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» 1. HYHA ZNZAF Mo Ha

| qpg WE | N

A % HHwz| 8% | B4 st | 2835 35—45 4501 4
R | 1 &) 52.05 34.00 42.22 17.09 5.41 14.49
2 66. 48 64.18 71.90 11. 14 13.28 21.06
3 87.43 83.95 88.35 5.43 6.38 6.53
4 93.68 85.73 88.10 3.94 12.48 9.06
5 49.88 47.83 38.28 13.20 18.73 8.77
6 44.82 45.20 40.62 15.72 16.39 10. 55
7 38.58 29.88 3.15 18.63 10.79 15.71
8 47.65 38.65 38.45 7.17 5.76 11.05

9 39.78 43.00 38.12 6.57 9.31 7.2
10 62.15 54.08 49.98 10.10 12. 26 14.59
1 41.55 40.58 36.92 6.92 8.10 12.90
12 (54) 49.20 39. 65 42.55 15.42 8.87 5.41
w 1 (FA) 28.08 18.28 48.18 3.88 5.65 5.33
2 62.38 70.23 42.55 10.32 6.50 5.24
3 80.58 81.33 66. 30 7.29 12. 13 7.89
4 69. 45 72.33 57.53 8.83 15.21 18. 26
5 57. 68 50.05 41.65 27.76 29.32 25.52
6 28.22 25.48 33.20 13. 04 20.67 14.64
7 19.68 12.13 32.10 5.91 9. 80 4.81
{ 8 24.75 25.18 39.33 19.57 13.26 9.53
9 23.65 15.10 37.50 23.28 13.63 12.92
10 29.15 28.40 29.75 3.40 7.80 10.81
1l 25.40 19.03 32.50 11.54 14.64 28.29
12 (&) 27.10 18.28 48.57 4.86 9.55 19.40

G 1 (&A) 42.42 48.18 23.90 15.67 5.33 17. 2
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6 25. 80 33.20 24. 62 14.67 14.64 26.83
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9 32.68 .50 | 2072 5.39 12.92 16.00

10 26.58 29.75 16.32 21.81 10.81 16. 40

11 389 32.50 19.08 17.72 28.29 32.85

12 (%A) 42.07 48.57 48.27 29.05 19.40 29.18
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<¥ 51> JFoelz Yo HeHFE A3
=14 R)
p j 1 2 3 4 X (Ri;j—Ry)
1 —0.7 0.5 6.7 —6.5 0
2 10. 325 11.925 —15.075 —7.075 0
3 —8.45 3.85 - 125 5.85 0
4 12.275 —1.7%5 6. 075 —16.625 0
5 —19.225 8.175 —~11.125 92.175 0
6 —18.3 2.15 0.3 —2.9 0
7 —15.575 2.825 9.325 3.425 0
8 5.15 1.75 1.35 —8.95 0
9 ~13.0 9 3 1 0
10 2.825 7.925 —18.075 7.325 0
11 - 1.775 2,325 ~9.775 9.425 0
12 7.45 —11.65 6.35 —2.15 0
Rank:lz.—%lg-éz—%—= —%—3;5—:5. 955
<% 5.2>
(=4 W)
;7 1 2 3 4 Z(W,— W)
1 1.72 —4.08 | 7.22 —3.08 0.02
2 —9.33 5.77 1.77 1.77 —0.22
3 —1.33 16.77 —3.33 —12.13 —0.02
4 —6.33 8.57 15.87 —18.13 —0.02
5 —42.05 1.95 21.35 18.75 0
6 —19.78 21.52 13.72 —15.48 —0.02
7 — Lo —6.23 14.37 —6.23 0.02
8 —13.18 5.22 16.12 — 818 0
9 —13.10 —0.50 —5.30 18.90 0
10 —0.90 —6.40 11.20 —3.90 0
11 — 5.03 —2.93 —13.03 20.97 —0.02
12 ~14.28 3.72 4.82 5.72 —0.02
 21.52+19.78  41.30 _
Rank=-2:-02033- 70 4L53 5 9505
Alol o] gL A4l 2 EE FH] A4 wE4 = kol o] HEL AT o7 o] Heigl
£ A4 sk} o) WEE ESExE 29 o] EAL vlE HAFEEE o] R wig ¢

gl AT 2z F
4 S50
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d. o] HFAL YA 188 A A
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A& 29 2.1, 2.2 ¥ 2.34
T ¥l A

T4

Aot 2 5+ ok d7F gl
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b 44 Helvh o Aste
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<F* 53>
4 G
;7 1 2 3 4 T(Gi~G)
1 —4.38 6.72 1.82 —4.18 —0.02
2 —7.15 3.45 —0.65 4.35 0
3 —8.30 —~5.10 5.70 7.70 0
4 22.47 —17.93 6.77 —~11.33 —0.02
5 —14.55 —25.65 31.85 8.35 0
6 ~17.20 17.90 —4.00 3.30 0
7 1.20 —7.10 3.20 2.70 0
8 —1.83 13.87 —4.63 —7.43 —0.02
9 13.50 —12.50 —9.50 8.50 0
10 —13.05 —1.15 13.35 0.85 0
1 —24.30 —10.50 —6.0 40. 80 0
12 —19.17 ~0.47 19.63 —0.01
_ 318542565 _ o
Rank-———-——e' 93—-—~—8. 23—8.00
<& 6.1> AT A A
Y5 (x4 R)
7 A 94 ME4+ | = 4| rAs4 49 x4 =4
-22.5 —17.5 —20 Nl 3 3 6.25%
—17.5 —12.5 —15 i 4 7 14.58
—12.5 — 7.5 —10 W 5 12 25. 00
— 75— 25 -5 1 3 15 31.25
- 25— 25 0 el 12 27 56. 25
+ 25+ 75 + 5 Hl 1 38 79.17
+ 7.5 +12.5 +10 Iyl 8 46 95. 83
+12.5 +17.5 +15 0 46 95. 83
+17.5 +22.5 +20 [ 2 48 100. 00
5=9.837  X=—0.208
. Ifi X;
=3
o LIXA— (EAX)YES,
- Xfi—1
= 13k o] EX =1 ul . 2
o] :?37—% "a]%—v;j* ‘;]-- 1:;_ v]; f;};ﬂ tﬂ;& ‘: Test statistes: C:-%Ig%§;
&2 el aay Fgg Asd AY F i
_ Fa% HLEY AL 83 zrl.
2% WobE AEL HE4 A |22 Aste 8 2
- . Fae HAES ZAE
2t A Ao o F A ZFol AT 4 e A9 £ b9
2E EAL dslel mE 1249 my
594 2% ToPAe T 248 AEa) € Ete Y sss w2124 24
o] = H 2 3} o xj 71;{3.0_ r,}._fz.;]_ 71-0] D“% %%—g{ iz‘rg‘i _}-% %&1 ’o’lp}'
Al Ak W Fd = d= ] T b. stEe HaE
A A g4} . 22 2
HO' 015 =gz = ggereerrae =0z
a. 238 HLE . S?’max
S s: F= T
Hy: o'=of=afmgge e =022 Test Sstatistics: F=—g -
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<‘e> i E B
=% W) |
2 4 |3 9 A |0 = 4= + | ra =4 49+ A 24
<-225 | -2 | 1 1 2.08%
—22.5 —17.5 —20 Il 2 3 6.25%
-17.5 —12.5 —15 M 5 8 16.67%
—12.7 —=7.5 —10 il 3 11 . 20.92%
— 7.5 —25 -5 Jit 4 ) 11 22 45.83%
— 2.5 +2.5 0 il 8 30 62.50%
+ 2.5 +7.5 + 5 M 6 36 75. 00%
+ 7.5 +12.5 +10 il 2 38 79.17%
+12.5 +17.5 +15 i 5 43 89. 58%-
+17.5 +22.5 +20 M 5 48 100. 00%
>22.5
48
S=11.85  £=0.0000
(#63 Y = =
(1% G)
2 A |2 9 A |4 = 4| = + | ¥4 =4 49 %A = 4
-—36 —28 —32
—28 —20 —24 | 2 2 4,.26%
—20 —12 —16 it 6 8 17.02%
—12 — 4 - 8 e 12 20 42.55%
-4+ 4 0 Bl 12 32 68.08%
+ 4 +12 + 8 1 7 39 82.98%
+12 20 +16 Hit 5 44 93.62%
+20 +28 +24 ] 1 45 95.74%
+28 +36 +32 | 1 46 97.87%
+36 +44 -+40 | 1 47 100. 00%
$=13.50 X==—0. 1702
slEe 8l 4Ed A4 A E 99 ot GHa)Hy: & 3FL AY 54 3.
sleE] HAES AE,
BE AL AY FUste} o] FAHY FU4 &4
5 < ) @ @ mEey]
Masd Axed PAEAS THA 2AL T yrql s e Ak B # AR
Zegaa, T8 + 4o -
=1 B—L— uaq Z‘] a] 7\1"’] Z(X - X p_] (2)/(3) Gl/b
mhoaal 24 o —a
TEE JTFERNL 4L B9 22 24 meqy ZZ(X-,)‘ 795
2o 9 AHe 7] FEY Ao & W @Y o £ xyr [P0 =B
_n—,-l pn—1
4+ A Ak 24 A9 R HE A 2
Fol et QLMo A% FAEHE eI} WA DD (g e X,
Zel 44 stqe i
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< 71> ATEETA A HRE

(X4 R)
X; i Z, Pro. (<2) Pro. (X;<Z<X;+1)| Exq. freq. Obs. freq. (0—E)2/E
<—22.5 —2.27 0.0116 ‘ ‘
—17.5 ~1.76 0. 0392 0. 0276 1.32 3 2.14
—12.5 —1.25 0. 1056 0. 0664 3.19 4 0.21
— 7.5 —0.74 0. 2296 0. 1240 5.95 5 0.15
— 2.5 —0.23 0. 4090 0.1794 8.61 3 3. 66
+ 2.5 =+0.275 0. 6084 0. 1994 9.57 12 0.62
+ 7.5 +0.78 0. 7823 0.1739 8.35 11 0.84
+12.5 +1.29 0. 9015 0.1192 5.72 8 0.99
+17.5 +1.80 0. 9641 0. 0626 3.00 0 3
+22.5 +2.01 0. 9896 0. 0235 1.13 2 0.67
46.84 48 x2,=12.28
x*table (df=8)=15.51
<E®T7.2> ATEZ T AT AFE
g W) .
X; l Z. Pro. (<Z) | Pro(X,<Z<X,+1)| Exp. freq. Oas. freq. (0—E)*/E
0.0120 0.57 1 0. 324
<-22.5 -—1.899 0. 0287
—17.5 —1.477 0. 0694 0. 0407 1.95 2 0. 001
—12.5 —1.055 0. 1446 0. 0752 3.61 5 0. 535
—7.5 —0.633 0.2643 0. 1197 5.75 3 1. 315
—2.5 —0.211 0. 4168 0.1525 7.32 11 1. 850
+2.5 0.211 0.5832 0. 1694 7-99 8 0. 000
+7.5 0. 633 0.7357 0. 1525 7.32 6 0. 238
+12.5 1. 055 0. 8554 0.1197 5.75 2 2. 446
+17.5 1.477 0. 9306 0. 0752 3.61 5 0.535
+22.5 1.89 0. 9706 0. 0400 1.92 5 4. 941
x*=11.735
x*table (df=9) =16. 92
A%G) <P 13> FTEE FA4 HF AYg=E
X; Z, Pro. (<2) Pro. (X;<Z<X;+1)| \Exp. freq. Obs. freq. (0—E)Y/E
<—36 —2.65 0. 0040
—28 —2.06 0.0197 0. 0159 0. 74
-—20 —1.47 0. 0708 0. 0511 2.40 2 0.07
-—12 -0.88 0.1894 0.1186 5.57 6 0.03
— 4 —0.28 0. 3897 0. 2003 9.41 12 0.71
+ 4 =+0.31 0. 6217 0. 2320 10.90 12 0.11
+12 -+0.90 0. 8159 0.1942 9.13 7 0.50
+20 “+1.49 0. 9319 0. 1160 5.45 5 0. 04
+28 +2.09 0. 9817 0. 0498 2.34 1 0.77
+36 +2. 68 0.9963 0.0146 0.69 1 0.14
0. 0037 0.17 1 4.05
X 2=6.42 Xtable (fd=8) =15.51
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<® 8> IaF HLESY A3}

A W AAz§ | ¢ A ou oA | ALY YA Ccal Ctab A 3
28—35 12 347. 08 1697.91 0. 204 0. 3264 Not Signi
R 35—45 12 350. 81 1552. 40 0.226 0. 3264 A A o
45 o] 4} 12 443.52 - 1795.57 0.427 0.3264 2x 4%
28—35 . 12 859. 66 2563. 58 0.325 3.3264 #A A o
w 35—45 12 770. 62 2321.55 0. 322 0- 3264 23 4%
45 o] A 12 412.90 1536. 55 0. 269 0. 3264
28—35 12 843.90 3373.25 0. 250 0- 3264 #AA
G 35—45 12 800.32 2891. 57 0.277 0. 3264 2A %%
45 ©] 4 12 1079.12 4946. 38 0.218 0. 3264
Ctable: a3 w222 $¥ A 21=0.3264
a=0.05 k=12 d.f=3
< 6> Fed HzEY A}
AR AAzF i 3o FA4 ] EA Fcal Ftab A s
28—35 o112 347.08 15.52 22. 40 124 wAA o
R 35—45 12 350.81 29. 27 11.99 124 27 4&
450] 4 12 443.52 - 29,27 15.15 124
28—35 12 770. 62 11.56 66.66 124 HA8A o
w 35—45 12 859. 66 31.92 26.93 © 124 2x &
450] 4 12 412.90 26.24 15.75 124
28—35 12 843.90 29. 05 29. 05 124 HA Al o}
G 35—45 12 800. 32 23.14 34.59 124 22 4L
450} 4 12 1,079.12 31.92 33.81 124

* Ftable: 3lE%] ®HA2E§ I8 ©AIA] =124
a=0. 05 k=12 d. f=3

< 10> A7 2F 35~459 W T FAEH

<& 2> #4 ¥49 A3

&< 3

2 Meizel WAL 3ol ok
2 Aelel WA ol 9
7 322kl WA 2ol st Aok

7 A2 7ol WA zfol7} Aok
2 Mol WA 3ol glo
2 el zol WA 2ol 7 sloh

[ & Aeizkel WA Zfol 7t gk

7+ Az el WA o] 7t gict

2 e gl WAL a}e] 7+ ol et

1 2 | ® "
“.i%—ZEOI &) A R S 3 % F F-A 4k EATE
2] 7k Ay A 2e

wE| 14820.94 | 11 1347.36 10. 426
B 28—35
W5  4656.48 | 36 129.35 R | 35—145
& A 19477.42 | 47 450] 4}
v oM 28—35
Frel &2y w | 35—t
F,=F,s (11,36)=2.13 450] 4
F,=10.420> F,=2.13 p——
Z 714 Hee ¥AS 2 7 Az JTL 2H ¢ 3545
oeba s A _ 450] &

53 AL 4 A AAZF A ‘
AAg A b3 2k o]

TAEA S A3 Ay R Well+ 2 Al
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<& 15> Calculation of U.C.L. and L.C.L. and Mean for Graph.

Investigation . (228 8?]
Region size (mm) FORMULA Center Line T-Value Sy U.C. L. L.C.L.
_ — ) ) 2.029 62.70 38.56
_ 2. 029 48. 38 25. 28
R | 3545 4 f =36 36.83 2.722 569 52.32 21,44
2. 029 54.85 29.93
450ver 42.39 2.722 6.14 59.10 25. 68
_ = 2.029 41.69 13.59
28—35 Xcont. +iSx 27.59 2.792 6.95 46.51 8.67
- 2.029 33.11 3.45
w | 3545 436 18.28 2.722 7.31 38.18 ~1.62
2.029 28.70 5.74
450ver 17.22 2.722 5.66 32.63 1.81
_ = . 2.032 56.43 23. 35
28—35 Xgrand. £sS 39.89 2.726 8.14 62. 08 17.70
_ 2.032 57.94 26.64
G | 345 i =35 42.29 2.726 7.70 63. 28 21.30
2.032 51.32 10. 68
450ver 31.00 2.726 10-00 58. 26 3.74
S,o=7% Where; - S: standarddeviation within treatment.
#n: number of sample
Sr: estimated standard deviation of population.
{E 16) Data for Dunnet’s Calculation
AX=X,—X.+D,S/v2, D,=2.88(a=0.05) Two-Sided Limit
Investigation b'd . I X +D:S/vZ
Region size (mm) X Swicnin DiS/v'Z LCL U.CL
28—35 50. 63 5.95 12.119 38.506 62. 744
R 35—45 36.83 5.69 11.589 25.236 48.414
s50ver 42.39 6.14 12. 506 29.879 54. 891
28—35 27.59 6.95 14.156 13.434 41.746
w £5—45 18.28 7.31 14.889 3.391 33. 169
450ver 17.22 5. 66 11.528 5. 692 28.748
28—35 42.27 8. 14 - 16.579 25. 691 58. 849
G 35—45 48.35 7.70 15. 683 32. 667 64. 033
450ver 34.34 10. 00 20. 368 13.972 54. 708

Whiere: D,=2.88 («=0.05), Dy=3.54 (a=0.01)

Conclusion: % of goodpo tatoes in treatment-A exceeds the standard by an amount between 4X.
U.C.L. and 4X L.C.L.

Dunnett’s Test: if 4X>0, —2%—3%’->D. So, significanfly different.

Zhell A7 2]zt Qo 2 FEAE H2n g Ezst F4dskx Rakgr
AA si=telAld Zssb glotn g 2 e 8}, Graphe] f¢H

B A% Gl AE 2 A3 2Fd detd A A a o] 244 AEA L3 o] 49
2z WAG Al glel FA4A dAuteldle  FE A4 s
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EFFECT OF DIFFERENT TREATMENTS No. 68

Region R (2t Ch& Xj2lztel &3 7

Size 28—35 °

mean
%
of 80=1
Good UcL
a=0.01
60 b : —_ - o=0.05
CL=5063
i 40- ———————
|
! LCL
20
0 r 1 | | | | 1 | ;| | 1 ]
1 2 3 4 5 6 7 8 Y 10 11 12
control control
Treatment No. =
Size 35—45
mean
%
of 8o~
Good
] T ueL
- «=0.C1

[‘f ‘‘‘‘‘‘‘ - f-————.—/—/-f\_:a=o.Cy5

N

o — e e ———_——————— ——————— — ———— o —
20— CL=36.23
o ] 1 | ] L1 1 l | |
1 2 3 4 5 6 7 , 8 9 10 11 12
control : " Treatment No. . - ’ control

Fig. 1-1.



= . RegionR _ __ Size 45 over
* mean ‘L.T,
% "
of 80=4
‘Good N
" ucL
60~ a=0.01
o e oo et o e o s g g = ———--»——-----——--I-——-—-,—_.nc_—.o.os
40— - - v‘ =42.39
e e e o o e e e o e i e e o e e | L ‘
0 L1 .1 (S| I SN DO S ,
1 2 3 5 6 7 8 9 0 1 12
contrel Treatment No. control
Region W ¥
woo BN Size 28—35
ucL
________________ we.a=001
- a=0.05
_ Avo CL=2759
20— W ;
-------------------------- LCL ’ ('\ i
0 ] S 1 1 ] 1 | Lt ] ‘
1 2 3 5 6 7. 8 -9 N 12
S \_“\'\'-}. .
control . ) Treatment. No. e control

Fig. 1-2.
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EFFECT OF DIFFERENT TREATMENTS
Region W Size 35—45

mean [

i
N fooe N e
NN NER

%

of 80~
Good

60—

40—

20—

controf ' .7 Treatment No. ‘ ' " control

Size 45 over

an

of 80—
Good

20~

I ’ |
contro Trel?itg m iri 3N0. v ~ control

Fig. 1-3.
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EFFECT OF DIFFERENT TREATMENTS No. 69

* % o Regon G '
mean ’ " Size 28—35
% : :
" of 80— :
GOOd £

0 i I | | ] I | | | | ] ]
1 2 .3 .4 5 6 7,8 9 .10, 11 12
.contro! . \ Treatment™ No. - £ control

Bize 34—45°

UCL
_— =0.01
=== —TTmTmemT T T = "a=0.05

v

”‘ L=42.29:

20—

i g I l 1 | RN NN A N I
b 1 2 3 4 5 . 6 7 8 9,1 .11 12
B i NN ‘|"I‘"

control .. Treatment No, = contool

Fig. 14
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_ Regnon G B

ean.
%
of 80— :
Good :

EFFECT OF DIFFERENT TREATMENTS

= ‘ Size 45 over ~

0 T T T T T T T T T T
1 2 3 4 5 ) -7 8 9 10 11 12
control T g L. Treatment No. control

Fig. 1-5.

g R AW FFY 27 Q&%)
X EA 425
A GETY A7 =P

X 5A L5
AAA S= % AR 39 2EAs

S: *131 el EFH 2
n: Al R
of Aol 3] A=Y, AHsg % FF
°] Z7 & 159 7ol A4k =i}
74 Se= /‘i S: Ael kel 2}
n: BFL 4
Sx: 2R 5k o4 TEHA}
b. o] % 154 3] 29 1—1, 1-2, 1-3,
1—4 B 1-5% o] #+94%F 5% W 1% %
+ 237 A4 HAr o] azt=e 4 g
e AL U 4 gk
A% R Aeldz 2,3 9 4482 oL E My
2 EAIAME e vle) FAFE Aol} Yt F ¥
< F=x9 IuiE4 Qo HHAT A +L
A gAY FR- b2 dlE AHTA 99%

e "adog F 9

aFg WEF R 2
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A% W: S74% A9 R} o] Haews
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ke AL A 9% 2H EAol WAY o] 7}
9 &x Hews 3, & & BE9 yntg
Aoz ARF vk Adw Adbe] 415A)
95% %A FAAelel vls okt o]k gt

4 HE HaE

RA A 4F v Zol P e 27
78 BE) g HeRez FHes g8 n
AE H22E 443517 s G4 Fala
B4 Z7 sl
FALFLE AL sofolal ek o)W Bale
ALY HE L EAE B A 2
TR R4l 49 YT 2o i Yo
A7t FAFE Yo v} THFY o] ojn

A #94E obdelA 23} Q9 Adte

AEY Yast Ak ol g A8 Lol F Fa]
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<} 12> FHlAE A3 (5 FAZEFRY $A3E vass) 98 33)

F X + H H A]. __ F, (dfh dfl)
aw® Taded s S dfs | dfu | Fe=S#/S: 0.975 “0.025
28—35 292. 070 237.780 3 3 1.228 15.4 0. 065
R 35—45 29. 268 70. 677 3 3 0.372 15.4 0. 065
450] 4+ 209. 960 295268 3 3 7.173 15.4 0. 065
28—35 15. 054 23. 620 3 3 0.637 15.4 0. 065
w 35—45 31.923 91. 203 3 3 0. 350 15.4 0. 065
4501 4 82. 992 26. 214 3 3 3.166 15.4 0. 065
28—35 245. 540 843. 900 3 2 0. 291 39.2 0. 062
G 34—45 28. 409 376. 360 3 2 0. 075 39.2 0. 062
45¢] 4+ 296. 528 851.470 3 2 0. 348 39.2 0. 062
< 14> F FALFS TF I A 3 A 2Fel Al 44 He % 120] 75 F
A7 [, DSOSy _x g x sy R
S R T LR T EE B PP P .
28—35 264.93 50. 625 t}. o] FElAE] Axlz FEHEAb] g X 4
R 35—45 53.97 36. 625 o 7] uLEe] Ak
450) 4 119. 61 42 385 *EAEAY A4 Ay GE I 2
28—35 19. 34 27.590 A7k Qo] FATF FFE 2ekzo] AHLEH|
W 35—45 61.56 18. 280 3 AAWEE AL ek
e ki 2 b THAE: ¥ BANTRS Aol T4t
28—35 484.89 42.270° 7] fgte ohg dlg 2L AFE serh
G 35—45 167.59 48. 350* (7H4) H,: U=U.
450] 4 518.51 34. 340* X.- X
Test Statistics: t=—=L22
£EE 59 273 3ok o
a. Felz2: %49 54 F¥& £ ] $94F 220,05 FAAH
AMAE FARTGE ®AA A Lakel Zopok i )
w A Si= ("1_1)_'_91 + (712—1) Sie
stz2 Fulzrh vix 44 59 o] HizEs AAA S, = i ra—2
F BAzLe] f9aE 2A FAowAq T ¥ =4, n,=4, X,=34, X,,=39.65 S,=53.99
i ok 1o 2t tcal. =—0.148  t-Hl¢] B2 Y5

<2F> AW RY A7 2F 35454 W
Z At
7t Hy: o1=o12, ‘ﬁ"] ‘?‘—r' a=0.05 ¥&4%
Test statistics: F=—gt dfi=4—1=3
df;;=4—1=3
$,2=29.268  S,;2=78.677 Fcal(3,3)=0.372
F43= 3¢ F,(3,3)0.975=15.4
F,(3,3)0.025=0. 065
4 He® QT 5 E42 dA 8
g8 sBAE7 F Ay

%i
A thex gk e

t(d.f. =6)0.975=2. 447
agln 2 Ttable>Tcal.

AE:7Hd Ho & 33 3+ § ZE82 A
A ttadz B4 goh ol4sm e At
Zt=) w8 27 a2Fo dldld & 133} o] 44
= 9l et

AE:EE 24 i FHTL AR B2
= ok} ddld % 149 T HI AT F
e reldog b ok 4 sk

AAA Tol2es Azzd £l # 149
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< 18> Tejzxe] s (F FAMEA & 249 AA)

Hy: Ui=Us t=Ri—Ru/ S/ +L
P S -
=9 Z}. ;EI:TL—"{- _‘_‘:‘i_.: };ﬂ Ez Sy D.F. T, Trons -] e
28—35 52.05  49.20 264.93 6 0. 015 2. 447 71443
R 35—45 34.00  39.65 53.90| 6 0. 148 2. 447 714 Q1A
45 o] 4t 42.22  42.55 119.61 6 0. 004 2.447 7t A
28—35 38.08 27.10 19.337 6 0. 072 2.447 7+ q1A
w 35—45 18.28  18.28 61.563] 6 0. 000 2.447 7t Q%
45 °] 4t 1972 14.72 54.603] 6 0.129 2. 447 7t 94
28—35 42.42  42.07 484.89 5 0. 000 2.571 7+ el
G 35—45 38.18  48.57 167.59 5 0. 003 2.571 7t4d43
45 ol 23.90 4827 518.51 5 0. 062 2.571 7}4d o1
TEFFTE 2z FA4AS FANTFLEA *¥23AA

A4 g AHgo] JHEEAl S Aol 2By
2] = G o] FEHTE =y F4AA
o2 A4 3 gn AAFFL AEsgch 9
ek 29 G EAREAS A "dAs
a2z gol & BE X STl AL o}
SAHTE AHEFd 2 AE 4 5 ¢V
ol

c. o] FElZE W Tol£ES A2 F &
A 2FANAY FEEA FE HTE R 49
Zo] A4k s glon o] FollA X W F3FH
T3 FERA] thE TRyl v Adew
grlbe AL ¢+ dd=h

d. "YE sl&£E AF7x] e HAEA
Qe Bl Axd ol A AT F 104
o ) 2ol 3 vlast sbsEA =g el
e HLEN H7 AL

p=XX 454 5=s/

1L

ny N

X.: BA%E X AHe AE

S: HE1F 49 EF A

me sk one A% 2 W B 4

S ¥ AT B Aol AR o4 2E A
A

D;: 9= sl2EE 3 $AA

#94E a=0.05 FHE=33 p=10

dl24 % Rell A AL st uzh

X.=36.83 X;=83.95

$=5.69 m=n.=4 S.=4,024

a2 2 Dcal=11.208
Yl e Ho| B2 ¥el Dtab=2.88 («=0.05)

Dtab. =3.54 (a=0.01)

2828 Dcal. >Dtab. »E# 25 odte] &
A 2 AFe] FAl FF A HE3
2] Aol & £4 7] A8 BE A2 Fol At
o] FL& A4e] o] £ el g E 3L 2
Azlole}. o] £ 7. Se FA2Fo dHeld
AsHA ek2A] orbe EAo|x Sign. & FA
4l d3ld "ASA 2 ZA FrE £4)9
t}.

<& 3> Y= e F3

Ay G| -3 | B35 | aels | 3
2 n. S. Sign Sign Sign

3 Sign Sign Sign Sign

4 Sign Sign Sign Sign

5 nS n. S. nS n.S.

R 6 nS u. S, n. S. n.S.
7 »n.S. » S. n. S. n. S.

8 n. S. nS. n S. n. S.

9 n. S. n S. n S. 7. S.

10 n. S. n. S. n. S. n S.

11 7. S. 7 S. n.S. n. S.
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AT ¥l o835 | 3545 | 45014 | = @
2 Sign Sign Sign Sign

3 Sign Sign Sign Sign

4 Sign Sign Sign Sign

5 Sign Sign Sign Sign

w 6 n S. n. S. n. S. n. S.
7 7. S. n. S. n. S. n S.

8 n. S. nS. nS. n.S.

9 nS. n. S. n S, n.S.

10 n. S. n. S. n S. n.S.

11 n. S. n S. n S. n. S.

1 n S. n. S. n. S. n S.

2 n S n. S. n.S. n.S.

3 n S. n.S. 7. S. n.S.

4 n.S. n S. n.S. n.S.

5 n S. n. S. n. S. n S.

6 n. S. n. S. n S. n S

G 7 n S n. S. nS. n.S.
8 n.S. n. S. n. S. n. S.

9 n S. n S. n.S. 7. S.

10 n. S. n. S. n. S. n.S.

11 n.S. n.S. n.S. n.S.

12 n. S n. S. n. S. »nS..

W= Hasy AE:

A4 R: Az 2,344 ¢ $A2F vk 5
S o & ¢ $E9 sluleddez A Y
R FARAA G B FEE A
$e BAZEF 2 O el g8 M 9w

Ay W: xeli 3 2,3,4,54 ¢ EAl2F 2ot
2 &3k %5k & AW R vhabxe &
I fov AF % EdFY AdzAe] $49
R o] Aol Ae L FEI duieldsl 4L
22 A gdR ool A=} AEF )y
3 5HE FAZF v Aeld EAE ne F
I Yk

4 G: ZE e 2§ FAZE H8 A
A3 H2x ¢ga ghx AHwd 3 AR e
28—35, 35—450 4 FA4E «=0.0624 o+
el g3 A2 Fol vs I S5 »
Ao fFI4E a=0.0124 %= Wr}E o] &
9 gtk ol fvle i AEL Z
#e gl Foz HoddA dozn AEes
Hrdos AAalgl 4 g ke Aol
2 o] =l

E. Qe A4 ¢AdlA 453y "dE s\
£EE WY FAZFoE vl e g
3 Aol & E45e ZES FE Sigoy 3
A7E gdnA] sterbe F AElage] A 1F
o]} oHE A ZFol ¥ EoA JrIHr &
T3 RU7FE obedl Y & + YAt o
23 A TE uFdr] A g A4k 2l
2|8 A ZEs A 2E2Y Aol E o
Al W& "I EAAE 448 Aol A
olg} &zlch olBlgt o] &R 1957 % v F9 &

aFdl w3t WE3] FE

A 3] =] o) C. W.Dunnett

<E 16> ®RYE A4E S det
AX=%;~X.2D:S/Vv'Z, D=2.88(a=0.05) ¥&AA

o8 W3 =] 1964

4 7_%

2 9 N X Swichin DS/VZ i
R 28—35 50. 63 5.95 12.119 38. 506 62.744
35—45 36.83 5.69 11.589 25.236 48.414
450] & 42.39 6. 14 12. 506 29.879 54.891
w 28—35 27.59 6.95 14. 156 13.434 41.746
35—45 18.28 7.31 14. 889 3.391 33.169
4501 4 17.22 5.66 11.528 5.692 28.748
G 28—35 42.27 8.14 16.579 25.691 58. 849
35—45 48.35 7.70 15. 683 32.667 64.033
450] 4 34.34 10. 00 20. 368 13.972 54.709

<L D=2, 88 (a=0.05),

D=3.54 (a=0.01)
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<® 17> RUE A4 A

" 4X from LCL

4X from UCL
A W | NP4z
. 28—35 35—45 450] 4 4X 28—35 35—45 459] & 4%
R 2 29.97] . 38.94 42. 02 36.98 3.74 15. 7€ 17.C1 12.17
3 48.92 58.71 58.47 55. 38 24.69 35.54 33. 46 31.23:
4 55.17 60. 49 58.22 57. 96 30. 94 37.31 33.21 33.82
5 11. 37 22. 59 8.40 14.12) —12.86 —0.589 -16.61] -—10.02
6 6. 31 19.56 10.74 12.34] —17.92 —3.2]1] -14.271 -—11.80-
7 0. 07, 4.64 5.27 3.33) —24.16) -—18.54] ~--19.74 —20.81
8 9.14 13.41 8.57 —15.09 —9.76f ~—16.44] ~—13.76
9 1. 27 17.76 8.24 9.C9- ~—22.96 —5.41} -16.77 —15.05.
10 23. 64 28. 84 19. 60, 24.03 0.59 5.66 —5.41 0.28.
11 3.04 15. 34| 7.04 8.471 —21.29 7.84 --17.971 -—10.44
w 2 48. 95| 66. 84 68. 89 61. 56 20.63 37. (6 45. 83 34.51
3 67.15 77-94 83.31 76.13 38.83 48. 16 60. 25 49. 06:
4 56. 02 68.94 71.29 65. 38 27.70 39. 16| 48.13 38. 33:
5 44. 25 46. 66 43.29 44.73 15.93 16. 88 20.23 17. 88.
6 14.79 22.C9 14. 53 17.14] —13.53 7.69 -—8.53 4.79
7 6. 25| 8.74 0. €6 5.22) —22.07| —21.04] --22.40] -21.84
8 11. 32 21.79 18. 86 17.32 ~17.00 —7.99 ~—4. 20, —0.73.
9 10. 22 11.71 8.81 10.25f -18.01| -—18.07] -14.25 ~—16.78
10 15.72 25. 10| 18.91 19.88 —12.60 —4.77 —4. 15 —7.17
11 11. 97| 15.64 12.16 13.26| -—16.35| =-—14.14| -10.90, —13.80:
G 2 16. 66 9.88 22.25 16.26; . —16.50, —21.48 -—18.79] —18.92:
3 34.36 33. 63 23.23 30.41 1. 20 2.271 -17.51 —4.68:
4 25. 33 24. 86 37. 35 29. 18 —7.83 —6. 50 —3. 39 —5.94.
5 16. 46| 8. 98, 18. 13| 14.52f —16.70{ —22.38 -22.61] —20.56
6 0.11 0.53 10. 65| 3.76f —33.35 -—30.83 —30.39% —31.32
7 8.89 —0. 57| 13.71 7.34 —24.27] —31.93] —27.03 ~27.24
8 14. 89 6. 66} 18. 33 13.29) —18.27] -—24.700 —22.41 —21.79:
9 6. 99 4.83 13.75 8.52] —26.17| —26.53] ~—26.69] —26.56
10 0.89 —2.92 2.35 0.11 -—32.27] —34.28 —38.39] -34.98
11 13.26 -—0. 17 5.11 6.07 —19.900 —31.53 —35.63] —29.02
WEe] o]Eo8d 2 FYL 2Rl 2 A4 AX(—): AUE S &3 gAR 2 A
& D= X X= o] A& 4 o3 o] Wy & AU A HI2F T ol
T T, . o] Aol s YA AAE FLA Al
AX=X=X.ED:S [y 3 2ol Aok Arshe] 294X LCL=58.71

Mt vhiE sﬂf_zf— o) Wyy 49 4X
vad0 F S48 +3-2el oxct T A foA
L2 Fort vt & 4+ gk d714 +4E
498 21 DS/t asses qage
she} F3}

AX(+): RAE +Eo] 9% FAAN24 419
ata) 2 MelaF HEke] Ao

4X,.aUCL=35.54
el AT RE: ANE 089 B E
Aol e WPEL A 55430 8718
o2 FA2E 5 BEL 23 s gk

aFd 4 %9 AA2EA ARG FUT
A4LE 37 A5k Fi6o ol 2o ALE T
F 2 vielel 3] KI7sk 2ol AL Assk
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J%H4e AFHe2 AYUE HAES Tvks
A4 @eid AEE of A4l TAE A+
o2 BAY 4 A4k

of WEhE AH4g A4 B AX>0 A =

L5 A A e gl B2

W8 dAsA Seda B + g
R’ W
AE AR AF FANL B4 L 59

A<l

g3 22 FEAQ AEE WE S A4

a. YA ;q vleli e g mlg X F3 b
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FOREWORD

As a part of the 20th. International Course on Industrial Ouality Control, held in Bou-
wcentrum International Education, Rotterdam, the Netherlands, I have spent my practical
period of five weeks, from Ist of Noev. 1976 to the 5th of Dec. 1976, with Gist Brocades
N.V. in Delft. This factory is one of the largest companies in the world, that produces
yeast and yeast products, antibiotics (like penicillin, pimaricine, etc.) enzymes and var-
ious pharmaceutical products. The section in which I worked is “Research Mathematical
center”, which is a part of the factory. The function of this section is the evaluation
and the analysis of the results obtained from experiments. ‘

Advise is given to other research sections to the quality control department and service
is rendered to the routine contorol laboratories and to the production department.

This report concerns the results of various potatoes experiments carried out in three
different parts of the Netherlands. I have tried to bring fruitful results, which will be
helpful to the company. But, it is to be regretted that I did not have enough time to
analyse the entire problem. Anyway, due to this practical workshop, I have gained more
confidence in the application of statistics to this kind of problems.

SUMMARY

An antibiotic ‘p’, which is one of the products of the Gist Brocades N.V. is being
tested by its research department as fungicide on seed-potatoes. For this testing they
designed experiments, with two control groups, one competitor’s product, eight formula-
tions of the antibiotic to be tested in different concentrations and one mercury treatment
which can not be used in practice. The treated potatoes were planted in three different
regions, where bifferent conditions prevail. After several months the harvested potatoes
are divided in groups according to their diameter, potato illness is analysed and counted.
These data were summarised in percentage and given to us for Analysis.

We approached and analysed the data by following methods:
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a. Computation of the mean and standard deviation of the percenage of good results
in each size group and treatment.

b. Computation of the experimental errors by substraction of each treatment mean from
observed data.

c. Description of the frequency table, plotting of a histogram and a normal curve on
same graph to check -normality.

d. Test of normality paper and chi-sqeare test to check the goodness of fit to a norma}
curve.

e. Test for homogeneity of variance in each treatment with the Cochran’s test and
Hartley’ s test.

f. Analysis of Variance for testing the means by one way classifications.

g. Drawing of graphs with upper and lower confidence limits to show the effect of diff-
erent treatments.

h. T-test and F-test to two Control mean and variance for making one control of Du-
nnett’ s test.

i. Dunnett's Test and calculations for numerical comarision of different treatments
wth one control.

In region R, where the potatoes were planted, it was this year very dry and rather bad
conditions to grow potatoes prevailed during the experimental period. The results of this
investigation show us that treatment No.2, 3 and 4 are significantly different from other
treatments and control groups (none treated, just like natural state). Treatment no.2 is the
useless mercury formulation. So only No. 3 and 4, which have high concentrations of an-
tibiotic ‘P, gave a good effect to the potatoes. As well as the competitors product,
middle and low concentrated formulations are not significantly different from control g-ro——
ups of every size.

In region w, where the potatoes got the same treatments as in region R, prevailed better
weather conditions and was enough water obtainable from the lake. The results in this
region showed that treatment No. 2,3,4, and 5 are significantly different from other tre-
atments and the control groups. Again No.2 is the mercury treatmentin this investigation.
Not only high concentrated formulation of antibiotic ‘P’, but also the competitor's poro-
duct gave good results.

But, the effect of ‘p’ was better than the competitors porduct.

In region G, where the potatoes got the same treatments as in the regions R and w.
and the climate conditions were equal to region R, the results showed that most of the
treatments are not srgnificantly different from the control groups. Only treatment no. 3
was a little bit different from the others. but not significantly different. It seems to us
that the difference between the results in the three regions was caused by certain conditi
ons like, the nature of the soil the degre$ of moisture and hours of sunshine, but we are
not sure of that.

As a conclusion, we can say that antibiotic ‘P’ has a good effect on potatoes, but in
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most investigations a rather high concentration of ‘P’ was required in formulations,
INTRODUCTION

The research department of “Gist Brocades N.V.” is testing the effect of an antibiotic
‘D’ on potatoes. They are testing whether this antibiotic a so called fungicide, is effe-
ctive against the decaying of potatoes by fungi. This fungicide p is not very cheap to
use.

So, the aim of the company is to get an optimum composition of the fungicide ‘P’ and
other components to achieve a maximum harvest of potatoes at a resonable price.

In the experiment, first of all, two batches of potates were treated in advance to check
the effect of store after treatments. These two are the mercury treatment and one of the
high concentrated treatments of ‘p’ after two months, the left 7 batches of the potatoes
were treated separately with various compositions and concentrations of the antibiotics.
At the same time, another one batches are treated with a competitors product and two
batches are non-treated (so called control groups), so that one can compare the results
after these 12 treatments. And then, each batch of potatoes was distributed in three
different parts of the Netherlands, that have different climates and soil composition, the
otato batches are planted randomly each in 4 fields.

After several months the potatoes which are obtained from original seed-potatoes are
harvested separately in each field. Afterwards the potatoes of each field are divided in
3 diamerter groups with a potato sorting machine, where the potatoes are are able to roll
on and jumped down from the hole which larger than potato itself.

Later on 50 samples of each diameter group in each field are checked on the degree of
potato illness.

There are 4 quality classifications of degree of potato illness.

Each group of potatoes can be used as follows:

28-25mm: Can be used as seed-potatoes for the next year

35-45mm: For consumption and export

45mm over: Can be used to make potaloes (so called “patat”).
Among the 4 quality classifications, one is interested in the best one only in this inves-
tigation. ‘

€0 the number of good pctatoes is counted and the percentage of the total number of

potatoes in each field is calculated. The data thus obtained are listed for each field
seperately. Out of three different regions. These datas which given to us for analysis
were separated into 12 treatment groups, and 3 diameter groups, so the total number of
fields in each region is 48.

EXPERIMENTAL DESIGN

Experiment in Region R-Treatments with the following formulations:
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no.
no.

no.
no.
no.
no.
no.
no.
no.
no.

no.

‘Conditions

w

O 00 3 O O

12:
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! no treatment as a control group.
: mercury treatment and stored 2 months after treatments.
: high concentrated antibiotic ‘p’ with acetic acid and stored 2 months

after treatments.

analogous treatments as no. 3, but notstored.
ccmpetitor’s product.

middle concentrated ‘p’ with high coccentrated methanol.
middle concentrated ‘p’ with low concentrated methanol.
low concentrated ‘p’ with high concentrated methanol.

: low concentrated ‘p’ with low concentrated methanol.
10.
11:

middle concentrated “p” with methanol and natorum component.
middle concentrated ‘p’ with other component without natorum com-~
ponent.

no treatment as a control group.

The seed-potatoes are planted in very dry soil.
Experiment in Region W
Theatments are the same as in Region R.

‘Conditions

The potatoes are planted and cultivated with sufficient water from the lake.
Experiment in Region G

“Treatments are the same as in region R and W

Conditions

“The potatoes are planted and cultivated in very dry and sandy soil.

TEXT

A. Explanation of the data
The datas provided to us consist of lists with percentages of good potatoes of each
size, field and treatment are in table 4.1, 4.2 and 4.3 of the appendix.
In the table given below numbers of treatment, field and codes used for investigation

on good potatoes, in eachregion and diameter groups are presented:

. Diameter No. of No. of field
Region groups treatments for each treatment
28 ~ 35 12 4
R 35 ~ 45 12 4
45 over 12 4
28 ~ 35 12 4
w 3B ~ 45 12 4
45 over 12 4
28 ~ 35 12 43"
G 35 ~ 45 12 4(3)
45 over 12 5(3)
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*Only in region G, there are 3 fields for no. 12 control treatment as
shown in table 4.3, because there was no room for planting these
potatoes.

N.B. In the original data of region W, an additional diameter group of 45-55 exists.
But, for convenience of comparison, it was combined with the 55 over group into
a 45 over group.

As a result, each diametergroup of each diametergroup of each fegion has 12X4Xx50=
2,400 sample potatoes, so total 2,400X9=21,600 samples were checked.

B. Statisticalapproach

To perform the analysis of variance for comparison of difference in the effects of the
treatments, three main assumption are necessary, normal distribution, homogeneous va-
riance and independent observations. Sampling from each field was carried out independe
ntly. But normality and homogeneity of variance was not certain.

So, first of all a histogram from the frequency table and a normal curve from the
normal distribution table were drawn. Afterwards relative cumlative frepuency was plo-
tted on probability paper and chi-square test on goodness of fit of histogram to normal
curve was carried out to check normality.

Secondly, to investigate for homogenity of variance in each treatment. Cochran’s test
and Hartley’'s test were carried out. With the results of these two investigations, we can
assume that the percentage of good potatoes in experiments without effects of treatments
are approximately normally distributed and that the variance of each treatment is also
homogeneous. So we can carry out an analysis of variance. After these analysis we drew
several graphs with confidence limits to see if there is a significant difference of effects.
of each treatment.

Qur aim is to know the numerical difference between effects of treatments, therefore
we would like to do Dunnett’s test and calculations. But in these problem, we have two
control means and variances, for the fulfillment of Dunnett’s test.

We need to have a common variance and common mean from two control treatments. As
a consequence, we use a F-test for checking the difference between two control varian-
ces, and then T-test for checking the difference between the two control means. With
these two tests, we can calculate control variance and mean for Dunnett's test. In concl-
usion, as a last procedure, the Dunnett’s calculation was carried out.

C. Analysis and Results

C-1. The computed mean percentages of good potatoes can be found in Table~1: In this
table treatment no.2,3 and 4 seem to be higher than the other in each diameter group
and region.

C-2. The computed standard deviation from percentage of good potatoes in each in each
field of same treatments can be found found in Table-1.
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C-3. Test of normality: the test on normality was carried out on the 35~45 diameter
group. The results of tests on normality of the other groups will be the the same.
a. We substracted each treatment from the observed percentages of good potatoes in
each field as shown Table 5.1.,5.2. and 5.3. in appendix, so we can see the experim-
ental error without the effects of different treatments.

b. From the above data, rank for histogram was calculated: for R and W these were 5.
and for G this was 8, then three frequency tables were made.
See table 6.1, 6.2. and 603 in appendix.

c. With the frequency table, three histograms were drawn. See fig. 2.1, 2.2. and 2.3.
in appendix. Most histograms appeared to be a little skew in shape. Since number of
samples was too small (at least about 100 sample were needed to see). with these
histograms, we can not determine whether the distribution was normal or not.

So we computed the normal value with this formula: (X,-X)/S and find out the
probability between X; andX,+1 and then multiply by the total frequency. Afterwards
we calculated the expected, frequency with above process. With these figures the
normal curve was drawn on the histogram. But normality was still doubtfull.

p. With relative cumulative frequency and mid value of table 6.1. was plotted on
probability paper to see whether the line was straight or not. see fig. 3.1, 3.2. and
3.3. in the appendix.

When we see these three graphs the line through the plotted points was approxima—
tely straight.

So we can assume that this distribution was approximately normal, but we don't
know that how close the normal curve was fitted.

e. The chi-square test to make it more definite has carried out. The results are shown:
in table 7.1., 7.2. and 7.3. in the appendix. From there calculation of table 7.1.
X=X (0-E)*/E=12.28
X2 table d.f. =3and significance limit 5% =15. 51
So Xe<X? ¢t
Conclusion: - not significatly different
- normally distibuted
Also this was found in' W and G.
So we came to the conclusion that the percentage of good potatoes in experiments:
without effects of treatments are approximately normal.

C-4. Test of homogeneity of variance of the 35~45 diameter group on each region, for

example to fulfill the second assumption, we tested the homogeneity of variance as
follows:

i) Cochran,s test

Ho: 021:'022:0'2320'24 """ :0'212

largest S,?

Test statistics: C= TS
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Tabel 8. _
Results of Cochran’s Test
Region Size i Largest Sum of Ceen Cas | Results
28 ~ 35 12 347.08 1697.91 0. 204 0. 3264 Not signif-
R 35 ~ 45 12 350. 81 1552. 40 0.226 0. 3264 icantly
45 over 12 443.52 1795. 57 0.247 0. 3264 different
28 ~ 35 12 859. 66 2563. 58 0. 325 0. 3264 Not signif-
w 35 ~ 45 12 770. 62 2321.55 0.322 0. 3264 icantly
45 ovar 12 412.90 1536. 55 0. 269 0. 3264 different
28 ~ 35 12 843.90 3373.25 0. 250 0.3264 Not signif
G 35 ~ 45 12 800. 32 2891. 57 0.277 0. 3264 icantly
45 over 12 1079.12 4946. 38 0.218 0. 3264 different
*C.av1e Critical Value for Cochran,s Test, significance level
a=0.05 at k=12 d.f. =3 is 0. 3264
Conclusion: Accept H,, All variances are homogeneous.
All twelve population have common standard deviation.
ii) Hartley’'s test
HO: 0212022:023 ...... :6212
2
Test statistics: F:-g%
Table 9.
Results o1 Hartley's test
Region Size i \h;l:i);-nce {\Id;?i.ance Fea Fiap. Results
28 ~ 35 12 347.08 15.52 22. 40 124 Not signifi-
R 35 ~ 45 12 350. 81 29.27 11.99 124 cantly
45 over 12 443.52 29. 27 15.15 124 different
28 ~ 35 12 770. 62 11.56 66. 66 124 Not signifi-
w 35 ~ 45 12 859. 66 31.92 26.93 124 cantly
45 over 12 412.90 26.24 15.75 124 different
28 ~ 35 12 843.90 29. 05 29. 05 124 Not signifi-
G 35 ~ 45 12 800. 32 23.14 34.59 124 cantly
J 45 over 12 1079.12 31.92 33.81 124 differnt

* Flape: Critical Value for Hartley's test, significance level,

a=0.05 at K=12 d.f.=3 is 124

Conclusion; Accept Hy; All variances are Homogeneous.
As the results of these two tests for homogenety we can say that the second
assumption for Analysis of variances is satisfied.

C-5. Analysis of Variuace.

As the distribution is normal and variances are equal, We can compare the means of
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different treatments by analysis of variances.

For example: Investigation on 35~45, in region R, with the data of Table 4.1, is showm
below. Here, we can apply one-way classifications as fallows.

H,: All means are equal.

Formula
(1) (2) 3) Mean square of .
Source of variation Sum of square d. f. variatiot}x F-ratio
Between Treatments lni (Xi.)z—:;g’—"; p-1 (2)/(3)=a a/b
je=] .
P
Within Treats L xmyi—lyxye pn—1) =b Fo (P71
no pn-1
2
Total Z‘I Z,: (Xij)z—f'; pn-1
Table 10.
Analysis of Variance on Investigation 35~45 for Example;
Source Sum Degree Mean square .
of variation of square of freedom of variation F-ratio
Between treatments 14820. 94 11 1347.36 10. 426
Witiin treatments 4656. 48 36 129. 35
Total 19477.42 47

From the F-table; F,=F,.0:(11,36)=2.13
F.=10.420>F.=2.13
so, reject H,, there are significantly different means between treatments.

Then for all investigations on each region and size, the same computation was carried’
out. See table-11 in the appendix. The result of this calculation was written in table-2.

From the analyses of variance we found that regions R and W have significantly
different means between treatments, but only region G has not significantly different.
means between treatments on each size.
C-6. Drawing praphs.

i. With the results of analyses of variances, we can make confidence-limits as follows::

Region R anp W(different means)—Xirom sontroi==t. %

Region G(not different mean)—:(fmm grana £t S

s . . L. .
where s5,=7/5" estimated standard deviation of population
s : standard deviation within treatments
n : number of fields within treatments

And then U.C.L. L.C.L. and mean was calculated for drawing.
See table-15 in the appendix.

ii. with the data of table-15, we drew the graphs which are shown in fig. 1-1, 1-2, 1-3,.
1-4 and 1-5.

iii. These graphs show that:
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In region R: treatment no. 2, 3 and 4 are significantly different from other treatments
and control.
In region w: treatment no. 2, 3, 4 and 5 are significantly different from control and
other treatments.
In region G: there were no significantly different treatments: only treatment no. 3 was
little bit different from others with significance-level of 5%.
C-7.
Dunnett’s test for numerical comparison of different treatmentswith one control for
the fulfillment of Dunnett’s test.
We have to have F-test for a common variance and F-test for common mean as follo-
ws:
i. F-test: for checking the difference between twocontro] variances. for example: inve-
stigation on 35-45 in region R
H,:0,=0;, 2 tailed test with significance limit «=0. 05

Test statistics : P=-55, dfi=4-1=3, dfiy=4-1=3
12

s2,=29. 268 §%,=78.677
Fo (3,3)=0.372
‘From the F-table F,(3,3)p.0:=15.4
F, (3, 3) .02s=0. 065
~Conclusion: Accept H, the variances are not significantly different.
And then, on every investigation each region the same procedure was made, as we
can read in table-12 of the appendix.
As the result, we were able to calculate the pool variance as a control variance.
71i. T-test: for checking the difference between two control means.
For example, investigation on 35-45 in region R

H,:m=p,
Test statistics: t:i_—fl—zl— two tail test with signifi-cance limit a=0.05
s
~where s,2= =1 :fi,gﬁi;l)snz
m=4, n,=4, %34 and X,;,=39.65
s,=53.99

?eae =—0. 148 from the t-table ¢ (d.f. =6) .07 =2. 447
SO Tiapie> Teal.

conclusions: accpt H,, the means are not significantly different. And then, on every
“investigation in each region, the same procedure was applied (see table-13 in appendix).
As the result, we were able to calculate the common mean as a con trol mean and
centerline of the graph. But only region G has a centerline from grand mean, since
the result of analysis of variances are not significant, that means’all means are almost

same.
“iii. With the result of F-test and 7-test, common variances and common mean of two
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control was calculated as table-14 in appendix. Inthis table, we find out the control
mean and variance of region W are relatively lower than in the two other regions.

iv. Dunnett’s test: with the above procedure we can compare the 10 treatments with one
control by Dunnett’s test.

Test statistic for Dunnett's Test is D‘:______x,-:x,

1
where : 5,=s,/ -
n.~+m

%.=control mean
X,=treatment mean
s=standard deviation within groups
n; andn,=the sample size, no. of field.
s,=the estimated standard error of difference between two
means.
D,=critical value for Dunnett’s test of significance limit
a=0.05 at d.f. =33, p=10 in two tail test.
for example: investigation on treatment no.3 of 35-45 in region R
%.,=36.83 %;=83.95 $=5.69 m,=n.=4 5,=4.024 s0 D.a =11.208
from the Dunnett's table Di,. =2.88(a=0.05)
Db, =3. 54 (a=0.01)
80 Dear.>>Div—significantly different from control.
And then, same calculation was carried outon every treatment to see the difference
‘between treatment mean and control group mean (see table-3).
‘The result of theset ests show us that:
region R: treatment 2, 3, 4 are higher than control
region W: treatment 2, 3, 4, 5 are higher than control
region G: only size 28-35 and 35-45 in treatment no.3 are little bit higher than
control group with a=0.05, but not significant with a=0.0l.
So all treatment in region G are not significantly different from control.
So we can make the result of the graph more definite.
-v. Dunnett’s calculationfor for finding out the numerical difference from the control we
.carried out following calculation:
from the statistics of iv

— X —X,
D'_hs,

we can convert the formula like this:

Ax:xf—xciD.-sJ nl+7% (Dunnett’s test if 4xwe>0 significant)
where:
D,+s hL+;1L : allowance between upper-confidence-limit and lower-confidence-limit.

dx ¢y : difference between each treatment mean and lower confidence limit
(by Dunnett’s critical value in table)



4% (., : difference between each treatmentmean and upper confidence limit:
" (by Dunnett’s critical value in table)

In the same example, we can find out
Axfxom LCL:58- 71
A%t com uc =35. 54

Table-1
RESULTS of INVESTIGATION
‘ Mean % of Good Potatoes , Standard Deviation
Region Treatment No.
28635 | 35—45 | 4sover | 28-35 | 3545 450ve

R 1 (control) 52.05 34.00 42.22 17.09 5.41 14. 49
2 66. 48 64. 18 71.90 11. 14 13.28 21.06

3 87.43 83.95 88.35 5.43 6.38 6.53

4 93.68 85.73 88. 10 3.94 12.48 9.06

5 49. 88 47.83 38.28 13.20 18.73 8.77

6 44.82 45.20 40. 62 15.72 16. 39 10. 55.

7 38.58 29.88 35.15 18.63 10.79 15.71

8 47.65 38.65 38. 45 7.17 5.76 11.05

9 39.78 43.00 38.12 6. 57 6.31 7.21

10 62.15 54. 08 49.98 10. 10 12.26 14.59

11 41.55 40.58 36.92 6.92 8. 10 12.90

12 {(control) 49.20 39.65 42.55 15. 42 8.87 5.41

w 1 (control) 28.08 18.28 48.18 3.88 5.65 5.33
2 62. 38 70.23 42. 55 10.32 6. 50 5.24

3 80. 58 81.33 66. 30 7.29 12.13 7.89

4 69. 45 72.33 57.53 8.83 15.21 18.26

5 57.68 55.05 41.65 27.76 29.32 25.52

6 28.22 25.48 33.20 13. 04 20.67 14.64

7 19.68 12.13 32.10 5.91 9.80 4.81

8 24.75 25.18 39.33 19.57 13.26 9.53

9 23.65 15.10 37.50 23.28 13.63 12.92

10 29.15 28. 40 29.75 3.40 7. 80 10. 81

11 25. 40 19.03 32.50 11.54 14. 64 28.29

12 (control) 27.10 18.28 48.57 4. 86 9. 55 19. 40

G 1 (control) 42.42 48.18 23.90 15. 67 5.33 17.22
2 42.35 42.55 35.92 10. 68 524 19. 87

3 60. 05 66. 30 37.20 5.67 7.89 13.81

4 51.52 57.53 51.32 19.07 18. 26 24.77

5 42.15 41.65 32.10 20.43 25.52 5.65

6 25. 80 33.20 24.62 14. 67 14. 54 26. 83

7 34.58 32.10 27.68 12. 60 4.81 8.15

8 40. 58 39.33 32.30 12. 80 9.53 13.20

9 32.68 37.50 27.72 5.39 12.92 16.00

10 26.58 29.75 16. 32 21.81 10. 81 16. 40

11 38.95 32.50 19.08 17.72 28. 29 32.85

12 (control) 42.07 48.57 48.27 29. 05 19. 40 29.18
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Conclusion of this examples:
percentage of good potatoes in treatment no.3 exceeds the standard
by an amount between 35.54 and 58.71
and then on every treatment, same calculations were carried out as table-17 with data
of table-16
As the result not only we came to same conclusion of Dunnett’s test and graphing,
but also we can distinguish each treatment from con-trol numerically.

Table-2
Results of Analysis of Variance
Investigation
; Results
Region | Size .
R 28—45 There is a significant difference between treatments.
35—45 There is a significant difference between treatments.
450ver There is a significant difference between treatments.
w 28—35 There is a significant difference between treatments.
35—45 There is a significant difference between treatments.
45 over There is a significant difference between treatments.
G 28—35 No significant difference between the treatments.
35—45 No significant difference between the treatments.
| 45 over No significant difference between the treatments.
Table-3
Results of Dunnett’s Test
Region Treatment No. 28—35 35—45 45 over General
R 2 n.s. sign. sign. sign.
3 sign. sign. sign, sign.
4 sign. sign. sign, sign.
5 n.s n. s. n. s. n s,
6 n.s n. s. n. s. n. s,
7 n.s n.s. n. 8. n. &
8 n. s n. 8. n.s. n. 8.
9 n.s n. s. n.s. n. 8.
10 n.s n. n. s. n. s
11 n. s. n.s. n.s. n. s,
w 2 sign. sign. sign. sign.
3 sign. sign. sign. sign.
4 sign. sign. sign. sigo.
5 sign. sign. sign. sign.
6 n. s. n. s. ns n.s
7 n.s. n. s. n.s n. s.
8 n.s. n.s. n.s n.s
9 n. s. n. s. n.s n. s
10 n. s. n.s. n.s n.s
11 n. s. n.s. n.s n.s




G 2 n.s. n. s, n.s. n.s.
3 n.s. n.s, n.s, n.s.
4 n. s. n.s. n.s. n.s.
5 n.s, n. 8. n. 8. n. s.
6 n. 8. n.s. n.s. n.s.
7 n.s. n.s. n.s. n.s.
8 n.s. 'n.s. n.s. n.s.
9 n.s. n. s. n.s. n.s.
10 n. s. n.s. n. 8. n.s.
11 n.s. n.s. n.s, n.s.
NOTE

n.s. :not significantly different from control group.

sign. : significantly higher than controlgroup.
Conclusion :
Region R: Treatments 2,3 and 4 are significantly higher than the control group
Region W: Treatments 2,3,4,5 are significantly higher than the control group
Region G: All treatments are not sighificantly different from the control group.

Conclusions

. The treatments of antibiotic ‘p’ have a good - effects on potaces, but a rather high
concentration of ‘p’ was required in the formulations in most investigations. The res-
ults show us that.

In region R, treatment No. 2,3 and 4 have significantly better results than the con-
trol groups and the other groups. No. 10 probably be higher but not significantly.
In regeon W, treatment No. 2,3,4 and 5 have significantly better results than control
groups.
In region G, only treatment No. 3 has a little better effect on potatoes than the
control groups; in other cases the results are more or less equal.
Consequently, the high concentrated treatments of ‘p’ (no. 2 and no. 3 treatments)
show good results. The mercury product also has good results, but is useless in pra-
ctice.
The competitor’s product shows good results too, only in good conditions, but lower
then those of antibiotic ‘p’.

. The results of treatment with middle and low concentrations of antibiotic ‘p’ do not
differ significantly from the non-treated control groups; that is in most investigations.

. Comparison between the mercury treatment (no. 2) and the antibiotic ‘p’° treatment
(no. 3), which were stored 2 months after treatment, shows us that no. 2 in most
investigations (by detection of the graph).

. Comparison on storage time difference of 2 months between treatments no. 3 and no. 4,
shows us that were no sighificant differences between them (by detection of the graph).

. Comparison between no. 6 and no. 7 and no. 8 and no. 9 where different methanol
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EFFECT OF DIFFERENT TREATMENTS
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EFFECT OF DIFFERENT TREATMENTS No. 69
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EFFECT OF DIFFERENT TREATMENTS
Region G
: 7B Gize 45 over
rean
So
cf 80—
Good
60~ UcL.
_________________ —— _ a=0.01
/‘b.os
40—
. / Cl=
\/o/ 31.00
204
------------------ e e m  m  em e =LCL
R N
T i I ! 1
1 L5 e 5 x 7 R
control YN Treatment No. contre!

Fig. 1-5.

concentrations were added, showed no significant diffences, but the highest concentra-
tion seems to be slightly better.

Comments and Recommendations

1. In region G, most of the treatments on portatoes gave results that were not signifi-
cantly different from the controlgroup.
This may be due to:
a. seed-potatoes that are used in the experiments are not of the same quality.
b. the nature of soil, the degree of moisture in the field and hours of sunshine were
too bad to grow potatoes, so that we can only see small differences in it.
2. The summer of this year was too dry to be a normal condition for the experiment, so
to draw conclusions from these experiment appeared to be rather difficult.
3. The number of classes of the diameters (only three) was two small to asses a relation~
ship between size and good results of potatoes in these experiments.
4. If possible another experiment on the effects of the middle level concentrations of anti~
biotic ‘p’ will be necessary to ascertain this.
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Data Sheet-1

Percentage of Good Potatoes on Investigation in Region R

Appeodix No.-1
Table+4.1

105

Size Size
Treatment Field 28—35 35—45 450ver (| Treatment| Field 28—35 35—45 450ver
1 8 26.7 33.3 42.0 7 9 26.0 14.3 19.6
17 59.6 34.5 50.0 13 20.0 32.7 54.5
31 64.0 40.7 54.9 26 49.0 39.2 40.9
39 57.9 27.5 22.0 38 59.3 33.3 25.6
2 12 74.5 74.5 94.0 8 1 43.1 43.8 50. 0
20 71.4 76.1 84.4 24 53.3 40.4 28.6
30 50.0 49.0 48.0 35 40.0 40.0 45.8
40 70.0 57.1 61.2 44 54.2 30.4 29.4
3 10 84.6 75.5 93.9 g 6 43.1 30.0 43. 8
21 81.6 87.8 83.0 14 44.0 52.0 29.0
27 89.6 82.7 94.1 25 42.0 46.0 35.7
41 93.9 89.8 82.4 47 30.0 44.0 44.0
4 11 96.0 98.0 86.4 10 7 75.5 56.9 67.3
23 90.0 84.0 94.0 15 64.2 62.0 55.1
33 98.0 91.8 96.0 29 56.0 36.0 33.3
43 90.7 69.1 76.0 37 52.9 61.4 44.2
5 4 39.2 28.6 28.9 11 5 50.0 38.8 49.0
16 41.2 56.0 32.7 19 40.0 42.9 36.7
34 51.0 36.7 45.5 28 33.3 30.6 19.1
48 68.1 70.0 46.0 46 42.9 50.0 42.9
2 33.3 26.9 34.1 12 3 41.7 47.1 50.0
22 66.0 66.7 51.1 18 64.6 28.0 38.8
32 34.0 44.9 48.1 36 31.3 46.0 43.1
42 46.0 42.3 27.3 45 59.2 37.5 38.3
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Appendix No.-2
Data Sheet-1 Table-4.2
Percentage of Good Potatoes on Investigation in Region W

Size Size
Treatment Field 28—35 35—45 450ver || Treatment; Field 28—35 35—45 450ver.
1 8 32.0 20.0 18.0 7 9 14.0 10.2 0
17 265 | 13.3 18.9 13 22.0 5.9 12.0
31 30.4 2.5 32.0 26 15.8 26.5 9.4
39 23.4 14.3 10.0 : 38 26.9 5.9 4.0
2 12 52.1 60.9 72.0 8 1 4.2 12.0 12.0
20 75.5 76.0 80. 4 24 42.9 30.4 32.6
30 65.3 72.0 79.2 35 40.0 41.3 47.6
40 56.6 72.0 66.7 44 11.9 17.0 6.0
3 10 79.6 80.0 96.2 9 6 0.0 2.0 6.0-
21 90.2 98.1 98.0 14 120 | 14.6 8.0
27 72.5 78.0 75.5 25 28.9 9.8 6.0
41 80.0 69.2 86.3 ‘ 47 53.7 34.0 38.0
4 1 7.7 | 66.0 78.0 0 | 7 327 | 2.5 | s0.0
23 80.0 80.9 82.4 15 25.5 22.0 17.4
33 67.3 88.2 77.1 : 29 31.3 39.6 34.7
43 58.8 54.2 70.0 : 37 271 24.5 16.3
5 4 176 | . 80 23.5 n 5 19.6 14.0 10.0
16 60.8 52.0 417 . 19 24.0 16.1 18.2
34 78.7 71.4 66.0 , 28 16.0 6.0 18.2
48 73.6 68.8 64.7 46 42.0 40.0 25.0
6 2 | 137 5.7 10.4 12 3 20.0 4.0 12.0
22 38.0 47.0 30.0 18 30.6 22.0 12.5
32 40.4 39.2 24.5 36 29.8 23.1 22.4
42 20.8 10.0 16.0 : 45 28.0 [ 24.0 12.0
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Appendix No.-3
Data Sheet-3 Table—+4.3
Percentage of Good Potatoes on Investigation in Region G.

Size : Size
Treatment Field 28—35 3545 45over || Treatment| Field 28—35 | 35—45 45over
1 8 58.0 43.8 45.8 7 9 7 18.8 33.3 31.9
17 36.2 54.9 20.4 13 31.9 25.0 36.2
31 23. 4 50.0 4.0 26 48.8 35.3 17.6
39 52.1 4.0 25. 4 38 38.8 34.8 25.0
2 12 49.0 35.4 36.8 8 1 27.0 37.5 17.8.
20 40.0 46.0 52.8 24 33.3 53.2 4.7
30 28.3 41.7 7.8 35 46.7 34.7 42.2
40 52.1 46.9 46.3 44 55.3 31.9 24.5
3 10 61.7 58.0 42.6 9 6 3.4 51.0 33.3
21 65.3 61.2 19.2 14 28.0 25.0 18.0
27 61.2 72.0 52.1 25 31.9 28.0 12.0
41 52.0 74.0 34.9 : 47 40.4 46.0 47.0
4 11 480 80.0 87.1 10 7 14.3 16.7 6.4
23 74.0 39.6 34.0 : 15 8.0 28.6 10-4
33 54.3 64.3 35.4 . 29 57.1 43.1 40.8
43 27.7 46.2 48.8 37 26.9 30.6 7.7
5 4 38.3 27.1 31.8 11 5 28.0 8.2 8.3
16 17.3 16.0 24.8 19 25.0 22.0 0.0
34 66.7 73.5 33.3 28 38.8 26.5 0.0
48 46.3 50.0 38.5 46 64.0 73.3 68.0
6 2 9.5 16.0 10.6 12 3 17.0 29.4 26.0
22 18.8 51.1 61.4 18 35.3 48.1 37.5
32 42.9 29.2 26.5 36
42 32.0 36.5 0.0 45 73.9 68.2 81.3
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Appendix No.-4 Table-5.1
Substraction Treatment Mean from the Observed Data(Region R)

6.93

T 1 2 3 4 L(Ri~R))
1 -0.7 0.5 6.7 —6.5 0
2 10. 325 11.925 -15.175 —7.075 0
3 —8. 45 3.85 —1.25 5. 85 0
4 12.275 —~1.725 6. 075 —16. 625 0
5 —19.225 8.17% —11.125 22.175 0
6 -18.3 21.5 -—0.3 -2.9 0
7 —15.575 2.825 9. 325 3. 425 0
8 5.15 1.75 1.35 —8.25 0
9 —13.0 9 3 1 0

10 2.825 7.925 —18.075 7.325 0
11 -—1.775 2. 325 -9.775 9.425 0
12 7.45 ~11.65 6.35 -2.15 0
22+19.225  41.225
Rank= 2“;' G = 5, 95—
Table-5.2
Substraction Treatment Mean from the Observed Data(Region W)

; ! 1 2 3 4 Z(Wi— W)
1 1.72 —4.98 7.22 —3.98 0.02
2 —9.33 5.77 1.77 1.77 —-0.02
3 ~1.33 16.77 —3.33 -12.13 —0.02
4 —6.33 8.57 15.87 -—18.13 —0.02
5 —42.05 1.95 21.35 18.75 0
6 —19.78 21.52 13.72 —15.48 —0.02
7 -—1.98 —6.23 14.37 —6.23 0.02
8 —13.18 5.22 16.12 —~—8.18 0
9 —13.10 —0. 50 ~5.30 18.90 0

10 —0.90 6. 40 11.20 -—3.90 0
11 —5.03 —2.93 —13.03 20.97 —0. 02
12 —14.29 3.72 4.82 5.72 —0.02
Rank—.2L: 52‘-;;9. 78 4&1'. 5'330 P
Appendix No.~5 Table-5.3
Substaction Treatment Mean from the Observed Data Region G

; ! 1 2 3 4 Z(G,—Gy)
1 —4.38 6.72 1.82 —4.18 —0.02
2 ~7.15 3.45 —0.65 4.35 0
3 —8.30 —5.10 5.70 7.70 0
4 22. 47 —17.93 6. 77 —11.33 —0.02
5 —14.55 —26.55 31.85 8.35 0
6 —17.20 17.90 —4.00 3.30 0
7 1.20 ~7.10 3-20 2.70 0
8 —1.83 13.87 —4.63 —7.43 -—0.02
9 13.50 —12.50 —9.50 8.50 0

10 —13.05 —-1.15 13.35 0. 85 0

11 —24.30 —10.50 —6.0 40. 80 0

12 —19.17 0. 47 19. 63 —0.07
Rank=-31:85125.65 —=8. 23——8. 00
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Table-6.1

Test for Normality

Frequency of Substracted % from Mean in Investigation 35—45(Region R)

109

Interval Mid Value | Freq. tailed Freq. Cum. Freq Rel. cum. freq.
-~22.5 —17.5 —20 I 3 3 6.25%
-17.5 —12.5 —15 il 4 7 14.58
—12.5 -7.5 —~10 Mt 5 12 25. 00

—7.5 —2.5 -5 Il 3 15 31.25

—~2.5 +2.5 0 | it 12 27 56.25

+2.5 +7.5 +5 Mt | 11 38 79.17

+7.5 +12.5 +10 H 1 8 46 95. 83
+12.5 +17.5 +15 0 46 95. 83
+17.5 +22.5 +20 I 2 48 100. 00

s e )2 ]
$=9.837 Z=—0.208(where z=—z;——Z ffx sr= L i z;(?.ff‘) L
Table-7.1
Goodness of Fit to Normal Curve
X; Z, Pro. (<Z) |Pro(x;<Z<x;+1)| Exp. freq. Obs. freq. (O—E)*/E

~22.5 -2.27 0.0116
-17.5 —1.76 0. 0392 0. 0276 1.32 3 2.14
—12.5 ~1.25 0. 1056 0. 1240 5.95 5 0.15

7.5 —0.74 0.2296 0. 0664 3.19 4 0.21

—2.5 -—0.23 0. 4090 0.1794 8.61 3 3.66

+2.5 +0.275 0. 6084 0. 1994 9.57 12 0.62

+7.5 +0.78 0.7823 0.1739 8.35 11 0.84
+12.5 +1.29 0.9015 0.1192 5.72 8 0.99
+17.5 +1.80 0. 9641 0. 0626 3.00 0 3
+22.5 +2.31 0. 9896 0.0235 1.13 2 Q.67

46.84 48 x2,=12.28

X2 table (df=8)=15. 51
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Tale-§.2
Frequency of Substracted % from Mean in Investigation 35—45(Region W)
Interval Mid Value | Freq. tailed Freq. Cum. Freq. | Rel. Cum. Freq.
< —22.5 —25 | 1 1 2.08%
—22.5 —17.5 —20 ] 2 3 6.25%
—17.5 —12.5 —15 i 5 8 16.67%
—12.5 —7.5 —10 ] 3 11 22.92%
~7.5 —~2.5 -5 i1 11 22 45.83%
—2.5 +2.5 0 H 8 30 62.50%
+2.5 +7.5 +5 M 6 36 75.00%
+7.5 +12.5 +10 i 2 38 79.17%
+12.5 . +17.5 +15 s 5 43 89.58%
+17.5 +22.5 +20 M 5 48 100. 00%
> 22.5 48
5s=11.85 Z=0.0000
Table-7.2
Goodness of Fit to Normal Curve
x; Z, Pro(<2) |Pro(x;<Z<x;+1)| Exp. Freq. Obs. Freq. (O—E)Y/E
<—22.5 —1.899 0. 0287 0.0120 0.57 1 0.324
—17.5 ©—1.477 0. 0694 0. 0407 1.95 2 0. 001
—-12.5 —1.055 0. 1446 0.0752 3.61 5 0.535
—7.5 —0.633 0. 2643 0.1197 5.75 3 1. 315
—2.5 —0.211 0. 4168 0.1525 7.32 11 1. 850
+2.5 0.211 0. 5832 0. 1664 7.99 8 0. 000
+7.5 0. 633 0.7357 0.1525 7.32 6 0. 238
+12.5 1.055 0. 8554 0.1197 5.75 2 2. 446
+17.5 1. 477 0. 9306 0. 0752 3.61 5 0.535
+22.5 1.89 0. 9706 0. 0400 1.92 5 4.941
2%=11.735  x*iante (df=9) =16. 92
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Table-6.3
Frequency of Substracted% from Mean in Investigation 35—45(Region G)
Interval Mid Value | Freq. tailed Freq. Cum. Freq. | Rel. Cum. Freq.

—36 —26 —32
—28 ~—20 ~24 i 2 2 4.26%
—20 —12 —16 H 8 17.02%
-12 —4 -8 Jr i 1) 12 20 42.55%

—4 +4 0 el 12 32 68. 08%

+4 +12 +8 M1 7 39 82.98%
+12 -+20 -+16 Ht 5 44 93.62%
+20 +28 +24 | 1 45 95.74%
+28 +36 +32 | 1 46 97.87
+36 +44 +40 | 1 47 100. 00

5=13.50 X=—0.1702
Table-7.3
Goodness of Fit to Normal Curve
z; Z; Pro(<Z) |Pro(x.<<Z<x;+1)| Exp. Freq. Obs. Freqg. (O—E):E
<—36 —2.65 0. 0040 0. 0159 0.74

—28 —2.06 0.0197 0. 0511 2.40 2 0.07
—20 —1.47 0. 0708 0.1186 5.57 6 0.03
—12 —0.88 0.1894 0. 2003 9.41 12 0.71

—4 —0.28 0. 3897 0. 2320 10.90 12 0.11

+4 +0.31 0.6217 0.1942 9.13 7 0.50
+12 +0.90 0.8159 0.1160 5.45 5 0.04
-+20 +1.49 0.9319 0. 0498 2.34 1 0.77
+28 +2.09 0.9817 0.0146 0.69 1 0.14
+36 +2.68 0. 9963 0. 0037 0.17 1 4.05

x%,=6.42 2%anle (df=8) ==15. 51



112

Histogram and Fitting Normal Curve
Freg.
Region R
10
Histogram
g —_—
6 =l
Norma!l Curve
4o N{-0.21,9,8)
2
} | W
o / \

T T T T T T
-5 -175 ~125 -75 ~-z5 425 +7.5 +125-+17.5 +225

Fig. 2-1.

Test for Normality with Probability
Region R

From Normat;

420
+ 154
+ 10

—10~
—15=

— 20~

T T 1 i I I T I 1T 1 1 1T 11 717717 7T
0.01 6.05 0.1 0.2 0.5 2 5 1020 30 405 e 7 8 9 9 53 99 998 95.9;

Reiative Cummulative Frequency

Fig. 3-1.



8 =

4]

Histogram and Fitting Normal Curve

Region W

Histogram

Normal Curve

N(0, 11.85)

pa

Y

4

/r | \

+20
+15=

+ 10~

45 -

0~
5y el
~10~

~ 15—

25—

| 1 | 1 ) { T
—225 —17.5 —125 —75 —25 +25 475 +125 +17.5 +225

Fig. 2-2.

Test for Normality with Probability
Region W

From Normal

—rTrT 1T rr1 1T T 1 17T

Relative Cummulative Frequency

Fig. 3-2.

I

I

113



114

Region G
Freg.
1 N
Histogram
10
8
Normal Curve
6= Ni—017, 13.5)
4—

Q \J

{ 1 i i I ] 1 T
o8 —~20 —12 -4 -t 412 +20 +28 +36

L
(]}

Fig. 2-2.

Test for Normality with Probability

Region G
. From Normal
+40 -

’ / -
. : oy~

+24

) J 1 1 } i - 1 [} 1 LI LI L 1
0CI¢1 62 G5 1 2 5 10 20 30 40 50 60 70 80 90 95 98 99 998 949

Reiative Cummulative Frequency

Fig. 3-3.



Appendix No.-15
Table-11
Analysis of Variance for Testing Effect between Different Treatment Investigation in region R

115

Size 28—35
8§ 0V, S. 0. s d. f M. S. O. S. Fc Fi Remark
Between Treatment 14483. 50 11 1316. 68 9. 308 2.13 Significant
Within Treatment 5092. 17 36 141. 45
Total 19575. 67 47
Size 35—45
S. 0. V. S. 0. S d. f M. S. O. S. Fc Ft Remark
Between Treatment 14820. 94 11 1347.36 10.416 2.13 Significant
Within Treatment 4656. 48 36 129. 35
Total 19477. 42 47
Size 450ver
S. 0. V. S. 0. S. d. f. | M.s. 0. s. l Fe | Ft Remark
Between Treatment 17640. 79 1l 1603.71 10. 620 2.13 Significant
Within Treatment 5636. 23 36 151.01
Total 23077.02 47
Investigation in region W Size 28—35
S. 0. V. S. 0. S. d. f M. S. O. S. Fc Ft Remark
Between Treatment . 20066. 21 11 1824. 20 9.429 2.13 Significant
Within Treatment 6964. 63 36 193. 46
Total 27030. 83 47
Size 35—45
S. 0. V. S. 0. S. i d. f. | M. S. O. S. Fc Ft Remark
Between Treatment 27801. 88 11 2527. 44 11. 830 2.13 Significant
Within Treatment 7691.52 36 213.65
Total 35493. 40
Size 450ver
S. 0. V. S. 0. s. ] d f. | M.s o s. | Fc l Ft Remark
Between Treatment 36137. 42 11 3285. 22 25. 660 2.13 Significant
Within Treatment 4608. 98 36 128. 03
Total 40746. 40 47
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Table- 11
Analysis of Variance for Testing Effect between Different Treatment Investigation in region G
Size 28—35
S. 0. V. S. 0. 8. d. f. M. S 0. S Fe¢ Ft Remark
Between Treatment 4036. 11 11 366. 92 1.384 2.04 not significant
Within Treatment 9276. 67 35 265. 06
Total 13312.78 46
Size 35—45
S. 0. V. S. 0. S. d £ | Msos Fc Ft Remark
Between Treatment 5378. 06 11 488.91 2. 062 2.04 not significant
Within Treatment 8299.71 35 237.13
Total 13677.77 46
Size 450ver
S. 0. V. S. 0. s. d. f. M. S. 0. S. Fe Ft Remark
Between Treatment 4690. 03 11 426.37 1. 066 2.04 not significant
Within Treatment 13995. 73 35 399. 88
Total 18685. 76 46
Table-12
Results of F-test for Checking Difference between Two Control Variances
Investigation Variance d. f. Fi(df1, df12)
Region Size(mm) st st df, df: Fe=5%/8%, 0.975 0. 025
28—35 292. 070 237.780 3 3 1.228 15.4 0. 065
R 35—45 29. 268 78.677 3 3 0.372 15. 4 0. 065
450ver 209. 960 29. 268 3 3 7.173 15.4 0. 065
28—35 15. 054 23.620 3 3 0.637 15.4 0. 065
w 35—45 31.923 91. 203 3 3 0. 350 15.4 0. 065
450ver 82.992 26. 214 3 3 3.166 15.4 0. 065
28—35 245. 550 843. 900, 3 2 0.291 39.2 0. 062
G 35—45 28. 409 376. 360 3 2 0.075 39.2 0. 062
450ver 296. 528 851. 470 2.2 - 0.348 39.2 0. 062

-

Conclusion: All investigation are not significant.

With the result of F-test, pooled variance was made ag Table-14.
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Table-13

Results of T-test for ckecking djfference between two control means
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o Y
() 1 12 z 1;/spJ”1+ -
Invéstigation Means
Reg: on  size mm X1 X2 SP [ DF Te Tyoms Result
28—35 52.05 49. 20 264.93 6 0.015 2. 447 accept
R 35—45 34.00 39.65 53.90 6 0. 148 2. 447 accept
45 over 42.22 42.55 119. 61 6 0. 004 2. 447 accept
28—35 38.08 27.10 19. 337 6 0.072 2. 447 accept
w 35—45 18.28 18.28 61. 563 6 0. 000 2. 447 accept
45 over 19.72 14.72 54. 603 6 0.129 2. 447 accept
28—35 42.42 42.07 484. 89 5 0. 000 2.571 accept
G 35—45 48.18 48.57 167.59 5 0. 003 2.571 accept
45 over 23.90 48. 27 518.51 5 0. 062 2.571 accept

Conclusion: all Investigation is not significant.

With the result of T-test common mean was made as table 14

Table-14

pooled variances and common means of two control

(n,—1) s%h+ (112 —1) 8%

Region size Spi= - #—2 Fe=Etiu/2

28—35 264.93 50. 625

R 35—45 53.97 36. 625
45 over 119.61 42. 385
28—35 19. 34 27.590

w 35—45 61.56 18. 280
45 over 54. 60 17. 220
28—35 484. 89 42.270 X

G 35—45 167.59 48.350 X
45 over 518.51 34.340 X

X With result of analysis of variance graph was drawn by general mean not this.
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Table-15
Calculation of U.C.L. and L.C.L. and Mean for Graph.

Investigation (Z:_g g?
Region Size (mm) Formula Center Line | T-value S% U. C. L L. C. L.
2.029 62.70 38.56
28—35 Xeon 2 SE 50. 63 5,799 5.95 66. 83 34 43
_ 2.029 48.38 25. 28
R 354 P 36. 83 2.72 569 52. 32 o1, 44
L F.o=3 P
2.029 54. 85 29.93
450ver 42.39 2722 614 59. 10 25. 68
2.029 41. 69 13.59
28—35 Xeon. Et SZ 27.59 2.792 6.95 46. 51 8 67
. 2. 029 33.11 3. 45
w 35—45 s 18.28 2.722 7.31 3818 —1.62
. f. =36
2. 029 28.70 5.74
45 over 17.22 2.799 5. 66 32. 63 L8l
- 2.032 56. 43 23.35
28—35 Xgrana, =t SE 39. 89 5 796 8.14 62. 08 7.7
2. 032 57.94 26. 64
G 356—45 s 4229 2.726 70 63. 28 21. 30
. f. =35 y
2.032 51.32 10. 68
45 over 31-00 2.726 1000 58. 26 3.74
SE=1/~§~ where S: standard deviation within treatment.
n: number of sample.
S%: estimated standard deviation of population.
Table-16
Data for Dunnet's Calculation
X=X—X4.+£D,S/v?2, D,=2.88(a=:0.05) Two-sided Limit
Investigation X.2D,S/vZ
Region Size (mm) X. Swithin DSv2 L. C. L. U. C. L.
28—35 50. 63 5.95 12.119 38. 506 62.744
R 35—45 36. 83 5.69 11.589 25.236 48.414
45 over 42.39 6.14 12. 506 29. 879 54. 891
28—35 27.59 6. 95 14. 156 13. 434 41.746
w 35—45 18.28 7.31 14. 889 3.391 33.1€9
45 over 17.22 - 5. 66 11.528 5. 692 28.748
28—35 42.27 814 16. 579 25. 691 58. 849
G 35—45 48.35 7.70 15. 683 32. 667 64. 033
45 over 34.34 10. 00 20. 368 13.972 54.708

Where: D,=2. 88(a=0.05),

Conclusion: % of good potatoes in treatment-A exceeds the standard
by an amouut between 4x.U.C.L. and 4« L.C. L.
Xi—X

Dunnett’s Test ; if 4>0,

Dy=3. 54 (a=0. 01)

c

—3~7‘T—2=->Dr ;

So, significntly different,
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Table-17
Results of Dunnett’s Calculation

i19

Region tr::eiﬁ:— dxfrom LCL ] 4z from UCC
no. 28—35 35—45 45 over 4x ‘ 28—35 35—45 45 over 4x

R 2 29.97 38.94 42.02 36.98 3.74 15.76 17.01 12.17
3 - 48.92 58.71 58. 47 55.37 24.69 35.54 33.46 31.23

4 55. 17 60. 49 58.22 57.96 30.94 37.31 33.21 33.82

5 11.37 22.59 8. 40 14.12 —12.86 —0.59 —16. 61 —10. 02

6 6. 31 19.96 10.74 12.34 —17.92 —3.21 ;].4. 27 —11.80

7 0.07 4.64 5.27 3.33 —24.16 —18.54 —19.74 —20. 81

8 9.14 13.41 .8. 57 10. 37 —15.09 —9.76 —16. 44 —13.76

9 1.27 17.76 8.24 9.09 —22.96 —5.41 —16.77 —15.05

10 23.64 28. 84 19. 60 24.03 0.59 5.66 —5.41 0.28

11 3.04 15.34 7.04 8.47 —21.29 7.84 -17.97 —10. 44

w 2 48.95 66. 84 68. 89 61.56 20.63 ‘ 37.06 45. 83 34.51
3 67.15 77.94 83. 31 76.13 38.83 48.16 60. 25 49. 08

4 56. 02 68. 94 71.29 65. 38 27.70 39. 16 48. 13 38.33

5 44.25 46. 66 43.29 44.73 15.93 16. 88 20. 23 17.88

6 14.79 22.09 14.53 17. 14 —13.53 7.69 ~8.53 —4.79

7 6. 28 8.74 0. 66 5.22 —22.07 —21.04 —22.40 —21.84

8 11.32 21.79 18. 86 17.32 —17.00 —7.99 —4.20 —9.73

9 10.22 11.71 8.81 10.25 —18.01 —18.07 —14.25 —16.78

10 15.72 25.01 18.91 19.88 —12.60 -4, 77 —4.15 -7.17

1 11.97 15.64 12.16 13.26 | —16.35 | —14.14 | —10.90 | —13.80

G 2 16. 66 9. 88 22.25 16. 26 —16.50 —21. 48, —18.79 —18.92
3 34.36 33.63 23.23 30. 41 1.20 2.27 —17.51 —4.68

4 25.33 24. 86 37.35 29.18 —7.83 —6.50 —3.39 —5.94

5 16. 46 8.98 18.13 1452 | —16.70 | —22.38 | —22.61 | —20.56

6 0.11 0.53 10. 65 3.76 —33.35 —30. 83 —30.39 —31.32

7 8.89 —0.57 13.71 7.34 —24.27 ~-31.93 —27.03 —27.24

8 14.89 6. 66 18.33 13.29 —18.27 —24.70 —22.41 —21.79

9 6.99 4.83 13.75 8.52 -—26.17 —26.53 —~26. 69 —26.56

10 0.89 —2.92 2.35 0.11 —32.27 —34.28 —38.39 —34.98

11 13.26 -0.17 5.11 6. 07 —19.90 —31.53 —35.63 —29.02
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