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ABSTRACT 

Selection and improvement of broccoli for high sulforaphane sprout production were 

conducted at Inthanon Royal Research Station, Pang-Da Royal Staton, and Khun Wang Royal 

Development Centre, Chiang Mai, during October 2008 to December 2011. Selected 9 crosses 

from F
I 

and these hybrids were Sulforaphane higher than parents. The studies of open pollinated 

F
I 

can be selected 4 crosses have the greatest number of seeds, were hybrids Top Green X 

Montop, Top Green X Packman, Top Green X F29A and F29A X Top Green. Selection those 

hybrids for open pollinated using the bees . 
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9fi:'l l'W'.ill'W'W f)� lfltJfl'Wtcl\91 (sulforaphane glucosinolate) �-:J1JfJtl!b1'l_JU�!'Wfll'.ii:'l\olfl11:JJl�tl-:J�tl 

m1tt1\ol l'.ifltt11 mrn::;ttl:'lt1\oll�tl\ol�lt1\ol'illnfl11::;m1:JJi'W li:'ltt\9lm 
"' 

& '3)1 Vj d ')} Q d Q.I c1ct W o' Q I 1J d 

ti-:i u:JJ 11 'll 1::; i 'Vl ft !'VI mu 'W r1 r1 i:'l\91 m i:'l\ol'W 'W 1i 'Vl-:J -w 'W 1i ri'ffrn U\ol lrn::; i:'l n rl'ff:JJ U\91 'U 1::; rn ft l 'Vl mu 'W 
cu q q cu 

91 0 91 d "' o'"' .,,; 9 919 - I d I 91 �I d "' o'"' - I"" l:;j'Wll'Ull:JJ'i:'l\ol'W'W�rlm'Wtl I'll !'WlJ'.J::;l'V]ft 'W.ft. 2547 :JJ'J,ji:'lfll 533 i:'ll'W'I.Jl'Vl l1J'Wl:JJi:'l\ol'W'W�rlf)1J'.i:JJltl! 
9) Q QJ .J d QJ r/0.1 � d d Q.I r/ I 1d O '3) Q. I 'j} 6 m'Wfl ti:'lnrn CJf-:Jl:JJi:'l\ol'W'W1irlf1\911::;nl:'ln::;ttm lU'Wl:JJi:'l\ol'W'W1ifli:'l:JJ!ttill'Vl'Wll'Ul :JJ:JJ'i:'lm 155 m'W 

q cu q q u cu 

'I.Jl'Vl lJ'U�:JJltll 1 -a'1'Wflll:'lfli':JJ (:JJW'lt\91'.i, 2548) l\oltl:JJi:'l'U1llflHfll'.i'l11:'l1-:Jl�!'lll:JJ�\ol'W'WTI 
"' q 

mtln !fl� �l-Jll'Ul:JJl'iJlf)'IJ�'hl'Vl Syngenta '.ilfllflll:'lfli':JJl:'l::; 30,000 'I.Jl'Vl �-:JV-:Jfl-:J1J'.ilfllU'W-:J i-:iir'W 

; ,:i � ll � 'W � tl-:J lJ fll '.i fffl'l-J lU 'W 1'Vl 1-:J fll'.i 'U -f 'I.J'U i-:i'w' 'W i'I.Jrn fl I fl� lli:'l ::;yj'l/�fl\91 '.i::; fJi:'l fl ::;'11 � 1 t'W "7 
.,,; 9 9111) 91 d "' o' ?I di "' ' "' o' 

l'Wtl !'Vi !\oll:JJ'cl\ol'W'W�rl'ff:!Jl1J\ol (open pollinated variety) CJf-:J:JJ'.ilfll\]flf111'W'W��f)rl'ff:JJ (hybrid

�I "' o'd "" d "' o'll) 919 - I 11) .,,; I O 91 d "' o'
variety) 1rn::;t1J'W'W'W �'Vl'ffl:JJl'.i tl rl'c!\9ll:JJ'i:'l\ol'W'W � !\ol 1 'W 1J 1::;rnft 1 'Vl ti l'Wtli:'l\911,j i:'lfllfll'.i'Wll'Ull:JJ i:'l\ol'W'W �

1Ct1-:i 'ill fl 1 'W fll'.i riii\9l�'W ritJ'W� tl-:J 1 'lll:JJ�\ol'W'W {1 'W 'U�:JJltll:JJlfl 

'll 1 ::; i 'Vl ft t 'Vl t1 mm rn r1 ii 191 l:JJ � \ol 'W 'W TI Yi 'l! \91 '.i ::; n l:'l n ::; '11 � 1 � � tJ -:i fll rn tirn fl il m � t1 18-2 o 
q cu q (lJ ,, ' ' 

,d, 
lr1 9/ I 'j} QJ Q 

'3) QJ .::::1, ,._ l.:::::i 
QJ QJ 1 

.c{ d, .c! 

tl-:JftWlii:'llCJftl'ff !\o!Uf) fl::;'Wl rlflfll\oll'Utl1f111-:J\91-:J rlf)fll\oll'Utl11Ji:'l trn::;rlflfll\91'111 !\oltl'W'W'Vl'Vl'ffl:JJl'.itl 
q 
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di 3J a. � 1 � �I ./4 3J 9 3J a. L 'W tl � 'il 1 fl \ol tl � fl 11 tl tU '11 fl :lJ \911 tl cJ 1 � f( :lJ 1 L f( :lJ tl Lu 'W 1 :;; cJ:;; L 11:l 1 'W 1 'W ! 'VI tl fl 1 :;; \ol 'W t 11 L fl \91 \911 \91 tJ fl q qJ q 

"' o' (vernalization) ('il1�1:lfl'l:Jtll, 2541) 
'j/ 'j/ 'j/ I I 

\o)�iJ 'W l 'W fll'j'VJ\911:ltl�f1'r �ui�lJl\ol f:l'lh :;;f( �flt'Wtlfl\91 tii tl rnrn:;;1.H 1nh �vrmr 'lJ) tl fl 1 fl� L'W tl q q q 

Ni°i\olJJ'W riti'W �ii u!mrn '1'11 JJ1'W tl'W :lJ 1:l�f('j:;; 'lfU\91i'11 vb lt'W'W l 'W u!mt11 f( � 1191 !'Jl oi/1n u 'lJ 'lJ q qJ qJ 

:IJ1\ol1!l'W (Conventional breeding) L�tl1.J7l'LJ�flnNi'i\olt:lJ�\91vl''W1flJflN'a':lJ'LJ1tlfl 1fl� l'WJ'W�'lltl� 
1fl1�mrnm��tl iu 

'il7flN1:lfl11�1tu'W�1'W1'Wil� 1 (\olmfl:u 2551-tl'WcJlcJ'W 2552) v'l'll':hJJ'Writ1'W'Ut1�'LJ1t1fl 1fl� q 

iiu! m ti! cifo 1 vJ) 1 L 'W'W m fl 11JJ'W riti'W 'IJ tl �fl:;; ir 1 trn:;; trl ml 1 J{ 'W riti'W 'IJ tl � 'lJ) tl fl 11'1 � mt u1 cJ'LJL 'Vi cJ'LJ qJ 

u!mrni1:l 1vJ11t'W'W'l1���tlfl�tll� 3, 5 trn:;; 7 l'W v'l'LJ11 �tll� 5 l'W '11���tlfl L�'W'lh��:ricifo 1vJ-
t & '.3Jo �Cl.I r/ 'J} t  Q.J rl 9} I 11L'W'W��'q\91 'illfl'W'W'il�l\P1'Wl'LJ1tlfl 1fl1:lv'l'W�fl1Hll'Vl� 6 v'l'W�l\P"lttfl Big Green, Top Green,

di - I"" "' 'l .. I .. I I "' o' cl 
Montop, Packman, 05-39 trn:;; 20-34 :lJ111fl'l:J1'117urn1t11GJf1:l rn17LTI'W v'l'LJ17 v'l'W� Top Green :lJ 

' " " 

u!mrni1:l 1vJ11t'W'W rl'�'Virl'\91 fiti 57.47 i:u 1mfl1:lJ�tlfl1:IJ'J,J1'11iJflU,r� '11��'illfliJ'W l�'J,Jl qJ q 

', clo o, o'IIJ� I 'LJ'jtJfl tfl1:l'ill'W1'W 10 v'l'W� !\91Ufl Big Green, Green King, Green Queen, Montop, Top Green, 
F29A, 05-39, 05-40, 20-34 trn:;; 1955 :lJl'Li1:lm:;;1111�t�tl'Wv'lf1'1:Jfllfl:lJ ·_ \olmfl:U 'VI.ff 2552 �'a'mu qJ ., q 

111mfl'l:J \911 ttm��'W'Vl'W 'W'n 'il .ticJ� 1 mJ t�tiftflmmrntifl\P"ltirnrn:;; fll1 �\91t:u�\91 trn :;;fl\91 iii ti fli'W £ �q 

iiu!mt11cifo 1 'W11tl'J'W'1' � mi'1u1mN'1':1J'li'1rn�t1ftfl'l:Jlfl11�\P1L:IJ�\P1trn:;;u!mrni1:11 vJ1 lt'W'W 1 'WJJ'W 
riti'W 'Uti�1:l flNrl':iJ t11 r!'mum'l:J \ol1tt1:l 1�u1�\P1:;; trn:;;r11m1fl\P1tiit1fli'W £��\91t:U�\91�trn:;;iJi1:l 1 vJ-., q 

' " ' 

)lt'W'W f( � L'WtJ'J,J 7 l 'LJ'LJ1:lfl'Liri tl!'J 1 ir N'a':IJL1J\91 l 'W'W'W'Vi'IJ tl� 1 m � fl11'11'11��tl i u qJ qJ 

1v1 t11h·:;;-cr �r1il 2552-2553 

d 'l 9 �"""" 'Vl�� t\91cJ t'lfTliU'LJ'LJ:lJlm!l'W (Conventional breeding) 
2. 1'1lfl11Ni'i\olt:lJ�\P1vl''W£1:lflNf(:lJ'LJ'jtJfl 1fl� �iiu!mt11i1:l 1vJ11t'W'Wl'WU!mt11�m

_ f 'i' G' ,d I Ill Vv u'a:;; &tl'li'l-fYlfllvl1l'il:;; !vl'.i'IJ 

q qJ qJ 

mm1 tlf1191tiitirnrn:;;vl' \IJJ'W 1i'W £ m tl fl 1 fl� L�tl Ni°i\?lJJ 'W ri tl'W � i'11 vJ 1 lt'W'W l 'Wu! :lJltll � f( � q • qJ 



"" 
'lJ'tTYI 2 

� o c::t. v d <i"c:l 2.1 tl'l-.! t11A'l-!v1Hi:1::;i;"lfl1:ltl!::;m-n�� fl'l:I f!Hfvl'a'Uel-l'U'Hl fl A fli:1 

n::;tt �1� 0f10\9l 1!� tl'W tt10�i1 'il 'il U'W!� tlf111iJ 5 0 n 1 fl �(broccoli) ti ni� 0ell 'Wi1'15\915::; mi 
q <u <u <u 

� a., o' dQ./ -==:.i.di .::::t. r/1 

n::;mn (Cruciferae) ('ill�'flf11l'ill, 2541; lltUQ\915, 2545) l.J'lf01'\lltllrl'lff\9\TJ1 Brassica oleracea

var. italica Plenck (1u'W, 2542) uttci-:in11i1�0elummd''W00f1'\J0,Hl.J�!\9101mi'1t1'W (iu'W, 2542; 
SJ 

Singh et al., 2004) n�l'W'J'W 1m !l.J !"lll.J 2n = 18 (Bassett, 1986) 'af11JUA::;�11tlm1Jn11-:iih�t11 

00f1!'\ll1 !lJ'U0iJLiJ!il'Wl'IVf1 '\llH'VllJL'ntU �71Pi''W01iJL'ntU �0nnth�t11�1'W1'Wl.Jlf1 'j'Jl.J\911tl'W!il'W 
. ., ., 

n�l.llmy u�m1::;\911t1'Wttml.ln11�0nn::;tt�1 (m'V'l� 1) (iu'W, 2542) �0ntl1::;n01J�1t1n�1J�0nir 

mil0� 4 f)�iJ !f1ff5!'V'lrl'� 6 el'W f-:i 1.Jn 2 !"ll'flrl' r:lnn11-:i 3-5 iJ-ai1tlJ\9l'j tl11 50-100 iJ-ai1tlJ\9l'j r:lnun 
'1 

mt1L'W!1'fll 50-901'W l'l'a-:J'illf1Nffl.J!f)ff'j ('W'V'l'W1( 2546) n-an11ru::;1rlm1-:ii1'1fq�!�t11u-a::;ff0-:iq� 

1J10n 1 fl��tl�n 1 tJtl1::;1'Vlrr1 'VlmilmJ10n 1 fl��til'WV11nq�1�t11 nm11� t1n�0�11 tll 'W 1::;v::;u rn 
I ,!I ck ,  ')9'"' .;, IIJ .I' <;' "'

11 Green sprout broccoli '1150 Carabrese 0JM\910l.Jl !'lf!Wf1'\ll1 rn17iJ50f1 !fl'fl 

iJ 5 0f1 ! fl�! iJ 'Wi1'lf �f1�nfl 11l.J '11i'l t)j'Vl 1-:J!rl'rn j fl 'il'\111-:J \,\::; 1'W 0 0 f1! Q tl-:J L IPi' 'U 0-:J '\111U !0 ! imrn::; 

0tl.J!mmu0 L'Wrl'\9l'J'j'j1J� 19 (1u'W, 2542) ri1'W�'Wtll.J1J!fofl;j0�0f)��Wl'Wl!il'W�0f1fl0'Wf)0'W� 
"' ., 

�0f1iJ1'W (l.ltUQ\915, 2545)

' 
mwvi 1 -an11i:u::;'\ll1-:J'V'lt)f11lrl'lff\911'U0-:i1J10n !fl� n) �11Pi'mrn::;l1J 'U) �0nci0'W 1m::; fl) r:ln 
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2.2 rl1UJtll�tlJ'llel-.'.l'l.J'H)fl Art�

U'Jelfl 1fl�!�tJ�fl�tlfl'I-Jl!'ll1:IJl'Uclfl t'W'U'.i�L'Vlfli 'VlEJfl'Jl 30 TiuK-.i �-:i 1 'We)�l,]�1Jnf1fl v-:i iil
<u <u <u 

jl I jl I 'j/ 

lJ V1.J1J n.n fl u�il 'il 'il'IJtJ �fl'l/U�'W fl� 1J:IJWJ1:I.J ffl'fl Ul!'W:I.J:I.J 1 fl�'W !� '.i 1� :IJ fl 1'.i J-:i cilel :I.Jl'il lfl\,J cl 1 �
• u 

" ' " 

� l'°l'U'.i �!'Vlfll1-:J �1'\1'W lV�� !!cl� �1,1 �1'11 fl'.i '.i :I.J!! 'lit! �'1 !! cl �fl 'W i 'Vl VU EJ:I.J1J 11.nfl 1J '.i elfl 1 fl �!'W:I.J:I.J 1 fl�tJ
" 

(i'N'W, 2542 )  'Welfl'illfl'W1J';ieJfl 1fl�V'°l!�'Wtt'\1ri-:imHi'l'Wel'W:1.Jcl;�';i� :IJ1\,J11J'WUcl�U'j'fil\,J
• <u • 

d 
n I 1 o' f .C::. 

d �I Q) d .Q 'j} Q d :I.JlJ'.i� EJ'l/'W:I.Jlflfl17 10 'l/'W� (m'.iN'Vl 1) trn�t1J'W�fl'Vl:1.Jftl'.im'Wel'W:1.Jclel�'.i� (antioxidant) 'Vl
• <u 

t1Vfl119icl hbwi,fo (sulforaphane) (Cunningham, 2007) 1�vm'.il'l'1flri11ttl�'illflfl� 1fl01i1'Wrn1,1
"" 1 "" "' 1 "l " 

"" (glucosinolate) 'l/'W �fl� m 1vJ 1'W 'W (glucorafanin) (1- fhl 1J 'W, 2 548) � m el 'W CJfll myrosinase 'Vl
j/ j/ j/ I 'JI 

tn��'W'.i�'\111-:im'.i t�v1 '11�elf11'.i�fl'Vl7mv'llel'°l!Uel!Vel (Fahey, 2005) 1�vmmrn�1Jm'.i'llU�'W Hi'

'YJfl1:f1'W'Uel-:J1J'.ielfl 1fl�!l�'U1111tlt9icl 1vJ'.i1tvl'W��1Jil!tr'llfl'W 1�v�1Jt'W�elfl�'°lfl17t1J (Liang et

al,, 2006) Ucl��1Jt'WtlJ���'°lfl11�elfl (Trenerry et al, 2006) el�1-:ih01,11:1.J'illfl'11'W1'ilEJ'\1cllEJ'N'IJ1J

�1J171:f1'W��1J9icl 1vJ'.i1!vJ'W�'°l���flel�'Wael'W (sprouts) (Cunningham, 2007) Ucl�t'W'.i1El'11'W'Uel'1

Bellostas et al, (2007) �1J11 'l/Umrn�m71l!'ll1l'll'W'Uel'°lfl� 1fl9f1'W!cl\,l (glucosinolate) U�cl�\il1:IJ
"

fl111J!!l,]fl�1'1fl'W, 'Ul,]1:1.J'l/U�'\Jel'°l B_ olemcea l1'11 'W 1:f1'W 'Uel"l'Vi'll!!cl� ell�'\Jel'°l�'W ael'W 1 �Elfl 1111

! 'll 11 'll 'W 'IJ el -:i !! el cl fl 1 i cl fl� 1 fl 9f 1 'W ! cl 1,1 ( alky I glucosinolates)
' " ' 

Q ,dl 'j} I G) 9,/ I dd QJ ylmethylglucosinolates !�11'\J'W\,llllell�'IJel'°l\,l'WeleltJ !!cl� !'W'.ilfl'Uel'°l\,l'Welel'W'Vl:I.Jell� 4 !tel� 7 1'W

�1Jml11t'll:1.J'll'W'\Jel-:Jfl� 1fl9f1 'Wtcl\,l�'°l��� t 'W'Utl!�� cotyledon '\Jel-:J�'W ael'W 1 'W'll1'1!�V1fl'W:1Jrl11:I.J

!'llll'll'W'Uel'°l alkylthio- !!cl� alkylsulphinylglucosinolates �-:i���

Verhoeven et al. (1977) flri1111m'.ii�11Jflcl 1fl9fL'Wrn1,1�m1v;v-:i�el ell'il�el�l'Wmm1,1 
<u <u • 

fll'.i!tl� 1rn:I.J�t!-:i1� 1�Elf11'.i1J11flfl'U'.i�:1Jltl! 1 n1clfl1:I.J�elbY'U�711 m111'.itlcl�'e)l,l';ilf11'.i!�El'°lf11'.i

"" 1 
d II] 'J/ - I ✓ cJ ✓ "" ✓ m� rn11�t'.i-:i i� 50 t1Jel'.itCJf'W\,J ('W�'W'Ii, 2546)

"'�I ""1 dq ll] 'J/ 

Helicobacter pylori 'Vl!1J'Wm!'l11,J'Uel-:Jf11'.i!fl� '.ifl:I.J�!H i'Wm�t�l�ell'\11'.i !� (Yanaka et al.,

2005) !tel� Lawson (2005) 1�'.i1EJ-:Jl'W�clf11'.i1'ilEJ'IJel'1 American Association for Cancer Research
" 

119icl 1 vl'.i1tvl'Wmm'.i tlV1JV'°lf11'.i !'il1Ul'\Jel'1!9fcli:I.J�!!-:i�el:I.Jclfl'\1:IJ1fl ticl� :I.J�t!-:i�l, flt mu trn�v-:i
u <u u 

_'11 o, 'J} Q 0, d II] 'J} di O <V 
1-•1 n,I d <V II] 'J/ 'J} mm'.itllJel-:Jfl'W retina 'illflfll'.i!'IJl'VllcllEJ'IJel-:JH� UV !� !!cl�!:I.Jel'WlCJfcl l"l'.il!l"l'W'Vl�fl� !�'illfl\,J'W

' " 

ael'W'Uel'11J'.ielfl 1fl�:I.Jl'Vl7'vi�1'1Jel'°lellm�iJfl'.i�l'W1'W 6 fl'W !!�1ttt�11:f1'W'W'W,�11J1'1iY UV ttJ

tl!mm�m�el�'lffltJlfll'.i 1n�:1.J�t!-:i��1tt'!!-:i 1� tt�-:iflwV1�clel'°l�1J11�11J1 t 1m �'Vl1cifo 1 vJ '.i 1tvl'W
<u 

� 11] 9/d d' d  o' , i J' �1Jellf11'.i�'W!!�'°l!!cl� rnrn�v-:i 37 !'Uel'.i!CJf'W\,J!'Vll'W'W (Bennan, 2007) 'Welfl'illfl'W Juurlink (2006)
" ' 

V'1�1J11f11'.i 11J'U'.i �'Vll'W �'W ael'W '\Jel'°lm elfl 1 fl �1 'W ';i �'1111'1 fll';j \il'°lfl ';i ';i fi'\111 t ttu:Jii �'Um�'vi !! �-:i u '.i '1



t, 

5 

I _9-t Q.J � ) 0.1 'l � d O � d 9) £::l 

'lf1c.J1J tl-:J f1'W f17'Hf1� 1 rnvn 'il tt 1:'l:;;'111:'l ti� rn t1�'\J tl-:J'Vl 1m l 'Wm rn irn:;; '\Ill hrn1 rn'Vl i'l l'l t1� ttl'l 1:IJ 
d <CJ 

fl''\Jfll'W'\llH'\J-:JHH 

\91711-:i� 1 'LI'.imt1mnmm1'l'W1J'.it1f1 ti'l� 100 nf1J 

Energy 

Proteins 

Fat 

Carbohydrates 

Colesterol 

Fibre 

Bl 

B2 

B3 

B6 

Vitamins B9 

B12 

C 

A 

D 

E 

Ca 

Fe 

I 

Minerals Mg 

Zn 

Na 

K 

p 

mJ1m'\119J : na = No data available 

(Ferre, 2002) 

Units Content \91ti100 g 

Kcal 32.45 

g 4.40 

g 0.90 

g 1.80 

mg na 

g 2.60 

mg 0.10 

mg 0.06 

mg 1.70 

mg 0.14 

mg 90.00 

mg 0.00 

mg 87.00 

mg 69.00 

mg 0.00 

mg 1.30 

mg 56.00 

mg 1.70 

mg 2.00 

mg 22.00 

mg 0.60 

mg 8.00 

mg 370.00 

mg 87.00 
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V .q I Ai Ai ) ) .c:::I 
2. 3 t1' ii l'V'II n vHHl ll 'l'l mm� t1'll fl el fl l'Uil 'HUA fl 1J t fl 'U el ..'.l 1J 'a el fl t rHI

u 

fll':H'il1'qj!�'IJ 1� 'UeN'IJ'Hlf11 'fl� n'fl 17:IJ \,le)..'.j fll';j ff fll'VH!1\Pl �e)1J�U�f1�7-:J f)'j_Je:]e) f1 l u 1 \Pl ti 

t1um fl:U�111m�IY1J n'IJ fl11 t 'il 1ru1�'1.J 1�'1Jt1-:i1,1-w n � l'IJ 1 t1n 1 'fl�U 1 �mrn 15. 60-18.30 t1-:irrw1HH95t1 rr q ., u 

i 1 'l rJt r 'IJ 0rn 11 fl n� 1 n 11 if n N� r111tt00 n \Pl eJ n1 � 1 n 11u n� 1rl 0 �1 tin� 11 uu � nr1111r 0 0 n \Pl eJ n1 � 1 
q ., ., 

di "J} II] "J/o, = � II] "J/ d II] Id "J/ "J/ ,d.,, II] "J/o, 1-w0-:iu1nnm 1\Pl1'1.J0t1mfl:w�1 1\Pl\PleJf1'lJ'Wl\Plrnf1 'fltllfll'W 11J\Pl fl11t11t1nm'Vl1Jmt1mrnrn� 1\911'1J q qJ q q 

ci ,::::j 0 9'J) d I 0./ 'J} ci  I 'J} 
nl 

ci 
'fl 111J m �'Vl 'IJ m � rn eJ'W mn :w N� 'Vl 1 11100 f1\Pl 0 rn nt'lf'W n 'W m t1n m 'Vl11rn1� IYmrnfll 1 t11 t11J � f1'fl 0 

q ., 

, V 

28 '1'W11�-:J'illfl!:IJ�\Pl-:Jtlf1 1rn�n,'IJ'il1-:J 4-5 l'IJ l'W';i�tl�!!rnrneJf11'fl�!'il1'qj!�'IJ 1�1�1mn \Pl-:J'l-J'W�-:J 

1,10-:i fll 1 mlll�\PlJJ ff:IJ\j 1 ur 'UeJ-:J�'W i;,;-:i 1-w ff m'W�'Wrn 1� -:i 1,10-:i i ri� t10 01-:i I vl t1-:i'W 0 pH �mm� ff:IJ� t1 
V ' 

c, c, 1 ,'I "J/ 9 "J/o I o d 9 "J/ "J/ f1U!'il1'qj!�'IJ �'flel 6.0-6.5 !!���el-:J !l1'Wleltll-:Jff1Jl!'ff1Jel!!��!'Wl'M'Wel !'W'fffll'W!!'Vl-:JU�-:JU�� 
� .Q. I o 'j) .::::i Q./ .Q. .Q. cl 'J) d 9) 

'fl171J'lf'W l 'W\Pl'W l:IJ'W eJ 'Vll l 'l-1'1.J ';j e)f11 'fl�'lf�-:Jf1fll';j I 'i)';j 'qjl�'IJ 1� elelf1\Pl e)f1! ';j ') \Pl e)f)f)';j�\Pll-:J:IJ!'ff'W lt11Jlfl 
' V ' 

1i'.1 t1-:i 'illfl'IJ';j eJf11 'fl�!�'W irrni'.i0-:i11m1 IPl-:JiJ 'W i1-:inmlimm� IYm1 nfll 1 u�n 1-w u 1 �1 'Vlr1'
0
l 'Vl t1 

�0 1$/0-w-wqrrifllt1'W�-:ii-w11'f1:w 11Plt1�t11HfJ:U�mm�ff1JeJ�'lf1-:i 18-27 0-:irrw1Sm95t1ff �-:iut1:wu�n 

I 'W 'IJ1 I 1tll �n t1lfllr1'l1'W 11!�'WH!el!!tl'IJ'IJ1!1tllfll'fl!Hi'./eJ'!-1!t1fl1'fl�ffl'W � tl'U'IJ'W I 'W fffll'WeJl fllr1' 

!0-w !!Jj1'1.J';je)f11'fl�ff71Jl'jt)!'i)1ill!�'IJ 1� 1<'1� !!�I ttU11Jltl!N� Nii�ll��'fltl!fll'Wrltelt1f1'Jlfffll'Wt1lfllr1'
u q 

d ' _I = ,,i ll]"J/ 1"' d 
' W'W !'lf'W fl711J�f1'W elf1t]�'IJ 1 !1tl! 'lfl'W!:IJeJ-:J f1 i-:i1 'Vl'W "'1 !\Pl \Pl tlf1'1.J1 elf1 'fl�'IJ'Wl\91 rnfl \Pl el f1'1.Jl 'W f1el 'W eJ7 �

"'"' ,,i di d d "J/ di d 11] \Plelfl:IJ'ff!H�el-:J !:IJel!f1'1.J!f1tl1!!m\PleJf1!rI'tl:IJl'.Jtllfll'VH';i1 ( !'il'W, 2542) 111g1ill��'fltll� (2543) 'Vl\Plfftl'IJ

fl11U�f1'1.J';j eJf11 'fl�u��n�11�1u�i -wi1-:iq��-w�i-:i11ilPlrf-:J'llm 11Plt1U�n'IJ10n 1 'fl��-w,f �0un�'W

1rn�n�11�1u��-w,f 60 i-w 1-w h-:i1!t1-w�1�w1rn�-w0n h-:i1!0-w�1�w 1�1111-:i1$/t1-wflrnJJl'fllJ

�m'fl:w 2541 N�fl11'Vl\PlrfeJ'IJ'W'IJ17fl11U�f1'1.J';j eJfl 1 'fl�i -w h-:i1!0-w�1�'lt1'lf1-:iq��'W 1<'1 N�Nii�m �ti

1,602 ;n�ni':w�el l 'j �-:J1Jlf1f11lelf)l-:Jni'TmY7rltlJ'Vll-:Jrf(l�f)'I.Jfll'j"U�f1'W elf) h-:i1!t1'W �-:i 1<'1 N�Nii�

m �mvlt1-:i 1,192 ;n�ni':w�eJ 1-i 1rn�flnU�f1 l 'W h-:i1!t1'WJJ!UeJ{19i'W1'1fll';i 'Q'qjliYt1'illfl\Plelf1!'U l�!tl\91
� d d r1 d " 'J) , 1 ci dd "' d r1 d 

'il 7 f1!'lfeJU 'IJ'fl'Vl! ';i ti 14-26 I U eJW'lf'W � 'W tltlf111 fl1 ';i U� f1'W tlfl HI ';i el'W 'Vl 1J!U elWli'W � fll'j rfill!ff ti 'il 1 f1., ., u 

\Pltlfl!'Ul'ff-:i�-:j 41 1u0{19i'Wv7 um (2510) U�fl!U�tl'IJ!l1tl'IJ�'W'!l'IJ'je)f11'fl��l'W1'W 3 �'W'll �e)
cu cu q q 

� I 'j) 

Waltham 29, De Cicco U�� Burpee's Green Bud !'Wtl�'fl11ll!'Vl1Jl�rf:IJ�elrffll'W!!1\Pl�el:IJU��fll';i

ltt N � Nil� 11Plt1'1-1 7f1 l ';i'Vl\Pl � el-:Jl 'Wtj� l1 'W11 � !! N 'W f11'lflv1'lfr1'1rf � {  ff l'lllv1'lf ff 1 'W
a:, Q.I cl I Q.I rl a:, .Q. cjd 

:1Jl111'Vlt'J1�t'J!fl'El�1r1'1rf�'j 'W'IJ11'W'W� De Cicco Im� Burpee's Green Bud !'il1'qj!�'IJ 1�\Pl'Vl�\91 

l'W'Utl!���'W'll Waltham 29 ne)�';ilfll';il'il1ill!�'IJ 1��lfl'Jl�fl 2 �'W'll 1rn��'W'll De Cicco itt 
q u q q 
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_<lf v c!t::1 I � 2 .4 m ·:nrn fl vi fl mrn � 1J 1H1 ti 'YI ii tl-fil vi fl m ·rn fl fWrn fl 'lJ fl -.:i 'Vi 'lf

�'elf)!� 'W ri1'W 'U'el-.:i�1J( 'W �1u� tl'Wu u'1-.:i 1 u 1� 'el'V11'11 u' 1� itlli'W t 1� ti� 'eln1n� 'il 1n\?11 � 'el n 
" ' 

q 

(floral bud) tt!'el\9lli:-1"1':JJ (mixed bud) 1J!t1t1HU'el!V'elt'il!tjj (apical meristem) !�tl!fl�f11':i 

!U�tl'WUU'1-'.J'illf1 vegetative meristem !�'W reproductive meristem til'el-'.J'illf1U'il'iltl'Vll-'.!"1'1':i1'VW1
• , , <V Q � � <V r/1 �I 'J) .J\911-'.l'l ! 'lf'W 'lf1-'.lfl17:JJtl711'W (photoperiod) fJtl!'rl.fJ:JJ\911 ttrn':i��ll'ff:JJ\9.]'1'\JeJ-'.J�'el':i lJ'W!lJ'W\?l'W 9/-'.J
iJ I I jl 

'U'W \91 'el 'Wu '1 � u 'il i tltt m tl'el a1-.:i 'Vi 1 '1i' 1 :JJ 11n ti 1'1i' 'el-.:i tT 'W u\91 n � 1-.:i n'W 1 u m:JJ 'lf u � 'lJ 'el-.:i �'15 1rl 'el� '15
' ' " 

t'il!OH�ll !\91!�:JJ'Vi'V-lf'el:JJ'e)'e)f)�'e)f)1Jf1l';j!U�tl'WUU'1-'.J!fl��'W toii'W fl'Jl:JJ'rl'Wl'U'el-'.Jlll ':iU'il-'.JllJ f)l';ju "' 

.<:::t 9 � d .::::S  <V J' dt  Q cl 'J/ .J11 t1 'W 'lJ 'el -.:i Ill u ':i m t1u :JJ � "1' fl 11 :JJ mm rn 'lJ 'el -.:i ':i 1 n '1 n El t11 � 1 'W 'el w m 'il ':i t\! u m t1 t1 e:i � 1 tl 'W \91 'W 91 -.:i
" " 

mmnutu-.:i'U'W \9l'el'W m':i 'ele:Jf1�'elf1'U'el-'.l�'lf t��-.:iu (1 m�t11, 254 7)

I. Floral induction : ':i�tl�f11':i'llf1Ul
d � 2. Floral initiation : ':i�tl�!U'1tl'W'illf1 vegetative ttl'W reproductive merristem

3. Floral differentiation or organogenesis : ':i�tl�f11':i'fff1-.:iri1'W�l-'.!'1 'U'el-'.J�'elf1

4. Floral development : ':i�tl�nniWJ'Wlf11':i�'elf1�'el'W
d5. Floral anthesis and senescence : ':i�tl�f11':illl'W�'elf1U'1��'elf1t'l1tl1

' ' " 

!�'el�'lf!'il !tjjt�ll !\91!�:JJ'Vi'V-lfo:JJ 1 tt�'elf) iJu 'il 'iltl\oll-'.J'l 'n-'.Ji'W� m rntrn�'ff fll'V-ltn��'el:JJ:JJl 
jl jl I I 

m�J('W 1 tt!fl�f)l';j "1'f 1-'.J\?ll�'elf)�'Wll ! L 'Jt\UU mvm 'il!UJ 1 �tl'llf)lJ 11 tt1Jf1.l';j Lu� tl'WU U'1-'.J 'illf1"1'fll'V-l\91 l 
q u 

" 

1rn�'W\917�'elf1 c1m�t11, 2547) 1�t1U'il'ilt1�1-.:i'l �-.:iu 

2.4.1 eJltl'U'el-'.J'V-l'lf 

eJltl'U'el-'.J�'lf!�'W U'il 'iltlflltl l 'W 'e)fjNtt<l-.:i� 1Ji:-1'1�'el f)l';j "1'f 1-'.J�'elfl 1�t1'V-lll11'11'a-'.J 'il lf1��'151J 
q 

"' di ' 9 'J)c, lf)'J/ ., 'V-l'lf 91-.:imi:-1'11ttm�m':i'el'elf1�'eln 1� (�'Wt1, 2539) 

2.4.2 fl11:JJtllT1'W (Photoperiod) 

5'VlTI'V-l'1'U'el-'.!U 'ff-.:i�1�t11°1i''el-.:iflllf11':i t 'il!tjj t�ll !\91'\J'el-'.l�'lf l 'W m':i oirntl 7f11':i tn��'eln� ihrlt\J

l�Ufifl11]Jtl111'W �-.:immn1uu-.:i�'lf�\?l'elll'ff'W'el-'.J�'eloii1-.:iu"1'-.:iernnn11-.:i"'] ,� 3 U':i�!fl'Vl t#i'uri �'15
" '

1'W'ft'W (short day plant) �'lf1'Wtl11 (long day plant) U'1��'lf'Vitll\?l'elll"1''W'el-'.J�'el.Ji1-.:iu1H (day
" ' '

neutral plant) �'151'1-J 'ft'W t�un�'lf'Vimm':ifJ'el'elf1�'elf1 t#i't�'el l�'.illfl17:JJtll1'\J'el-'.loii1-.:iu'ff-.:i l 'WLL\ol'1�1'W
" ' '

'ft'Wf117.Ji1-'.!1'W1f1t)� (critical day length) l 'W'Ut11�'Vi�'lf1'Wtl11"1'1:JJ7':ifJ'el'elf1�'elf1 !�!�'el t#i''.illfl'JllJ

tlll'U'el-.'.I.Ji1-.:iU'ff-'.Jl'WU�'1�1'Wtl11f117.Ji1-.:ii'W1f1()\?l bY1'W�'lf'V-l1f1 day neutral plant lll\?l'elll'ff'W'el-'.J�'el

oi/1-.:ii'W 1 'Wm':i 'el'elf1�'eln oi/1-.:ii'W 1nqm�'W�1m'V-l1� 1 'W�'lfU�'1�'lfU�!!'1�"1'lm':i t1m�1 t#i' 'illf1f11':i
" ' 

'Vl�'1'el-'.J'il!-.:i flll�'lf'W'W'l (:JJ'1111'Vltll'atl!f1El\91':irl'l'ff\91{ 2545) !�tl'V-lll17!!m 1�m�'V-ll�eJfjl-'.J�-'.Jfl'JllJ
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tll 1'1'W n'U'Vli.J 1'Vl'fflflill�tlf11 ';i I iJ� tl'WU iJr1..:i ,J lfWll I '!JI� 'W\•ll�ltlf) hwri1'W 'Utl-.'.11 '!JI �'W ti 1tl1� 'fflfl ill u u 

" ' ' 

1 'W f)l ';j f 'UbYillilll 111,11 f) flll'jj tl111'W u rl � ci ltl'Vl el \Pl \Pl ti 1 iJ v..:i I 'W tl!Vtll ,l ! ill f) ti 11l I fl\91 f)l ';j I iJ � tl'WII iJ rl ..:i u u u 

,J7f1\9ll I 'Ul�'W\,l1\Pltlf1 (11fi�t11, 254 7) �..:J'ff'W'W11�1'W 11 "lf1-.'.lfl11'lJtl111'W ni:-Jr1�t1mnrf 1-.'.l'tll':i tt!el 
"1 9 c/ I tr} Q./ I di � dt 'J} .c:1 J' 1 a, 

el'tl';i 'JJ'W t'WICJfrlrl Url�tlf1J;l'..:J 1iJt1..:J{Yl'Wtl'W'Utl-.'.l'V-l'lf l'V-ltlf1';i�\9l'Wf17':itltlf1\Plelf1 l':it1f1mnn1 �rltl':il,J'W 
� q 

(Chailakhyan, 1936 �1-.'.l 11'lt11m�t11, 2547) �-.'.l'V-l'U17irn1'W\91':i�f1rlf1�'11�1�tl-.'.lf11':i"lf1..:JU{Y..:J1'Wtl11 � 

'ffl'M f 'Um��'W I tilfl\Pl\911\Pltlf11'll'WI� tlltl'W ( ,17� l:lf11111!, 2541) 

2.4.3 m':ifll'lJ'fl'jjf)l';j!,J!ill!�'U 1\91 
q u 

';i � \91 'lJ �Jtl {1 'jj 'WI 'W � 'W 'W'lf {1' fll'V-l U 1\91 il ti 'JJn 'U'Vl 'lJ l'Vl � 'ff 1 fl t\J� el f11 ':i I ,J ! t\J I �  'lJ 1 \91 '\J tl-.'.l'W 'lf 
' " ' 

1\Plc1'Vl11 iJ ir 'W r1 ,l i ti u 1 \Pl ii' ti 'jj � 1 ..:i 1 n J:-j r1 � ti f)l ';j I iJ � ti 'Wu iJ r1 ..:i ';j � \91 'U e1 ti 11 'jj 'Wm ti 1 'W � 'W vt 'lf 1 \Pl ti 

e1t1{1'JJ'W l'11m�h�1�m11ci1t1'Vl t11'1 'ffillill711!f1':i � �'W ,11 ntl ,i i t11111'1-a' mJ 1 'li'W 11 {1' ..:i t111m fl :iJ m ..:i� ..:Jl'll'l 
u u q q qJ cu 

1 ?I 9,1 &liLI"" I ""di "' 09W"I 
'Utl-.'.l rlf111J'W\9l'W CJf -.'.l  rn'JJJ:-lrl\9ltlf1':i�'U1'Wf11':il'JJll'Vl'UtlrlCJf'lJ'\Jtl-.'.l'V-l'lf Url�'Vll t'l1'V-l'lftltlf1\Pltlf1

( 'JJ m 1'Vl m i:r mn11 \91 ':i f1'7J;l'\91 { 2545) cl1..:i'V-l'U 11 m rn t1f11'1 t1 nm ,i 1� t11�t1..:i tl'U e1t1fl'JJ'W i rn 'lJ t11 ':i r1-a'W 

I 'V-l ':i 1 � n '11 m ti m 111 �i '!JI 'lJ tll ';i r1 i'J 'W mm ';i tl 'lif1 'W 1 f11 ':i ti el f1\Pl ti f1 l 191 ,i 1f1 f11 ':i 'Vl \Pl r1 tl-.'.l 'U tl-.'.l tl'W 'lfl !n'l � • q 

irn 'lJ tll ':i r1 i'J 'flUtlC}f'fl mm':i tl'lif1'W 11 tilfl\Plf11 ':i i,J ! t\J'Utl-.'.l\91 ti f1 t 1911 � 1f1171.J f1� 1 \Pl tlfl 11'JJI �:IJ �'W 0, 25, 
9W .I <I d  <I d  °' o,9J .I 50 Uri� 75 ppm i'Ml'ltlf1'Ul'W 50 1um1CJf'W\91 l'JJt1tll� 120, 101, 95 1m � 88 1'W'Mrl-.'.ltlltlu1Jf1 

\911'JJil1\9l'U 

2.4.4 t1111'11 fl:W (TemJ)erature) 
q � 

'W'lf'M mtl'lf'W \Pllrl ti "l191f '!Jt1111'11 fl:W�l 1 'W '111-.'.l';i�tl�nm'M� ..:i mm ';j t) 'lif1'W 111l1n\Pl \Pl tlf1 "1191 1� tif) 
q � 

I I j/ I 

iJ ';i 1f1t)f11 ':i 11! f11 ':i ti ti f1 \Pl el f1 '\J el -.'.l 'W 'lf I :lJ tit 191 f 'lJ f11':i'lif1'W11911 tie.) UI '11 SJ 1J � 1 'W 11 I 1 ti { 'W 1 l r1 I CJf 'li 'W 
a. 0.1 cl , � tr} 9JQ./ d 9) 

(vernalization) ( :IJ'1111'Vltllrltllf11l\91':if1'7{1'\9J';i, 2545) Url�'V-l'U11 '111f1'V-l'lf t\Pl':i'U'flll'lJW'Wllrl�\911:IJ\Plltl 
a, Q.I d c/ tr} � O \fJ3J.:::i 1 _J I  9j/ 

t1111'11fl:IJJ;l'..:J'Vl'W'Vl i:-lrl'Ut1..:Jnmm WICJf'lf'Wm:1J1':itltlf1'Vllmt1 t\Pll':itlf111 devernalisation CJf..:Jmi:-Jr1 rn 
q cu cu cu 

'W'lf 1JJ ti el f1\Pl ti f1 '11!t1'111f1'W'lf1191 f 'lJ ti 111'11 fl :iJ � 11 fl'W t 1.Jl'l 71 ttlfl\91 over vernalisation ti H l'l 11 tt f11 ':i 
q � 

t1elf1\Plt1 n 1JJ�rvh�m':i � ..:iri1'W 'll el..:J'W'li�\91 t1'lJJ;l''W t1..:i�mrnm fl :iJ� 1 t 191Uf1 ri1'W 'llt1..:iiJ m t1 t1t1\Pl �..:i 1 � 'W 
q � 

a. d� dt a. o Q.l ci I cle:::.. .J <v .J IQ.I .d:I 

'lJ ';i I 'JUI 'VU 'W tlltltll ,i ';i ill f11rl -.'.l 'lJ f11 ':i U 'lJ Wlirl rllf11'1'\J'W ';i � \Pl 'lJ f11 ':i \9ltl'U J;l''W el-.'.l '\J 'W ti tlf1 'lJ tl1 tl'\J tl-.'.l 'V-l'lf U r1 � 
u � q 

'lf'Wl'l'llt1..:J'W'lf (1 m� t11, 254 7) I 'W 'lJ ':i elf11 'fl�m':i 1 tt1'JJ�l'l t191i''Uel11rn ii:iJ�1mm':i ainu 1m rnt1n 
q � 

l'ltlf1 l1911 'W'W'W'll'MtJ f1 u� 1J.Jmm':i tl'lif1'Wlf11':i tltlf1\Pltlf1 l1911 'W'W'W {1rn (Rubatzky and Yamaguchi, 

1983) Yulian ( 2001) l'llf11':i'Vl\Plrltl-.'.l 11'lt1f11':ilttl'JJ�\Pl'U':itlf11'fl�t191i''Ut111rnfl:iJ�1 2-3 tl-.'.lfl'l!CJfrl!CJftl{Y 
q � 

'llrn�..:it1n 1�m1m o, 1 ur1� 3 iYiJm11'V-l'U11m':ilttt111rnfl:iJ�1 2-3 t1..:ifl'l1CJfr11CJft1J;l' mm':it1'linu1 
q � 

9J IJ1 'J} d I d lr] •ll] '3)a., Q � lr] 9)Q.1 a,� d ,J 
I '11 ti ti f) \Pl ti f) i \911 ';id f111 'Vl I 'jj I \91 ';i 'lJ el 111'11 fl 'jj \911 1 m � f)l ';j I \Pl ';j 'lJ ti 111'11 fl 'jj \911 'Vl ';j �ti� nm m 'W '\J 'Wm 1J 1 ':i t) 

q cu q cu 
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ini'l1'1ttf.lf.lf1�f.lf1l\o71�1f117f17".it\olfrn;ittnHJlJ�7�'J�EJ�rnll'lw Jiang and Yu (2004) 'Vl7f17'J
'Vl�clf.lsl !� eJ ! ttf.ltlrM fllJ�l 'l'' flJ17f17'J ! ttf.ltll'\1 fllJ�llJ t:'-H'l�f.lf17'J sl f.lf)'\Jf.lsll:1-J ��It-a� f17 'J ltl�\917� el f)'IJ els!

q QJ q cu 

'IJ rnn 1 fl� �II\Plf1� 1-:i f1'W Wiebe (1975) r17f11 'J'Vl mrnsi 1� EJ iJ -a f1'1J rnn 1 fl� 11-a� f1�'11 � 11.J�'l 'W
SJ 

�fl1'1Jfl1Jf.ltl!'l1fllJ 1rleln'!'IJ 12-14 !'IJ '11lf.lt1!'11fllJ�l 12-17 f.lslfl'Wlfcll9feJcl' 'W'IJ17cl'71Jl'Jti'lif1'W7\917
cu q q cu q QJ 

-91 "" -91 .d o'trJ 91 ! .d ! 91 "" "' EJf.lm1J'W\Pll�f.lf1llcl�l'O'JUH1J'W�f.lf1'Vlcl'1J'IJ'Jtll !� 'W'Utll�'Vl '11f.lt1!'11fl1Jcl's! 22-27 f.lslfl'WlfcllG)/EJcJ' 'W'IJ
u cu q QJ QJ 

I 'J} 'J} I I 

f17".i 1�:1-J:Umrnsii'l 1111! n ! 'IJ JJ\PlleJf.l�msi ri1'WviiJm'J1iJ�EJ'W11iJ-as11�'W \917�f.lf1 11-a� tll'W'1Jf17".i 1n�\Pl1
�elf) !'Wf1�'11�71.J� Bjorkman and Pearson (1998) l\ol'Vl�clf.lsiiJ�n'IJ'Jf.lf) lfl�!'Wcl'fl7'W�t1!'11JJ1!�sl 35
f.lslfl'Wlfcll9feJ[l' l�f.l�f1WW\iJJ'W7'U f.lsl'lff.l�f.)f) 'W'IJ17f.ltl!'l1 fllj[l' s!JJ Ncl'Vll 'l tt f)7) elf) f)� elf)'U el sl 'IJ) elf) 1 fl�

cu q QJ cu 

cu'1n111.Jn� 'e)UJ'lSUlllcl�fltll� (2539) 'Vl�clelsi!cu'elt1!'11fllJ�l 5 f.lslfl'Wlfcll9feJ[l' 'J�EJ�l:1-J��sjf.)f)l�'W
u u q QJ 

nm 10-15 'J'W 'W'IJ11 Nf1�'11� Nnm�111 Nnm�m1-:i�si Nnm�if.ls11� fl�U1 mm".it1ini'l1'ltt1n�
SJ q • 

m".i1u!qJ 'llelsJ�eln'l1o7 ri1'WNnm�'ll11iJ�'lcu''J�EJ�nm 15-25 1'W !'W'Ut11��n�11�1iJ� 'IJ'Jelf1 !fl�
� 'l 'J) 'J) 'l 'J) "' n�11m�f.lf1 \Plf.l'IJcl''Wf.lsJ 'W'J�EJ�\Pl'Wf1m '15nm 1-2 1�f.l'W 

2.4.5 'W'W�mrn (genetics)
Bouwkamp and Honma (1969) ff sllf1\Plf1171JII\Plf1�7sl ! 'W f17'J elf.lf1�f.lf1'1Jf.lsl�f1Ncl'm�1111-:i

'IJ'jf.)f) lfl�X (f1�'11�71.J� X fl�U7)!'Wclf1i1� 2 'W'IJ17f17'Jf.)f.)f)�elf)tlf)fl1'1Jfl1J\o71EJV'W'l1cl7EJ\911
SJ SJ q 

9} Q.I if� ..:!! � I <lJ elf.lf1�elf1'l51 4 cl'leJ'W'W� flel s301, s310, s318 lie!� s258 l'Welfl'f1'!:17f17'Jti7EJ'Vlf.l�clf1lltl.J�f17'Jelelf1�f.lf1
1�1!'Wclf1i1� 1 lie!� 2 l�EJ�'J'W��f.)f)U)f)'IJl'W 'W'IJ171J�f)lltll�f17'Jci7EJ'Vlel�l�l,!ll'IJ'IJV'W'IJ1f)cl'�cl'1J

SJ SJ 

�slcl'f.l�flii'f.ls!f1'1Js17'W11JEJ'llf.lsl Baggett and Kean (1989) 'Vllf17'J'V1�1:lf.lsl l�EJ'Wl'IJ'Jf.lf) lfl�'W'W,ff.lf.lf)
' 'jJ ' ' 

�elrn�1Ncl'1Jf1'1Jf1�'11'ihiJ1J (Brassica oleacea var. gongylodes) '07f1'W'W1.J�f1�f1Ncl'1J'li1vi 1 111:l� 2
� dl ' 

?1 Q.I Q ... 1� d dc:l ?1 c:l I 'W el fl' f1117 f17 'J el el f1 � el f1 'W 'IJ 17 f17 'J el el f1 � el f1!lJ'W1:1f111 \U � I '15 sl lJ 'J 1J 7 ti! 'Vl :1-J eJ 'W ! lJ 'W 11 'IJ 'IJ eJ 'W 'IJ 1 f1 cl'� cl' 1J
1 11]9J QI QJ  

9) Q'l"' ' 1rn�t11EJ'Vlel� !� 111:l� f.lUl'l5Ul llcl�fltll� (2539) 'V1�1:lels!Ncl'1J'Ul1J'l5'W� 'Wv-lf1\Pl'J�f1cl Brassica 'W'IJ17
u u SJ 

1:1 n Ncl'1JiJ�n11rn�m".i ll'Vlsl'lff.l�f.lrn� 11�'W � n11t11�1�'W 11-a�mm".i t1ci wv1 el� t 1.Jrivi''W TI'l mJ t\oll'lf'W n'W
SJ SJ q 

,::::., d .... <2.f V ali .cf f .c::). d c:l 
2. 5 fl l'ffl vi 11-HWI! rn � lJ iHltl 'tl ii fH'l \il el fn "a \il vi 11-Hl vi 'U el� 'W 'll

EJel�lf1 cl"J l'W fl'IJJ eJ I �'WiY1'W � 'J els! f 'Ubl� el elsl!f1cl"J JJ� f111 tll��ll\91 f1�7sl f1'W \9171J!l�'l5'W �'IJ el sl
" " ' 

v1'l5 ri1'W 'l 11ajiJ� n11t11�flii'wvJf.lsii'J 1 iJi'l 11111'W 11 �f.lm".i'li''W!ww EJ1 1v1 elci el111J-as1111:1 � 1J'IJ -a� el elsilf1cl''J
� e:::i 9.1 9) 1:1-J elcl� el els! If) cl"J \Pl f11:l s1 'IJ'W EJel � lf1 cl''J I 'Wfl'11J eJ lf1 cl''J l'W fl'r.;jcl"J ls! '111:l el� 1:1 � elel s!!f1cl''J (pollen tube) 11 'Vl s1
' 91 "' 91 ' ' ::'I "' trJ ' 91 "' trJ ' I 

.,,.,,, "'trJ ,d 91 Nl'Wf17'Wlf1cl"Jl'Wfl'l1JEJl'IJ7�'l5elsll1J�H I'll l'Ulv-lcl':1-Jf)'IJ !'Ult-a� 'W1:ll'J'W1fl1:l !el (polar nuclei) 11Jell'U7
Ncl'1lf1'1J t �t\oll�'W t•lf lf1\Pl 1�'W!cirn-a�iJ�1'W 1'W 1 m l:1-J !•lf:1-Jcl'elsi'J.i� (2n) 1rlelv-1cl'1Jf1'1J l 'Wm{i'i 1fl� 'lel
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11 'II .,, 'II O "" ,,:i1 'i' - I .,, d cl 'i' 'i' 'i' di O II) - I I "" 
�l"1H"HWl'Wflll'W�llJ'Ute:l'W !�mueJ-:i'.)J'Vl'.lJ !fl'.i !lJ !'lilJ 3 'l[� (3n) (fltl'1'Jt)l, 2546) 'li'11Jl !ll�fll-:il'il-:itlj 

'JI V I 'jJ 

1tl'W vHmr1:;;1lJ���el I u ll�'Vl-::JU �ihrn1 f fU 'il { m 'lf'W n'W viiii:,m�m111��m��\91-::JU

2.5.1 elll'.J'Uel-::Jt"l'lf 
9 � o cl  9) ,  £:::t. Q.l o' 'j) OJ cl 
! 'W Vl 'lf vHH'l'l l -:i 'il'U el '1 fll-:i ff-:i 1'1ff 1'Wl 'il-:i Ult"l'U 1illrl:;; \91 l'.)J � 1 cJfll-:i VlWl 'W lfll-:i 'U el -::Jl'.)J i:l�llrl:;; rli:I

y ' 
u q 

�'Wel�fl'llfllrnelf)�elf)['Wl1i:llvimm:;;ff'.)J (Putterill, 2004) 'illf)fll-:i'Vl�i:lel-::J'Uel-::J Hodgkin (1975) 
I I I A I 1 

Vl'U 1l'fl 11'.lJll\91 f)\911'1 'Uel-::J 'lf1'1!1i:llfll-:i el elf)� el f)'lJ el-::Ji:I f) rlff'.lJ Bmssica o!emcea 'Vl '.lJ1 'illf)t"l ell!lJfl'el-::J 

fl'lcJ'W'W'lf ii rli:I� el rli:I riil \911'.)J � � -:i 1'.)J Martin (1962) I� 'I'll fll-:i 'Vl� i:l el-::J ii 'il { cJ�ii rli:I � el fll-:i rl ff '.lJ'll llJ 
"' "'9 'i' c1 'i' 9 'Ii"' , ,,:i1 � .,, d c1 c1 cJ 'II 

Vl'W� !'W'LI-:ielf) !'fli:I !�cJfll-:i t'lflJel Vl'U1l'ell�'Uel-::J�elf)llJ'Ull'il'ilcJ'VllJrli:llt"lcJ-::Jli:lf)'UelcJ Yin et al. (1981) 

Vl'Ullfll-:i rlil\91!'.)J��'W'W'lf 'LI-:ielf) 1 'fl�[ 'W ff fllt"ll!el'U m:;;'ilf) (greenhouse) !�cJfll-:i rlLY'.lJ\911te:l-::J'Utl!:;;� 
Q./ I 19 'j) cl I I QI 9 'j) �elf) cJ-::J el el 'W el� ! 11!'.)J i:I � lJl f)f)'Jlfll-:irlLYlJ'U ti!:;;� el f)'Ul'U ll i:I:;; fll-:i rl ff '.lJ'U i'll:;; � el f)'lJl 'W-:i 1'.)J f)'lJ f)l-:i ! 11 

'j) QI o'9 'j) � 1 Cl.I I 

ether 1rn:;;mrnLYlJ'lJllJLY11'.Jt"l'W � ! '1-i!'.)Ji;l�'.)Jlf)f)'Jlf)l-:i rlLYlJ\911te:l-::J'lJtll:;;�elf)elel'W 

2.5.2 eltll'l-ifl:W 
q '" 

'lf1 cJl�'.)JU -:i:;; iY'VlTI fl lt"l [ 'U f)l -:i ��l'.)J �� [ 'U 'lJ t11:;;�eltl! 11 fl :Wff '1 i:I �U-:i:;; iY'Vl TI fllt"l [ 'U f)l -:i �� l'.lJ�\91 �'1 
q '" '" 

' '
Q.Q 1 I I t:::1 Q o I 

eltll'l-ifllJ'Vll't'f'.)Jl:;;'(;1''.)J'lf1'1fll-:irlLY'.lJ!f1LY-:i elcJ-:i:;;1111,::i 18-25 el-::Jfl'll'lii:ll'licJLY eltll'l-ifl'.lJ\9llf111 10 el-::Jfl'l 
q QJ QJ q QJ 

y 

l'lii:llciicJLY 'I'll l ttfll-:i l'il1tljl�'U !\9l'lfd'f) 1rn:;; �'111Jiiu1:;;iY'Vl Tifllt"l l 'W fll-:i'\'11-::Jl'W ('ill'Y 'a mrnr, 2541) 

Young et al. (2004) fff)'lflrli:l'lJel-::J fJtll'l-i.fJ:W1J:'1�elfllrnelf)�elf) fll'J��rli:llli:\:;;fll'J��l'.lJ��l'W 

Brassica napus !�cJ11'a-::Jelelf)�elf)[ttfJtll'l-i.fJl1� 18 el-::Jfl'll'lii:llciicJLY !1i:llf)i:11-::Jfi'W 8 i1 !:IN 1rn:;; 

eltlmfl:iJ� 35 el-::Jfl'W'lfmciicJLY nmf)m-::J1'W 16 i1 !lJ-::J 1tlm1m 1-2 -au�111 t"l1J11iim1'Ww1m1tl'W 
q '" 

'a'I c1 d c1  d 'II 
r1f)ll'U'U parthenocarpic 1rn:;;'.lJl'.)Ji:l�lt"lcJ-::Jli:\f)'UelcJ 

y "' 
2.5.3 'fl'JllJ'lf'W 

y ' ' 

LY;m (2539) fff)'lclll'Vl'fl'W'flfll'J l tt mllJ'lf'W 11 -a-::i mrnLY'.lJlf) LY'J 1 � m �lJ u1:;; iY'Vl TI mt"l m1 � � 
q 

y 

l'.lJ��'W'W TI'Uel-::J'fl:;;'WlcJel��l'W 1'W 3 'W'WTI !�cJl tt'fl11'.)J'lf'U11'a-::Jfll'Jrlff'.)Jlf)'(;1''J'V)'Wvi 11'a-::Jfll)rlff'.)Jlf)LY'J • • 
' y ' 

3 1rn:;; 6 i'11m t"l1J11m1lttmrn'lf'W11-a-::im1r1LYlJ'li1m�lJu1:;;iY'VlTifllt"lfll'Jrlil1,11lJ�l'l'W'WTI 1rn:;;ii 
I 'jJ I 'J} I 

1m1!'WlJvi'l"l1J11m1lttm1lJ'lf'U11-a-::imrnLYlJ3 1rn:;; 6 i'11m lttil111-wrnlJ��m�cJ�elJi'1-Jmf)11 
y y ' 

m11 rr 'fl 11'.)J'lf'U 11-a -::i fll 'j riLYlJ VI 'W vi 1rn:;; ff fllt"l mllJ'lf'W ff'.)J'W 'W £1 'Wm m f1'1>11'\'l 11 rr in� fll 'j � � l'.)J � � 
Q.I d'.c:i � 9) Q.I a' WW'li� 1rn:;;fll'J'J:;;'Ul�'Uel'1 !'J'fl'UelcJ ('ill'Ui:lf)'lcltll, 2541) 

• q 

2.5.4 fll'J\?l�ll�-::J'lfel�elf) 

1clel-::i'illf)�elf)'lJ'Jelf) !'fl�ii�1'U1'Wmf) 1rn:;;11lJ\?11nmtl1-Jf)cilJ (lu'W, 2542) ;-::i'Yl1lttcJ1f)�el 
q 

y ' 

f) l 'J rl ff '.)J If) ff 'j � 1 cJli el \91 '1 'W 'W f) l 'J \91 � ll� '1 'lf el� el f)'lf1 cJ [ tt � l cJ� elf) l 'J rJ'(;1''.)J If) LY'J ll i:I:;; l� lJ 'fl tllfl lt"l 'U el '1•
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d Q.I c/ & d \I} 9/_dl Q Q.I I I � 

!lHl\91'VfU� 9/-:J'illflfll'.i'\11\911:ltl-:J'Utl-:J �'lJi:ll! ! i:l�'fltll� (2539) !\91fffl'!:Jl!'Vlfl'U'flfll'.i\91\91U\91-:J'l5tl\91tlfl !'\l'ltl 
� ... I ..:::::i. .::::i. .a. � 9 i .:::t 9J QJ ef Q./ o" 9J Q./ ct 

l'WlJ1J'.i�'ff'Vl'fifll'Wfll'.i\?l\91llJi:l\91 t'Ui:lflN'fflJ1J'.itlfl 'fli:l-'fl�'Ul 9 bYltl'W'U'fi Ui:l�'W'U'fi'fl�'Ultltl\91 3 'W'U'fi 
C!.J q q q 

i191t1\91\91tt�-:iit1191t1fl1'W'.i�t1�t1t1fl\91t1fl1ttmf!t1 5, 15, 25 it1�t11¾'U u1:1�t:iJ\e119111�-:iit1191tJfl 'illflNi:lfll'.i

'Vl\91 i:l tl-:J'W 1J 11 fll 'j \91 \9111�-:J 'lf tl\91 tlfl'lf 1 tit� ]J'LJ 'j � ff'Vl TI fll'W fl 1 '.i �\91 !ll � 191i 'U i i \91 tl'W 1J ll'fl � 1! 1 !� ti 119i,
" ' 

'j) ,Q, Cl.I • .c:t 'fl�'U19/'Ue11'\Jl1, F
1
K

3
B, F

1
BK

3
_
1
BC" F

2
BK

1
_

4
_
2
BC, F

2
BKs-i-

1
BC, F

2
Bk

4
_
3
_
1
BC

1 
111:l� F�BK

3
_
1 

llltlfll'.i
" 

191\9111�-:J'lftl\91 tlfl 1 ttmf!t1 15 'lftlloltJl¾'U iiu 'U 1 i umhm1 fl!ll�\91�tJl¾'U 'ff-:J fl llfll'.i \91\9111�-:J'lftl\91 t)fl'j �\911J
SJ 

t'U ri1'W1'Ui'W,f1mt1i'W,f 'fl�U19f11111;t11, F
2
BK

i
_
4
_,Bc" F

2
Bk

4
-3-

1 
BC 1rn� F

4
BK 

5
_1 fll'.i\91\9111�-:i

'lftJ\91tJfl 1:iJi1m�lJ'Li'.i�ff'VlTI m'W fll'.i�\91!lJ�\91 'ff'.i71\PJI (25 30) �flm fll'.i \91\91U�-:J'lftl\91tlfl 1 'U 1J '.i tJfl 1 'fl�• 

'W1J llfll'.i H�-:immn'U 1 tJri-:i Ni:l�tl'IJ'U1\91Ui:l�fll'j�1J'Utl-:J!lJ�\91 Gl'LJ�tltl 11i\91tl l:U\91\9111�-:J'lftl\91 tlfl

'LJ'.ilfl017 l:Ub1'1lll'.it1�\91!lJ�\91 !�'111tl�\91!lJ�\91��1J'il'U1�fll'.i l:U!� 

2.5.5 fll'.i 1 �UlJi:l-:J'l11tli:llJ 

9 .a. c::: Q.I cl .c:t  d..c:t c::: 0 
Q.l q'J) 

.c:t ! 'U fl'.i � 1J 1'U fll '.irli:l \91 Ill i:l 191 'W 'U 'fi 'W'JJ'Vl lJ\91 tl fl'IJ'U 1\91 !i:l fl Ui:l � 'ill'U 1'U lllfllJ fl ! 'lJUlJ i:l-:J 11 '.itl i:l lJ• 

'lf1t11'Ufll'.iN'fflJ!flb1".i l�tl'lf1tli:l\91U'.i-:i-:Jl'U �-:J'illflfll'.i'Vl\911:ltl-:J'lltl-:J Devkota et al. (2003) 'Vllfll'.i
" 

'Vl\91i:ltl-:JNi'i\91tlJ�\91i'U£1J'.itlfl i'fl�i\91t1H�-:ii1t11'Ufll'.iN'fflJ i191tl17-:JUN'Ufll'.i'Vl\91i:ltl-:JU1J1J RCBD 1�• 
" " 

..:::::t.-=i <Qid .di q j) dl dl ,=:,, ..:::::t.d. 1'fifll'.irl'fflJ 4 1'fi 'fltl t'JJ N-:J Apis cern11a N-:J A. mellifera fll'.irlbl'lJ\911ll'finlJ'l51\91 Ui:l�1'fi'fl11J'i'.)lJ
" " 

c1:iJ1 �!Ill i:l-:J'l11tl �,:i 'lf1tl l 'U fll'.irlbl'lJ) 'il lfl Ni:lfll'.i'Vl\911:l tl-:J'W1J llfll'.i l ��-:i A. cern11a 'lf1 tl!'W ]J
" 

... I c1 c::: <1 ..::::i. c::: , ..:::::t.d .::::i. Qd 9 lj),=!l ! 1JtlW11'U\9lfll'.i\91\91llJ1:l\91lllflfl111'firlbl'lJ\911lJ'fi'jrn'lJ7\91Ui:l�1'fi'fl11JfllJ f)l'.i !'IJN,:J A. 111ellifern Nbl'lJ 

i1m�ll 1 'Li tJ 11 qJ'U 1,1 fll'.i � \91 tlJ � 191 � t1 N fl m fl fl 11111 r1 LYlJ \917 lJ n '.i rn'JJ1 � trn � 111 'fl 11J fl lJ r11:1 fll '.i � \91 tlJ � 191
I 'j),J 9) -: Q.I d .ct Q./ I .c:! 9.1,J 'W1J11fll'.ii'lJN-:J A. 111ellifern 1tt'U1'11'Ufl!lJi:l\91�-:J�\91'fltl 425.88 flrn\91tl!!'Ui:l-:J '.itl-:Ji:l-:Jlll'fltlfll'.ii'lJN-:J

g.,: 0.1 d QJ , .a. 91't Q.I cl 
A. cera11a 111'Ul'l1'Ufl!lJi:l\91 417.50 fl'.ilJ\91tl!!'Ui:l-:J Ui:l�fllrnbl'lJ\911lJ'fi'.i'.ilJ'l51\91 1tt'U111'Ufl!lJi:l\91

" ' 

332.75 fl'.ilJ�tl!!'Lii:l-:J ri1'U1TI'fl11J'flll1tttlrn11mll�\91\917Ll'\91�t1 13.35 fl'.ilJ�tJutJ1:1-:i 1'Wri1'W'lltJ-:J
" " 

. . 

'fl1llJt111Nfl 'W1J 11111 fl l'.i 1 ��-:ii-:i bl'tl-:J'JJ'W\91 Ui:l� fll'j Nbl'lJ\?lllJ 'fi'j 'j lJ'lJl�l tt 'fl 11lJ tl11Nfllllflfl111TI
� 0 c::: c::: \i} � 1 9 'j/,J 9 9/ 't Q.I cl 'fl11J'fllJ !lJtl'UlllJi:l\91 1,000 !lli:l\91 ! 'LJ'JJ-:J'W1J11fll'.i t'JJN-:J A. cera11a 111:l� A. mellifern ! '11'U1'11'U fl!lJi:l\91• 

.di QJ O (lJ bl'-:J'ff\91 'fltl 3.75 Ui:l� 3.63 fl'.ilJ \91llJi:ll\911J
SJ • 

2.5.6 'ffl'.i'fl1UfJlJfll'.il'il1tljl�1J i\91
' " 

'11�-:J 'illfl'ViJJfll'.i Nbl'lJlflbl''.i lfl\91�'UltJ1JJNi:l'Vll 1 ttlfl\91fll'.i�\91 Ni:l!li:l�JJfll'.iilPll'U l'Utl-:J Ni:l 1 'U

rn-:i�'JJ'W1J11iifll'.iri1t11:1�t1t1-:itfl'ff'.i u� 1:iJii fll'.i Nbl'lJ!flbY'.i 'Vll 1 tt!fl\91fll'.i 1 'il !qJ1rn�i1PJ1'U l'lltl-:J v-11:1111J1J
di ' ,Ii "'  "' 

9' ')9/<'> parthenocarpic fruit 9/-:J'W1J 11 �tl'.i lJ'U 'il1J! 1Jtll '.i i:li:l'U mm'.i t1 m �\9,J'U ! '11!fl\91 Ni:l!l 1J1J parthenocarpic

,� (191Utl, 2537) 1'W'Utll�� tl'U'lJl lli:l�'fltll� (2539) �fl'l:Jlfl'VlTI'Wi:l'Utl-:J;1J!1Jtll'.ii:li'i'flUtl9f'fl\9ltlNi:lNi'i\91• 
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,, 

e!:t 0.1 , 9J ct QI 9J j/ 1 
'1

3,Jo 0.1 d 
fie) 11.84 fl'J:IJ\ole)\,)'U 'Jel.::JM1Jlflel 'J::;\91Ufl'J1:IJ!'U:IJ'U'U 0, 25, 50 mi::; 75 ppm \olt'J H'UW!'UflL'.!Jrt\91 

.c:1 Q.1 1 3,I oQI 
mmJ o, 7.55, 8.08 irn::; 10.44 m'.lJ\oleJ\ol'U \917:IJm\olu 

2.5.7 'W'U�mrn 

icleJ.::iu1fl�'lfvHY:IJ'll1:1Jihrn i nileJ.::in'U iil'l tttn\91 fll'J vH'rn\911rn.::it�eJ'lf1£JileJ.::i n'W fl 111Jt1 \91 fl eJt'J 
Q.I 19) ')) I t  & \I\ & d� 9J � e!:i Q.J Q.J \t) I 

'Vll.::J'W'U 'lifl'J 'J:IJ U\91\olel.::J l:fff:IJ'Ul:IJ!'Vll'U 'U CJf .::Jflrt I fl11'U.::J'Vl'W'lfff'J1.::J'U'U1Jlflel rt fl'l,ltlt::; fll 'J l:fff:IJ\911Lel.::J l:IJ 
q 

�\91 (self-incompatibility) 111Jlt'J�.::J fll'J�rt::; elel.::Jlflft'J L'V'H'l'�iilmmrni-u'1Nff:1Jf1U i �'1 'U \91 elm� t'J1f1'U 

11!eJ�'U�iJ� 1 'U i 'Vl� (genotype) miJeJ'U fi'U icieJ.::J'illflrt::;e:ieJ.::imff'J t'Wrl'�iiliu! t1J iilmm'J mfrvieJ 
I .c:i e!:t 9J d lr] lr]9J \i dd 

rt::;eJeJ.::J!flffrnl'Ut'JeJ\ollflft'JL'Wi'l'UJt'J (stigma) 11'JeJfll'U'!!Lflft'Jl'Wi'l'L:1Jt'J (style) rt.::J l'LI 1\91 flrt lfl'UliJ'Ufll'J 

ile:i.::i fi'U fll 'Jfl \91 flel t'J'Vll.::J'W'U � m rn (inbreeding depression) irn::;'\111 '1 tt�'lf�el.::JlJfll'J l}-lft:IJ'lll:IJ '\117 '1 tt 
d d <lJ I QI r/ _.J ll] J'vi 9J 
t'J'U:IJfll'J'il\olfl�:IJ (gene recombination) \91rteJ\91L1m ('ill'4rtmrn1, 2541) CJf.::J!'Jlff:IJl'Jfl'WUflrt 1fl'U 1\91 

'1 
cl I 

'U'W'lf11rtlt'J\91'J::;Qrt L'lf'U Leguminosae, Rosaceae, Solanaceae, Compositae, Cruciferae, 

Papaveraceae irn::; Gramineae i�mi''W 'tlfl'l:ltU::;'W'U�mrn�ileJ.::in'Wmrnff:IJ\911LeJ.::Jiil�\91 mJ.::i 

eJeJrn�'U 2 'lfU\91 f/e:i crimfo, 2539) 
�I 1JJ IQ di O I 9) 

1. heteromorphic incompatibility tu'Ufll'JNff:IJ 1:IJ\91\ol!'Uel.::J'illfl\911U11'U.::J'Uel.::J\olelflL'Wi'l'�Lrn::;

\oleJflL'Wi'l'tiJ vmv '1 'W \91 eJm� v1 iili � if \ol ri1'U i 'lf'U fll 'J �mm t'Wi'l'tiJ ve:ivff .::i11! eJ�1n 11m m t'W i'I'� � .::i 
� � � 

I o I 'J) .c! A. I 
'illflfll'J'Vl\olrtel.::J'Uel.::J Syafaddin et al. (2006) 'Jlt'J.::Jl'U11\911U11'U.::J'Uel.::Jlflff'JL'Wi'l'�Lrn::;i'Wi'l'L:1Jt'J:IJl},lrt\91el 

& 1  I Q./  
'1 

� e!:i d
'l 

,:::i, d 0.1 d'  
fll 'J Nff:IJ m ff 'J CJf .::i ff .::i Nrt \91 eJi'l'fl t'Jfll'W 'U fll 'Ji 'W :IJ 11 rn rt \91 t:IJ rt \91 'Um rn rt \91 m rt \91'1"1 'U 'Ii 'll el .::i Brnssica

rnpa L. 

2. homomorphic incompatibility L�'Ufll'J Nff:IJ\911Lel.::J iil�\oltcieJ.::i 'illfl'LI6n! l'Jl'J::;1-d1.::iehJ '1 'W

rt::;eJeJ.::JLflft'J trn::; '1 iJ 'Vlel'Wl i ��.::J!WfleleJflL�'U 

- gametophytic incompatibility L�'U'tlfl'l:ltll::;�\)flfl1Uf.J:IJ�1t'J multiple alleles L�'UNrt'\111

'1 ttmm L'Wi'l'milmm'Jfl'V]::;rt �l'UOl'ULflft'J L'Wi'l'LlJl'Jrt.::J i ,Ji� 
� q 

d lr] IQ d Q Q QI r/ I d 
- sporophytic incompatibility L tJ 'Um rnff:IJ 1:IJ\91\oll'U el .::i 'ill flel'Vl 'li'W rt 'll el .::J'W 1� �'Well tJ 'U 

'tlfl'l:ltU::; multiple alleles L'lf'Ufi'U 1\91£J'l'Umelfl ifl�ir'U'WU 4 efo�rt (Sampson, 1957) �.::J'tlfl'l:ltU::;fll'J 

Nff:IJ\911rn.::i iii� \91 'l m-'rfl\91 'J::; flrt n::;11 rl 1mJ.::i e:i e:im�'U 4 nri :1J 1\91 t'J'WU 'tl n mu::; fll'J '1'17.::J l'U 'll eJ.::JV'U � 
� q 

'1'11.::Jl'U�:1Jf)'U�1t'J �.::J'Jlt'J.::Jl'U'Ue).::J Haruta TI 1962 ci1.::i1\91£J:1Jlli'Q\91'J, 2545) 'jlt'J.::Jl'U11i�'Vl\olffeJU 

mrnff:1J\ol1rn.::iiil�\ol'lleJ.::J�fl11mcJ'lfU\ol i�uri n::;11rl1m1 n::;11rl1'LI·� urnn 1fl��flfl1\ol'll71'LI� 

L'VleJ{i!,iJ irn::;�f)fll\91111 �.::Jffl:IJl'jfleJTIU1t'J'LI6n!m'UeJ.::Jf)�:IJ�W1 i��.::iif 
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I d. 
G] 

g/ d. d.d. .ci Q Q./ I I d ,J 

f1�1J'Vl l !'WtntY'.it'v'lrl'�U��t'v'lrl'tlJtllJl'.J'U Sb 'VllJ�f1lltu�t\?l'W'\JlJtl'W Sa (Sa<Sb) 9/-:1 
., ., ., 

u 6 n! tll sporophytic 'W ii 11-:1 l 'Wt 'v'I rr�u � � m mii ti f17 rn tYlJ i 'W (t fl \?l � 'W 1 'W
" I I JI 

n � 1J u 1 'W n ';j ru vi iiv 'W vi� 1-:i n 'W i 'Yl 111 'W
I d. 'J).::::::1 d. I 1 d. d. 

f)�lJ'Vl 2 tf1t1".it'v'lrl'N1Jf1lrnt1'\?l-:ltltlf1'\Jtl-:ltl'W Sb 'UlJ Sa t1'1'Wtf1tY'.it'v'lrl'tlJtllJf11'.iUt1'\?l-:ltltlf1
q "' 

' 

., ' ' 

A I Q./ Q./ OJ g/ d. d.&::1 0.1 'J) d. .::::id 

'\Jtl-:ltl'W Sa trn� Sb t'Vll'l f1'W \?l-:l'W'W\9l'W'Vl1Jtl'W SaSa mm'.it1NLYlJf1'l.J\9l'W'VllJtl'W 

Sb Sb 1�hH1t�'Wt'V-lrl'�11! tlt'V-lrrtii ti u�1:iJmm'.i t1 Nt1'1Jf1'l.Jt'V-lrl'tiit1�iiv'W Sa Sb"' 
"" 'l "" I j) �I 

j) 
"' t'v'l'.il�tl'W Sa Ut1'\?l-:ltltlf1 !'Wt'v'lrl'tlJtl U\9ltll SaSb !1J'Wt'v'lrl'Nt1'11J1'.it1Nt1'1Jf1'l.Jt'v'lrl' 

tiit1 SaSa 1� t'v'l'.il�V'W Sb l'Wt'V-lrl'��lJV'W Sa bY'J'W SbSb 1:iJmm'.it1NtYlJf1'l.J 
II] j}II] I I �I 

j) ,!! "" 
SaSb !\?l !1J17 SbSb t1J'Wt'v'lrl'N'l1'.itlt'v'lrl't1Jt1 "' 

I .::::1 9/d d. I d. .:::::l 

n�lJ'Vl 3 lf1t1".it'V-lrl'N1Jf1lrnt1'\?l-:ltltlf1'\Jtl-:ltl'W Sa trn� Sb t11'Wt'v'lrl't1Jt11Jmrnt1\?l-:it1t1f1'\Jt1-:I 
q "' 

., ' ' 

Sb �lJ Sa �-:!U'W�'Wviiiv'W SaSa mm'.it1Nt1'1Jf1'l.J�'Wviiiv'W SbSb tf r:ht�'Wt'v'lrl' 
9J � d. Q..I ..c::1d d A I i 
N'l1'.itlt'v'lrl't1Jtl u��mm'.it1Nt1'1Jf1'l.J SaSb mtu'Vl SaSb tD'Wt'v'lrl'tlJtlt'Vll'W'Wt'v'l'.il� "' 

Sb �lJ Sa l'Wt'V-lrl'tlJtl ri1'W�'W�1JV'W SbSb trn� SaSb 1:iJmm'.it1Nt11Ji'WTif1'W 
II] j) II] II �I 

j) ,!! "" 
!\?l !1J11!1J'Wt'v'lrl'�'l1'.itlt'v'lrl't1Jtl 

I d 9/.c::l ,d I Q./ d. d 

n�lJ'Vl 4 mmt'V-lrl'�1Jmrnt1\?l-:it1t1f1'\Jt1-:lt1'W Sa trn� Sb t'Vll'l f1'W trn�mtY'.it'V-lrl't1Jt11Jf11'.i 
d. I QI I Q./ QJ Q.1 9/ 

Ut1'\?l-:ltltlf1'\Jtl-:itl'W Sa trn� Sb t'\117'1 f1'W t'lf'Wf1'W \?l-:i'W'W\9l'W SaSa t1'11J1'.it1Nt1'1J 

f1'l.J�'W SbSb l�tfr-.11t�'Wt'v'lrl'�'l1!t1t'v'lrl't1Jt1 u�� SaSa 1:iJmm'.it1Nt1'1Jf1'l.J�'W"' 
II] j}II] I I �I 

j) ,!! "" "" I j) 
SaSb !\?l !lJ 11!1J'Wt'v'lrl'N'l1'.itlt'v'lrl't1Jtl t'v'l'.il�tl'W Sa tlt1'\?l-:ltltlf1 t1'1'W\9l'W SbSb"' 

., ., 

1:iJ mm'.i t1 Nt1'1Jf1'l.J�'W Sa Sb 1�1:iJ-:ht�'W!'V-lrl'�'l1 ! tlt'v'lrl'tii ti 11-:i'Wt'V-l '.i 1�t11\911J 
., 

Q./ 9 9' 'J) .c:1 
Sb Ut1'\?l-:ltltlf1'Vl-:I !'W\9l'Wt'v'lrl'NU��t'v'lrl't1Jtl 

di II] j./ci � "' 
II] '"' trn � tlJ tJ i \?l lJ n n rl'f1ll 7 m rn t11J \911rn-:i rn \91 \?l '\J t1-:i 

"' q 
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gametophytic uri::; sporophytic

.d.:t .<:!:I Q..I r/ 9)!'lfel�'U'l'fW'IH'Vlfl'J:i
I • 

1::;uu 'Vl 'W 'Ii m rn 'IJ el-:J fl J:i rl'JJ
J:i�JJ1#{ I '

1

l 'J) 

'Vl 'W 'Ii m rn 'IJ el -:i ri fl
• ., 

s
1
s

2 
x s

1
s

2
None

s
1
s

2 
x s

1
s

3 S3 

s
1
s

3 
x s

1
s

2
s

2 

gametophytic s
1
s

2 
x S3S4 S3

, S4

None

None

I 
. l/ sporop 1ytlc

J:i�JJ JJ �

All

SI 

SI 

None

None

All

All

None

None

None

. ., 

None

S 1S3 , S2S3

s
1
s

4, s2
s

4

None

None

l1 cjf)lJtll��:w'lirn�eJel-:Jlflft'.i!'l1ill'U\l1llJ�l�'I.J S
I
> s

2 
> S

J
'.,> Sn l!\?1l:Ui'ian1Jt1i��:w'lrnnff'.i\l1lli'icJ (Briggs and

Knowles, 1967 ei'1-:i hw r1rnlw, 2539)

2.6 ifo �r.1�i10'Y!fi'VH1v10 m-auav1-:rn0 fl'Uei�.r n1:1 t"IA::; m-a�aii�1rn� 1ii�vi

'il 1 fl fl 11 ftfl El 1 � �1 'W JJ l 'Vl'U 111i 'Vi rl 1 t1tl 'il 'O ti� 1i �'VI TI'Vl rl � el fl 11 !! rl'�-:) elel fl'IJ el-:J � fl El tU::; fl 11
" 

J:i�JJ\911teMl����-:ii1 ('ill'W�flm1f, 2541)
. 

2.6.1 elltl�elfl

1 1 Q,I a'� 1 9) 9 9)o d q 1::;t1::; �elflelel'WUrJ::;!'Vl lfl'Ufl''W tl!JJel�elfl'Ul'W �1'W fl1 rnrl'JJ'UlJJ t 'Vi 'ill'W 1'W!JJrl� rl'-:J�� t 'W 1::; ti::;� elfl., ., . 

'Ul'W 1rn::;m�1 !'Vlfl'!i'.it1v-:immnrr'Umrn�rnrn::;��!JJ�� 1#{1�mr eltl'Vi�-:J�elfl'Ul'W 1 1'W (fll'Vl� 2)



' 
cl 

fll'\l'f\il 2

tlvrn on� v1 UJ;vi 
( o/o) 

2541) 

2.6.2 e.)t\1'11 JJl1 

vlflfH)t llA 

15 

f.HU.J'Ul:U

v1 e O'U-11-A 

li'1ernrn flii 'ff-:J 1 u ':i::;v::; v-mmnm'Yl11 tt� flf1� N'ff:W\911rn-:imm':i fl�m:w�� ifl' 1 <l 'el-:i 'ill n 
. "' "' 

e.Jill'l11Jl1':i'l.Jf11'Wf11':iir'-:i1m1::;tthh�'W�!'ill::;'il-:Jfl'l.J S-gene 'U'el-:J papilla cell 
" 

,'I 

2.6.3 fl'Jl:IJ'li'W 
'jJ I 'jJ 'jJ I 

mrn;u'ff-:ii111tt('l::;'el'el-:J!f1'ff':i t'l"lfl'�-:Jflf11 mJ!mmtvi:w�u fl-:J'W'W tflm'ff'Yimmrvm�-:ifln "' "' "' 
' " 

I .c:i & .<:::::t. & 

Nl'W tl'el � ! f1 'ff':i ! 'l"l fl'!:IJ tl'il-:J ! 'l"l :IJ 'U 'W 

2.6.4 'ff fll 1::;'U'e)-:Jf11CJl1 '1-J'l.J';j ';j tllf)lfl' 

'l 'J) _, '1 II] < I"' " I ., cl ., 'l "' .;, "i f11':i !'Mfll':i'l.J'el'W �'el'elf) !CJ/�1Jrnlt1I 3 llJ'el':i!CJ/'W\91 !'W';i::;t,::;tt('l-:JN'ff:IJ!f1'ff':i 2 'ln 1:IJ-:J 'ffl:IJl':itl 
" 

('l�f11rn'ff:w\911rn-:i ill�� u�i\91':ilf11':i N'ff:W��t:w��ir-:i iilmluflu �'Wfl�nuvl'u�m ':i:W 

�I " I 'l "' cl "' o' 'J) ' "'" I "i o'9 ° 'l 'J) Self-incompatibility !1J'We.j1J'ff':i':i'fl !'Wf11':ii:-J('l\91!:IJ('l�'\"l'W�!!'Vl !!\91:IJlJ':i::; !tl'lf'W !'Wf11':i'Wl:1Jl !'If 

N�\91 !:IJ � � ('] f) N'ff:IJ'Vl 1-:J f)l ';i fll !'\"l';i 1::; 11 iil#! 'el-:J'Yl 1('11 tl!f) 'ff ';j !'l"lfl'� 'YI 11tt'lil1irt111('11 !! (']::; iJ ';j::; 11 fj� "' "' . 

cl I 

2. 7 rl1Uffl!vl'l-.l'UB-:J�flf.HliJ
QJ r/ & I I 

'l"l'W��f1N'ff:IJ (hybrid variety) 11:IJltlfl-:J �f1N'ff:wiuurn (F) 'illf1f11':if frl'm::;1111-:Jff'el-:J 
d.c:1 QI I 

Q./ 
I J' Q Q./ rl 9) QI rl Q.I rl .<:::::t. 

iJ ':i ::;'1f1 m 'Vl:W'l"l'W � m rnu\91 f1\91 l-:J nu u ':i::; 'lflm m mu 'ell 'ill uu 'l"l'W � 11 'Vl 'l"l 'W � � n N ff:w 'l"l 'W � N ffm tl �

'w'mf ir'-:i1m1::;tt tt!'eltu '7 li'1f'f-:iiJm':im'Ur:J:Wf11':i N'ff:wmm t�flilfl-:inu mrnff:w1911rn-:i 1�vii#iuuil 
9) I .c:i I d cl QJ o' 'J) ' I ;:; � I � Cl.I d"d l.r] 9) d Q.I if 

1rn::;\9l'W'l"l'el!'l"lt1-:i 2 f1('1:IJ 1rn::;mrn:w('l�'\"l'W'!i'illfl!!tl1\9l'W!!:IJ!'Vll'W'W fl'el17!:IJ('l�'l"l'W1i'Vl 1�1U'W'l"l'W1i
q q q q 

" 
�f)N'ff:IJ fl-:J'W'Wlf mfoni:-i'ff:W'ell'il:1Jl'illf)�'el!!l!1 u iu Fil 'U'el-:J'W'W'!fof)N'ff:IJ!!'l.J'l.J�l-:J'7 !'lf'W�f)NffJJ'ell'il 

�I Q./ 
rl I Q.I rl liJ 'j/ 

Q./ rl I QI rl Q.I rl .J 
!1J'W'l"l'W��f1N'ffm::;1111-:i'l"l'W� (variety hybrid) !�:IJl'illf1f11':iN'ff:IJ'l"l'W�':i::;1111-:i'l"l'W� 2 'l"l'W� CJ/-:J'ell'il

�I QI r1 ?I � w o' 0.1 r1 0.1 <1 d li1 9J !1J'W'l"l'W�N'ff:IJ!1J�11':i'el'l"l'W�'ff-:J!'fl':il::;tt 'l"l'W��f1N'ff:IJ!�t11 (single cross hybrid) !�lJl'illf1f11':iNff1J
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QI clc::i. Q,I cl ' QI cl 

mti'V'l'W'liel'WtlJ':i� (inbred) 2 mti'W'W� L'lf'W AX B 'W'W�IJflvHYllmll'Vll-:J (three-way cross hybrid) 

1tm�lflfll':ivHY1J':i�'\111-:J'W'W'firlfllWfl'lJL�tl1rliJmt1'W'W'fi�'W!m��fl 1 'W'W'fi L'lf'W (AX B) X C 'W'W'fi 
q qJ q q q 

IJm,nrn� (double cross hybrid) 1t�lflfll':ilWfl'm�'l117-:J'W'W{IJmffl'lJL�tl1rliJ'W'W{IJmHr:JJL�tl1 L'lf'W 
0.1 rl d d,,::t Q.I rlc::i. 

(AX B) X (C X D) 'W'W�IJfllWfl'lJ'Mrlltl'Vll-:J (multiple cross hybrid) !1J'W1JflvHY1J'Vl1Jmt1'W'W�el'W!iJ 
d 9) 1 QI r/ I 

• 

rn!fltl1'\Jel-:J1Jlflfl11 4 mt1'W'W� L'lf'W (AX B) X ( C X D) X E (flt]Elt]l, 2546) 

fl1llJ � L�'W 'Uel-:J\J fllWfflJ '111Jltl�-:J iJ ':i 1 fl{] fll j tlr 'U el-:J -a'flEJ tu� 'el'W '1 � 'el'W '11 � -:J trl el'IJ fl rl'ff:IJ F 1 

u 'ff� -:J'fl 111J mm HH tt u el fl 11r1111J mm ':i t1 'IJ el -:i 'Vj elUl! �u 'ff� -:i el el fl '1 'W -a' flfl tu� 191,:i fl ci 11 i 'lf'W fll ':i

!� 1tlJL�iJ !\Pl fl11:IJU �-:im-:i rlr! riil\91 'fl1llJ�l'W 'Vll'W �el! ':i'fl!Lrl�U:IJr!-:JL!rl�tw1 irlelillJfl '1 'Wl1'fll'W�

1111 tliJL vi tliJrl'W 1t �-:iiJ j 1 fl{] fllj tlr 'Uel-:J fl 11:IJ � i� 'W 'U el-:J 1J fl rl'ff:IJ�LL 1:r� -:i riri riil\91 � -:i \] fl 1 i'l 'W fll ':i

il':i�Lii'Wtvlelfll':i1:1'!1-:ii'W{1Jflrl1:1'll (�lL'W'W, 2545) �-:i fltJEltJl (2546) flci1111m11Jmum�\o11J'Uel-:J

1Jflr11:1'mh'W'lttaj m�1flilijn1t1lV'W�ll!rn�ri1'WU'elt1m�lfl epistasis Uri� pleiotropism U\91
' � � 

LUel-:J �1m1'lfiiriri m �'VliJ'Vll-:JriiJ �1flilijifo'w''W n-n-:i'i:Yel-:JU iJiJ ;-:J\]flfl�'Vl-:J 1 iJ 1 � tl'li ':i ':i ll'lfl� 1:ri iJ ul{ 1

� 1! 'MU e)j � 191 iJ '111 el'fl 11:IJ � !� 'W 'IJ 'e),:j rl fl rl 1:Yll! � 'W rlr! lJ 1 � lfl rlr! iJ 1fl 'ff� 'ff ll 'U el ,:j V'W � lJ L !� rl � � d � 1 fl V'W u �

'

.q d V d.t!! o 

2. 8 fll 1 f--HI � L ii ij � 'V'l'W 1i V'i 'lJ vl'.i � fl ij fl� '1-Hll
q ... 

,,. I ll1 c::i. d QI cl .ct � d 31 

c::i.'1 
'J) 

u ':i � !'Vl fl' i 'Vl vmm ':i t1 riri mll ri � -w 'W TI -w 'lf \91 ':i � fl ri fl� '11 m'Vl \Pl el -:i fll ':i el t1rn il 1J 'Wm rn ':i � \Pl 'W \917 
q qJ q cu q 

�'Elflm�v 18-20 'el-:Jtl'w1rnitJ1t11:1' 1tmi r1�tl'1 �flfll�L�t11fl1N�-:i �flfll�L�t111l� uri��flm�111 
I I iJ I I 

ri1'Wvhm �fJrlfl� 'M�l'lf'W �B'W"l fj,:j 1iJ �lJ�l '1 'W 'Vll-:JLfl'rn !fl� vi'W vi vi mm j t) riil\PlLlJ � �'W'W {vh 

\91':i�fJrifl�tt�l 1ttJ�'Vll-:imr1muel uri�ill'fl\Pl�'J'W elelfl!�t1-:imutJ\Plel'WiJ'W 1�vr1il\Pl 'l 'W q�prn 11 u� 

eltu tt iliii11il'ff�7!1:1'1Jel '1 'W ':i�ti�nmm'W riri riil\Pltll��'W'W {;-:iii '111 'elel�'l 'W ':i�1911Jil1'W flm-:i 
q qJ q qJ 

"" ., " 

elel1:1'!\9l':i!rltl (�l�rlflfltll, 2541) 



.d 
'l.J'Yl'YI 3 

t:),.:::{ _1 r1 t:!t..c:::l 
fl';i'aiJTiifll'a'Ylvlt'l0-:I (01Jfl'aW Ht'l�1iifll'a) 

q 

iWJ'Wl 1flHfll'.i'l1rll.:J'U'W17.:J '.i�'l117.:J!�eJ'W\91'1lfllJ VUl'. 2552 i.:i !�eJ'W f1WJ7£J'W 'V'l.fl'. 2553 
q q 

V _ I rJ t::t..c:::l 1t'I'� �1Jfl';it\! trn�Tiifll'a

� Q/ ef 9/ I t Q/ ef 9/ I 

'.i Tm 11J 1J rn fl 1 <rH'l'V'l 'W 1i fll '.i m 1 'W 11':i � 1 'Yl fl't 'Yl vu�� m.:i 1h�1 'Yl fl''Yl-:i tt lJ� 11 'V'l 'W 1i 1 � 11 fl 
q q 

Big Green, Green King, Green Queen, Montop, Packman, Top Green, F29A, 05-39, 05-40, 20-34 

trn� 1955 (\917'.iN� 3) tilil�fl'Yl�1:Ye:i1Jimf1m1��'W t�eJftfl'hll'.i�£J�nm1'Wm'.ieJeJfl�e:imrn�m'.i 
..::::::i. d ..:::::i. .:::::i 9/ Q/ o' Q/ J' 

\9l�!lJ�� 1�£Jfll'.iv-l1:YlJ!D�\917lJ1i'filJ'lfl\91 u��l},l'i:YlJ'UllJ'V'l'W1i �.:i'W 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

J. QI ,I 
'.ilV'l/el'VfW'Ji 

Big Green 

Green King 

Green Queen 

Montop 

Packman 

Top Green 

F29A 

05-39

05-40

20-34

1955 

� I 'J) QI d'� 0 QJ 
�1v-:ii91-:rvn.J1j'Vl'll ,nn�

rvleirnmm'.im �lfl� (KNOWN-YOU SEED (THAILAND) CO.,LTD.) 
d. 0 QI 

LVlel'\.JLfiEl\91'.im 'illn� (KNOWN-YOU SEED (THAILAND) CO.,LTD.) 
.<:!I, d ,/ o a., 

9/'WL'il'W'Vll 9/f fff 'illn� (Syngenta Seeds Ltd.) 

Jonhnyseeds 

L�Vl.9i �lfl� 

L�Vl.9i �lfl� 
d d o'o cv 
L'.iVrl'l/�'ff 'illfi� 
d d rl o Q.I 
L'.i Vr!'l/�'ff 'illfi� 

rvlei'WLnEl\91'.im �lfl� (KNOWN-YOU SEED (THAILAND) CO.,LTD.) 

i�vM �111� 
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O .c:! QI r/ 3) lf] I t QI rllJ]9J I 
'W11J'Hlfl 1fli:1'\Al'W�fll'j'fll!'WU':i�!'Vlft t'Vltl!!i:1�\911-:JU':i�!'Vlft'Vl-:J11:IJ� 10 '\Al'W� !�!!fl Big 

Green, Green King, Green Queen, Montop, Top Green, F29A, 05-39, 05-40, 20-34 !!i:1� 1955 iu 

- I "' a'9 - I .d di 9 ,=, d I "" 1J � fl'Vl � ff el 1J '\Al 'W � i 'W q � v-i'W 1 '\Al elftfl'lfl ':i �ti� nm i 'Wm rn el fl� el mm� fll':i \91 � !:IJ 1:1� ':i � 1111-:i 1� el'W

'\Alt]llfllfl:IJ (1-:J �i:llfl:IJ '\Al.fl'. 2552 �fftll'W11ltl!flll\91':i11i:11-:J;'W'Vl'W'Wl1 �.!iti-:i!mJ 11-:J!!N'Wfll':i 
" I Gj cl ef .<:::::t..c:i o 

'Vl�i:1el-:J!!1J1J�:IJ t'W1Jrlelflff:IJ\j':itl! (RCBD; Randomized Complete Block Design) mrnT!irl� 3 C}!l 

: 9l l 99l0.1 a'cl .::::::i.t::1 cl cv d 
"lflrl� 6 \91'W !�tl t'lf'\Al'W�!'U'Wflfi:IJ11i'Vl�i:1el-:J (treatment) !'\Al1�!:1Jrl�rl-:Jtl1�11'�:IJ1'W'Vl 22 'l"lt]llfllfl:IJ 

'\Al.fl'. 2552 111:l-:J!'l"ll�!:IJ�� 25 1'W 1rlell'i''Wmi'1iJ11J�!-:i 2-3 !1J (m'l"l� 3) �wur1fl1:1-:i11ur1-:i�':iel-:Jfl'W "' 

'.j/ fl fl d d o, '.j/ "I "I O I 
11 r1:1J �1ti1J tifl el mm� 1J m:IJ� ff\91 ':i 15-15-15 (m'l"l'Vl 4) 11 ri-:i tiltl1J r1 fl 1:1-:i 111Jrl-:J'Vll fl U'l"l'W m ':i ri�m ti

q q q <u <u 

!!flrl!CJftl:IJ-11Jrn'W'Vlfl 1-2 iumtt '\Al5el:1Jf11J!ttilm��ff\,)'j 15-15-15 !!rl�iltim�ti vJ'Wm':i!fl� 
q q <u q 'ti 

" I I 

fl11Jfl:IJ!!:1Jrl-:J !!rl�m':i!fl�fl1Ufl:IJ!;el':il'Vlfl 1 iumtt !llel!!:IJ!tt'W�elflU'Hlfl 1fl�U'W'Vlfl1'Welelfl q q q 

a1 a'cl r/ 0 cl d a' 9) d  i , 
�elfl !!rl�l'W�elflUl'W 50 !Uel':i!C}!'W\91 (fll'Wltl!�lfl 50 !Ue)'j!C}/'W\91 'lJel-:J\91'W'VlUrlfl'Vl-:J11:IJ�'lJel-:J!!\9lrl� "' 

QI a' Q.J 'j) 9) I � & QI ,,.I d � 
'\Al 'W 1i) 1� fl 11 :IJ ff-:J 'lJ el-:J \9l'W !!rl � fl 11 :IJ fl17-:J 'lJ el-:J'Vl H '\Al :IJ!:IJ el 11-:J ':i � tl� ':i U lJ ':i �'Vl 7 'W � elfl (fll'\Al 'Vl 5) !:IJ el

q "' q 

� el flU 'Hlfl 1 fl� Ul'W Uri eltl ! 11 Nff:IJ\911:IJ 1i ':i rn'lfl� 1� tlell � !rl'W rl:IJ111el!!:1Jrl-:J '!fiJ� � N'7 ��el�! 'W 

'.,1 , .J d '.,I d .d �I 1 ,. _ 1d �I "' '// _ I _. d _. d 
fffll'\Al!!l�rlel:IJ !'lf'W N-:J !'U'W\9l'W (fll'\Al'Vl 6) !:IJelv-iflU':ielfl tflrl!1Jrltl'W!1J'Wff'W7\911rl 50 !lJe)'j!C}!'W\91 !flU
"' "' t '.,I O lJ] di 9 d I '.,I '.,I - I"" �I d d "' di Nfl 1�ti\91�'Vl-:J\91'W m iur-.i-:i i'W'Vlrn�'W1111-:i 11r11fl�!'Vll�!1Jrlelflv-1flelelfl!fl1Jm'l"l1�mr1� 1rn�U'W'Vlfl

d 
fll'\Al'Vl 3 

'.,1 '.,1 1 "'d '.,1 '.,1 - I - I \91 'W flrllU ':i el fl ! flrl'Vl'\Al ':i el :IJ tlltllJ rl fl rl-:J !! lJ rl-:J"' 



' 

cl 

fll'V f\11 4 

d 
fll'V'l'Vl 5 

' 

cl 

fll'V fl'l 6 

19 

fll 'J ci 1 tl!'JtU \911:1-J 'fi 'J nJ'lfl �l � tlU:1-J 1;'1-:1 
., 
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a.i: C), a ) CV 
2. rt f)1fl fll 'HHHl mm Hij� vi� !'W;WI i � £.I fll '.i� tl'il6ll UJ

'illflfl1'.i'Wl'Vh,11f1J'Hlfl !'fl���1'Wfl1'.i1!fl'.i1�ttu!mrucir� hh7!'W'W�1'W1'W 4 'Vl'W,if !�Un 

Big Green, Top Green, F29A !rn� 20-34 'W1!UU\Jfl'l'W�'fl11Jfj:IJ�tln1.fJlJ !�eJ'Vi7fl1'.ilW�mi'1:w 

Vj1J 11 �'W 1J rnn 1 'fl� 111 mmrneieifll'l ein t�'l 'W �'fl 11J'flmrnrn niJ �-:i t�'Vi 1 fl1'.i'Yll'l�e1-:i hi 11 !\vi v 
<u q q cu 

-1"' "' 0 111_1_1 "' "'11'.i:IJltl!�-:J 'flel Big Green, Montop, Packman, Top Green, F29A !rn� 05-39 'W1 !1111\Jfl'Yli'Hll'W
_1 d 'l 

I I .cf, 6/ � 

!fl'l:J\9l'.i'\1�1-:JlJ1-:J\vl� 'il.!'lW-:J '11:IJ '.i�'\11N!l'lel'W\9lm'fl:IJ yj_fl'. 2552 t:l-:J !l'lel'W!:IJ'l:JlfJ'W yj_fl'. 2553 11-:J 
q 

I o' "i 'l 9) "' o' ?I Url'Wfl1'.i'Yll'l�el-:JU1J1J�mrn\j'.iill (CRD; Completely Randomiged Design) il'lfJ '\1'Vj'W1i!1J'W 
" " ' 

mrn1Tifl1'.i'Yl\vl�e1-:i mrn1TI'Yll'l�e1-:i�� 7 i1 11'lv'liie1l'le1mrl'Wi1 !'Vj7�!:IJ�l'l1'WYi 22 \9lm'fl:w 'Vj_fl'_ 
q 

' " ' 'l "' 9J 9J "''l "' 'l 9J - I "' "' "' - I 
"' 

2552 'Wt:ll\vl'\1�:IJ !:1Jel\9l'Wflm:IJ 1J'ilH 2-3 1J fJ1fJ1J�fl�-:Jfl'.i�t:l1-:J'IJ'W1\vl 12 'W1 'Ylrl'ff:IJ1'ffl'l1J�fl'flel 
q qJ q cu 

,:t'I 
� 9/ QI QJ I QI 'j} n I 

I 

11V'fleJfl l'l'W u��fl11J:IJ�'Vj'.i71'ff1J eJ\9l'.i7'ff1'W 1 : 1 : 2 r1�-:ivw11�n�-:im�t11-:Jyj'W'fflrn�mv 
q � 

U'fl�!11feJ:w-11Jrn'W'Ylfl 1-2 iul'l1tt 'Vjfe1mfo'lttilvd11'l'ff\9l'.i 15-15-15 irn�ilvm�v vi'W'ffl'.i!'flii 
q q cu q qJ 

" ' 

'fl11J'fl:1JU:1J�-:i irn�m1i'fliim1J'fl:1JV7!9fel'.i7'Ylfl 1 iul'l1tt i:we11J1e1n 1'fl�eJeJfll'leJfl\911'lU�-:J'lfeJl'leJfl 2 
q q q 

t t d dt .::1 9/ I cl � i d dt I � d 
'flH 'flH'Yl 1 !:IJell'lelfl:IJ!'ff'Wrll'Wt)''WVflm-:J'IJ'Wl\vl 1-1.5 !CJf'W\9l!:IJ\9l'.i 'flH'Yl 2 !:IJel'lfell'lelflfJ\vl (fllyj'YJ 7)

!rlell'lelfl1J'.ielf) !'fl�iflii'1J7'W'W1�-:J\9l1�1V'fl�:IJ�'W1J'.ielfl !'fl�UVfl!il'W'Vl'W,if (f11yj� 8) !rlel\vlelfl

1Jrnfl 1 'fl �'Vj f e1:w r1ir:w 1 1'W \9leJ'W!fl'ff'.i !'Vjfl'�eJeJfl (fllyj� 9) i1-:inm 'l 'W mrnir:wm irrn -u-:ie1e1mrl'W
� 

9)'l 
I c:l 'l I o 9) I �  I 

nmi'lf1 'W'lf1-:J 7.00-10.00 'W. nmw'W 'W'lf1-:J 16.00-18.00 'W. 'Yl1mrnir:w'IJ1:1J 24 � 'fle1�r1ir:w Big

Green X F29A, Big Green X Montop, Big Green X Top Green, Big Green X 05-39, Montop X

Big Green, Montop X F29A, Montop X Top Green, Montop X 05-39, Packman X F29A, Top

Green X Big Green, Top Green X F29A, Top Green X Montop, Top Green X Packman, Top

Green X 05-39, F29A X Big Green, F29A X Montop, F29A X Packman, F29A X Top Green,

F29A X 05-39, 05-39 X Big Green, 05-39 X F29A, 05-39 X Montop, 05-39 X Packman !rn� 05-
dt 0.1 ie::i� d d ct: cl d <I d d d '!"t 39 x Top Green !:1Jel�fl1J'.ielfl i'flmrn!U�V'W!1J'W'ff'W1\9l1� 50 !UeJ'.i!CJf'W\9l (fllyj'YJ 10) !fl1J!flfJ1P-lfl

c;J O 11] � 'l d I 'l 91 91 i QI & 9) 0 d ' '!'I O 91 d QI & \fl ... 1� o' 
umm iur1-:i 'W'Ylrn mm-:i 'il7fl'W'W1J'W'Ylfl'UeJ:IJ� 'il7'W1'W!:IJ�l'l\9leJP-lfl 'W1'1JeJ:IJ�'Yl1J'W'Ylfl rn1!'fl'.i7�'11 

� � 

!U�vrnYiv1J�l!'Q�fJ'Yll-:J'ff(l�!l'leJ'li'1urnnrn Statistic version 8
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mv
r

v1 7 
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fl 'lJ 
" ' ' 

f11'.i\ol\ol!!��'lfe.l\ole.lfllJ'.ie.lfl hi� fl) f11'.i\ol\ol!!��'lfe.l\ole.lflflf �Yi 1 !lle.l'lfe.l\ole.lfllJ!�'WNl'W 
a' Q CV I I td dt I � 

ft''W!'Jf fi;ll� 1-1.5 !cif'W\9lllJ\91'.i trn� 'll) f11'.i\91\olU\9l�'lfeJ\ole.lflflH'Vl 2 !lle.l'lfe.l\ole.lfl!'J\ol 
SJ 

,d 

fll'Y'l'Vl 8 � ';/ ';/ , ';/ 1 .,. ?I "' .,m'.i i'lfll�\9ll'lll!'Jffi;lll\9l'WU'.ie.Jfl muwmu'W'Y'l'W'li 
• • • 

fl 'lJ fl � 

m'.ivH1'lllf1'ff'.i\ole.JfllJ'.ie.Jfl !fl� fl) \ole.Jfl�v/bJ1�\9leJ'W!f1'ff'.it'Y'lfl'� 'll) \ole.Jfl�Nl'Wf11'.i\9le.J'W 
SJ 

';/ <Ci ';/ mm t'Y'lfl'i:-l fl) m'.i t\91'.i!'lll!fl'ff'.i!'Y'lft'i:-l 1rn� �) mrn'ffmfl'ff'.i 
SJ SJ 



d 
fll'VfVl 10
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91 l ct 
d .c:::!�f d cl .<::1 : rl d <I 

1'1'W1J'H)f1 tfl1:l'VllJHfll'U�tl'I-H'U'Wff'WW111:l 50 t'Uel'HCJi'W\91 

tj " 

3. rlfl'lllfl1UJ-38fl'U8,:mJtlvl�fl�HYiJ F 1
Q./ .e:l cl 9/ O 1 .e:l  
flflt1:lelfllll�fl�tWl'ffll'illf1fl1'.i'Uel 2 'ill'W1'W 10 I;] flel Big Green X F29A, Big Green X Top 

Green, Top Green X Montop, Top Green X Pack.man, Top Green X F29A, Top Green X 05-
• o d 

39FA, F29A X Big Green, F29A X Montop, F29A X Packman u1:1::; 05-39 X Packman 'Wltll�fl 
II) 'l ,% d 9) d ')'  o, o'  d 
t'Utvn::; t'W'ill'Wt'V-ll::;t'lfel (Petri Dish) 'V]';je)-:jf11tlf1'.i::;flnH'V-ll::;tlJ1:lfl tfltlt'V-ll::;'V-l'W1i1:l::; 80 tll1:lfl 

q 

' 

' �I d 0.1 d �I QI Q.l o  9/ .c:::!  o 

tm-:itu'W'ill'W 'ill'W1:l::; 20 tll�fl '\11:l-:]'illfll'V-ll::;tlJ1:lfltu'Wt11:ll 5 1'W 'W1J'ill'W1'W\9l'W'Vl-:]elf1U�::;m'W1W 
d o' d o' "' J

t 'LI'W t ,J mt CJ1'W \9l fl 11m eJf1fl-:i 'W 
.I o' d o' o d d 

tuel'.itCJ1'W\9lfl1ll]-:jtJf1 = 'ill'W1'Wtll1:lfl'Vl-:]elf1 X 100 
o d d 
'ill 'W 1 'W tll � fl 'V1 t 'V-l1::; 

4. � flmmm wcirt11-vh wrJu 1 u �u fl 0·wu0-:i'l.J ·rn fl l fl�� m-.nm F 
1 

flfltifo fl!ll� fl� n i:-Jffll �l'W 1'W 3 � �i'.iil!m11Hll �flt"W v-:i'V-l eJl9i eJfll '.i'W 11 ilitfl '.i 1::;11i1:1 hJ
., ., 

'.iltl'fo �el �f1i:-Jffll Top Green X Pack.man, F29A X Montop tm::; F29A X Packman iilt'V-ll::;l'W 
I r.:::i. d 9,/ cl QI d Q.I d O 9) I 

n1:1eJ-:i'V-lmff\9lf1'Vlrn-:ifl1t1m::;m'l:lt'V-l1::;ill�fl tt�-:itll�fl-:ieJn 5 1'W (fll'V-l'Vl 11) 'W7\9l'WeJeJ'W'UeJ-:i 

1J'.ielf1 !fl�iil1tm1::;11tt1il!mwi� hh1tvl'W !flvtflft1-:i HPLC (high performance liquid 

chromatography) �rfo-:iilfru�mrnm-:i flw::;m'l:l\91'.ifl'lff\91{ ll'\111'Vltll�tlt;t1-:ilmJ \9llll11i'Uel-:] 
" ' ' 

Sivakumar et al. (2007) �-:i'W 'Wl�'W �el'W1J'.ielf11 fl� 1 'LI freeze dry t�eltttt-:i'Wl 1 'U1Jfl l tt�::;t5tlfl 'lf-:] 

�'W�el'W�'l.rnmi'1 0.25 nfll 'Wli'Ut�ll HCI fl11llt�ll'lr'W 0.1 !llm{ iJ!m\91'.i 20 ii�ilil\91'.i 'Wli'LIUll
"' Q 

'VlelW'Mflll 42 
q ., 

' " " 

eJ-:ifl'1tCJ11:1t;t1ff 'Wl'W 2 i11ll-:i irn::;t'UV1ti'.l'Wfli'-:im11 'il1ni'fotl1iilffflfl�1t1
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. o l!J. I .:, 9-' di 9 9-' 9-i o II]. f 9-' 9-i 9-i 

d1choromethane 'Wl rnfH1'W\911tl!mtJ-:J evaporator 111u11-:i 'Wl rnl;l�l;llt'J\911tl!:IJ'Vll'We:Jl;l fl11ll!'IJ:IJ'IJ'W 

100% il�:iJwn 2 ilj;jilil\?l'J tl11li!meJ-:i�1t'Jm�\Pl11'Jm0-:i'IJ'Wl\Pl 0.45 !:IJ 1mi:iJ\9l'J Ui;l�tl11lilQ\Pl!<V1 

m�� 11 \91'W�eJ'W1J'Hlf1!fl�eJlcJ51'W t11;1-:i-:iein 

.I V J t d 5. fll'a1Jijfl'Yl�HYel'U'V-l'W'.J!ijfWH;fiJ'U'HlfHrltl F 
1 

' ' 
QJ � ") ..:::.i.c:!lf] 9/ 9/ .::::S o I � 

fl\91!1;ltJfl�fWH1':IJ1J'JtJfl 1fll;l'Vl !\Pl'illfl'Utl'Vl 1 'ill'W1'W 9 � fltJ�mHY:IJ Big Green X F29A, Top 

Green X Montop, Top Green X Pack.man, Top Green X F29A, Top Green X 05-39, F29A X 
QJ rl 9/ d �I I 

Montop, F29A X Packman, F29A X Top Green !!l;l� 05-39 X Packman Ui;l��'W�fll'Jfll'Vl!lJ'W�tJ 
'"' <lo "' <I "! l!J.1.1 U:IJ�'W1i 'ill'W1'W 6 �'W1i flt! Big Green, Montop, Packman, Top Green, F29A !!i;l� 05-39 rn1Jflfl 

q q qJ 

iil�t'Jrn'Yit111i'W1f�mn-wm1'l\9l'J'l1m-:iu1-:i\Pl� 'il.!;t'J-:i1mJ "J�1111-:ii�0'Wt1'Wt1lt1'W �-:i !�tJ'W 'fi'W17fl:IJ 

, 9 d <I 
�.i'Y.2553 11-:JUrl'Wfll'J'Vl\Pll;ltJ-:JU1JUq:IJ !'W1Jl;le:Jfli;l':IJ\j'HU (RCBD; Randomized Complete Block 

o 't 't 9/ 31 C1I rl d �.c:1 o d 

Design) 'ill'W1'W 3 GJfl GJfll;l� 6 \?l'W I\Pltll'lf�'W�!rl'Wmrn11i'\ll\Pll;ltJ-:J (treatment) 'Wl!:IJl;l\Pl!D!�l�l'W 
di d "'9 "" 9 9-' • I • I d 9-' 9-i .+f .+f d 

tll\91'111;l:IJ !:IJ tJ!:IJj;j\91-:J tJ mm� :IJ ! 1J 'il H 2-3 ! 1J t'Jltl1Jl;l flj;j-:JU 1Jj;j-:J 'Vl'J tJ-:Jfl'W '111;l:IJ\911tl1J tlfl tJflUi;l �lJ tl!:IJ\91 
q <u q q q 

j;j'\?)'j 15-15-15 '11'1-:!Ul;lflj;j-:JU Ul;l-:J'Vllfll'J�'W i;l'l'Jj;j�l;lltl!!fll;l!C)ftl:IJ-11J'J tl'W 'Vlfl 1-2 ffU\91111 � ! tJ:IJtl1J 
qJ qJ q 

91+ d + .c:! r .:::s .ci J 
111ilm:1J\PJj;j'\9l'j 15-15-15 !rn�ilt'Jti!'Jtl �'Wi;l'l'J!fl:1Jfl11Jfl:IJU:1Jl;l-:j Ui;l�i;l'l'J!fl:1Jfl11Jfl:IJ!'lftl'Jl'Vlfl 1 

q <u q q,i q q q 

"'. I " di 9-' i d "" "" i di "' • I "' di 
i;l'1J \91111 !:IJ tJ \?l'W 1J 'J tJ fl ! fl 1;l tltl fl\91 eJfl!!l;l�! 'iJ 'JUH\911J ! \91 tl-:J 'J � ti� 'J 1J 1J 'J � 'Vll'W \91 tJ fl 1J 'W 'Vl flfl 11:IJ i;l'-:J'IJ 0-:J 

u qJ 

9-' 9-' ' 9 9-' 9 0 9 1 9-' "' "' di 
\?l'W fl11:IJfl11-:J'IJtJ-:J'VlH�:IJ fl11:IJtl11'1JtJ-:J !1J fl11:1Jfl11-:J'IJtJ-:J 11J 'ill'W1'W !1J\9ltl\9l'W 'ttl;l-:Jfll'J1J'W'Vlfl 

q 

'j/ I I a., d/ 'j/ 1  r:/ o 9/  9/ 1  <J' I 

fll 'W 'lfe:J \910 fl t10 tll;l-:J m 1J 'W 'Vl m l;l''W v-11 'W rY'W t'J fl m-:i 'IJ 0-:i m \91 'W i l;l''W r11'W rY'W tlfl m-:i 'IJ 0-:i 'lf0 \910 fl fl 11 :1J m 
qJ qJ qJ 

" " ' 

'IJtJ-:J'JftJ\Pltlfl 'ill fl 'il\PJU\91 flU 'IJ'W-:J'UtJ-:Jhl'W'lftJ\Pltlfl�tJtl�'W ! D Ul;l�'W 1'11'W fl'IJtJ-:J'JftJ\910 fl 'W l'V tJ:IJi;l'Yi'IJ'W l1 fl 
q qJ 

!U1!fl'J1�11!D�t1rn'Vit11J�l!Q�tl'Vl1-:Ji;l'��I\Plt11i1u'JUf)'j:IJ Statistic version 8
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6. �n1:11mimwut1 lvhwvhJ'llel�l)flf\HJ'I-J'lJ'je)fl lfl� F.1u 1'U Htt::::vrnfl

\91�!'1.J w:1::::�eJf11J'HJn 1f1�1::::v::::fmh::::'Vrn-J�eJf1 'il1n-o'eJ� 51�m�irnmnnJ �1uTu 9 �� �
<!! • f fel�f1vH1':W Big Green X F29A, Top Green X Montop, Top Green X Pack.man, Top Green X 

F29A, Top Green X 05-39, F29A X Montop, F29A X Paclanan, F29A X Top Green u1:1:::: 05-39 X 
Q/ a'  9,1 d?1 1 1 01 o' o Q/ a'.c:! 

Paclanan trn::::vm�f1Ufll'Vl!uU'WeJU:W'Vm� 'il7U1U 6 'WU� mi Big Green, Montop, Paclanan, Top 

Green, F29A trn:::: 05-39 \911el£!7·rn::::'lh::::mw ½ n11:1nf:w 'Wlltl1tm1::::t1111tl!mwcifo hh1rwu 

\911:W1Tif11J!U-o'eJ� 1

� .q d 
�.c::t 7. rlfllllfll'llilvl!il'tlvl'llel�l)flf-.ltfiJ'lJ'je)fl&fl'tl F 

1 

' ' 

Q/ .c:! � .:::S .::::::SlJ] ,9/ 9) .::::::S o I � 

fl�!1:leJf)�f)vHrnmeJf1 tfl1:l'Vl !�'illfl'\Hl'Vl 1 'il1U1U 9 � fle)�f11Wff:W Big Green X F29A, Top 

Green X Montop, Top Green X Paclanan, Top Green X F29A, Top Green X 05-39, F29A X 

Montop, F29A X Paclanan, F29A X Top Green trn:::: 05-39 X Paclanan ttltl�n W lj'UV'WWJm 

1f1Hf111'111:11-.'.l'UU11-.'.l 1::::1111..:it�eJUi'Jtlmt'JU �..:i !�eJU \911:llfl:W 'W.fl'. 2555 'W1!:W��!tlt'W7::::1um� 
q q q 

,,\ d ""'1 "' '1 31 • I • I d 31 31 .+1 fl d 111:1:w !:Wtl!:W1:l��eJmrn:::::w t'I.J'ilH 2-3 1'1.J t'Jlt'Ju1:1n1:1..:iuu1:1..:i'V11eJ..:inu111:1:w�1t'Jut'Ji'leJmrn::::ut'J!:!J�{1'\911
q <U q q q <U 

15-15-15 �1u1u 20 �u�eJfflt'J'WU n mi..:itl1:1n1:1..:iutl1:1..:ivi1m1vJum11:1::::mmti'lm'1fv:w-11J1eJu 'Vlf1
q � q 

1-2 itl�1t1 'WfeJ:Wfl'I.J!ttilm��{1'\9JJ 15-15-15 trn::::ilvm1v vJum1ti'li°ii'l11Ji'l:WU:W1:1..:i trn::::{1'Utfli°i
q <U q cu q 

'j/ 1 I I I 

m1Ji'l:Wt;m1'Vln 1 itl�1t1 t:iJm!:weJeJf1�eJn vi1m1\?l�u�..:i'lfeJ�eJmtt:iJeJu-o'eJvi 1 t:iJeJ�eJn 1n-ti'mu 
q q 

'W 1�-.'.l\911�1 t'Jfl:IJ!�el1�eJ..:iflU f1U i;,m:w-o'1:wff1t'J'WU 'fi trlel� elf1'1.J1U bl:!J!fll::::!f1{1'J ! U {1'1t'J'WU 'fi!�t'J1flU 1:1..:i
q q q q q 

" ' 

1 u 'il1U!'W7::::!;el (Petri Dish) !:lJeJ 1�tl!mw!'�t'J..:i'WeJ 1 ivJnmt\91::::mm\911N 'Wl I tlu\91::::'I.JUt'JeJ�!f){1''j � � 
I I I !} 

\911!i°it'J !U{1'1t'J'WU'fi!�t'J1flU'ilUm::::r1-��e)f)'I.J7U'l1:W� !:lJeJ�f)!!fltrn::::ttl�t'JU!�Uir'Wl\9111:l 50% !�'I.J�f)
q 

" � "
1�v\91��..:i'lfeJ�eJn u11tlvM1ui:w1ttutt..:i 'IJuvin'D'eJ:w1:1 �1u1ut:w���eJ�n trn::::u1m!m:w���eJ�u 
0 31 d "' di II). I"' o'. I"" "" I d "'"''l '1 31',. I Ul'Uel:W1:l'Vl'I.JU'Vlf1 rn1!flJ7::::muJt'J'I.J!'Vlt'J'I.Jfllm1:lt'.l'Vl7..:i{1't1\91 !�t'J !'lf rn1um:w Statistic version 8� 



,d 
'U'Yl'YI 4 

��fll'a1'0£1 

.<::.iv d 'J} 1 t QI rl 9) 1 '.il'IJ'.illl1l'Hlf11'fl'1Yl'W�m1mh,1u1::;rnfl't'Vlmm::;\?lv.11h::;rnfl''Vl�'l1:1-J\ol 11 Yl'W� l\o1Uf1 Big

Green, Green King, Green Queen, Montop, Packman, Top Green, F29A, 05-39, 05-40, 20-34

1m::; 1955 !'U'U\Jf1'Vl\oliH:i'IJi'W'lf1w:1�N'W 1�0ftn'hl11::;c1::;nm1'Wm100n\ol0mrn::;m1�\oll:1-J�\ol 1\olti

m 11:..rtrmtl \ol \917:1-l 1i 1 rn'll1� 1rn::; V'l 1:Y:1-J-u' 1:1-J t1! 1:Ymu1 i mn'hl \91 '.itt m� ;'W 'Vl'W 'W 11 1rn::; 1:Ym'W I n'hl \91 '.i

'11'1l�'U1�\ol::; ��'W

1. � nm m-a i;i �uii ! YI 1 YI am-a� �mUYI 1>11 mn -aii ·1n i;i
.ci o QI d � do v o".c! <V ,:/ !llel'Wl'V-l'W�'IJ'Jtlf) !'f1'1'iJ1'Wl'W 10 Yl'W� 'flrl'V-l'W� Big Green, Green King, Green Queen,

Montop, Top Green, F29A, 05-39, 05-40, 20-34 1rn::; 1955 l'U'U\)f1!'Wq�N'W�'i:Ytll'W1111:J!f1'hl\9l'.i

11m�;'W'Vl'W'Wr'l 'iJ. 1;t1�1m,j 1::;w;h�1${0'WYl(l'hlfll'fl:1-J i)� 1${0'W�m'fl:1-J Yl.fl'. 2552 Yl'IJ11'11r:9�fll'.i
cl d d 1 .:::::1. i:::1 cv o".c! 0.1 <1 !Yl1::;!:1-J'1\ollllll'1\ol'IJ'.irlf1 !'f1'1�rlf1!Yltl� 8 Yl'W� 'flrl'V-l'W� Big Green, Green King, Montop, Top

� 9) ,.I ,.I 
I .<::! Q.I .c! Green, F29A, 05-39, 05-40 1rn::; 20-34 !llrltlltl'1�1!1J'1�1J\)f1 Yl'IJ11ll'1ff£ltl!::;'Vll�Yl'll'i:1'1'W 

���El l'U'W

1.1 fll'.i!'iJ!ty!�'IJ 1\91
,. 

1.:::.1. d O Q.I Q.I cl & QI 
... I 

o' cl r/ 
Q./ f11 '.i !lJ '.i tl'IJ!'Vl tl'IJ 'iJ l'W l'W l'W 'iJ1f11'W!Yl 1::;!:1-J'1\ol 11�1'1-J rlrlf1\olrlf1 50 !1JrlWlf'W \91 1rn::; l'W \ol elf)

,.,I r/ cl r/ I QI o' cl d .c! Q.I Cl.I QI cl Q.I ti 'IJl'W 50 !1JelW!f'W\?l Yl'IJ11 Yl'W'li 20-34 rlelf1\olrlf1!'.il'Vl'i:1'\ol 'flrl 63 l'W '11'1�1'W!Yl1::;!lJ'1\ol Yl'W'li Green
q q q 

9 9/o v 9 d ..:!:I Q/ Q.I OJ cl Q/ o' 9 9/o King !'ll'iJl'Wl'Wl'W !'Wfll'.irlrlf1\olelf1'Wl'W'Vl�\ol 'flrl 84 l'W '11'1�1'W!Yl1::;!ll'1\ol Yl'W� 05-40 !'ll'iJl'Wl'W
0.1 0.1 cl & QI 

,.I 
o' cl rlcl d .c! QI 9 d 0.1 r1 1'W'iJ1f11'W!Yl1::;!lJ'1\olml'W\olrlf1'1Jl'W 50 !1JeJWlf'W\?l!'.il'Vlf!\ol 'flel 84 l'W !'W'UW::;'Vl'V-l'W� Big Green

9 9/o 0.1 QI cl & 0.1 ,. I 
r1 cl r1 d .c! 0.1 1m::; Green King !'ll'iJl'Wl'Wl'W'iJlf)l'W!Yll::;!lJ'1\ol11�1'W\olrlf)'IJ1'W 50 !1JrlW!f'W\?l'Wl'W'Vl�\ol 'fie) 105 l'W

' '

(\911'.il�l1 4, fl1Yll1 12-13)
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,d 
\911'i1�'Vl 4 

,, 

�1'W1'W1'W\9l�U�1'\.H'W1�t:IJ����1'WeHlmHJfl 50 !UeJ{t�'W\o11'W�elfl1J1'W 50 
- I ✓ cl ✓ "' cl �I ' cl "' ✓ 9-1 .d_ I cl 

!lJeJW'lf'W\91 Ubl�1'Wtfl1JHfl 'Uel�1J'je)fl !'i'lbl'W'W1ifl1rn7'Vl1Jblfl ti! �m'Wtfl'hl(,)'j

a, ✓ 'W'W 'jj 

Big Green 

Green King 

Montop 

Top Green 

F29A 

05-39

05-40

20-34

1'W00n�0n 50% (l'W) 

77 

84 

70 

77 

70 

70 

70 

63 
l.rJ 1.::1 <J} � 91 (11 

l'ilJlVll'lloJ : N = l:IJ:IJ'\Jell.;jm'Wel-:J'illfW1'W\l11V'Yl-m:IJ\Pl 

' 
cl .fll'W'Vl 12 

"" ✓ 'rlbl'J�el'W'Vl'W 'W'Vl 

q .. 

1'W�elfl1J1'W 50% (l'W) 

105 

105 

98 

91 

91 

91 

84 

91 

N 

N 

N 

132 

153 

155 

174 

174 



27 

f) 'IJ 'fl 

"lf CJf 

..::::t, c/ Gl o'  0.1 cl 0.1 r/ Ql r/

'V/r;'l1-Hl'W'Vl'W'W'Vl f1) 'V'l'W'f! Big Green 'U) 'V'l'W'f! Green King 'fl) 'V'l'W'f! Montop �) 'V'l'W'f! 
0.1 a' QJ </  <V a'  0.1 cl 

Top Green 'il) 'V'l'W'f! F29A 'il) 'V'l'W'f! 05-39 "lf) 'V'l'W'f! 05-40 um: CJf) 'V'l'W'f! 20-34 

vlr;'l f) 1 ':it iJ� t'J1J t vi t'J1J 'fl 11lJ ff� 'IJ el� Iii 'Wt! r;'l� 'fl 11lJ f) 11� 'IJ el �'VJ 'j �Vj lJ l 'W 'j � t'J� f 1J iJ 'j � 'VJ l'W \Pl elf) 
� q 

1 0.1 rl .c:::1. 9/ d d � ..::::t, I Gi a'  
'V'l1J11 'V'l'W'f! 05-40 lJ'fl11lJ��'Uel�\ol'Wt'\lr;'lt'JlJlf)'Vl�\Pl 'flel 75,17 tCJf'W\oltlJ\ol':i ff1'W'V'l'W'f! Big Green, 

.c:1 3,1 d 91 d .c:!.:I � 

Green King trn� Montop lJ'fl'JllJ��'Uel�\ol'Wt'\lr;'lt'J'Welt'J'Vl�\Pl 'flel 41.42, 35.92 Ur;'!� 41.39 tCJf'W\oltlJ\ol':i 

\olllJ�11ofo 1 'W 'Uru�� tll'V'l1Jm11Ju\ol n�1�'V11� i;yf'i�1 'W �l'W 'fl 111J n11�'1Jel� 'Vl HvJm �'VI 11� 1J':iel n i 'fl� 
q 

cv o'e:! .c::i 91 , d , , ..::::t, d 
8 'V'l'Wfi 'flellJ'fl11lJf111�'1Jel�'VlH'\f'llJ!'Q'i;'lt'Jelt'J':i�'Vl11� 80.52-91.56 !CJf'W\oltlJ\ol':i (\911':il�'Vl 5) 

q q � 
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!'PHJ'W\9lt'1lfl:IJ 'V'l.fl'. 2552 

., o' 

'V'l'W'li 
q 

fl11:IJfl17.:i'lJeJ.:i'VJ'J ,nfo (!CJJ'l-J�!:IJ\9l'J) !IS 
q 

Big Green 

Green King 

Montop 

Top Green 

F29A 

05-39

05-40

20-34

LSD o.os 

41.42
c 

35.92
c 

41.39
c 

49.92 b 

48.83 b 

52.78 b 

75.17
° 

53.50
b 

6.40 

86.12 

81.25 

91.56 

80.52 

87.40 

83.52 

89.00 

78.85 

14.00 
1
' ti 1m � 1.1 lw ·M1 lJ.nt � 1.11n'W �\91llJ�11.11111ei nm �1,-dj f)'W n'W 1iJ11191 n� 1-:i n'W f) v 1-:iih! 1.1ri1ri �'Vl 1-:i ff ti�� '.i � �'IJ m1lJ 

l�e.ll'.r'W 95% 1�1'Jn7'.il,J�l'J'lJlvil'J'lJll'lJ'lJ Least Significant Difference (n = 3)

,isti1m�1.1'liJ11191n�1-:it1'W'Vll-:Jffti��'.i��m111lJ1�m'.r'W 95% 1�1.1m'.i11m1�l! ANOV A (n = 3)

Cl.I ... I o'd (/ I I o 9/ G) Q./ a' 
'IHM'flelfl'l.Jl'W 50 !uel'J!CJJ'W\91 'V'IUfll'J!'Wl'UeJ.:i'lfeJ'flelfl!!'a�m\?l'W !'W'V'l'W� Big Green, Green 

d & d ':'jlJJ'J/d a1 o'a1 cv o' 
King mi� Montop (ill'V'l'Vl 14) 11.:immrn!flUl'lfl t'fl!'V'll:M 5 'V'l'W� fleJ'V'l'W� Top Green, F29A, 05-39, 

05-40 !!'a� 20-34 (ill'V'I� 15) �.:if·H1fll'J'WU�l'W1'W1'Wi.:i111>i1'W!'V'll�!:IJ�'flt1.:i·fo1nu�fl'Uel.:i 5 i'W'li

'f1.:imi11 'V'IUil imf Top Green 1:l'l:IJl'Jtl!nU�fl,�!�1�"!'fl�el 132 l'W '11l;l.:i1'W!'V'll�!:IJ�'fl l'W'Ulli��

°" rl G) 91 & Q.J d �I .d al QI Q.I Q.I d 'V'l'W'li 05-40 !!i:l� 20-34 1'1f'J�tl�!1t'111l'WtM1'W!flUl'lfl'Wl'W'Vl'ff'fl fie! 174 1'W '11i:l.:i1'W!'V'll�!:1Ji:l'fl
q q 

(\?ll'JWvi 4)
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f) 'lJ 

� � 

m'V'J� 14 �eJrnm��'l-nJ'Hrn 1���til'W lrnuff��mm1ttl1�'11-an w ffm-w11Dmn1Jm11m� 

f) 'lJ 

� � 

� 

m'V'J� 15 �m.J'.ieJf11��i'W(�1�'7 trleJm� 105 l'W 11��t'V'J1�t:w���'ll�n w ffm-w11Dmf1EJ\91'.i 
C, o' 11-a'J�el'W'Yl'W'W'Yl fl) Top Green 'll) F24A �) 05-40 �) 05-39 Uri��) 20-34



"" �

1.2 fll':i\91\ol!lH'l\ol 
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irleit'l 1 Nfl'LJH)fl 1 fl��!�'LJ ,�, u�-:i 'l id:w 1l'W m ::;J-:i Nrnitt-:i !1J\ol Nflir'Ll �l'W 1'1-.!!:IJ�\ol�el Nfl 
' ,, ' 

im::;i-:it'l111irm:w�1o1�eJ;'W 'V'l'Ll11'1'fofi iu£ Top Green m1::;iu£ 05-40 ii�1u1m:w�1o1�eiNflm�c.1 
• • • 

mfl�'ff1o1 �ei 5.8 irn::; 5.9 m�1o1�eiNfl \917:W�l\ol'Ll U\9lfl�7-:J'Vll-:J'ff��111fliu£ 05-39 irn::;iu£ 20-34 
• • • 

91-:iiui 05-39 irn::;iu£ 20-34 ii�1u1ui:w�1o1�eiNflm�c.1ueic.1'ff1o1�ei 1.0 mi::; o.5 i:w�1o1�eiNfl 
• • • 

\911:IJ�l\ol'LJ (\911':iWvi 6) 
Q/ o' Q.) o' d: Q.) d I 9J d d .:!i 

'V'l'W'JI Top Green u1:1::;'V'l'W'JI 05-40 :IJ'Wl'H'Wfl!:IJ1:l\ol\9lel\9l'W!'iH'lc.l:IJlfl'Vl�\ol flel 2.92 irn::; 3.02 
QJ 1 9) o QJ I .Q..Q. Q/ ,:/ a,, o' di d : QI cl I 'j/ 

flrn\9lel\9l'W \911:IJ1:ll\ol'LJ U\9lfl\911-:J'Vll-:J'fffl\911llfl'V'l'W'li 05-39 !nl::;'V'l'W'li 20-34 9f-:J:IJ'Wl'H'Ufl!:IJ1:l\ol\9lel\9l'U 
. . 

' ' ' 

d 9,/ d .:!i 0.1 I 9) o 0.1 d 

m1:1t1'UeJt1'Vl�\olfleJ 0.09 im::; 0.07 flrn\9leJ\9l'U \917:1J1:111o1u (\917':il-:J'Vl 6) 

' ,, ' 

\911':il-:Jvi 6 �l'U'J'W!:IJ�\ol�eJNfl irn::;t'l111irm:1J�\ol�el;'U '\Jel-:J'LJ'je)fl !fl�i'Wfifll':iAl viu1:1fl Ul 

o' 
'V'l'W'li 

• 

. ., 

.<:::i.<:::::lQ/ .Q. c/ I � & .:!i 

'fffll'U11lc.l!fl'!:J\91':i'l11:11-:Jel'U'Vl'U'U'Vl 1::;1111-:J!\olel'U'V'ltj'!:lfllfl:IJ fl-:) !\olel'UloJ1:llfl:IJ 'V-1.fl'. 2552 

O cl I � I/ 1ll'U1'U!:IJ1:l\ol\9lel fl '\.J 711 tJ fl!:IJ � \o1 � eJ; '1-J ( fl i' :IJ) I/ 

Top Green 5.8" 2.92" 

F29A 

05-40

05-39

20-34

LSD o.os 

3.3ab 

5.9" 

I.Ob 

0.5b 

4.2

l.92ab 

3.02a 

0.09b 

o.ol

2.30 
11ri1m�Vl'WJ:Hl:IJ.f1l�V1fl'W�\911:IJ¢1'1m.i1im,J'.i�l'l1ijel'Wfl'W 'hJ11\llf1�l.:Jfl'WeJa1.:iih!mi1r1t)J'l'll.:Jftt)��';j��'l.J

"' °' '\' .I"' "' 1'111:IJl'lfel:IJ'W 95% i'fWf11'.il1J'JIJ'l.Jl'l'lV'l.Jll'l.J'l.J Least Significant Difference (n = 3) 

.,;i "" .. � jJ 2. YI nm m ·rn e1 fl YI e1 turn::; \11 YI ii.i 'tl YI I YI ti m •n,mwu rn

fl\ol!�elfl'LJ'je)fl fo�i'Wfifll':iAl �Nl'Ufll':i1!m7::;ttu!mrni'1:11vhwvJ'U�l'U1'U 6 i'Wfi �ii 
. . 

i'1:11vhmfo'l'Uu!mrn�-:i fie) Big Green, Montop, Packman, Top Green, F29A im::; 05-39 U�fl 
d .I d 'l I I .:!i & .:!i 

Ul 'fffll'W!fl'!:J\91':i'H1:11-:!1Jl-:J\ol::; 11.!'lfc.l-:J 11:IJ ':i::;'1117-:J!\olel'U\911:llfl:IJ 'V-1.fl'. 2552 fl-:! !\olel'U!:IJ'!:llc.l'U 'V-1.fl'. • 

2553 (fll'V'l� 16) 'Vllfll':iN'ff:IJ�l:IJUlJ'IJ'V'l'Llfl'U'H:IJ\ol'\Jel-:J'LJ'je)fl !fl�i'Wfifll':iAl 6 i'Wfi 'V'l'LJ1l'ffl:1Jl'jfl 
• • 

.Q. �I 11] 9J ' ..ti I I 

\91\oll'lfl l\ol 24 t]N'ff:IJ flelt]N'ffm::;1111-:i Big Green X F29A, Big Green X Montop, Big Green X Top 

Green, Big Green X 05-39, Montop X Big Green, Montop X F29A, Montop X Top Green, 
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Montop X 05-39, Paclanan X F29A, Top Green X Big Green, Top Green X F29A, Top Green X 

Montop, Top Green X Paclanan, Top Green X 05-39, F29A X Big Green, F29A X Montop, 

F29A X Pacla11an, F29A X Top Green, F29A X 05-39, 05-39 X Big Green, 05-39 X F29A, 05-

39 x Montop, 05-39 x Paclanan irn:;; 05-39 x Top Green irlmuf!Nf11J'jflf) lfl��'U11n 11 �Ntr:IJ 
d .a. d lJ] 9)� ' ' 

'Vltrl:IJl'.itl�f!t:IJJ;lf! tflflfl�Ntr:IJ'.i�t111-:J Big Green X F29A, Big Green X Top Green, Top Green X 

F29A, Top Green X Montop, Top Green X Paclanan, Top Green X 05-39, F29A X Big Green,

F29A X Montop, F29A X Paclanan, F29A X Top Green trn� 05-39 X Paclm1an trn��'U11�Ntr:IJ 

'.i:::1'111-:J Top Green X Paclanan n�1u1um�fl,iflNrn'Q�t'J:IJlf)��fl �fl 8.0 t:IJ�f!,iflNf) u�n,i1-:i 

'Vll-:J'ff(l�'i1lf1�Ntr:1Jt'l-J"7 lu'UUA���Ntr:IJ'.i�t111-:J F29A X Big Green n�1u1ut:1J�fl�f1Nf)t'Q�t'J 
' V 

'Wflti'Vi�fl �fl 0.4 t:IJ�f!,iflNf) u�,l)�'l.Jfl11:IJU� n,i1-:i nu 'VIN 'ff(l�'IJ fl-:J'W 11'1'U f)!:IJ�fl,i f1Nf1'.i�t111-:J 
V ' ' 

�Ntr:w,i1-:i"7 lflt1'Wrni!rn:w�fl,iflNrn'Q�tlfl�'.i�t111-:i 0.005-0.029 nfo,iflNn (�7'.iN'Vi 7) 

,d 

.fll�'Vl 16 
31 � .c:i Q,I c1 9J .c:1 a., a., d d,,. I .c::1 

�U'U'.iflf1 tfll;l�U1if11'.ifllt:1Jflfllt'.I 48 1u t11;l-:itm�t:1JJ;lfl 'Vl1JJ;lf1 ill trmmm1�'.it11;l1-:J 
q q ., 
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<Ci 

\911'.iN'YI 7 

fll: ffflJ 

Big Green X F29A 

Big Green X Montop 

Big Green X Top Green 

Big Green X 05-39 

Montop X Big Green 

Montop X F29A 

Montop X Top Green 

Montop X 05-39 

Packrnan X F29A 

Top Green X Big Green 

Top Green X F29A 

Top Green X Montop 

Top Green X Packrnan 

Top Green X 05-39 

F29A X Big Green 

F29A X Montop 

F29A X Packrnan 

F29A X Top Green 

F29A X 05-39 

05-39 X Big Green

05-39 X F29A

05-39 X Mon top

05-39 X Packrnan

05-39 X Top Green

HSD u.os

32 

�l'W1'UllJ��\?1'0Nfl I/ 

l.2'r

N 

6.?°b 

N 

N 

N 

N 

N 

N 

N 

3_5
cdc 

5. I be
d 

s.o·

2.5dc[ 

0.4r 

5.5'bc

6.9'b

l.2'r

N

N

N

N

1.1 er

N 

2.66 

11flllll�Ul'Wff91lJlll�U1fl'W�\JlllJ�1U911llflll:i�IHi'i!l'Wfl'W 1hJ11\Jlfl�l�fl'W!JVl�U'WUfflflt]j'Vll�ffii91�:i��'Uf11llJl�!ll1'W 95% 191Ufll:i

11J1urniiu'UU'U'U Honestly Significant Difference (n = 7) 

lllJ1Ul119J : N = 1liJ9\911lJ�9l 
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QJ � d 'J) d QI a'.cl 
fl\PH1:HlfH:I.J1;J�\)fl�H1':1.J'illfl'Ufl'Vl 2 hWTW 10 'VfW� flfl\)flNi'Y:J.J Big Green X F29A, Big 

Green X Top Green, Top Green X Montop, Top Green X Pack.man, Top Green X F29A, Top 

Green X 05-39, F29A X Big Green, F29A X Montop, F29A X Pack.man tm::; 05-39 X Pack.man 
<;1 o d li] 'l )i d <;1 d ., d 

tm1mm1;1� 1utvn::; t'W'ill'I-H'Vn::;t'lffl (Petri Dish) 'Vl'.ifl-:J�'Jt1m::;�1'!:lt'\ln::;t:1.J1;1� tt1;J-:Jfll'.i!'Wl::;1:1.J1;1� 

til'Wnm 5 1'W (m'W� 17) i'ru�l'W'J'Wl:J.J���-:Jflfl 'W'U11!:I.J��\)flNff:J.J Top Green x Montop im::; 

"' -1 <I d <I _I <Id o'G) d 
F29A X Pack.man :I.J!ufJWlf'W�fl'Jl:I.J-:Jflfl 100 !ufJWlf'W� t'W'UtU::;'Vl\)flNi'Y:J.J Big Green X Top 

"'-1 o'd ,1 "' _1 o'd ,1 d 
Green :1.JluflWlf'W�m1mflm'Wt1-:J 42.50 !ufJWlf'W� (�7'.il-:J'Vl 8) 

' 

d 

fll'W'Vl 17 



1:'I fl rlff:IJ 
"' 

Big Green X F29A 

Big Green X Top Green 

Top Green X Montop 

Top Green X Paclanan 

Top Green X F29A 

Top Green X 05-39 

F29A X Big Green 

F29A X Montop 

F29A X Pack.man 

05-39 X Paclanan

34 

d OJ o' d 1 0 0 o 

'11:IJlm'\1� : l'Wl::;l'.!Ji'l�'V' fW�i'!::; 20 l'.!Ji'l�\IHJ'lil 'ill'W'Jl! 3-4 'lil 

"I a' d a' !1Jel'Hcif'W \9lfl 11:IJ'1elfl 

93.75 

42.50 

100.00 

95.00 

92.50 

98.75 

98.33 

96.25 

100.00 

98.33 

4. Af11fliJ�mwcut11'Vhwvh!1'1-!�'l-!0el'l-!'Uel-:J'U'Hlfl lr1�-gm.nnJ F
I 

��ifl0m:1J��1:'lflrlff:IJ'illfl�el� 2 �l'W1'W 3 � �niJ1mUH:IJ��!'Vlv-:ivrn�elfll'.i'Wll'LJ
"' "' 

"" " "' '"·' "'' "'I 1!'fl'.il�t!cif1:'1 m'.il!TI'W flel \)flrlff:IJ Top Green X Paclanan, F29A X Montop Ui:'I� F29A X 

Paclanan ! 'LJ1!fl'.il�ttt!l'LJ1:IJ1W cifo i vl :rnvl'W!'LJ� V1Hl1V'I.Jf1'1.J'Yl'W13'1�eJU1:'l�'Yl'W £uJJ vmiwi''W flel'W 
q q 

1:'lflrlff:IJ F29A X Paclanan niJ1mwi1:'I 1vJ11tvl'Wff-:iff��el 4.34 :1J1:'li1flf:1J�elflf:1JiJ1mJmttt-:i 
"' "' q 

.:!I QI r:I Q/ r:I 

rn-:ii:'1-:i:IJlflel\)flrlff:IJ Top Green X Paclanan, \)flrlff:IJ F29A X Montop, 'W'W� Montop, 'W'W� Top 

Green !!1:'l�'Yl'W1! Paclanan 1�vniJ1mwi1:'I ivl:rnvlmvhn'IJ 3.45, 3.34, 2.10, 1.91 !!1:'I� 1.65 
,, ' 

.::::::i, at, a., I Q/ 0  Q/ 9) O Q.I  d 

:IJ1:'11:'lfl'.i:IJ\9lelfl'.i:IJ'Wlt!'WflUWI \911:IJ1:'ll�'IJ (\911'.iWVl 9) 



' 
Cl 

\911':il�'Vl 9 
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,, 
"' " 

'VfW�/�f1NfflJ iJ�mmcir"11rhwvh,1 (ii"1ilni'wni'ml111t!nu��) 

Montop 

Pack.man 

Top Green 

Top Green X Paclanan 

F29 A X Montop 

F29A X Paclanan 

_I .., d � -=I s. m'lu-gn'Ylmrn'I.J'VIU'.IHJflf-.ltriJ'I.J'rnfHrlti F
1

2.10 

1.65 

1.91 

3.45 

3.34 

4.34 

QJ cf cl d tri 'J} 'J} d O Q.I ,I cf 

r1�rn0mlJ'1��f1NfflJ'Vl !�'illf1'\Jel'Vl 2 'ill'WTW 9 'Vl'W� fle)�f)NfflJ'Uel� Big Green X F29A, 

Top Green X Montop, Top Green X Packman, Top Green X F29A, Top Green X 05-39, F29A X 
"' " 'J/ .dq 'J/ �I Montop, F29A X Paclanan, F29A X Top Green 1rn::; 05-39 X Packman 1rn::;'Vl'W�f11':ifll'Vl !'lHu'W

1 IQ.I do OJ dct 'J} 

'Vle!UlJ'Vl'W�'ill'W1'W 6 'Vl'W� fie! Big Green, Montop, Paclanan, Top Green, F29A 1rn::; 05-39 !!'11 

0 II]• I. j a, ,/ Cl 
• I Cl '] I I ,!! a, di <!j 

'W1 !UU�f1'Vl�ffel'U'Vl'W� tu fftll'W!f1'l:l\91':i'l1'11�u1��::; 'il.!'JW� !'11lJ ':i::;'1111-:J!�el'Wfi'Wl'Jll'J'W tl-:i !�el'W 
' ,, 

1i'W11fllJ 'Vl. fl'.2553 (.tll'Vl'Vi 18) 'VlU17lJcif1'l:lf.U::;'Vl1-:J'W'lfff1'W�-:J�el I 'LJ'W 

' 
Cl 

.tll'Vl'Vl 18 
'JI � d QI cl 3J d

'l 
91 �, 1 1 QJ rl � QI QI 

\9l'WU':ielf1 !fl'1'Vl'W1if11':ifll'Vl 'lf!u'W'Vlel!!lJ'Vl'W1i!rn::;"1f)NfflJ!lJ0011'J 89 1'W '11'1-:J!'Vll::; 
q q qJ q 

d "'.I "' " Cl .I !lJ'1� 'Vlu'1f1'Vl�ffe!U'Vl'W1i ti! fftll'W!f1'l:l\91':i'l1'11-:Ju7-:J�::;
� . 
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1dm-�t1�i''l.J'U':i�'Yll'W'flelf1 (m'W� 19) iu( Big Green :tim1:JJ�/l'llel-:J�'Wm�mJ1n�i,;'fl fia 

29.97 l9f'W�l:JJ\91':i U\9lf1�1-!l'Yll-:J'ff()�'illf1�f)f,,l'ff:JJ Top Green X Pack.man m'l� Top Green X 05-39

�-:i:um1:JJ'ff-:J'llel-:i�um�t1 24.17 mi� 24.20 l9f'W�mm \917:JJlll�l'l.J u�1li'W'l.Jfl17:JJU\9lf1�1-:im-:1-a-()� 
SJ 

9) 9) I 1 0.1 ti 9) di d 9) 

'fl 1u m1:JJ m1-:i 'll a-:i 'Yl 1 -:i-w m � tt 11-:i-wu 'Ii m 1 mm1 �" n f,,j'ff:JJ 1 'fl ti'l.J 1 an 1 fl '1 'Yl-:J tt :JJ 'fl:JJ fl 11 :JJ n 11-:i 'll a-:i 
q q SJ 

' '

'YlH'W:JJm�t1mh�1111-:i 74.63-89.33 t9f'W�l:JJ\91':i (\917':iWVl 10) 
q SJ 



d 
.fll'Vfl'l 19
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'lf 91 OJ 

] Cl'J \PJI 

fl n1J tu� 'lffl \Pl fl n'LI l fl n 1 r1 ��'W {ml l'i'1� 1-fit�'W'W flttll�'W {u1;1�tl nHfflJ 1 'W l � vd' mh�'l'l l'W \Pl fl n 

n) Big Green "1) Montop rl) Packman �) Top Green 11) F29A 'U) 05-39 'lf) Big Green x F29A 91)

Top Green x Montop OJ) Top Green x Packman t!J) Top Green X F29A tj) Top Green X 05-39

!]) F29A X Montop ]) F29A X Packman Cl'J) F29A X Packman trn� rll) 05-39 X Packman



<V o' 

'W 'W 1i/rl fl Ni'flJ 
q ., 

Big Green 

Montop 

Packman 

Top Green 

F29A 

05-39

Big Green X F29A 

Top Green X Montop 

Top Green X Paclanan 

Top Green X F29A 

Top Green X 05-39 

F29 A X Montop 

F29A X Packman 

F29A X Top Green 

05-39 X Paclanan

HSD o.os

38 

m rn i'1' -:i 'IJ ei-:i\ilu (! tJf'W � tll\91 'J) 11 
., 

29.97° 

28.22
ab 

27.72
°b 

27.90ab 

28.58°b 

28.46ab 

25.93ab 

28.48ab 

24.ll

29.25°b 

24.20b 

25.7l ab

28.65°b 

29.oo•b

26.69°b 

5.25 

9/ 1 .::::::. ns 

fl11lJfl11-:J'Utl-:J'YIH'YjlJ (!tJf'W \9l!lJ\9l'J) 

75.25 

81.22 

83.69 

80.31 

86.46 

78.67 

74.63 

81.36 

81.19 

88.13 

77.47 

79.91 

87.33 

82.07 

89.33 

20.29 

11�11u�v1'Uff1P1un1�v1n'U�\PlllJ'il1fl�T0tn11�mi1c1'Ut1'U 'hl111P1rn,i1-:in'Uc1rh-:iih!vri1r11:1J'Vll-:iff(i��'i��'I.Jr111:iJ 

l�cJJ1'U 95% !\Plflfll'il'U5fl'I.Jlvifl'IJll'IJ'IJ Honestly Significant Difference (n = 3)

"'�1m�v'b.l111P1n\917-:Jf1'U'Vll-:Jff(i��'i��'I.Jm1rn�c1l1'U 95% t\Plflfll'i1tm7�'11 ANOVA (n = 3)

�'W'fi F29A iil'l11lltl11'1Jel-:J!1Jm�t1mfl�ff� ;{0 47.77 !9f'W�!lJ\9l'J U\Plfl�N'Yll-:Jffil�,11fl 
q q 

<V o' 

'W'W� Big Green, �flNfflJ Big Green X F29A m1� Big Green X 05-39 �flNfflJ Big Green X F29A 

iim lll t111'1J 0-:i 11Jm � m! eit1� ff� ;{ ti 35 .13 !tJf'W �!ll \Pl'J 1 'W 'IJW�� 1il'W1J l'l 17ll!!\91 fl� 7-:J'YI 1-:i ffil �1 'W 
'J) 'J) 'I o 'I 1 w o' 'J) <; -=<  'JJ ')  d I 

�l'W l'l 1UJfl 11-:J 'Utl-:J ! 1JU rl� 1l 1'W 1'W ! 1J 'J�'rl 11-:J'W'W 1ifll'J\'11Url� rlfl Nffll ! �tllJl'l 11lJfl 11-:J ! 1J! 'iWtlel ti
q ., ., 

'J�'rl'JN 16.90-24.46 !9f'W�!lJ\9l'J tm�ii�l'W1'W!1J!Q�tltl�'J�'rl11-:J 12.18-15.42 !1J (\911'J1-:J� 11) 
., 
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9 9,1 ?I I I ., o' d" I ., o' cl "I ! ''lH lJ'W '\IHJUlJ'V'l'W 1iUc1�clfl Nff'lJ 'Vl1Jclfl'Vl�ff'eJU�'W 1i ti! ff'tll'W!fl'J,J\91111'11.,:JlJl.,:J��
q qJ <u q 

I .::!:{  a., ,dl ,:ti  Q.I 

1�'1117.,:J!�el'Wfl'WtlltJ'W tM !�el'W1i'W'JlfllJ �.fl'.2553 

., o' 

�'W 1i/c1 fl Nft'lJ 
q "' 

mrnt111'\lei._:i tu 
"" I/ (I CJf'W \9l!lJ \911) 

'fl'JllJfl17.,:J'IJeJ.,:J tu 

(I CJf'W � !lJ\911 )"' 

Big Green 

Montop 

Packman 

Top Green 

F29A 

05-39

Big Green X F29A

Top Green X Montop

Top Green X Packman

Top Green X F29A

Top Green X 05-39

F29A X Montop

F29A X Paclanan

F29A X Top Green

05-39 X Paclanan

HSD o.os 

37.55bcd 

44.50abc 

42.39abcd

47.77a 

44.92abc 

44.94abc 

9.08 

16.90 

17.89 

24.17 

20.93 

24.46 

20.17 

19.73 

18.93 

19.42 

19.75 

18.36 

19.89 

23.04 

20.33 

23.42 

8.13 

1 'j) 11S \9lel\9l'W 

12.47 

14.78 

12.50 

15.19 

15.19 

12.18 

13.40 

13.30 

13.64 

15.42 

13.16 

14.13 

13.22 

12.56 

12.56 

3.83 

"r111 u � v 1 'W ftfl :i.J.111 � v1 fl'W�1>11:i.J� 1 v� 1ei nll l �1'11 ii eJ'W fl'W 1hJ11\91 n\911-:i fl'W ei rh-:iih! vir1ri qJ'Yl mYil ��l � �'IJ r111:i.J 

l�ell!'U 95% lflt'Jf11ll'Ll�t'J'IJl'Vit'J'IJll'IJ'IJ Honestly Significant Difference (n = 3)

11
5film�v1hJ11\91f1\911-:Jfl'U'Yll-:Jft(1��'j��'IJrl11l.Jl�ell1''U 95% lflt'Jf11'j11rll1�11 ANOVA (n = 3) 

,=s 'j) 1 o' o 'J}  d .J .::!:{ Q 
�flNff'lJ Top Green X F29A lJ!ft''WNl'W�'Wtlflc11.,:Jc11\9l'W!'iWtllJlfl'Vl�� flel 4.71 !CJf'W\9l!lJ\911 

I �� Q.I ,/ 

U\9lfl\917.,:J'VJ7.,:Jft'tJ\91�1fl�'W� 05-39, �flNff'lJ Big Green X F29A, Top Green X Packman, F29A X 
9 

d .:::t 'J} I d O 9J 

Montop Ucl� F29A X Top Green i'W'Utl!�'Vl�flNff'lJ Big Green X F29A lJ!ff''WN1'W�'Wtlflc11.,:Jc11\9l'W 
' ' ' 

d 'J} .c::S .::!:{ � d 
!'Qcltl'Weltl'Vl�� fie) 2.96 !CJf'W\9l!lJ\91') (\91117.,:J'VJ 12) 
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Q.I o' .c::i 3' I r/ I d 9,/ .d .c.:I o:::::t, I 

'V-l'U'li F29A lltff'UNl'Uft''Ut'JfH'll..'.J'lleJ..'.J'l/eWleJfH'iH'lt'Jfnl..'.J'Vlff\91 fie) 13.98 !CJf'U\91!lJIW:i U\91f1\911..'.J 
q qJ q 

.:::::t,Q Q.I a' 
9 'Vl1..'.Jfftl\91'illf1'V-l'U� Big Green, 05-39, �f1Nffll Big Green X F29A Uri� Top Green X 05-39 i'W'lltl!� 

d d 9) I ,/ I .d 9-' d .c:l Q 

'Vl�f1Nffll Big Green X F29A ll!ff'WNl'Ul!J''Ul'lf1'17..'.J'lleJ..'.J'lieJ\91eJfHQM'UeJt'J'Vl�\91 fleJ 7.47 !CJf'U\91!ll\91':i 

(\911':il..'.J'Vl 12) 
Q.I a' .c::i I .d d .c!:I 

'V-l'U'li F29A Url�rlf1Nffll F29A X Packman llfl11lJff..'.J'lleJ..'.J'l/eJ\9leJfHQrlt'Jlllf1'Vlff\91 fie) 6.95 
q cu cu q 

Uri� 6.91 !CJf'U�!lJ\91':i \911ll�li'IJ U\91f1�1..'.J'Vl1..'.Jffi1�'illf1rlf1Nffll Big Green X F29A i'W'lltl!��rlf1Nffll 
qJ qJ 

' ' 

Q I .c::i I Q.I .:::::t, .c::i 

Big Green X F29A llfl11lJ�..'.J'lleJ..'.J'lieJ\9leJf1!Qrlt'J!'Vllf1'1J 4.03 !CJf'U\91!lJ\91':i (\911':il..'.J'Vl 12) 

a., ,I 

QJ o' d : QI I .d d .c.:I Q.I I QQ 

'V-l'U� Montop lJ'U1'11'Uf1'lleJ..'.J'lieJ\9leJf1!Qrlt'Jlllf1'Vl�\91 fie) 491.94 f1':ill U\91f1\91N'Vl1..'.Jfftl\91'illf1 

'V-l'U� Big Green, 05-39, �f1Nffll Big Green X F29A, Top Green X Packman, Top Green X 05-39, 
GI d Q.I ef d 

F29A X Montop Uri� 05-39 X Packman i'W'lltl!�'Vl'V-l'U� 05-39 Url��f1Nffll Big Green X F29A lJ 
jl I I I 

o OJ I .c::! 'j) ..::::5. .c.:I QJ o QI d 

'U1'11'Uf1'lleJ..'.J'l/eJ\9leJfHQrlt'J'UeJt'J'Vlff\91 fie) 228.89 Uri� 195.00 f1':ill \911llrll\9l'IJ (\911':il..'.J'Vl 12) 
q 
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d 9/ I o' O 9/ 9) I (/ I I 

\917,r:nn1 12 rff'WN1'Wfl''WtlfHl1'11:11\9l'W l"1''WN1'Wfl''WtlfHlN'UtJ-:J'lftJ�H)fl 'fl11ll'iH'UtJ-:J'lftJ�t)fl U'1::; 
.. .. .. 

., ' ' 
t.111-11! fl'UeJ-:J'lftJ� eJfl 'UeJ-:JiJ 5tJfl 1 'fl�i'W nm1�1vi1 ii�m<i muJimf im::;'1 fl N"1'llvi11'1fl 

a, o' 

'W'W1i/'1flN"1'll 
q .. 

Big Green 

Montop 

Packman 

Top Green 

F29A 

05-39

'VLfl'.2553 

Big Green X F2A

Top Green X Montop

Top Green X Packman

Top Green X F29A

Top Green X 05-39

F29 A X Montop

F29A X Paclunan

F29A X Top Green

05-39 X Pack.man

HSD o.os 

'J} ' 

rff'WNl'W 

o' 0 ')} 
l!J''W t1 fl m-:i m \91 'W 

"" II (lCJf'W \91 UJ\915) 

3,99abcd 

4,39abc 

4.71° 

3,45bcd 

3_93°bcd 

3.4lcd 

1.24 

q q cu <u 

'J} ' o' 
lff'W Nl'Wfl''Wtlfl1:11'1 

.. 

I 

'UtJ-:J'lftJ�t)fl 

(lCJf'W�lll\915) 11 

l0,93abcdc

l O,SSabcde 

13.98° 

7.47c 

9_50bcdc

l 1.l4abcdc

4.19 

'fl11llff-:J 'Wl'l-1l1fl

I 

'UtJ-:J'lftJ�t)fl 'UtJ-:J'lftJ�t)fl 

(lG}l'W�UJ\915) I/ (fl'flll�tJfl) I/ 

4.ol

5.98°b 

5.66°b

6.21 °b 

5.os•b 

5.70°b

2.55 

208.33c 

491.94° 

287.50abc 

285.56abc

228.89c 

195.00C 

377.78abc 

266.11 be

454.17°b

263.33bc 

262.50bc

340.00abc

336.67°bc 

269.45bc 

217.58 

I/ rl lL 'ij � V l 'U ff� l.J.flL � V1 fl'U � \ll 1:1..J � 1 v� 1 el nm �m lJ'el'U fl'U ll!U\ll f1\?ll.:J fl'U 'el v1.:iih! V'fflfl qp17-:J ff��� ':i � � 'IJ 1'117:1..J 

i�m1u 95% 1�vmmJ1vrnviv'LIU'IJ'IJ Honestly Significant Difference (n = 3) 
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6. �fl'll1mim1.1cu't'!l'rhwvJ'W'llf.l-:i�m-nri11J·:n1n1fl� F
1
1'W 1'l1 m1�v1f.lfl

1?11>11 'lJ u ri � 1>1 eJfl'l.J rn fl 1 fl� 1 � £Jd' rnJ:i �'Vl l'tH1 ei fl '17 fl'li' eJ� 5 

.d 
(\911H:J'Vl 13) 

\91111-rvi 13 iJ!mm ci'rri 1 vJ11ivJ'W 1 'W 1 'l.JUr1�1>1t1fl'l.J rnfl 1 fl�':i�£J�i''l.JD':i�'Vll'W1>1t1fl'Uei-:i�mHY:1.J 

<V ,I 

'V-l 'W 1i /rl flvHY:I.J 

Big Green 

F29A 

Top Green 

Montop 

Packman 

05-39

. "' 

Big Green X F29A

Top Green X Montop

Top Green X Packman

F29 A X Montop

F29A X Packman

F29A X Top Green

Top Green X 05-39

Top Green X F29A

05-39 X Paclanan

!'l.J l>Je)fl 

0.003 0.040 

0.005 0.050 

0.001 0.150 

0.002 0.098 

0.001 0.092 

0.009 0.138 

0.006 0.027 

0.015 0.031 

0.003 0.044 

0.011 0.038 

0.012 0.048 

0.018 0.028 

0.005 0.016 

0.007 0.061 

0.007 0.080 



� Q a � t::t 
7. r1 nm m ·,m �u ir1;1 vi 'll ei ..:i g n f-H.Yi11.J ·:ie> m r1 i;l F 

1 

' ' 
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0.1 � i .ci.cilJ] 3,1 3/ d O I �  
fl�mein�nNff:IJ'lJ'.ieln iml'Vl l�'illn'lJel'Vl 1 'ill'W1'W 9 � fleJ�nNff:IJ Big Green X F29A, Top 

Green X Montop, Top Green X Packman, Top Green X F29A, Top Green X 05-39, F29A X 

Montop, F29A X Pack.man, F29A X Top Green trn::: 05-39 x Packman 11hl�n tu ljWJiWJ'Wl 
i I t.:!:t. Q & � dt & Q d 
iflHfll'.i'l11:11-:J'lJ'W11-:J '.i:::'1117..:it�el'W:IJt:l'Wlc.J'W t:l-:J !�el'W \91-alfl:IJ 'W.fl'. 2555 !'Welfl'fl'lflfll'.i\91�!:IJ1:l� 

. . . 

'W'I.J'Jl �Nff:IJ Big Green X F29A trn::: F29A X Montop t:W��!:IJ�� foviv..:i 7 �Nff:IJ���!:IJ�� 

(\911'.il..:i� 14) !�c.JJJ 5 �Nff:IJ���!:IJ���ei�n�..:i t�Ufi �Nff:IJ Top Green X Montop, Top Green X 
i d O d I 

Paclanan, Top Green X F29A, F29A X Packman trn::; F29A X Top Green i�c.J:IJ'ill'W1'W!:IJ1:l�\9lel 
�I d d l Q./ O Q./  dt t:::::i.  

i;,imu-av 1.1 +0.06, 0.8+0.45, 1.0+0.06, l.3+0.69 im::: 1.0+0.40 m-a�\9leiNn \917:iJm�'I.J t:iJeJ'W'ill'.itu 1 
V , V 

Ul'H'Ufl!:IJ���el�'W 'W'I.J'Jl ii 4 �Nff:1J'Viiiilrn'l!m:1J���el�'Wff-:J 1�mi �Nff:IJ Top Green x 
"' "' "' 

-=l 't Q.I d 
Montop, Top Green X Packman, Top Green X F29A U1;1::; F29A X Top Green !�c.J:IJ'W1'11'Wfl!:IJ1:l� 

' '
1 9)  .c1 Q./ 1 3}  Q QI d 

\9lel\9l'W!u1:lc.J 0.86+0.7 l, 0.28+0.37, 0.64+0.04 tm::; 0.20+0.11 nrn\9leJ\9l'W \911:IJ-al�'I.J (\911'.iWVl 14) 

' "' 
\911'.iWVl 14 

V ' 

�l'W1'W!:IJ��/�n u1:1:::U1'11'Ufl!:IJ���el�'W 'lJeJ..:i'I.J'.ieJn !fl�1:lnNff:IJ 'Yiu-an tu tu fl''WV 
"' "' "' 

a., i 1 � Q & � 
'WWJ'Wl iflHfll'.i'l11:11-:J'lJ'W17-:J '.i:::'1117..:it�el'W:IJt:l'Wlc.J'W t:1-.:i !�el'W \91-alfl:IJ 'W.fl'. 2555 

1:1nNff:IJ 
"' 

Big Green X F29A 

Top Green X Montop 

Top Green X Pack.man 

Top Green X F29A 

Top Green X 05-39 

F29 A X Mon top 

F29A X Paclanan 

F29A X Top Green 

05-39 X Paclanan
.q I .d 9) 11:IJll'H'l'I\PJ : i'l�i'lll'iHHHllfl 5 ll'l'U 

N 11:IJltJ�,:j 'hJ��llJ�� 

• • • 

�l'W'J'W!:IJ��/�n 
V 

O Q.I d I 9) QI 

'Wltt'Wm:1J1:1�\9leJ\9l'W (nm) 

N N 

l.1+0.06 0.86+0.71 

0.8+0.45 0.28+0.37 

l.0+0.06 0.64+0.04 

0.4+0.40 0.03+0.03 

N N 

l.3+0.69 0.05+0.03 

l .0+0.40 0.20+0.11 

0.1+0.19 0.02+0.03 



d 
1J'Yl'YI 5 

"'' ']!ll ?I "" I o, ,/  d �jli]!lld d "" 
l. fll111'1ell'J !Virlfl':JJ!11�\ol11J'li1HJ'lf1\?l 'VflJ11 'W'W� Top Green mm1rnfl1Jrifl t�L':iTVlbJ;�flel 132
"' "' """"" l !ll 

'] 
!ll d Ii] 31,,,"" "' ,I 

1'W W:l�'W'W�'Vl1H!'W1 'Wll !VIL1J'1� !�� flel 'W'W� Top Green, F29A Lrn� 05-40

91 Q.I ef � �I tr) 9/ 1 l.c::t , d .::::i. C: trJ '3J .ei 1 

2. fll':irlfl'1J'U11J'W'W� fl'llll':itl\ol�Hfl !� 24 t] U\ollJ 11 t] 'Vlfl'lm1t1\olm1J'1� !� flel t]rlfl'lJ Big Green

X F29A, Big Green X Top Green, Top Green X F29A, Top Green X Montop, Top Green X

Pack.man, Top Green X 05-39, F29A X Big Green, F29A X Montop, F29A X Packman, F29A X

Top Green Uc!� 05-39 X Packman l�l'J�rlfl'm�'\111� Big Green X Top Green, Top Green X

Paclanan, F29A X Montop irn� F29A X Packman 1JU'W1 lU1J!tt�l'W1'WL1J���eJNfl'Q� !'W'U'tl!�� 
I I 

<Ci 1 !l/ 'l !l/ t]rlfl'm�'\111� F29A X Big Green, F29A X Top Green Uc!� 05-39 X Paclanan 1JU'W1 'WlJ tH 

3. m111m::11ri111J�t1fl'Ut1�L1J���flrlfl'1J F
1 

�1u1u 10 imf 'W1J11ri1ui11ajiiri111J�t1fl 90
,1 d ,1,J Ii] !ll d.c1 ,1 d ,1 

L'Uel'H91'W\ol'U'W !'U l'JfH1'W�flrlfl'1J Big Green X Top Green 'Vl1Jm1mt1fl 42.50 L'Uel':il91'W\ol

4. ftflm'U!mtticifo hbirvluiu\olurit1u'Ut1�mt1fl 1ri��flrlfl'1J F
1 

'W1Jll\ol'Writ1'W�flrlfl'1J F
1 
r1�m1J

iu£iitJ!mt11cifo l'W':ilL'W'Wfl'�fllli'WTI'Vimrn�iu£mJ l�l'J\ol'Writ1'W'1flrlfl'1J F29A x Paclanan ii
q 'll q q qJ 

tJ!mt11cifo 1vl11ivl'W'Q�bJ;��t1 4.34 ll'1�flf1J�t1flfmJ1ttuflutt�

I d. lrJ 9/.c:! '3) 3) I Q./ r/ C} 9/ I Q./ r/ 
'W1J11�flrlfl'1J'Vl !�1Jf1111J'Q�'\Jel�\ol'W'Well'Jfl11'W'W� Big Green U'1�fl111Jl'Jl1'\Jel� t1J'Well'Jfl11'W1�� 

F29A u� t:u'W 'lJ fl 111J u\ol fl� 1� 'Vl 1 � fl'i°l �1 u ri1u ri 111J fl 11 � 'lJ eJ � 'Vl 1 �vJ 1J fl 111J fl 11�'lJeJ�111 irn � 

�l'W1'W!1J�el\ol'W ri1'W'\Jel�rl'1rl�\ol�t� 'W1Jll�flrlfl'1J Top Green X F29A JJLtr'W�l'Wi:J''WVflm�ih 

\ol'W1Jlfl�fl'� LL'1�'1flrlfl'1J F29A X Pack.man 1J'fl111Jfl'�'\Jel�'lfel�elfl1Jlfl�fl'� !'W'lJ'tl!��i'WTifll':i'fll 
q qJ 'll q q 

t�unimf F29A Lrn�iu{ Montop !ttrl'1rl�\ol��bJ;� ri1'Wrl'1rl�\ol'\Jel��flrlfl'1JJJ'fl111J!fl�Lftl'J�f11J 

iu{m1"11�1�i�uvJmi:iJiu{ u�1:iJ1�1ttN'1rl�\ol�JJ'U!mt11��flll l�l'Ji'W{ Montop, Top 
c, 

1 !l/ '] !l/ I o, \1 !l/C, Green, U'1� F29A 1JU'W1 'WlJ 1'11�flrlfl'm11Jfl'W �� 
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di 
n I"" 

Q-' 

1••1 n.l 1 
Q Q-' ,/ 'j/ cl') 'j/ .;::1 I I Q-' ,/ 

6. fll ':ifl'fl'l:JllJ rn1 tll 9H'I l''(jl!Yi'W 'IJ e:i-:r� fllW('UJ'IJ ·rnn 'fl '1 F 1 11'1�'\Al 'W � fll';j 'fll'\!l t 'If! lJ 'W'\Al e)!l1J'\Al 'W � 

'\Al'Ull\•lelflnu!mt11tl'fo 1vJ':i11vJmr�n111 'LI !l�eJ�N i ';j�\9111JU!mt11cifo 1 vJ':i1tvJ'W i'W�eJfllrn� 1 'IJ ., 

di Q ,; 
1 

d <V <!t ,; 
1 d 

c!
l/j 

'j/ 

7. rl'fl1llfl1':i\ol�l1J'1�'1Je)\)\jfl1Wi'l'1J'IJ';je)f) 'fl'1 F l 'fl�j'1e)fl!1J'1�\)flrl'c1'1J'IJ';je)f) 'fl'1 F l 'Vl !�'illflfll)N{1'1J

-u'111 �1'W1'W 9 � tl1iuv-1'c1'111!'1Jrnu� '\Al'IJ11 n"'nv-1'c1'11�1'W'J'W 4��n11'W11ir11��!JJ��'ci'�n11�mr 
<u cu cu cu q 

d II] 'j/ I 

eJ'W !�llfl \)flWiJ1J Top Green X Montop, Top Green X Packman, Top Green X F29A 1rn� F29A 
' " 

di 1/j 'j/ <V <!j I "-' I 1/J 'j/ <!j O 1/J n I '.:'I 1 
'I 'j}dl I 

1/J n I x Top Green 'il� 1�'fl�meJflt]rl'c1'lJ�\)fl'11'J n l'\AleJ'Wl rnrl'c1'1J!l'IJ'IJl1J� �ti t'lfrl�\oleJ rn 

" ' 

fll';jfffl'l:J1Uill�\)flrl'c1'1J F l 'Yincifo 1vJ':i11vJ'Wi;,;\)fieJ F29A X Pack.man, Top Green X 
d QI I Ql d I o' c:::;  rl 

Paclanan 1!'1� F29A X Montop 'WeJfl'illfl'W\)flrl'c1'1J��flm'Jt1\)1J'fl'JlmeJfl1Jlflfl'Jl 90 !UeJWlf'W\ol 
" .; .; 

I Q O II] n I. I 
'j/ 

n I 
I 'I 'j/ 

'.:'I 
I 'j/ I 

'111fl!fl'IJ!1J'1�'illflt] rl'c1'1J'W 'W1 rn lJ\j fl!l'1 'J1J'1eltl t l1 rl'c1'1J!I 'IJ'IJI lJ� ( open-pollination) 'fll� 11\ol 'WeJeJ'W 
'.:'I ,! Q-' Q n I"" Q-' 1"'1 nol di 'j} Q Q ,/n I

"" 
Q-' 1••1 'il 1nm ':i v-1'c1'1111 'IJ rn 1J � 'W 'il� tl\)'fl � 1J1J rn1t11 "l/"1 TI ':i 7! TI'W i;,; \) "ll \) 'il� \ol eJ\) 11 m ':i 1im 1� t11J ':i m t11 "l/"1 TI-

':i11vJ'W 1 'W�'W rie:im� ei�'W LJ'W �eJ iu 
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AeHHYl'Hll-Ul� 

V V , 

flt]Elt)l 'ff:IJ'W'W1i7fo'l:J. 2546. 1.H'uiJi-:iimfW'li: vf'Wil'W 11lfll':i Ul:l::;U'W1��- 'W:IJ�f1'.i-:J1fi 1. 
"' � <I 

:1Jl111'Vltlll:ltllflEl\91':ifl'lff\91':i, fl1-:JA'Vl'V-l"1. 237 'W. 

mJ'ff'W �l'W 1t1iY'Vlf. 2539. rnnffn1h::;mmm1 ffcJ'W 1'liTn�flfll':ilJ'.i1J'1.h-:i'w''W £vi'li.

fftll'IJ'W!'Vlfi!'W fofo1'l!mf11:1, t9it1-:i'lrnJ. 198 'W. 

q q 

Q.J r1 .d. ..:::::i. cl QI r1Q.I .:::::i. r1 t d ! "' ! 
<1 'ill'Wl:lflEltl! 'U'W1J�. 2541. fll':iv-11:l�!:IJl:l�V'-l'W'liv-lfl. V'-l:IJV'-lf1H'Vl 2. cl!�tl'Wff �':i, flH!'VlV'-1"1. 132 'W. 

q q q 

V 

1u'W t1cJ�tV'-l'l/1. 2542. vi'llNn'l'W�1::;n1:imCJf1-wcJf '.T11;t11, m-:irnr'-1"1. 195 'W. 
� � q 

Q.J .d. ,:::i, .d. .:::::i. .:!:!, .:::i. ..:!:I o' 

�'Wtl rnumnt1':i�. 2537. ff':i':i1'Vltll'llcJ-:JV'-l'liff1'W. mm'li7V'-l'llff1'W mu::;1n11�1fl'lff�':i 
q 

:IJ1111'Vltll�tl19itl-'.ll11il, !9itl-:Jl11il. 210 'W. 
Q.I .::::1 .:::::i. .:::l ,:::i, � .:::::i. .:!:!, rl 

�'Wtl rn.11t1!flt1':i�. 2539. ff':i':i1'Vltll'llcJ-:JV'-l'll. mm'll7V'-l'llff1'W mu::;m11�rn1ff�':i 
q 

:wm1'Vlt11�m9it1-:i'l11il, t9it1-:i'lmJ. 216 'W. 
V ' ' 

�11ii'W m1:1::;�. 2545. !'Vlf1 !'W 11:i�m1iJ'.T1JiJ1-:i'w''Wivi'll. 'W:1J�r1'.T-:ivi 2. !':i-:i'W:w�l1-:i1ijcJ-:i, t9it1-:i'lmJ. 
q q 

256 'W. 

UV'-l'Wfi Ll'llt1mr11:1. 2546. il'W�m;J1:ivi'llNfl : 1Jrnfl 1r1�. (1::;1J1JcJcJ'W1m1]. 1mri-:i�m 

http://www.agric-prod.mju.ac.th/vegetable/File _link/Broccoli.pdf ( 1 ff �111fl:IJ 2553 ). 

iim 1m11-:in1:1. 251 o. m11iJ�vrnvit11J'W'Wfifl::;11�1�cJflB�11�t1'W. 1'Vlt11iir'-l'Wfiflffmrn1rn::; 
� q 

Q.I Cl.I .:::::i. .:::::i. QI rl 

ff�11Jll:l1Jtl!CV1\?1. :IJl111'Vltlll:ltllflEI� ':ifl'lff� ':i, fl1-'.l!'Vlr'-1"1. 39 'W. 

'lJEl'U'W f11'Bt1Jt1Jl�flEltl! 1rn::; ff'.it\Jt\Jl 'l/1'WV'-l-:J'l:JV'-1114'li. 2548. ffl':i911fllr'-lfl� !r1CJf!'Wrn�1rn::;q'Vli 

�l'W cJ'W:IJl:l 0m::; I 'Wt:IJ��'W'W £mcJr11 r1��iJ1:in 'l 'WiJ 1::;rnf1'1 'Vlt1. ':i 1t1-:i1'W fll':i 1:o't1u 'IJ1J 
q cu q cu 

ff:wmur. :wm1'Vlt11�m91v�'l11il, t9it1-:i'lmJ. 105 'W. 
� 

:wrutl'�':i iimi'Wf 2545. n::;11�1. mr11'1/TW'liff1'W r1m::;m11�1fl'lff\?1{ :wm1'Vlt11�m9it1-:i'l11il, 
q 

t9it1-:i'l11il. 224 'W. 

'.1Jl111'Vltll�tllflEl\?1':if1'lff\?lf 2545. Plant biology: fll':i!'il1t1J!!l:l::;fll':i!�1J !�•lrn-:Jvf'll. U11�-:J�'.1Jl 

http:// 158.108.17 .142/learn/student.php?lesson=lesson9&lesson_id=9&action= 

"' 

story_2_2&step= l tl (15 '.IJ'Wlfl:IJ 2554). 
V ' ' 

:w1:111;1 m-:i m111m-:i. cJ�iit1:w1'Vlt1l1J'Wvi'W viff-:i. 1mri-:ivim 
<u q q cu 

http://www.royalprojectthailand.com/home/ (1 �'Wlfl:IJ 2554). 
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THrn 'lfli':irnlif 'lf 'lllil:JJ mui!1,HJ 'ill':i i'lfmL'U1� irn::;1'\lll'l1w1u flill'lf':i t11 'e:ll'Jlil'Jl. 2543. 
q <u � q q u  q 

f111'\ll�{l'f fU'll� nm 'e:lfl ! ri�1rn::;n::;11�1'll�L�l..! Nfl'e:ll..!lJJ l'l'll-a 'e:l�ll l'J{l'WW'!:l 1 u '151�t)� Nl..! 
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q q q q q 
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q q q q q q(U 

'IJ':j'e)fl 1ri�-ri::;u1 rl111fmnri\91::;')l,l'e)'e)f1LQl'J�L'MU'e:l. 111'J�ll..!N'1�1l..!1'Dl'J 
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Source of variance 

Blocks 

Varieties 

Error 

Total 

C.V. (%) = 7.33

� q 

�i.J�n w tYm-u11imn'l:J\91'.i'ncn-:i�mrn'l-.li'l '.i�1111-:it�e:J'l-.lYit]'l:J.flll'l:JJ �-:i t�e:i'l-.1 

\9li:lll'l:JJ Yi.fl'. 2552 

df 

2 

7 

14 

23 

ss 

205.310 

3001.900 

186.890 

3394.100 

MS 

102.656 

428.842 

13.350 

F p 

32.120 0.000 

\917'.i7-:J.flll'li:-J'l-.11n� 2 \917'.i1-:i1tm1�11m1:JJuiJ'.iiJ'.i1'l-.lm1:JJn11-:i'lle:i-:i'VlH'Vl:JJ 'lle:J-:J1J'.ie:in ll'l�'W'l-.lTI 

Source of variance 

Blocks 

Varieties 

Error 

Total 

C.V. (%) = 9.43

Source of variance 

Blocks 

Varieties 

Error 

Total 

C.V. (%) = 67.42

df 

2 

7 

14 

23 

\9li:lll'l:JJ Yi.fl'. 2552 

df 

2 

4 

8 

14 

ss 

38.310 

419.460 

894.670 

1352.450 

ss 

6.262 

77.834 

39.957 

124.053 

MS 

19.155 

59.923 

63.905 

MS 

3.131 

19.458 

4.995 

q q 

F p 

0.940 0.509 

F p 

3.900 0.048 
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Q a' : Q.I cl I 'J} ci<V <J' 

vll1l�fllfl N'W 1no/i 4 v1111n!f1 'jl:;'.'\1fl11:J.J!! unh 1'W 'Wl'\1'W rn:IHl�vl tlvl'W 'Utl�'\J 1 tlfl 1 fll:l'\l'l'W � 

Source of variance 

Blocks 

Varieties 

Error 

Total 

C.V. (%) = 76.19

m1-ri'1�UIJ n t11 'tYm'W1iumn'J,J v11ttm� B'W 'Yl'W 'Wll 1 ::;tt 11�i�t1 'W'Vltl'J,l fllfllJ 
di <'I 

1M l�tl'W\911:llfllJ 'Vl.fl. 2552 

df 

2 

4 

8 

14 

ss 

0.036 

25.425 

11.938 

37.399 

MS 

0.018 

6.356 

1.492 

F 

4.260 

p 

0.039 

v1111�mfl N'W 1n� 5 v1111� 1im 1::;r1m11Ju u1 u 11'W �l'W 1'Wl1J���tl 'Nn 'Utl�'\J 1 tlfl 1 fl �'W'W £ 

Source of variance 

Varieties 

Error 

Total 

C.V. (%) = 39.16

1:lflN't1'1J�U1:lfl ti! 'tYtll'U!fl'J,JvJ1'111:11�Ul��::; 1::;tt'Jl�!�tl'W\911:llfllJ 'Vl.131'. 2552 
"' "' q 

di <'I 

tM !fltl'W!lJ'J,lll'J'W 'Vl.f f 2553 

df 

10 

66 

76 

ss 

520.833 

146.902 

667.735 

MS 

52.083 

2.226 

F 

23.400 

p 

0.000 

v111HfllflN'W1fl� 6 v1111�1im1::;ttf1111Juu1u11'Wm11J'tY�'Ut1�IPi''W 'Ut1�'\J1 tlfl tfl�'W'WTinn-ri'1� 

Source of variance 

Blocks 

Varieties 

Error 

Total 

C.V. (%) = 6.30

"' q 

Hh�'W�tl!!:W'W'W TIU1:l::;1:lf1N't1'1J�U1:lfl ti! 'tYtll'U!fl'J,J vl 1'111:11�Ul�f)::; 1 ::;tt11� 
q "' "' 

� Q.I & � Q.I 

!�tl'Wfl'Wl'Jll'J'W tM !�tl'W1i'W1lfl1J 'Vl.fl. 2553 

df ss MS 

2 5.790 2.895 

14 134.337 9.596 

28 84.251 3.009 

44 224.378 

F p 

3.190 0.004 
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Source of variance 

Blocks 

Varieties 

Error 

Total 

C.V. (%) = 8.20

q 

tH11'Wlfl'l:l\91':i'l1m.::t'LJ1.:J�� ':i�'l111.::tl�eJ'Wtl'Wl'Jll'J'W q,::i l�tl'W1i'W11fl:JJ 'W.ff 2553 

df 

2 

14 

28 

44 

ss 

7.270 

846.840 

1259.820 

2113.930 

MS 

3.633 

60.489 

44.994 

F 

1.340 

p 

0.244 

\9l1':il.::t.fllfli:-l'W1fl� 8 \911':i1.:J11fl'Jl�l1f111:JJll'LJ':i'LJ':i1'Wf111:JJl'J11'\JeJ.:J 1 iJ '\JeJ.:JiJ':i eJfl !fl�'W'W'fifll':i�l� 

Source of variance 

Blocks 

Varieties 

Enor 

Total 

C.V. (%) = 7.19

9 'J/ �I ' ' a, " "". I "' • I ' 
! 'lfllJ'W'WeJll:JJ'W'W 'Ii 11'1�'1 flff'1':JJ'Vl1J'1fl tll bl'fll'Wlfl'l:l\>l':i'Mm.::t1Jl.::t�� ':i�'M 11.::t

q ., ., 

.:!:I Q./  di .:!:!  Q./ 

l�eJ'Wfl'Wl'Jll'J'W tl.::t l�tl'W'li'W11fl:JJ 'W.fl'. 2553

df 

2 

14 

28 

44 

ss 

19.134 

529.745 

252.248 

801.127 

MS 

9.567 

37.839 

9.009 

F p 

4.200 0.001 

1>11':i 1.::imfl i:-l'W 1n� 9 1>11':i 1.::i 11m 1�1-1mrn11 'Li':i iJ ':i 1'Wm1:JJn11.::t'lleJ.::t 1 iJ 'lleJ.::tiJ ':i eJfl 1 fl �-wmf m':i � 1 

�1 'lltil'WvfouiJ-w'W £11e1�e1ni:-i'1':JJ�'Li'tlfl t11 '1'fll'Wlfl'l:11>1':i 11m.::iiJ1.::i�� ':i �1111.::i 

Source of variance 

Blocks 

Varieties 

Error 

Total 

C.V. (%) = 13.12

q ., ., 

.:!:I Q,.I ,dl � Q.I 

l�eJ'Wfl'Wl'Jll'J'W tl.::t l�eJ'W'li'W11fl:JJ 'W.fl'. 2553

df ss MS 

2 43.980 21.990 

14 221.650 15.832 

28 202.389 7.228 

44 468.019 

F p 

2.190 0.038 
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\911'.iT.lfllflN'W1f1� 10 \911'.il'11!'f1'.il�l1mltH!iJ'.i,Jn'W �l'W1'W i1J�tl�'W 'Utl'11J'.itlf1 !'f1�i'WTif11'.i'r7
1

l� 

Source of variance 

Blocks 

Varieties 

Error 

Total 

C.V. (%) = 9.32

q 

Hf t�'Wvit1u:wi'W nttr1�r1n Nit:JJ�iJr1 n ill itm'Wm'hl \91'.ittr11'1,J1'11P1� '.i �1111'1 
q qJ qJ 

.ti v dl c:I.  QJ 

!\91tl'Wf1'Wl'Jl!'J'W tl'1 !\91tl'W'fi'W1lfl:JJ �.ff. 2553 

df ss MS 

2 0.174 0.087 

14 51.537 3.681 

28 44.826 1.601 

44 96.537 

F p 

2.300 0.030 

d � r1 ,,.I ,,.I 91 , c1 o 'J) '1' c1 QI if 

\911'.il'1fllflN'W1f1'Yl 11 \911'.il'11!1'1'.il�'M'f111:IJUu'.iu'.i1'Wtft'WNl'Wff'W£Jf1rll'1rll\9l'W 'Utl'11J'.itlf) !l'lrl�'W'fi 

Source of variance 

Blocks 

Varieties 

Error 

Total 

C.V. (%) = 10.71

qJ q 

� d9 � �I I I <V ., d.1 "' • I f11'.i fll'Yl ! 'lflu'W�tlU:JJ�'W 'fi Ur!�rlf) Nft:JJ'YlurJf) ill 't"tll'W!f11J\91Hrn 1'1ul'1\91� 
q qJ qJ 

I t!I Q.I dJ c:I, Q./ 

'.i�'l111'1!\91tl'Wf1'Wl'Jl!'J'Wtl'1 l\91tl'W'fi'W1lfl:JJ �.ff. 2553 

df ss MS F p 

2 0.105 0.052 

14 l 1.031 0.788 4.660 0.000 

28 4.738 0.169 

44 15.874 

\911'.il'1fllflN'W 1f)� 12 \911'.i 1'11lfl'.il�l1fl11:JJUiJ'.i,J '.i 1'Wl�'WNl'Wff'WVf1r!N'Utl'1'lltl\91tlf) 'Utl'11J'.i t)f) 1 fl� 

Source of variance 

Blocks 

Varieties 

Error 

Total 

C.V. (%) = 12.60

QJ c/ � d93-'�I 1 1cv o' d,..I d 
�'W 'fif)l'.ifll'Yl ! 'lflu'W�tlU:JJ�'W 'fi Url�rlf1Nft:JJ'Ylurlf1 ill fttll'W!f11J\PlHrn 1'1-

q q <I.I q,J 

df ss MS 

2 1.444 0.722 

14 148.487 10.606 

28 53.690 1.918 

44 203.621 

F p 

5.530 0.000 



Source of variance 

Blocks 

Varieties 

Error 

Total 

c.v. (%) = 14.76 
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'J/ d9 'J/ :11 , , ., o' d_ I "' "I fll ':i I'll 'VI ! 'lH lJ 'W 'VHH! lJ � 'W 1Ht '1 � '1 f1 vHY lJ 'VI lJ r:lfl tl! 1Hll 'W !f1 'l:l m '11 '11-:J lJ 1-:J � �
q ., ., 

I �  QI ,dl ,::!l  QI 

':i�'l111.:Jl�el'Wf1'Wl'Jll'J'W l:M l�el'W'li'W11fUJ �.fl'. 2553 

df ss MS 

2 0.765 0.383 

14 25.020 1.787 

28 19.945 0.712 

44 45.730 

F p 

2.510 0.019 

' � 
\911':i 1-:im'fl rl'W 1nvi 14 \911':i 1-:i 11m1�11m1:J.Ju iJ1iJ n'W 'W 111ir f1'1J o.:i<Jfo�rnn 'IJO.:Jll':i on l'fl�'W'W ( 

Source of variance 

Blocks 

Varieties 

Error 

Total 

c.v. (%) = 22.85

'J/ d9 'J/ :11 , , ., o' d_ I "' "I fll ':i I'll 'VI ! 'If! lJ 'W � el!!lJ� 'W 'Ii U'1 � '1 f1 rlr:YlJ 'VI lJ '1 f1 ti! r:1'1ll'W !f1'1:l \9l';i '11 '11-:J lJ 1-:J � �
q ., ., 

I .,!f. Q.I dl cl Q.I 

':i�'l111.:J!�el'Wf1'Wl'Jll'J'W tM !�el'W'li'W1l'fllJ �.fl'. 2553 

df ss MS 

2 7394.000 3696.900 

14 360520.000 25751.500 

28 144875.000 5174.100 

44 512789.000 

F p 

4.980 0.000 
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