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Abstract

In this study, 10 kinds of leaf lettuce were studied and compared to investigate
the hereditary characteristics and- the growth rate. The 10 kinds of leaf lettuce included
Grand Rapids 1, Grand Rapids 2, Lettuce, Lettuce Grand Rapids Black Seeded,
Champaign, Oakleaf, Sea Fresh, Redoak, Red Salad Bowl, and Green Salad Bowl.
Randomized complete block design was applied and 2 blocks were used. Weights and
heights of plants,- widths of stems, and lengths, widths, numbers, color and characteristics
of leaves were measured. 20 plots of ten plants, totally 200 plants, were measured. In the
study, one-after-another-one sampling method was used in the selection of plants to be
measured, at every seven days, subsequent to the transplant. Then, Duncan’s new multiple
range test was employed in Athe analysis of variance and comparison of means of each
kind of leaf lettuce. In addition, residual normal distribution assumptions and residual
variance are examined.

The results of the study indicated that there are differences in the average height
and average weight among the ten kinds of leaf lettuce. The Grand Rapid 1 showed the
highest mean height after the 28" and the 35" day of transplantation, and the mean
weight was highest after the 42" day, followed by Sea Fresh and Champaign
respectively. In addition, there were also differences in the means of leaf length,

leaf width, and plant width.
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1. nﬁuﬂmi’f@ymmuaenﬁﬁu (Logarithmic transformation ; log X)
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2.1.5 MINATDVANNAFIY (Test for hypotheses)
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Lf}ﬂ SST A WﬁﬁJﬂﬂﬁ’lﬁQﬁ’ﬂW@ﬁﬂﬂhi’m (Total sum of squares) '
SSTr ﬁi’) Naﬂ’sﬂﬁwﬁ'ﬁﬁawmw%muﬁ ﬁ?@ﬂﬁﬂ?ﬂﬁ?ﬁ\’lﬂ@\iig‘ﬂ’jN'ﬂg‘iﬂLﬂJuS;{

(Between treatment sum of squares)

SSB o maudnMdmeuesuden vieHaLINMIAImeIIEHINUaen
(Between block sum of squares)

SSE AD  HAUINFSIdeIueInunmAnADY (Eor sum of squares) H3®
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4.2 M33aaAnln

4.2.1 ANUPIVBIAUDTY

AINT 42 ANuguesdunTevesinmaveuiiieny 7, 14, 21, 28 uaz 35 Ju

Y 9 1 =
naamndelan (Muw : udwas)

g 7| 4T | 215U | 283U | 35 Gu
1. Grand Rapids 1 3.61 5.28 8.83 13.09 16.41
2. Grand Rapids 2 3.00 4.37 7.23 10.68 13.78
3. Lettuce 271 4.14 5.83 8.31 12.58
4. Lettuce Grand Rapids 3.31 4.71 7.88 12.27 16.22

Black Seeded

5. Champaign 275 4.40 7.75 10.31 13.00
6. Oakleaf 3.61 4.71 - 841 10.35 14.24
7. Sea Fresh 3.70 5.23 9.03 12.08 16.15
8. Redoak 4.15 5.58 9.35 12.15 15.90
9. Red Salad Bowl 2.38 3.65 - 5.54 8.55 11.60
10. Green Salad Bowl 3.79 5.62 8.43 10.33 14.89
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6. Oakleaf 3.75 5.47 8.97 11.35 14.46
7. Sea Fresh 3.97 5.79 9.14 12.67 15.49
8. Redoak 3.97 6.97 10.81 1457 18.78
9. Red Salad Bowl 2.04 3.19 5.72 9.59 13.61
10. Green Salad Bowl 4.39 6.86 9.80 12.71 18.35
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1. Grand Rapids 1 2.84 4.95 8.15 11.83 16.47
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5. Champaign 2.25 4,17 6.69 9.54 13.10
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8. Redoak 1.97 391 7.48 12.65 18.96
9. Red Salad Bowl 1.12 1.75 3.50 7.21 11.18
10. Green Salad Bowl 2.27 4.45 7.03 12.18 18.71
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uf 79 | 145 | 21 %u | 28 %u 35 Ju
1. Grand Rapids 1 5.59 9.48 14.35 22.52 30.76
2. Grand Rapids 2 4.16 7.01 11.84 19.01 27.02
3. Lettuce 3.65 6.14 8.98 15.46 22.38
4. Lettuce Grand Rapids 4.55 9.44 12.79 21.56 29.37
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5. Champaign 4.39 7.75 11.75 18.22 24.86
6. Oakleaf 5.23 8.31 14.75 21.10 26.46
7. Sea Fresh 5.21 8.88 14.62 21.43 29.73
8. Redoak 4.40 9.99 18.07 26.01 34.65
9. Red Salad Bowl 2.36 4.28 8.22 15.98 2278
10. Green Salad Bowl 5.83 11.18 16.76 23.87 33.94
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9. Red Salad Bowl 4.29 5.12 6.53 10.18 14.18
10. Green Salad Bowl 5.17 8.11 11.50 18.78 27.17
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M5197 420 AsilSoufieudn i , S Hag i dnsumsudastoyadieis
X X X *
VX, logX uaz \/li MNE9Y mmﬂ"mauiuﬁﬁmq 28 Ju ndamndiealgn
Wi vieniil | vBeaiiz | = 2 2
) X S S Q3
I. Grand Rapids 1 114 166 14.00 13.37 3.66 2.37
2. Grand Rapids 2 4 116 104 11.58 9.37 3.06 2.11
3. Lettuce 84 69 9.00 10.88 3.30 2.22° |
4. Lettuce Grand Rapids 82 120 12.63 9.58 3.10 2.12
Black Seeded
5. Champaign 120 104 11.16 15.25 3.91 248
6. Oakleaf 228 211 21.95 42.47 6.52 3.49
7. Sea Fresh 141 112 13.32 12.34 3.51 2.31
8. Redoak 175 162 16.85 12.77 3.57 2.34
9. Red Salad Bowl 90 83 10.18 12.53 3.54 2.32
10. Green Salad Bowl 182 156 18.78 19.95 4.47 2.71
A15197 420 (A9)
g s S :
X X al
X
1. Grand Rapids 1 0.96 0.26 0.17
2. Grand Rapids 2 0.81 0.26 0.18
3. Lettuce 1.21 0.37 0.25
4. Lettuce Grand Rapids 0.76 0.25 0.17
Black Seeded
5. Champaign 137 0.35 0.22
6. Oakleaf 1.93 0.30 0.16
7. Sea Fresh 0.93 0.26 0.17
8. Redoak 0.76 0.21 0.14
9.Red Salad Bowl 1.23 0.35 0.23
10. Green Salad Bowl 1.06 0.24 0.14




105

2

AJZ& ast 9 1 é 83 =} é v S2
Tunideniimsudadoyalugy — ifhoqan oo Fanuasfininnin =
N X X

S o & o o o o o o
o = nawmiudahdeyadmauluifieny 28 Su ndamndedgn fulawdalugy

l [} s - T
" limsinsizvaiudslsiuse 1y

5) Swwlundieny 35 fu nisnéeilgn

Normal score

25+ *
I
!
|
!
| +*+
| * &k %
| * ok k4
| ****
l * ok k%
l * k% %

3+ * % k%
I +***
| +***
I *k Kk k&
l *****%
| * ok k 4
I * %k % x
I * ok k ok Kk Kk
| * +++
| +++
I

-19+%*
B2 B e it st e e St T SO TS
-2 -1 0 +1 +2
Residual

{ 1 o a T o -
310 449 mswdeannmitesithuvulndvesdnandevesimanly

s a 9/

At
‘V]jJE)']EJ 35 U ﬁa\ii]']ﬂﬂ_]ﬂﬂgﬂ



106

Residual
i
0
25
1 *
20 °
15 ° . . *
; .
. * % *'
, ’ * *
10 - * *
’ * * % * *
’ *
R * * * *
, * % * * *
5 nd * * * * * *
, * * %
, * * K * % *
* **x * Kk * * Kk *
: * * * * *
0 - * * % * %k * * *
. * * *% * % * % * *
. * * * %
; * ) * %k * * * * * *
’ * * % * * *
_5 ~ * k * % % * * * * *
. * *
R x*k *x * %
. * % * % *
, * * * % *
_10 - * * *
* Kk *
: * *
-15 *
: N
-20 "
§f'fffffffffffff‘fffffffffffff"fffffffffffff“fffffffffffff“fffffffffffff‘f

10 15 20 25 30 35

=] & ' A ‘ v o A
gﬂ'ﬂ 4.50 MINADAAIAUNADLAZANNI U Y.

i vostwauly

s o 9

fio1g 35 Ju ndwwnéheilgn

=n.



107

{ . & ' o = 1 t
lugth 449 vaasmsndeamminzdhunudnfvesnanie WNUNA
(] [ EY) = (=1 Py 1 - 9 T I~{ 1
daulngjedlunundunse fegifies. 1 9a faneguonidunse matninediugeansou
o & g :
fo doynluiug Oakleaf udoafi 2 uio X) =55
dmmsnaroulaelddradanaasy Shapiro-Wilk W wuhinanseiinsuantag

A

uwuiedl (p=0.9847 > 0.05) lunmsnieamaumdouazaiy Y. Autaradlugili

1

450 WWUIYAAIS 9 AszvwddRdeduieuny X fifies 1298 finnvire’lnasen’yl
Tooliwughiwuidaled ueasiianaulsdsaues maundevazhiu

a. s o v aa { o
NAMINATOUAWITURINT IS (Grubb’s test) 3z ldmradandmanldae

- Xe X oss-aso
n S 10.2442 '

Tumanuan @159l 2 1 =005 n=10 92’18 wes Percentage points of
T, - 2.18
ifleawin T, =229 > 2.18 uaaeh X =55 iluswennsen Saimsda

Yoyadiilusuennsovesn’y

a o 4 o

o d' 9 o o 9 3 9 [+ [}
ninndt Idvhnsdadeyafidumuennsevsen luuda WHINITNABAANNLN

o a 1 A 1 1 [} ' 9 ' 3
i unvdndvesninunie lny IWUMIAMN 9 pg I uduase awumsnageulagls

A1DANATeY Shapiro-Wilk W Wudiaundesinisusnusamuualnd (p = 0.7502 > 0.05)

A

dumsndeamnurieuazayiug Yy wnuigadn q nszaiediedigy

souuny X didiee 1 9 Aenegrulnaeenly Tasluwugtwufifednd  weaeh

q

=) )

anaalsdyuvesdnamdemiu
o 3 { ar [ <] o 1 ¥y
ue duauluifieny 35 Tu wfwndiolgn Huldaudesmuniioduues
a ¢ o A o ey o Y 9
myunnzianulsdsu wdmiiahdeyndwanluiiieny 35 u ndsmndelgn

lmsdasgdanuulsdsiude Ty



Y o &’ b4 : v Y
4.3.6 MIATIAIUVINIHUAVBINHUVDINHUNAY

o :’ a 9 d‘l = a o Y
IMUMUNAUNBLBY 42 TU ndsmnduilgn

Normal score

108

375+ * &
, *
| *httt
225+ *ok ok ok k4
| *kk kg
I *hkkhkkk
75+ * Kk k kK
, +Ekkk k%
| %ok ok ok k%
_75+ * Kk hkkk k%
l * ok ok ok k4
| Ak kkkkh Kk
=225+ *  44++
[ ++++
l
—375+%
e e L R T T R Y
-2 —-1 0 +1 +2
Residual

- & ' = a ' A y o Y
17 4.51 mwaeannuthzdlunuulnfuesdinanievesimindy

oy 42 Ju wdwndeign



109

Normal score

400 10
0
0
0
14
300 ~
!
I
’ * *
, * *
, *
200 ~ **
, * * %
’ *
r * *
, * % * * * *
, *k * *
100 ~ * * * * L% *
, * * *
, * * *k * * * *
, % * * *
, * * * *
, * % * * * *
o - *k * * % * * *
, * * % * * * *
, * * * * * *
, * x*  * * *x
, * * * ® * * * *
, * * * * * *
-100 - * * * * *
1 * *
, * %
, * ® * *
[ * * *
, * * * *
~200 ~ * *
r
’
’
r
-300 ~
I
r .
r
, *
’
-400 ~
S S S A A fff S S s FFffFFFF FFFFFfff FFFFFFFS"
50 100 150 200 250 300 350 400 450

A

[ ¥
717l 452 mswdeamnundeuazaninay Y; venhmindu
ey 42 Tu ndnndeilgn
4 ] [ a ' ] 1 (]

Tugiit 451 wamanswieannuhezihuunlnfvesdnamde swwudigedn q egluiun
Wuase  dumsnadevlasldfadfnadey  ShapicoWik W wuhmnawnaeiinisusnuaswuilng

(p =0.3331 > 0.05)
24 ] =) ! o O
nundeadinamasuazAvinng Y,

souunu X Tagluwugduuuidadnd figadfies 1 9a fAnnedviielnaeen’lyl uanshmmnalsilsm

Awandlugdfl 4.52 wwnudinaig 9 nszawiediegy

| YasMmINURa Dz



110

a d 4 LY
4.4 mypnzhamudsisnesmanSeuisunundavesiug

@157 4.21 A1 R-Square, C.V., F (a2 p value YOIANUFIBAUMAY ANNBIUDS
lumdes anundevedumis mwnhawemsaumis $1uaulumds
¥ [] v
uagimiindumas vesdnmavewiitieng 7, 14, 21, 28 uaz 35 Hu

s F
nasndeign

dulshiam R-Square C.V. F p value

Y =
1. mmqwamumnﬂ

91y 7 U 0.3588 26.4781 9.73 0.0001
91y 14 Tu 0.3229 27.0394 8.30 0.0001
819 21 YU 0.2824 27.2704 6.85 0.0001
819 28 U 0.2668 24.1303 6.33 0.0001
919 353U 0.3079 19.3879 7.74 0.0001

2. ANUENYe lumay

91y 7 u 04321 24.8926 13.24 0.0001
91y 14 u 0.4278 28.0407 13.01 0.0001
81y 21 Ju 0.3700 27.7342 10.22 0.0001
91y 28 Ju 0.3451 22.3285 9.17 0.0001
1y 353U 0.4820 17.7101 16.19 0.0001

P A
3. anumMevedlumae

21g 7 Tu * 0.4751 13.7581 15.75 0.0001
21Y 14 TR ' 0.4508 28.0914 14.28 0.0001
27Y 21 oY 0.3668 30.8464 10.08 0.0001
21y 28 oY 0.3565 26.8389 9.64 0.0001

21 35 g\l 0.5095 22.3026 18.07 0.0001
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X

' GT’JLLﬂiﬁ’qJJﬂﬂ"l R-Square C.V. F p value
4. anunfrevemssunie
1Y 7 U ** 0.4421 20.3253 13.79 0.0001
81y 14 Ju ** 0.4345 16.3626 13.37 0.0001
91y 21 u 0.3865 31.0909 10.96 0.0001
919 28 Ju 0.3318 269540 8.64 0.0001
1Y 35 F1 *x 0.3680 0.4836 10.13 0.0001
5. dmalumie
01y 7 Tu 0.1879 19.9167 4.03 0.0001
91y 14 Ju 0.4264 17.2410 12.71 0.0001
01y 21 Ju 0.5107 21.9733 18.06 0.0001
D1y 28 Ju *wr 0.4787 15.0863 15.98 0.0001
81y 35 Su 0.4598 29.4591 14.73 0.0001
6. simiindumde
91y 42 u 0.3895 54.1523 11.10 0.0001
NI * (PULLR msutlasdeyalugyl VX
= e msuasdoyalugil logX
B TR TS msutasdeyalugy log(X +230)
SR FTRTUHR msutlasdoyalugl %

AT ARSI MeEWIT p=0.0001 < 0.05 uaashERmaney
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' T ¥ [ .
nhavemssjumds S waulumie uazihmipdumdouandesiustaihisdifgybon

Qaa o o o w 2 =2 a (4
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HavIndwilgn
unasauulsisan df SS. M.S. F p value
ALY 10 5,390.8376 539.0838 14.73 0.0001
‘ﬁu‘ﬁ: 9 5,033.5392 559.2821 15.28 0.0001
‘Ug’ﬂﬂ 1 357.2984 . 357.2984 9.76 . 0.0021
ﬂ'J'IﬂJﬂmﬂiﬂﬁ’E]u 173 6,332.8961 36.6063
sunlSuuds 183 11,723.7337
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g 9 796,947.3579  88549.7064  6.44 0.0001
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ANuAMARADY 174 23919563255  13,746.8754
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&
MR 1 Percentage points of the distribution of rl:)

\l-a .80 .90 .95 .98 99 .995
3| .1 L.ess .941 .976 .988 .994
4 .560  .619 .765 .46 .889 .926
5 .451 557 .642 129 780 821
6 ©.386 .482 .560  .644 .698 .740
7 .344 .43¢ . .s07 586 .637 -.680
8 .314 .399 . .468 °  .543 .590 .634
9 .290 2370 .437 .510 .555 .598
10 .273. 239 . .412 .483 .527 .568
1 .259 .332 .392 .460 .502 542
12 | -.247 - .38 .376 48 .482 .522 )
L % . 305 361 . .425 465 .503
14| 228 .294 .349 . 4N .450 .488
15 | .22 .285 .338 © .399 .438 .475

16 .213 .21 .329 ;. .38 .426 . .463
17| .a07 .269 . -.320 . .379 416 452
18 .202 .63 3130 30 407 .442
19 197 258 .306 © .363 .398 . .433
20 | 193 .22 3000 .3%6 391 1 .425
21 .89 . .47 - .295 | .3%0 e . .48
22 .185 242 - .290 344 378+ .41

23 .182 . .238 .285 °° ..338 372 L404
24 JA79 0 - .23 .281 .333 367,399
25 176 L2300 .277 - .39 362 © .393
26 S 73 .227 .273 .324 ,357 .388
27 AN .224 .269 320 353 384

.28 .168 220 .266 .316 .349 .380
29 166 .218 .263 312 .345 .376
30 164 .215 .260 .309 .34 372
‘ -. Y _Y‘ .Y-- __Y - . Q. « -

- ho = @ 0o Zm 0D yhere ¥ is the i th smallest ordered observation in a

Y(n) - Y(l) Y(n) _Y(l)

random sample of size n from a normal distribution.
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3NN 2 Percentage points of T, or T,

Number of 1-a
Observations : :
n ' .95 .975 .99
3 1.15 - 1.15 1.15
4 1.46 - 1.48 1.49
5 1.67 1.71 1.75
' 6 1.82 1.89 1.94
7 1.94 2.02 2.10
8 203 . 2.3 2.22
9- . 2.1 2.21 2.32
- — 10 2.18 2.29 2.41
n 2.23 2.36 '2.48
12 - 2.29 2.4 2.55
13 2.33 2.46 2.61
14 2.37 2.51 2.66
15 2.4 2.55 2.7
16 2.44 2.59 2.75
17 2.47 2.62 2.79
18 2.50 2.65 2.82
19 2.53 2.68 2.85
20 2.56 2.71 . 2.88
21 2.58 2.73 2.91
22 ' 2.60 . 2.76- 2.94
23 2.62 2.78 . 2.96
24 2.64 2.80 2.99
25 2.66 2.82 3.0l
30 2.75 2.9
35 2.82 2.98
. 40 2.87 3.04
45 2.92 3.09
50 ' 2.96 3.13
© 60 ' 3.03 3.20
70 -3.09 3.26
80 3.14 3.31
90 3.18 3.35
_ 100° 3.21 3.38
*T = A ¥ I = Y-1 , where Y, (¥)are the lafgest (smallest) observations in a size n

sample from a normal distribution.



