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Figure 3 Callus formation from stem of E. milii Desmoulin cultured on MS medium

supplemented with 0.5 1.0 1.5 and 2.0 mg/1 2,4-D (from left to right) for 60 days.
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Table 3  Callus formation from stem of E. milii Desmoulin cultured on MS medium containing

2,4-D at various levels for 60 days.

2,4-D concentrations Size of callus
(mg/1) (cm)
0.0 0.00 =0.00d
0.5 0.74 £0.50c
1.0 1.87*£1.18a
1.5 1.18 £0.78b
2.0 0.90 £0.78¢c
F-test *x
C.V. (%) 24.0

NI *UANANBINITsd A yBIn1eeda (P <0.01)
1 q' @ @ d A % d‘ o w Y v @ d‘ 1 @ =1 1 o aa
Amaga1av I uAB A NIALINUNMNUAIAIDAYTNANNY TANUUANANAUNNTDAINNT
nl3eunenTng DMRT

Note **Highly significant different at the 99% confidence level.

Means followed by different letters in column are significantly different by DMRT.
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Figure 4 Callus formation from stem of E. milii Desmoulin cultured on MS medium

supplemented with 0.5 1.0 1.5 and 2.0 mg/I 2iP (from left to right) for 60 days.
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Table 4  Callus formation from stem of £. milii Desmoulin cultured on MS medium containing

2iP at various levels for 60 days.

2iP concentrations Size of callus
(mg/1) (cm)
0.0 0.00 =0.00d
0.5 0.45+0.38¢
1.0 1.53 £0.48a
1.5 1.03 £0.51b
2.0 0.96 £0.48b
F-test *x
C.V. (%) 14.1

I
v a

NI ** LANANBENITIA A YN 1ada (P < 0.01)

o o =

aundedauluneduiRe I uNMNUAI8EITNEINANTUTANUUANA NI UN TR AINNT
1l5eunenTng DMRT
Note ** Highly significant different at the 99% confidence level.

Means followed by different letters in column are significantly different by DMRT.
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Figure 5 Callus formation from node of E. milii Desmoulin cultured on MS medium

supplemented with 0.5 1.0 1.5 and 2.0 mg/1 2,4-D (from left to right) for 60 days.
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Table 5 Callus formation from node of E. milii Desmoulin cultured on MS medium containing

2,4-D at various levels for 60 days.

2,4-D concentrations Size of callus
(mg/1) (cm)
0.0 0.00 £0.00d
0.5 1.30+£0.71b
1.0 1.951£0.56a
1.5 1.10 £ 0.86b
2.0 0.50 £0.49¢
F-test ok
C.V. (%) 30.0

I
v A

MUY ** LANANBI NN AYEIN1EDa (P <0.01)
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Note ** Highly significant different at the 99% confidence level.

Means followed by different letters in column are significantly different by DMRT.
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Table 6 Callus formation from node of E. milii Desmoulin cultured on MS medium containing

2iP at various levels for 60 days.

2iP concentrations Size of callus
(mg/1) (cm)
0.0 0.00 £0.00d
0.5 0.56 £1.09¢
1.0 1.00 £1.47b
1.5 1.51 £1.06a
2.0 0.8510.74b
F-test ok
C.V. (%) 10.4

q
v A

MUY *LANANBI NI A YN 1eeDa (P <0.01)
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Note **Highly significant different at the 99% confidence level.

Means followed by different letters in column are significantly different by DMRT.
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Figure 6 Callus formation from node of E. milii Desmoulin cultured on MS medium

supplemented with 0.5 1.0 1.5 and 2.0 mg/I 2iP (from left to right) for 60 days.
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Figure 7 Callus formation from node of E. milii Desmoulin cultured on MS medium
supplemented with 0.5 1.0 1.5 and 2.0 mg/l Kinetin (from left to right) for 60 days.
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Table 7 Callus formation from node of E. milii Desmoulin cultured on MS medium

containing Kinetin at various levels for 60 days.

Kinetin concentrations Size of callus
(mg/1) (mg/1)
0.0 0.00 £0.00d
0.5 1.26 £0.48c
1.0 1.26 £0.53¢
1.5 1.30£0.70b
2.0 1.81 £0.64a
F-test woH
C.V. (%) 11.8

v
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MUY ** LANANBI NI YIINNaDa (P <0.01)
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Note ** Highly significant different at the 99% confidence level.

Means followed by different letters in column are significantly different by DMRT.
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Figure 8 Callus formation from leaf of E. milii Desmoulin cultured on MS medium

supplemented with 0.5 1.0 1.5 and 2.0 mg/1 2iP (from left to right) for 60 days.
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Table 8 Callus formation from leaf of E. milii Desmoulin cultured on MS medium containing

2iP at various levels for 60 days.

2iP concentrations Size of callus
(mg/1) (cm)
0.0 0.00 =0.00d
0.5 0.36 £0.45¢
1.0 0.48 £0.94c
1.5 0.81 £0.78b
2.0 1.16 £0.80a
F-test *x
C.V. (%) 16.2

I
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v 9 v o
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Note ** Highly significant different at the 99% confidence level.

Means followed by different letters in column are significantly different by DMRT.
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Figure 9 Callus with green nodule occurred on the surface when cultured on MS medium

containing 3 mg/l BA for 30 days.
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Figure 10 Clearly visible shoots derived from callus when cultured on MS medium containing

3.0 mg/l BA for 50 days.
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Figure 11 Dark brown callus when cultured on MS-free growth regulator medium.
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Table 9 Growth of shoots from callus derived from stem, node and leaf cultured on MS shoot
induction medium supplemented with BA at various concentrations for 90 days.
Number shoot /callus
Source of BA concentration (mg/1) F-test CvV
callus 0.0 1.0 3.0 5.0 7.0 (%)
1. node (2.0 0.00%0.00d 4.5010.45¢ 12.10£1.00a | 6.63+1.37b | 6.03%+1.34b *k 7.0
mg/l Kinetin)
2.node (1.0 0.00£0.00d 4.10120.53¢ 6.56+0.67a 5.1020.78b | 4.163+0.66¢ *% 7.7
mg/12,4-D)
3. node (1.5 0.00+0.00d 4.4610.60c 6.33+0.87a 5.03+£0.53b | 4.1620.48¢c *ok 9.6
mg/l 2iP)
4. stem (1.0 0.00%0.00d 3.8620.80c 10.90£0.65a | 6.63+0.87b | 4.30%+0.70c *k 21.7
mg/12,4-D)
5. stem (1.0 0.00£0.00d 2.33+1.09¢ 5.93+0.53a 4.20+0.90b | 2.06%0.40c *k 4.1
mg/l 2iP)
6. leaf (2.0 0.00x0.00d 1.1020.30c¢ 5.30x091a 3.13£1.00b | 1.66+0.87¢ *k 8.2
mg/1 2iP)
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INNEIA (P <0.01)

Andsdiarlunauf eI UNSINVAIIAIOABINANAUTANVUANA NI UNIADAINAT

nl5eunenTag DMRT

Note

** Highly significant different at the 99% confidence level.

Means followed by different letters in row are significantly different by DMRT.
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Figure 12 Multiple shoot formation from stem-derived callus induced from medium containing
1.0 mg/l 2,4-D when cultured on MS medium supplemented with 1.0 3.0 5.0 and 7.0
mg/l BA (from left to right) for 90 days.
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Figure 13 Multiple shoot formation from node-derived callus induced from medium containing
1.0 mg/l 2,4-D when cultured on MS medium supplemented with 1.0 3.0 5.0 and 7.0
mg/l BA (from left to right) for 90 days.
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Figure 14 Multiple shoot formation from node-derived callus induced from medium containing
2.0 mg/l Kinetin when cultured on MS medium supplemented with 1.0 3.0 5.0 and 7.0

mg/1 BA (from left to right) for 90 days.
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Figure 15 Multiple shoot formation from node-derived callus induced from medium containing
2.0 mg/1 Kinetin when culture on MS medium supplemented with 7.0 mg/l BA for 120

days (A) and 150 days (B).
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Figure 16 Multiple shoot formation from node-derived callus induced from medium containing
1.0 mg/1 2iP when cultured on MS medium supplemented with 1.0 3.0 5.0 and 7.0 mg/1
BA (from left to right) for 90 days.
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Figure 17 Multiple shoot formation from stem-derived callus induced from medium containing
1.0 mg/1 2iP when cultured on MS medium supplemented with 1.0 3.0 5.0 and 7.0 mg/l
BA (from left to right) for 90 days.
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Figure 18 Multiple shoot formation from leaf-derived callus induced in medium containing 1.0
mg/l 2iP when cultured on MS medium supplemented with 1.0 3.0 5.0 and 7.0 mg/l BA

(from left to right) for 90 days.
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Figure 19 Root induction from isolated shoot where cultured on MS medium supplemented with

0.0 1.0 3.0 and 5.0 mg/l NAA (from left to right) for 30 days.
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Table 10 Root growth where cultured on MS root induction medium containing NAA at various

levels for 30 days.
NAA concentrations Number of roots/shoot Root characteristics
(mg/1)
0.0 2.66 £0.47d brown short fragile
1.0 8.10 £ 0.99b brown long branch healthy
3.0 15.80 £0.83a brown long branch healthy
5.0 3.83 £0.68c brown long healthy
F-test kX
C.V. (%) 9.8

I
)

NI uanaed s iy eeana (P <0.01)

o

v @ v o 1Y

aunasdnavluneduilifenunmiudiedIdnysnaiy  TANuUAAa 1R UN1EAn
=) =1
msulSeuienTas DMRT
Note **Highly significant different at the 99% confidence level.

Means followed by different letters in column are significantly different by DMRT.
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Figure 20 Root induction from isolated shoot where cultured on MS medium supplemented with

0.0 1.0 3.0 and 5.0 mg/l IAA (from left to right) for 30 days.
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Table 11 Root growth where cultured on MS root induction medium containing IAA at various

levels for 30 days.
IAA concentrations Number of roots/shoot Root characteristics
(mg/1)
0.0 3.11 £0.40c brown short fragile
1.0 3.66 £0.70c brown long branch healthy
3.0 10.10 £ 0.44a brown long branch healthy
5.0 5.20 £0.67b brown long branch healthy
F-test kX
C.V. (%) 13.4

I
)

NI uanaed s iy eeana (P <0.01)

o

v @ v o 1Y

aunasdnavluneduilifenunmiudiedIdnysnaiy  TANuUAAa 1R UN1EAn
=) =1
msulSeuienTas DMRT
Note **Highly significant different at the 99% confidence level.

Means followed by different letters in column are significantly different by DMRT.
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Figure 21 Root induction from isolated shoot where cultured on MS medium supplemented with

0.0 1.0 3.0 and 5.0 mg/1 IBA (from left to right) for 30 days.
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Table 12 Root growth where cultured on MS root induction medium containing IBA at various

levels for 30 days.
IBA concentrations Number of roots/shoot Root characteristics
(mg/1)
0.0 3.10 £0.40c brown short fragile
1.0 7.93 +0.45a brown long healthy
3.0 5.20+£0.45b brown long branch healthy
5.0 5.25+£0.48b brown long branch healthy
F-test kX
C.V. (%) 5.2

wnewg uanmeedniedfyonedda (P <0.01)
Aupasiavluneduiifertuiisiiudiedisnesiaedy Tnnuuanmaiuneadannms
SeuieyTag DMRT

Note **Highly significant different at the 99% confidence level.

Means followed by different letters in column are significantly different by DMRT.
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Figure 22 Acclimatization of Euphorbia in vermiculite for 30 days.
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Figure 23 Complete and healthy plantlets of Euphorbia with flowers in potted soil for 60 days.
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Table 13 Acclimatization of Euphorbia plantlet after transfer from vermiculite for 30 days

Days Number of plant Survival (%) Plant characteristics
10 22 100 Normal , healthy
20 22 100 Normal , healthy
30 22 100 Healthy , branching

leaves and shoot tips
40 22 100 Healthy , branching

leaves and shoot tips

50 22 100 Tall stem with young
flowers

60 22 100 Healthy plant with
flowers
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Table 14 Yield of protoplasts when isolated from leavesand influence various concentration of
mannitol for osmotic pressure was incubate at 30 =1 °C under dark condition for 4

hours on a gyratory shaker with an agitation speed of 50 rpml.

Mannitol concentrations Protoplast yield x10° per g.f.wt) / Time (h)

(Molar) 2 3 4
0.4 3.11£2091a 471 +1.57a 6.72 = 1.66a
0.5 2.64 +1.32b 4.32 +1.84b 5.43 £2.52b
0.6 2.27+2.18¢ 3.70 £ 1.85¢ 445+ 1.35¢
0.7 1.73 £ 1.06d 247 +1.42d 3.82 £1.60d
F-test ok
C.V. (%) 6.4

y 3
vinoig | ensazaeon linldlszneoudis wagaaleTugnzersimu 1 nlesidud uuwelsladers
L o = S @ 4
my 0.5 esidud uazlasdaa 0.5 nlesidud
* anaNegNITsdAYgINIana (P< 0.01)
aundsanavluneduiifer T unmiuAIed IS nEINA1TY TANUEANAIIUNINEDAINMS
|~ =
nl5enenlng DMRT.
Note " 1% (w/v) Cellulase Onozuka R-10,0.5 % (w/v) Driselase and 0.5 % (w/v) Macerozyme R-10
** Highly significant different at the 99% confidence level.

Means followed by different letters in column are significantly different by DMRT.
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Figure 24 Protoplasts isolated from old leaves of E. milii Desmoulin. Protoplast aggregated
chloroplasts at the center (A). Protoplast aggregated chloroplasts at one side

(B).Translucent protoplast without chloroplasts (C). Protoplast with pink pigment (D).
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Table 15 Yield of protoplasts from various concentration of enzyme solution was incubate at
30 +1 'C under dark condition for 4 hours on a gyratory shaker with an agitation

speed of 50 rpm.

Type and enzyme concentration Protoplast yield (x10° per g.f.wt.)/ Time (h)
2 3 4
El 1.32+£041c 1.76 £0.56d  2.71 £0.46¢
E2 1.42 £0.36¢ 1.93£1.03¢  2.75%1.52¢
E3 2.52+1.18b 322+£1.12b  4.19£1.89
E4 3.31 £1.08a 484+1.63a 6.58+1.74a
F-test ok
C.V. (%) 5.9

MUY **UANANBINNTIA A YN 1aDa (P <0.01)

T A o o o v Ao v Y o o {1 o Vo aa
*AUnaea 1 1 UABANUASINUARNNUAIIAIDABITNANNY TANUUANAIAUNIADAINAT

nfSeunenTag DMRT
Note **Highly significant different at the 99% confidence level.

* Means followed by different letters in column are significantly different by DMRT.
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Table 16 Effect of dark pretreatment of in vitro Euphorbia on yield of protoplasts from leaf

tissue.
Incubation time Protoplasts yield (x10" per g.fwt.) T-test C.V.
(h) Dark condition Light condition (%)
2 327t1.82a 2.99 +£0.80b Hok 4.1
3 4.77 £1.79a 4.34 +£2.32b Hok 5.9
4 6.69 £2.02a 6.24 £2.25b ok 8.0

{ <
vinoig | asazaroeu lwinldlsznoudie wagadleTugnzersinu 1 nlesidud uuwelsladers
S & 4 s S < 4
muy 0.5 esidud uazlasdaa 0.5 nlesidud
= anaNegNNTsdAYydInana (P < 0.01)
aundsdavluunufeIfunMAudIedI0nEINATY TANUUANANRAIUNIITDAINMT
|~ =
nl5eunenTng DMRT
Note " Solution of enzyme was 1% (w/v) Cellulase Onozuka R-10,0.5 % (w/v) Driselase and 0.5 % (w/v)
Macerozyme R-10.
** Highly significant different at the 99% confidence level.

Means followed by different letters in row are significantly different by DMRT.
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Figure 25 Viability of protoplasts (A) viewed with light microscope , (B) FDA staining as viewed
by fluorescence optic.
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Table 17 Effect of incubation time on yield of protoplasts and Viabilityl.

Incubation time Protoplast yield Viability
(h) (x10° per g.f.wt.) (%)
2 3.11+0.01b 75.09 £2.22b
3 4.62 £0.04b 84.14 £ 1.48a
4 6.511£0.02a 71.73 £2.25¢
F-test X ok
C.V. (%) 0.30 2.80

S s -4 s &
e | asazatoeu lwinldlsznoudie wagaaleTugnzersinu 1 nlesisud uuwels laions
-] 4 = Jd 4
mu 0.5 Wesidud uazlasdaa 0.5 nlesidud
# IANA NI NNTIMIAYEIMN1ana (P < 0.01)
1 d‘ @ [ d A [ d‘o v Y v @ d'u [ =1 1 o aa
AIRaeA 1Y IUADANALINUNRINUAIIAIDNBINANNY UANTNUANANAUNNFDANNT
= =)
wseuieulag DMRT
Note " 1% (w/v) Cellulase Onozuka R-10,0.5 % (w/v) Driselase and 0.5 % (w/v) Macerozyme R-10.
** Highly significant different at the 99% confidence level.

Means followed by different letters in column are significantly different by DMRT.
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Table 18 Effect of cell density on protoplast culture in semisolid MS medium with 1.0 mg/1

NAA and 1.0 mg/l BA after culture for 7 days.

Density Viability
(protoplast/ml) (%)

5 x 10° 68.50 + 1.62¢

1 x 10° 87.42 +1.04a

5 x 10 76.64 +1.38b

F-test o

C.V. (%) 3.4

NI *UANANBINITsd AN 1eeda (P <0.01)

v 9 v o

1 A o v o Ao {1 [ = 1 @ aa
AnndeanavluAeauIAEINUAMAVAAIDNBINANNY UANULANANAUNNADAINNT
1nf3enen Tas DMRT

Note ** Highly significant different at the 99% confidence level.

Means followed by different letters in column are significantly different by DMRT.
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Table 19 Effect of some growth regulators on the development of protoplasts in semisolid MS

medium for 7 days.

Growth regulators Development of protoplasts (%)
Cell wall formation Cell division
1. 0.5D'+0.5B’ 1.30 -
2. 1.0D+1.0B 17.30 -
3. 1.5D+1.5B 11.60 -
4. 2.0D+2.0B - -
5. 0.5N'+0.5B 33.00 -
6. 1.0N+1.0B 58.30 42.58
7. 1.5N+1.5B 33.30 28.64
8. 2.0N+2.0B 12.50 8.37
9. 1.0N+2.0B 25.00 12.50
10. 1.0N+3.0B 25.00 9.09
11. 1.0N+4.0B 11.11 -
12. 1.0N+5.0B 2.40 -
13. 1.0N+1.0B+0.5D 7.10 -
14. 1.0N+1.0B+1.0D 13.50 -
15. 1.0N+1.0B+1.5D 5.30 -
16. 1.0N+1.0B+2.0D 2.90 -

a o 1

v 'D = 2, 4-D wieoilu ladnsuseans
B = BA miheilu Hadniudeans
N = NAA niuilu faansudedans
Note  'D=NAA (mg/)
‘B=BA (mg/1)

N =NAA (mg/1)
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Figure 26 Cell wall formation (A) viewed with light microscope , (B) CFW staining as viewed by

fluorescence optic.
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Figure 27 First cell division of cultured protoplasts (A) viewed with light microscope , (B) CFW

staining as viewed by fluorescence optic.



	Note    **Highly significant different at the 99% confidence level.
	Note   ** Highly significant different at the 99% confidence level.
	Note    **Highly significant different at the 99% confidence level.
	Note    **Highly significant different at the 99% confidence level.
	Note    ** Highly significant different at the 99% confidence level.
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	Note    ** Highly significant different at the 99% confidence level.


	Figure 10  Clearly visible shoots derived from callus when cultured on MS medium containing 3.0 mg/l BA for 50 days.
	Table 9 Growth of shoots from callus derived from stem, node and leaf cultured on MS shoot induction medium supplemented with BA at various concentrations for 90 days.
	
	
	
	
	Source of callus





	Root characteristics
	
	
	Note    **Highly significant different at the 99% confidence level.



	Root characteristics
	
	
	Note    **Highly significant different at the 99% confidence level.
	
	Means followed by different letters in column are significantly different by DMRT.





	Root characteristics
	
	
	Note    **Highly significant different at the 99% confidence level.
	
	Means followed by different letters in column are significantly different by DMRT.
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	Figure 22 Acclimatization of Euphorbia in vermiculite for 30 days.
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	** Highly significant different at the 99% confidence level.


	µÒÃÒ§·Õè15   ¨Ó¹Ç¹â¾Ãâ·¾ÅÒÊµì·Õè�
	ªÑèÇâÁ§
	Note    **Highly significant different at the 99% confidence level.


	Table  16  Effect of dark pretreatment of in vitro Euphorbia on yield of protoplasts from leaf  tissue.
	
	** Highly significant different at the 99% confidence level.


	(A)                                               (B)
	
	**  Highly significant different at the 99% confidence level.
	Note    ** Highly significant different at the 99% confidence level.


	Table     19   Effect of some growth regulators on the development of protoplasts in semisolid MS medium for 7 days.





