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Abstract

Grafting of shogun was carried out on eight rootstock species, Som Khieo
Wann (Citrus reticulata Blanco.), Ma Sang (Feroniella lucida Swing.), Fremont
(Citrus reticulata Blanco.), Ma Kruut (Citrus hystrix DC.), Som Sa (Citrus
aurantium Linn,), Pomelo {Citrus maxima Merr.), Ma KhWit {Feronia limonia
Swing.) and Lime (Citrus aurantifolia Swing.}. The percentage of grafting
success and development of Shogun after 5 months of grafting were measured
by determining leaf and branch number, stem diameter and height on the
rootstocks. Histological study of graft union of Shogun on various rootstock
species at 2, 4, 6 and 8 weeks after grafting was also investigated. An effect of
rootstock on scion of Shogun was studied by using four isozyme systems, (1.
peroxidase, 2. esterase, 3. alcoholdehydrogenase and 4. phosphoglucomutase)
on acrylamide gel at the concentrations of 7, 10 and 12 %.

The results showed that the percentage of grafting success of Shogun on
Som Khieo Wann, Ma Sang, Fremont, Ma Kruut, Som Sa, Pomelo, Ma Khwit and
Lime was 96, 88, 90, 90; 94, 94, 90 and 68 % ,respectively. The average number
of leaves and stem diameter of Shogun on Ma Sang rootstock were 5.02 leaves
and 1.82 mm, respectively. The height of Shogun on Ma Kruut rootstock was the
greatest (2,06 cm). Som Khieo Wann rootstock provided the best result with the

number of Shogun branches of 2.2.

®)




Histological study revealed that Shogun on Som Khieo Wann and Fremont
showed the best result in callus formation at 2 weeks after grafting, The Shogun
on Shogun rootstock produced the best of callus and developed new cambium at
4 weeks after grafting. Graft union of Shogun on Som Sa, Pomelo, Ma Khwit and
Lime rootstock developed the new cambium at 6 weeks after grafting. Shogun
scion on all rootstocks developed the new cambium completely while Som Khieo
Wann developed the cambium and ready to produce secondary xylem at 8
weeks after grafting.

The study of four systems of isozyme showed that peroxidase gave the
best result in indicating the effect of rootstock on Shogun scion. Furthermore the
results also showed that acrylamide gel at concentration of 10% gave the best
resolution of the enzyme. At 2 and 4 weeks after grafting there was different in
zymogram patterns of the enzyme on Ma Sang Fremont and Som Sa rootstock. At
6 and 8 weeks after grafting zymogram patterns of the enzyme showed clearly
different, indicating that rootstock play significant role on scion. The zymogram
patterns of Ma Kruut rootstock and Shogun on Ma Khwit rootstock were altered
after grafting. While the zymogram patterns of both Shogun itself and Ma Sang,
Fremont and Som Sa used as rootstock were altered, indicating the interaction

between rootstock and scion.
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Wuduriefefimilantuuszumniinety  wodmafinsenseludusetufiafugiiun

] ol
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&adimanon 96a
uzdy 88ab
durlFnaasd 90ab
HLNgA 82b
&uda 94a
dule 94a
L93m 90ab
AEATQL) 68c
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al | o Y o | . o ar o
Enusuandreiulunedufireafuuanstatuaenditadadnyneaiid (P< 0.06)
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1 1 b ] EJ 1 1
Angudnanawiniy 0.92 wn. gandnundumedulenfidndurigudnanasiu 031 uw.

' o &  oar i A ' o - 1 e
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1. AT NENENNNITRS (FAA)
Usrnaudan formalin : acetic acid : alcohol dmsdau 1: 11 18 Inenffunme

¥
2. PTAINBBNIINITRS
v } 73
wdansazanemniusausialalil

#5107 90 (A)  95%ETOH (M)  buthyl alcohol (HR)  F2BELIRN ()

1. 50 40 10 2
2. 30 50 20 24
3 15 50 35 2
4, 5 40 55 2
5. 0 25 75 2
6. pure buthyl alcohol + eosin/fastgreen (100+5 mi) 24
7. ‘pure buthyl alcohol 2
8. buthy! alcohol + paraffin oif (50 + 50 ¢c.) 2
9. paraplast 1 2
10. paraplast 2 2
11. paraplast 3 24
12. paraplast 4 24
13. paraplast 5 2
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3.NSARELRR
anqaiimflumsinglan
1. formalin 3 % (Faalsinnaznaty)

2. Haupt's adhesive Usynaudag
2.1 plain knox gelatin
2.2 ¥indu
2.3 phenol crystal
2.4 giycerin

80

100 HaRass
2 n¥y
15 ipdans

" - 4
witunldTneazanaansde 2.1 W 2.2 Aumgh 36 - 40 awnumadus Weazan

- A [ 4 1
udndnanslude 2.3 uaz 2.4 adly dlearanadniundalinsessravaradanaanfuly

4. nT\AsuNAgay
meinsand fastgreen

1. methyl cellosolve 50
2. absolute alcohol 50
3. clove oil 60
4. § fastgreen 0.5

ngvaeHA safranin
1.8 safranin o 4
2. methyl cellosolve 200

{1-acetoxy-2-methoxy-ethane)

3. 95% ethyl alcohol 100
4, sodium acetate 4
5, formalin 8

Nanang

3 1 o v
* AwiTnudsninnnramnaffaanssaEnies 2-3 AN nauntsliem
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5. 38nsaand

xylene| — xylene Il ———> 100%EtOH | —~ 100%EtOH i
2 W 2 Wil 2 mﬁl 2 W
50%EtOH 1| 4—— B0%EOH | «——— 95%EIOH Il 4—— 95%EtOH |
l 2 il 2 ¥l 2 177
safranin 1-2 34

|

Enatandi | ™ i@l T 50%EtOH |~ 50%EtOH Il
2 U 2wl 2 Wil l 2 49
100%ELOH | +——— 100%EtOH il +—— 95%EtOH | +—— 95%EtOH |
2 Wi 2 Wl 2 ud 2 udl
used clove oil fastgreen———*> fastgreen — * new clove oil
17 30 Jufi 1 37
xylene 1
l 137
xylene ||
l 2 u¥l
mount slide A48l canada balsam

l #dld 2-3 Fu
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DTARUAINNT 2
<) L
AVSLATHHISARASNTLE nTNLaqmw‘lw

winmaalnefietasdianlnsvidasiin slab gel whnmaauuyldsaiies
(DISC:discontinuous) Miananniluaalndavadialud  (polyacrylamide gel) oR
tlsznaudan stacking gel taamauuy Anuduty 3 wefidul uardiusanaudng
separating gel Weanadindu 10 wlefidwd qmmsazmmﬂu‘lﬁﬁﬁﬂﬁm‘lﬁ 15

Y 1 Oy Q A
alasans nesasuuuduasazianiud  Fansuenieulsdmeliisanteunssuaiv

fiae® 100 Toadl meldguuugll 511 ssananiBas aadnnsses Laemmii (1970)

o
dnaafildundiend

3amsnFauaanaznisuanbnanaiawlniifiadningduuuaulesd
1 nawdan separating gel solution 30 WWadifus
feavedarluddnuan 202 nfuuariaszaianlud 4rwou 0.8 ndu
sramlunanduliuBunandy 100 Neddss aulddndu  nsesdennsyanunses
(Whatman) wef 4 iulumedeiiqungl 4 ssmesdod ensraiulilium 2
Fland

2 maasautWiad Tris-HCI AuLINTY 1.5 M pH 8.9
el.o hd [ g v ar 1
&3 Tris-HC! 49191 18.5 nfu arataluiandu Ufu pH 8.9 Tnaldnss
o, =, Oy k-3 ‘4 )
lalnsnaedn wavdiufunasily 100 fsddns Wufigumgll 4 swaden daunse

duleun 1 Rau

3 ngwasantiWiNes Tris-HCI At udy 0.5 M pH 6.8
1 8AsRunsda TN es Tris-HCl Aouudiudy 1.5 M usids Tris-

HC! e 6,13 gm/ml. n¥u uazufu pH 6.8




L4

4 msndesvanluiisuuleddaida acududu 1 wadfidus
! Q g .'/ - =
Faentuflandeffaving e 0.1 nfy ERWUINGY 10 USREAT

Fufigauuail 4 asdnaadas asnsadiuldung 1 &ed

5 nisiasandanlasatwivas
49 Tris-HCI Aawan 3.03 niu saudulnadudiuou 14.4 ndu azaraly

wnds U5 pH lu 8.3 Tnelflnadu diuiFunanduy 1 dns
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NARUANT 3

aswasanadaiaulal areszaranisanlad ansazatgse@diuiiu uazdng

ATRLLAULAR

nsiedanddaniaulad
1 fdandadaandiad (E.C. 1.11.1.7)
#151A3  Stock A

1. 3-amino-9-ethylcarbazole 420  Ha@niy
2. B-napthol og0  Hefindu
3. acetone 200 HeAANT

A191a3  Stock B (0.0125 M Tris-HCI buffer, pH 4.0)

1. tris-HCI 1.5 nsy
2. acetic acid 1.7  Hafans
3, WINAU 1 ang

415,AH  Stock C (3 % hydrogen peroxide (H202))

1. 30 % HpO2 0.1 fiadans
2, WINAU 0.9 HaRANS

o, ok
a8n1s
T o8 g -« 1
1% Stock A : B : C winifu 20 : 80 : 1 aaxlifhuitadaanunaudauias
k2 A-ﬂ r-‘j Y
Famanluniiafigrm)iiveslszunins 30 29 Agadaa wwaua 30 - 60 wd

2 prsweSeugnTazatensuaulal
Mnaasas 100 AaAanT soNdunsatean 70 Nadans  Uiulduimg

o ¥ o« d -
i 1 @ms daeinngu iufgungidestlszanm 30 eariaides
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Qs 7

3 NLATANAITRSANERIGAZIULNUNRILANLAR
4 methanol *1u9n 400 Aaddms souNU glacial acetic acid 70

a_ aa = %’ .'/ ﬁi =
fedams UuBwwndy 1 8nr Aomindu ufiguugiiveslszatm 30 297

\IRITEE

4 NNFIATENANTASRNELNULAE
4 methanol 41wk 100 Nad@ms soudy glacial acetic acid 70

=y - - g u‘/ & ﬁJ =
Naddns USuiBaaendlu 1 8ms domuandy Nufigrumgisiaslssanm 30 8

ViRl g




86

o
NAMARUINT 4

P = ] 44 o 4 3 ﬁ'
ArF1aRuEendt 1 ameiarumislsudiaiedwaulusesdulanuiseniuusiune

dugfiasingy @y 1 IReundanissieis

Source of Variance DF Sum of Squares Mean of Squares F-Value Pr>F
Treatment 8 24,4274 4,0712% 67.85 0.0001
Error 28 1.6800 0.0600 {0.05)
Corrected Total 34 26.1074

CV. (%) = 15.81

< = i ﬂ; 9 tJ 3 n:
R1s1eRuand 2 AarziannuudsisuAiededaulusesdulanuiidenuuiune

duailaring 81y 2 Wwaundenassiais

Source of Variance DF Sum of Squares Mean of Squares F-Value Pr>F

Treatment 6 132.4297 22.0716% 179.6584 0.0001
Error 28 3.4400 0.1229 (0.05)
Corrected Total 34 135.8697

CV. (%) = 10.63

r- ] o : d e o -
Ag1eRuand 3 Aamzianuutsisurnaiedmanlusesdulonuisefiouufung

&ugfiariag a0y 3 ineundansiana

Source of Variance DF Sum of Squares Mean of Squares F-Value Pr>F

Treatment 6 400.0434 66.6739% 266.39 0.0001
Error 28 7.0080 0.25028 {0.05)
Corrected Total 34 407.0514

C.V. (%) = 10.06
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d = 1 n} L4 A 1 ql
AIgIRUINT 4 Aameiaruwlnlmudnefedwuluvesdalanuiseneuusiune

fusiiaringg 20y 4 Waundanissiais

Source of Variance DF Sum of Squares Mean of Squares F-Value Pr>F

Treatment 6 190.7474 31.7912% 130.91  0.0001
Error ‘ 28  6.8000 0.2428 (0.05)
Corrected Total 34 197.5474

CV. (%) = 15.85

d nty 3 ‘E ﬂl 1 -n‘
A1gRuand 5 AasedaonanlsdsuAusfedtusuluvesdilenuiiseisuudune

duaiinsingg a1g 5 waundanissiena

Source of Variance DF Sum of Squares Mean of Squares F-Value Pr>F

Treatment 6  99.0674 16.5112% 145.93  0.0001
Error 28 3.1680 0.1131 (0.05)
Corrected Total 34 102.2354

CV. (%) = 26.51

=l = ] 14 & nl i 1 ‘\l
A1F9RuINT 6 Aasisianuilnlsudeisduauiaesdulanuiidensuuiune

dualiagingy 99y 1 Weuwdansniana

Source of Variance DF Sum of Squares Mean of Squares F-Value Pr>F

Treatment 6 4.9074 0.8179% 49.36 0.0001°
Error 28  0.4640 0.0165 (0.05)
Corrected Total 34 5.3714

C.V. (%) = 30.03
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d_ = ST IR d o
argeauandl 7 Aessdatuulslsurneiednnuieesdulinuidefwuusiune

&ualinsineg] 27 2 Wweundanissiena

Source of Variance DF Sum of Squares Mean of Squares F-Value Pr>F

Treatment 6 6.9417 1.1569% 50.62 0.0001
Error 28  0.6400 0.0228 {0.05)
Corrected Total 34 7.5817

CV. (%) = 19.45

o - t o 9 - oy m
prermuand 8 Ranekauulalsauanadedvauivassdslanuiisafuiune

duafinsing 21y 3 Waundinassiais

Source of Variance DF Sum of Squares Mean of Squares F-Value Pr>F

Treatment 6 4.8320 0.8053% 24.73 0.0001
Error 28 0.9120 0.0325 {0.05)
Corrected Total 34 5.7440

CV. (%) = 17.35
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Source of Variance DF Sum of Squares Msean of Squares F-Value Pr>F

Treatment 6 6.4457 1.0742% 47.00  0.0001
Error 28  0.6400 0.0228 (0.05)
Corrected Totat 34 7.0857

CV. (%) = 11.25
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Source of Variance DF Sum of Squares Mean of Squares F-Value Pr>F

Treatment 8 7.0720 1,1786% 49,11 0.0001
Error 28 0.6720 0.0240 (0.05)
Corrected Total 34 7.7440

CV. (%) = 8.80
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Source of Variance DF Sum of Squares Mean of Squares F-Value Pr>F

Treatment 6 0.4958 0.0826% 8.54 00001
Error 28  0.2710 0.0096 (0.05)
Corrected Total 34 0.7668

C.V. (%) = 37.02
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Source of Variance DF Sum of Squares Mean of Squares F-Value Pr>F

Treatment | 6 1.5666 0.2611% 1.73  0.0001
Error 28 4.2268 0.1509 (0.05)
Corrected Total 34 5,7935

CV. (%) = 61.98
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Source of Varlance DF Sum of Squares Mean of Squares F-Value Pr>F

Treatment 6 1.8812 0.3135%* 2.40 0.0001
Error 28  3.6588 0.1306 (0.05)
Corrected Total 34 5.7440

C.V. (%) = 40.70
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Source of Variance DF Sum of Squares Mean of Squares F-Value Pr>F

Treatment ' 6 3.5861 0.6976% 4,12  0.0001
Error 28 4.0662 0.1452 {0.05)
Corrected Total 34 7.65623

CV. {%) = 33.92
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Source of Varlance DF Sum of Squares Mean of Squares F-Value Pr>F
Treatment | 6 5.2595 0.8765% 5.57 0.000t1
Error 28  4.4102 0.1575 (0.05)
Corrected Total 34 9.6698

C.V. (%) = 29.80
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Source of Variance DF Sum of Squares Mean of Squares F-Value Pr>F

Treatment 6 0.1433 0.0238% 13.75 0.0001
Error 28 0.0486 0.0017 {0.05)
Corrected Total 34 0.1919

CV. (%) = 17.87
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Source of Variance DF Sum of Squares Mean of Squares F-Value Pr>F

Treatment 6 0.3360 0.0560% 6.99  0.0001
Error 28 0.2243 0.0080 (0.05)
Corrected Total 34 0.5603

C.V. (%) = 19.48
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Source of Variance DF Sum of Squares Mean of Squares F-Vaiue Pr> F

Treatment 6 1.2959 0.2159% 12.65 0.0001
Error 28  0.4780 0.0170 (0.05)
Corrected Total 34 1.7739

CV. (%) = 17.57
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Source of Variance DF Sum of Squares Mean of Squares F-Value Pr>F

Treatment 6 4,7638 0.79‘39* 49,86 0.0001
Error 28 0.4459 0.0159 (0.05)
Corrected Total 34 5,2098

CV. (%) = 1242
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Source of Varlance DF Sum of Squares Mean of Squares F-Value Pr>F

Treatment 6 6.0214 1.0035% 64.30 0.0001
Error 28  0.4370 0.0156 (0.05}
Corrected Total 34 6.4584

CV. (%) = 9.02
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