82 5.17 4.76 4.47 4.26 4.09 1.96
999 14.8 9.95 8.10 7.10 6.46 6.02 5.69 5.44 5.24
24 .50 0469 0714 0.812 0863 0.895 0917 0.932 0944 0953
.90 2.93 2.54 2,33 2.19 2.10 2.04 1.98 1.94 1.91
95 4.26 340 3.01 2.78 2.62 2.51 2.42 2.36 2.30
9175 5.72 4,32 3.72 338 3.1s 2.99 2.87 2,78 2.70
99 1.82 5.61 4.72 4.22 3.90 3.67 3.50 .36 3.26

995 9.55 6.66 5.52 4.89 4.49 4.20 3.99 1.8 3.69
999 14.0 9.34 .55 6.59 598, 555 5.23 4.9 4.80




i sle>Ni Jatu 4| YAS

() F aedad cilosia # A4 Jyua

Numerator df
Den.
daf A 10 12 15 20 24 30 60 120 [}
8 .50 1.02 1.03 1.04 1.05 1.06 1.07 1.08 1.08 1.09
.90 2.54 2.50 2.46 Z2.42 2,40 2,38 2.34 2.32 2.29
.95 3.35 3.28 3.22 3.15 3.2 3.08 3.0l 2.97 2.93
975 4.30 4.20 4,10 4.00 395 = 3389 3.78 3.713 3.67
.99 5.81 5.67 5.52 5.36 5.28 5.20 5.03 4.95 4.86
.995 7.21 7.01 6.81 6.61 6.50 6.4D 6.18 -6.06 5.95
999 11.5 11.2 10.8 10.5 10,3 10.1 9.73 9.53 9.33
9 .50 1.0] 1.02 1.03 1.04 1.05 1.05 1.07 1.07 1.08
.90 242 2,38 2,34 2.30 2.28 2.25 2.21 2.18 2.16
95 .14 .07 3.01 2.94 2.90 2.86 2.79 2,75 2.71
975 3.96 3.87 .17 3.67 3.6l 3.56 345 3.39 3.33
.99 5.26 5.11 4,96 4.81 4.73 4.65 4.48 4.40 4.31
995 6.42 6.23 6.0) 5.83 5.73 5.62 541 5.30 5.19
.999 2.89 9.57 9.24 8.90 8.72 8.55 8.12 8.00 7.81
10 .50 1.00 1.01 1.02 1.03 1.04 1.05 1.06 1.06 1.07
.90 2.32 2.28 2,24 2.20 2.18 216 2.11 2.08 2.06
.95 2,98 2.91 2.84 2.77 2,74 2.70 2.62 2.58 2.54
975 An 3.62 3.52 3.42 137 3.31 3.20 3.14 1.08
.99 4,85 4.7 4.56 4.4] 4.1 4.25 4,08 4,00 3.9]
.995 5.85 5.66 547 5.27 5.17 5.07 4,86 4.75 4.64
.999 8.75 8.45 8.13 7.80 7.64 747 7.2 6.94 6.76
12 .50 0.589 1.00 1.01 1.02 1.03 103 [.05 I.05 1.06
.90 2.19 2.15- 2.10 2.06 2,04 2,01 1.96 1.93 1.90
.95 2.75 2.69 2.62 2.54 2.51 2.47 2,38 2.34 2.30
975 .37 3.28 3.18 3.07 3.02 2.96 2.85 2.79 2,72
.99 4.30 4.16 4.01 3.86 1,78 70 3.54 3.45 3.36
995 5.09 4.91 4.72 4.53 4.43 4,33 4.12 4.01 3.90
999 1.29 7.00 6.71 6.40 6,25 6,09 5.76 5.59 5.42
15 .50 0.977 0.989 1.00 .o 1.02 1.02 1.03 1.04 1.05
90 2.06 2.02 1.97 1.92 1.90 1.87 1.82 1.79 1.76
95 2.54 2.48 2,40 2,33 2.29 2,25 2.16 2.1 2.07
975 3,06 2.96 2.86 2.76 2,70 2.64 2,52 2.46 2.40
99 3.80 .67 3.52 3.37 3,29 3.21 3.05 2.96 2.87
995 4.42 4,25 4,07 3.88 3.79 3.69 3.48 3.37 .26
999 6.08 5.81 5.54 525 5.10 4,95 4.64 4.48 4,31
20 .50 0.966 0977 0.989 1.00 1.01 1.01 1.02 1.03 1.03
.90 1.94 1.89 1.84 1,79 1.77 1,74 1.68 1.64 1.61
95 2.35 2.28 2,20 2,12 2,08 2.04 1.95 1.90 1.84
975 2.77 2.68 2.57 2.46 2.41 2,35 2.22 2.16 2.09
.99 3.37 3.23 3.09 2,94 2.86 2,78 2,61 2.52 2.42
.995 3.85 3.68 3.50 k e )4 3.22 312 2.52 2.8] 2.69
999 5.08 4.82 4.56 4.29 4.15 4.00 3.70 1.54 3.38
24 .50 0,961 0972 0983 0.9%4 1.00 1.01 1.02 1.02 1.03
.90 1.88 1.83 1,78 1.73 1.70 1.67 1.61 1.57 1.53
95 2.25 2.18 2.11 2.03 1.98 1.94 1.84 1.79 1.73
975 2.64 -2,54 2.44 2.33 2.27 2.21 2.08 2.01 1.94
.99 3.17 3.03 2.89 2.74 2.66 2.58 2.40 2.31 2,21
995 3.59 342 3.25 3.06 2.97 2.87 2.66 2.55 2.43
.999 4.64 4.39 4,14 3.87 3.4 3.59 3.29 3.14 2,97
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Numerator df

Den.

df A 1 2 k} 4 5 6 7 8 9

30 .50 D466 0709 0807 0.858 0.890 0.912 0.927 0939 0948
.90 2.88 249 2.28 2.14 2.05 1.98 i.93 1.88 1.85
.95 4.17 3.32 2.92 2.69 2.53 242 2.33 2.27 2.2}
975 5.57 4.18 3.59 3.25 3.03 2.87 2.75 2.65 2.57
.99 7.56 5.39 4.51 4.02 3.70 3.47 3.30 3.17 3.07
595 9.18 6.35 5.24 4.62 4.23 3.95 3714 3.58 3.45

.999 t3.3 8.77 7.05 6.12 5.53 502 4.82 4.58 4.19
60 .50 0461 0701 0.798 0.849 0380 0901 0917 0928 0937

.50 279 2.39 2.18 2.04 1.95 1.87 £.82 1.77 1.74
95 4.00 3.1 2.76 2.53 2,37 2,25 2.17 2.10 2.04
915 5.29 3.93 3.34 KX} 2,79 2.63 2,51 2.41 2.33
99 7.08 4.98 4.13 3.65 134 3.12 2,95 2.82 272
995 8.49 5.80 4.13 4.14 31.76 3.49 3.29 R k) 3.01
999 12,0 1.77 6.17 5.31 4.76 4.37 4.09 3.86 3.69
120 .50 0458 0.697 0793 0844 0875 0896 0912 0923 0,932
90 2.75 2.35 2.13 1.99 1.90 1.82 1.77 1.72 1.68
95 1.5 3.07 2.68 245 2.29 2,18 2.09 2.02 1.96
975 3.15 3.80 3.23 2.39 2.67 2.52 2.39 2.30 2.22
99 6.85 4.79 3.95 348 3.17 2.96 2.79 2.66 2,56
995 8.18 5.54 4.50 .92 3.55 3.28 3.09 2.93 2.8t
999 1.4 7.32 578 4.95 4.42 4.04 3.77 3.55 338
« 50 0455 0693 0.789 0.839 0.870 0.891 0.907 0918 0.927
.90 271 2.30 2.08 1.94 1.85 1.77 1.72 1.67 1.63
95 3.84 3.00 2.60 237 2.21 2,10 2.0! 1.94 1.88
975 5.02 3.69 312 2,79 2.57 2.41 2.29 2,19 2.1
99 6.6 4.61 3.78 332 3.02 2.50 2.64 2.51 241
995 7.88 5.0 4.28 32 3.35 3.09 2.90 2.74 2.62
999 10.8 6.91 542 4.62 4.10 3,74 3.47 3.27 .10
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Numenator df

Den.

df A 10 12 15 20 24 30 60 120 -]

30 .50 0955 0966 0978 0,989 0.994 1.00 1,01 1.02 1.02
.80 1.82 1.77 1.72 1.67 1.64 1.61 1.54 1.50 1.46
.95 2.16 2.09 201 1.93 1.89 1.84 1.74 1.68 1.62
975 2.51 241 2.31 2.20 2.14 2.07 1.94 1.87 1.79
.99 2.98 2.84 2,70 2.55 2.47 2.39 2.21 211 2.01
.995 334 318 3.01 2.82 2.7 2.63 242 2.30 2.18
999 4.24 4.00 3.75 3.49 .36 3.22 2,92 2,76 2.59

60 .50 0,945 0.956 0967 0978 0.98) 0,989 1.00 1.01 1.0t
.90 1.7 1.66 1.60 1.54 1.51 i.48 1.40 1.35 1.29
.95 1.99 1.92 1.84 1.75 1.70 [.65 1.53 1.47 1.39
975 2.27 2.17 2.06 1.94 1.88 1.82 1.67 1.58 1.48
.99 2.63 2.50 2.35 2.20 2.12 2.03 1.84 1.73 1.60
.995 2.90 2.74 2.57 2.39 2.29 2.19 1.96 1.83 1.69
999 3.54 3.32 3.08 2.83 2.6% 2.55 2.25 2,08 1.89

120 .50 0.939 0950 0.961 0972 0978 0983 099 1.00 1.01
.90 1.65 1.60 1.55 1.48 1.45 1.41 1.32 1.26 1.19
.95 1.91 1.83 1.75 1.66 1.61 1.55 1.43 1.35 1.25
975 2.16 2.05 1.95 1.82 1.76 1.69 1.53 1.43 1.31
.99 2.47 2,34 2.19 2.03 1.95 1.86 1.66 1.53 1.38
.995 2.71 2.54 2.37 2,19 2,09 1.98 1.75 1.61 1.43
.999 3.24 3.02 2.78 2.5 2.40 2.26 1.95 1.77 1.54

w .50 0934 0945 0956 0967 0972 0978 0989 0.994 1.00
.90 1.60 1.55 1.49 1.42 [.38 1.34 1.24 1.17 1.00
95 1.83 1.7s 1.67 1.57 1.52 1.46 1.32 1.22 1.00
975 2.05 1.94 1.83 1.71 1.64 1.57 1.39 1.27 1.00
.99 2.32 2.18 2.04 .88 1.79 1.70 1.47 1.32 1.00
995 2.52 2.36 2.19 2.00 1.90 1.79 1.53 1.36 1.00
9599 2.96 274 2.51 2.27 2.13 1.99 1.66 1.45 1.00

Source: Reprinted from Table S of Pearson and Harlley, Biometrika Tables for Statisticians, Volume 2, 1972,
published by the Cambridge University Press, on behall of The Biometrika Society, by pemmission of the authors

and publishers.
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: (Qj.ll.z.:al) Dunnett _,L.n_"u;.Y :..‘..LJJ..\::” r._..l.'l'.“ : A-6 JJ..L?

a=.05 wied (t-1,v)

t — 1 = Number of treatment means (excluding control)
| 2 3 4 5 6 7 8 9

S 257 303 329 3.48 3.62 3.73 3.82 3.90 3.97
6 2.45 2.86 3.10 3.26 339 3.49 3.57 3.64 3.71
7 2.36 275 2.97 332 3.24 3.33 34 3.47 353
8 2.31 267 2.88 3.02 313 322 3.29 3.35 3N
9 2.26 2.61 2.81 295 3.05 3.4 3.20 3.26 3.32

10 2.23 257 276 289 299 3.07 3.14 3.19 3.24
1 2.20 2.53 2.72 284 294 3.02 3.08 3.14 319
12 2.18 2.50 2.68 281 2.9 298 3.04 3.09 3.14
13 2.16 248 2.65 278 287 294 3.00 3.06 3.10
14 2.14 2.46 263 275 2.84 29 297 3.02 3.07

15 213 2.44 2.61 273 2.82 2.89 2.95 3.00 3.04
16 212 242 259 2.7 2.80 2.87 2.92 297 3.02
17 21 2.41 258 2.69 2.78 2.85 290 2.95 3.00
18 210 2.40 2.56 2.68 2.76 2.83 2.89 2.94 2.98
19 209 2.39 2.55 2.66 2.75 2.81 2.87 2.92 2.96

20 209 2.38 2.54 2,65 273 2.80 2.86 290 295
24 206 235 251 2.61 2.70 2.76 2.81 2.86 2.90
30 2.04 2.32 247 2.58 2.66 272 2.77 2.82 2.86
40 2.02 229 2.44 2.54 262 2.68 2.73 277 2.81
&0 2.00 227 24 2.31 258 2.64 2.69 273 2.77

120 1.98 2.24 2.38 247 2.55 2.60 2.65 2.69 2.73
0 1.96 2.2 2.35 244 2.51 2.57 2.61 2.65 2.69

* Reproduced with permission from C. W. Dunnett, “*New Tables for Multipte Comparison with a
Control,” Biometrics, Vol. 20, No. 3, 1964, and from C. W. Dunnett, “A Multiple Comparison
Pracedure for Comparing Several Trealments with a Control,” Journal of the American Statistical
Association, Vol. 50, 1955,



:\._..__;Lp:-y| (JJLL._J‘—‘

¥4,

: (cnalesl) Dunnett HLaaY Lok guall auill @ A-6 Jyaa

a=.01 sied (+1,v)

t — 1 = number of treatment means (excluding control)

v
- 1 2 3 4 5 6 7 8 9

5 | 403 463 498 522 541 556 560 580 589
6 | 371 421 451 471 487 500 510 520 528
7 1 350 395 421 439 453 464 474 482 489
8 | 336 377 400 417 429 440 448 456 462
9 | 325 363 385 401 412 422 430 437 443
10 | 347 353 374 388 399 408 416 422 428
11 | 311 345 365 379 389 398 405 411 416
12 | 305 339 358 371 381 389 39% 402 407
13 | 301 333 352 365 374 382 389 394 3.9
14 | 298 329 347 359 369 376 383 388 393
15 | 295 325 343 355 364 371 378 383 388
16 | 202 322 339 351 360 367 373 378 38
17 | 290 319 336 347 356 363 369 374 379
18 | 288 317 333 344 353 360 366 371 375
19 | 286 315 331 342 350 357 363 368 Im
20 | 285 313 329 340 348 355 360 365 369
24 | 280 307 322 332 340 347 352 357 361
30 | 275 301 315 325 333 339 344 349 352
40 | 270 295 309 379 326 332 337 341 3.4
60 | 266 290 303 312 319 325 329 333 337
120 | 262 285 297 306 372 318 322 326 3.9
o | 258 279 292 300 306 311 315 319 322
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o=.,05 s.ae d m(t-l, V)

t — 1 = number of treatment means (excluding control)

v
1 2 3 4 5 6 7 8 9
5 202 244 2.68 285 2.98 3.08 3.76 3.24 3.30
6 1.94 2.34 2.56 2.1 283 2.92 3.00 3,07 312
7 1.89 2.27 2.48 2,62 2.73 282 2.89 2.95 3.0
8 1.86 222 2.42 2.55 2,66 2,74 2.81 2.87 2,92
9 1.83 218 2.37 250 2.60 268 2.75 2.81 2.86

10 1.81 215 2.34 247 2.56 264 270 2.76 2.81
11 1.80 213 2.3 244 2.53 2.60 267 2,72 277
12 1.78 2.1 2.29 2.4 250 2.58 264 269 2.74
13 1.77 209 227 239 2.48 2.55 261 2.66 2.7
14 1.76 2,08 2,25 237 2,46 253 2,59 264 2.69

15 1.75 207 2,24 2.36 2.44 2.51 2,57 2.62 267
16 1.75 2,06 2.23 2.34 243 2.50 2,56 2.61 2.65
17 1.74 2.05 2.22 233 242 249 254 2.59 2.64
18 1.73 2.04 2.21 232 2.41 248 2,53 2.58 262
19 1.73 203 2.20 2.31 2.40 247 252 257 261

20 1.72 203 219 2.30 2.39 2.46 2.5 2.56 2.60
24 1.71 2.01 217 2.28 236 243 2,48 2.53 2.57
30 1,70 1.9 215 2.25 233 2,40 2.45 2,50 2,54
40 1.68 1.97 213 2.23 2,31 2.37 2.42 247 2.51
60 1.67 1.95 210 2 2.28 2.35 239 2.44 248

120 1.66 1.93 208 218 2.26 232 237 2.4 245
©0 1.64 1.92 206 2,16 2.23 2.29 2.34 238 2,42
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0=.01 wie d (t-1,)
t — 1 = number of treatment means (excluding contral)
})
i 1 2 3 4 5 6 7 a 9
5 3.37 3.90 4. 4.43 4.60 4.73 4.85 4.94 5.03
6 314 3.61 3.68 4.07 4.21 4.33 4.43 4.51 4.59
7 3.00 3.42 3.66 3.83 396 4.07 4.15 4.23 4.30
8 2.90 3.29 3.5 3.67 3.79 3.88 3.96 4.03 4.09
9 2.82 3.9 3.40 3.55 366 3.75 3.82 3.89 3.94
10 [ 276 311 331 345 356 364 371 378 383
11 2.72 3.06 3.25 338 3.48 3.56 le3 3.69 3.74
12 2.68 3.01 319 3.32 3.42 350 3.56 3.62 3.67
13 | 265 297 315 327 337 344 351 356  3.61
14 2,62 294 31 3.23 332 3.40 3.46 3.51 356
15 2.60 2.91 3.08 3.20 3.29 3.6 3.42 347 3.52
16 2.58 2.88 3.05 317 3.26 3.33 3.39 344 3.48
17 2.57 2.86 3.03 314 3.23 3.30 3.36 K| 3.45
18 2,55 2,84 3o 312 . 3.27 333 3.38 3.42
19 2,54 2.83 2.99 310 318 3.25 3.31 336 3.40
20 | 253 281 297 308 337 323 329 334 338
24 2,49 2,77 2.92 3.03 3.1 3.7 3.22 3.27 N
30 2,46 2.72 2.87 297 3.05 an 3.16 3. 3.24
40 2.42 2.68 2.8|2 292 2.99 3.05 3.10 3.14 3.18
60 2.39 2.64 2.78 2,87 2.94 3.00 3,04 3.08 3.12
120 236 2.60 2.73 2.82 2.89 2.94 299 3.03 3.06
c0 233 2,56 2.68 2.77 2.84 2.89 293 2.97 3.00
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Residuals L.
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Paired data a9 e bln
(=)
Additive s
Analysis of covariance saliad!t Jalan
Analysis of variance (ANOVA) Sabundl alas
iBias 3l
Blocking lelld oy oS5
Combinations Gadlso
Design(s) (e lasaias)pieias
Design of experiments woladdl siaias
Distribution t2535
Arcsine transformation oIl Jagasd
Effect i3
Factorial effect glole 00
Main effect gty S0
Simple effect daaias 00
Estimation oudid
Expectation P P
Expected mean square sl oalanll
Experiment L yaa
Factorial effect glale 52506
Factorial experiment Lilale Liyaa



Yo (Qg}_.ladl -uss) Llax-Yi wlsdbaall

Fractional replication A IR
Fractional Factorial experiment Ll Lilale L5aa
Generalized interacticn ¢ Ll Jelasdl
Hidden replication g-i-:*” oSl
High order interaction Ldadl Ta yud) oe Jelis
Hierarchical classification Cudtia ciiial
Homogeneity of variances Ot ualas
Interaction (Ja1a3) Jelas
Completely randomized design Cloasd] plad) psasasid]
Incomplete block design UalS ot cilelhld pnaias
Latin square design U i paias
Lattice design L‘.S_u.'-“ ptatald
Low order interaction Load ] Lo judl e Jelds
Local control Losaddl wlaasdl A aSasd
Multiple regression B KER) £y PPN
Nested designs Londils elasawal
Normal distribution e g 53
Orthogonality Jalas
Pooled variance eI Oe s
Randomization Llas
Randomized complete block design ol Lis] plindl culelail! ptatal
Regression analysis olaasyl Jalas
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Transformation W gas
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