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Summary

This research deals with the growth of lily bulblet vitro and then role of starch. The
main factors determining growth of bulblatsvitro prove to be sugar concentration in
the medium and explant’s position on the scale. [&tter is related to internal transport
of sucrose from the apical to the basal side whielys a vital role for bulblets growth
irrespective of cultivars used in this study, ngmétar Gazer and Santander. Bulblets
growth correlates with uses of starch granulesveséanside explants tissue and sucrose
in the medium. Mobilization of explants starch rgse that accumulated from the
medium plays an important role in growth and dgvelent of the photosynthetic
apparatus and influence bulblets growth. Cold tneat exert slowdown or stoppage
effect on sprouting and bulblets growth is duemimbbilization of starch to be used for
regeneration and growth of bulblets during culturgitro; similar to the natural process
of induce dormancy. Vascular tissues have a majerim the transport of solut@svitro
and yet, application of a sugar together with tinerepromotes vascular differentiation.
The increase of size and number of vascular bunadsde explants tissua vitro point

to the correlation between starch accumulation ftbenmedium and both explants and
bulblets growth. Therefore, the explants growtheeds an interesting subject for further

research as they find out the positive influencéwlblets growth in this research.

Keywords: Feeding of Lily Bulblets, Regeneration, Scale explant, Carbohydrate, In vitro



1 Introduction

Lily bulb scales readily regenerate bulblets bgsalhen isolated from the parent
bulb Oe Klerk, 2013. This feature is obviously important for vegetatpropagation of
commercial cultivars. Vegetative propagation, bgstie culture technology, termeuh “
vitro propagation” or “micro-propagation” seems to ruficiently in lily and has
reached 50-100 million bulblets per annume(Klerk, 2013. In vitro propagation
technology for lily bulblets regeneration appeassthe gateway to the commercial
growers for producing disease-free plants. Beduig it has also significant advantages
for breeders because of very rapid propagationafdksgs of these advantagasyitro
propagation of lily has some major problems. Sloamgh of lily in vitro, even though
only incidentally recognized is most important amohem. Growth of lily bulblet$n
vitro is not fast in comparison to growth in soil thowhthe environmental conditions
are favourablel{e Klerk, 201J.

According toLangens-Gerritst al., 199§ “In tissue culture of bulbous crops,
large bulblets should be produtedHence, the sizes of bulblets that are being poediu
are crucial. The size of the regenerated bulblepsedds upon the size of the explant: the
larger the explants, the larger the bulblets thiat ragenerated_angens-Gerritst al.,
2003. In other words, lily scale explant size influeddulb growth during the complete
culture period.However, besides the sucrose concentration therfa¢hat determine
bulblets growth are largely unknown. As a matterfauft, we even do not know in
general how plantlets cultureth vitro achieve growth [fe Klerk, 2013. Clear
understanding of the growth mechanism of lily betlblegeneratech vitro would be
helpful to improve the optimal growth conditionsliyf bulblets.

Vascular tissues have a major role in the transpbsolutes inn vitro cultured
plants just as they have in plants growagitro (De Klerk, 201). Uptake of sucrose
mainly occurs through the cut surfaces since thdeemis is relatively impermeable
because of a wax layer. An increase in sucrosesotration obviously stimulates uptake
(ug sucrose) from the medium hence, bulblets grofutmgens-Gerritst al., 2003.
Moreover, according thangens-Gerritst al., 2003 “Sucrose taken up in the explant
was mainly recovered at the basal side of the akplahere regeneration occur3his
indicates that, internal transport of sucrose fttw apical to the basal side may play a

role. One can also say, when complete scalesiexf Bre propagated cultured in a moist



environment (‘scaling’), starch mobilization prodserom the apical to the basal region
(Miller & Langhans, 1991

Starch is the major storage polysaccharidkiiium bulbs (Vi atsuo and Mizuno,
1974; Wozniewskiet al., 1997). It is a mixture of amylose and amylopectin asd i
deposited as granules inside plastids (chloroplastéeaves, amyloplasts in non-
photosynthetic tissues). Amylase is an enzy meggtaties starch through hydrolysis and
breaks the alpha-glycosidic linkage between the amaans. According td/itsui et al.,
2010 “o-Amylase probably plays a significant role in stadegradation”. This idea is
not limited to cerealsa-Amylase, which can act on raw starch, is consaleoeplay the
main role in starch degradation including the ahiittack on the starch granulési(sui
et al., 2010. However, recent investigation put forward thae fpathway for starch
degradation differs with the organs and speciesis harch degradation has been
observed in cotyledons during germination of statdring legume and also in e.g.,
potato (litsui et al., 2010).

During storage at low temperature, starch is hyded in the bulb scales and
sugars accumulate {ngens-Gerrits & Miller, 2003 Exposure to low but non-freezing
temperatures (4 t0°8) induced the net breakdown of starch and thenaafzgion of
sucrose and glucose in lily bulblets regenerateditro (low temperature sweetening)
(Shin et al., 20029. This result the conversion of starch to sugatsetet al., 1981).
Which indicates that, during this period, prepamatior later bulb growth involves
mobilization of carbohydrate reserves play an ini@arrole in growth and development
of the photosynthetic apparatus. Approximatelywseeks later, the switch from source
to sink took place in the bulblets, which becansmblé as a deposition of starch inside
scales(Langens-Gerrits & Miller, 2003 This indicates that, bulblets growth always

exceeded the amount of sucrose taken up.



2 Research Aim, questions and hypotheses

2.1 Research Aim

However, there is no report on starch degradatiwhgaowth mechanism during
lily bulblets regeneratingp vitro. The aim of this study is to understand how liiyhtets

regenerating from scale explants do griowitro.

2.2 Research Question

To fulfill the research aim research questions vietased to get better around in
progressin vitro regeneration and growth of lily bulblets. Thoseaeva) What is the role
of starch in the scale explants? b) Are those stased for feeding the regenerated
bulbletsin vitro? and c¢) Do the scale explants grows during cultukétro and has this

growth affect bulblets growth?

2.3 Hypotheses

On the basis of research questions and previodmfjs on related field hypotheses
were formulated that, a) Sucrose concentrationthénmedium may have influence on
lily bulblets regeneration and growth vitro; b) Cold treatment may increase the starch
degradation and thus, bulblets regeneration andtfrin vitro, c) Reserved starch in
scale explants may have impact on explants growthhence, bulblets regeneration and

growthin vitro.



3 Materials and Methods

3.1 Plant material

Lily cultivars were used for the experiment wlasium oriental hybrids ‘Star
Gazer and ‘Santander’. Explants were collectednfrdifferent positions i.e. apical,
basal, outer and inner during bulblets regenerationtro (Figure 1. Schematic drawing
of apical and basal explants cut from lily scalesid Figure 2.The Standard
micropropagation protocol of lily adapted from De Klerk, 20)4Clean and healthy-
looking scales were rinsed in 70% ethanol, stedim 1% (w/v) NaOCI for 30 min and
rinsed three times in sterile de-ionized water.bRats were regenerated from scale
explants essentially as described lyngens-Gerrits and De Klerk, 198Xkplants were
cultured with their abaxial side on 15 ml per emplaf MS-medium [/ urashige &
Skoog, 196)

Adaxial side

Apical Explant

Basal Explant _\

Lily scale at cutting

Figure 1. Schematic drawing of apical and basal explants cut from lily scales



dormancy breaking
and planting

Figure 2. The Standard micropropagation protocol of lily (adapted from De Klerk, 2014)

3.2 Medium preparation

Medium was prepared by 4.4g/L MS medium with vitaeniNAA 50uM/L and
7g/L micro-agar with sucrog@®%; No sucrose, 3%; 30g/L, 6%; 60g/L and 9%; 9DgtL
pH 5.8 adjusted prior to autoclaving; at last alstved for 15 minutes.



3.3 Histological observations

Scale explants were fixed in 5% glutaraldehydehogphate buffer, pH 6.8, and
rinsed in the same buffer. Then, they were dehgdrat an ethanol series and embedded
in Spurr’'s resin. Transversal sections, made oro@a$ MT 5000 microtome were
mounted on glass slides, stained with Toluidin hHlueisualize the vascular bundle and
with Lugol's IKI solution to visualize starch graindegradation during lily bulblet

regeneration in vitro in different scale explant.

3.4 Cold treatment

Lily scale explants was collected from bulbletseregratedn vitro at age of 20
weeks were placed on petridish contain filter p apigh sterilize water to prevent drying.
Then retain in refrigerator af@ for 6 weeks and then scale explants were cultometh

ml per explant of M S-medium containing 0% and 3%rsse.

3.5 Statistical analysis

Data was recorded after a 12-week period withobtuslture and population size
varied between experiments. Results are expressedean + standard deviation (SD).
For all comparisons, statistical analysis was peréd by a one-tailed paired t-test and

probability values less than 0.05 were considetatssically significant.



4 Results

4.1 Effect of explant position on scale and sucrose
concentration on regeneration percentage (%)

A lily bulb consists of a compressed stem (the bpse), to which swollen
petioles, the scales are attachedn@ens-Gerrits, De Klerlgt al., 2003) During the
regeneration period of bulblets various factordugrices the growth of bulblets. The
effect of explant position on scale and sucrose&aimation on regeneration was studied
in both cultivars “Star Gazer” and “Santander” taserve the correlation between them.
Higher regeneration percentages were observed frasal explants compare to apical
explants but there is no such difference in amaffgrdnt sucrose concentrations and
cultivars (igure 3. Thus, explant position on scale influenced tkgeneration

percentage during regenerationvitro.
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Figure 3. Influence of explant position on scale and sucrose concentration on
regeneration percentage; (After 12 weeks in vitro culture, the number of sprouted explants
was determined. Regeneration was calculated as percentage of the surviving explants with
+SD)



4.2 Effect of explant position on scale and sucrose concentrations
on bulblets fresh weight (FW)
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Figure 4. Effect of explant position on scale and sucrose concentration on bulblets
growth; (Explants were cultured for 12 weeks under standard condition and the fresh

weight of bulblets {mg} was determined. Each bar represents the average FW of bulblets *
SD.)

Bulblets regenerating on scale segments or exptantlsl be categorized into two
groups along with their position on the explants@aexplant and Apical explant. After
regeneration of bulblets from both basal and apEgplants were taken into account and
compared during the 12th week of cultunngitro. Irrespective of cultivars, bulblets on
basal explant appeared earlier than apical ex@adt size of bulblets was higher and

accumulated more FW than apical bulbléts)(re 9.

The effect of sucrose concentration was studietioth cultivars and explants
position on the scale to examine the correlatiotwben Bulblets FW and sucrose
concentrations. However, sucrose might exert ifecefmainly during the period of
regeneration specially induction period. Regasllescultivars, there is a linear relation
between bulblet FW and sucrose concentrations imsteof both basal and apical
bulblets. The higher the sucrose concentrationssihe of bulblets was higher and
accumulated more FW. At all concentrations, bufbléom basal explant size were
significantly higher and accumulated more FW coragar bulblets from apical explant

(Figure 9.



Hence, irrespective of cultivars and sucrose camagons, bulblets on basal
explant were higher in size and accumulated moretR&V apical bulblets. Thus, the
experiments reveal that bulblets position on exXpilafluenced size of bulblets and FW
accumulation during the culture period. Howevelbletis FW were positively affected
by sucrose concentrations also as, sucrose is @ majritional factor that influence
bulblets growth.

4.3 Effect of explant position on scale and sucrose
concentration on bulblet number

The influence of explant position on scale and @seiconcentration was evident
from the fact that more bulblets regenerated ah higan low sucrose concentrations
(Figure 5. There was no stimulating effect on type of empdain both cultivarsKigure
5).

In this experiment, the explants from both cultsvavere exposed to various
sucrose concentrations and thus bulblets numbee wesitively affected by sucrose
concentrations as sucrose is a major nutritionztiofathat exerts its effect during the

actual period of induction of bulbleis vitro (Langens-Gerrits & Miller, 2003
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Figure 5. Influence of explant position on scale and sucrose concentration on bulblet
number; (Explants were cultured for 12 weeks under standard condition and the number of
bulblets was determined. Each bar represents the average number of bulblets + SD.)



4.4 Effect of explant position on scale and sucrose
concentration on leaf and root formation
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Figure 6. Effect of explant position on scale and sucrose concentration on leaf and
root formation; a) Growth of leaves, b) Root growth; (Leaf and root FW {mg} was
determined after explants were cultured for 12 weeks under standard condition in vitro. Each
bar represents the average leaves and roots FW # SD.)

The stimulating effect of explants position on e@id sucrose concentrations on
bulb growth may be due to stimulation of leaf aodtrgrowth during regeneratian
vitro. This was investigated by comparing leaf and foatation among different scale

positions, sucrose concentrations and cultivarb Witlblets growthKigure § (Table ).

Average leaves fresh weight (FW) per explant wabkdrion basal explants at 3
and 6 percent sucrose concentrations. Howeveiyadtitself also influence the leaves
formation (Table ). Then again, average roots fresh weight (FW)gxetant was higher
on basal explants with high sucrose concentratibfemyever, there is no cultivars
influence on the roots formation {ble ). Thus, explants positions on scale, sucrose
concentrations and cultivars has influence on keamed root formation and hence,

bulblets growth.
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Table 1. Influence of leaf and root formation on bulblets growth in vitro

Leaves FW (mg) Roots FW(mg) Bulblet No. Bulblet FW (mg)
129.9 + 15.! 70.9 +14.. 1.8+0.2 214 +£1.°
206.8 + 26. 252.1 £ 35.. 25+0.2 66.3 £5.¢
143.0 £24.! 673.7 £ 85.! 2.3+£0.2 70.3 £6.°
64.1+£17. 485.7 £+ 75. 1.8+0.2 65.5 +7.3
76.8 + 35.! 26.2 +9.¢ 2.2+0.t 22.1£1.¢
168.0 + 32.. 184.8 £ 20. 3.0+0.t 439 +4.;
97.0 £ 16.! 202.8 £ 86.! 2.8+0.t 40.8 £5.°
65.0 + 18.( 186.1 £ 67.. 2.7 0.1 34.8 £2.¢
236.1 £17.. 111.4 £10.! 1.9+0.2 25.3+1.¢
403.1 £ 62. 813.7 £120. 3.6+0.2 57.4£4.¢
363.5+70. 724.9 +£115. 4.3+0.k 78.9 £7.:
126.5 £17.€ 268.5 £ 50.. 3.0+£0.c 65.6 + 8.:
161.6 £ 14. 46.2 + 9.( 2.6 £0.2 152 +£1.:
417.4 £58.. 437.4 £70. 50+0.c 46.0 £ 2.¢
45.8 £ 32.! 59.8 + 22.. 2.4 £0.2 41.8 £5.¢
43.2 +23.. 113.6 +82. 4.0+0.7 40.0 £6.;

Cultivars, Stargazer and Santander)

4.5 Effect

(* 0, 3, 6 and 9%, sucrose concentrations; Basal Apical,

of explant position

scale and

concentrations on explants fresh weight (FW)

Explants position on scale;

i
HIEE
uEk

ElE
1]

Bamal Explaaiia

Stargazer

Ajrical BExplants

sucrose

I
iw - - -
[ L]

1 H. Hu.:m-e mnnnlﬂﬂm
-1 = gy e e -«

Su:nlz:ndur
LEL ] Ehaea] Explamts Ajgrical Exphanits
Suay
Fre]
E I
g_ 3o
 [a ]
o o -
[} 1 o ™
T S PR 0 A L B

Figure 7. Influence of explant position on scale and sucrose concentration on
explants growth; (After 12 weeks cultured under standard condition in vitro explants FW
{mg} was determined. Each bar represents the average FW of explants + SD.)
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After 12 weeks culturén vitro, the size or FW of the explants themselves also
increased during culture perio&idure 7). Apparently, the explants were a sink that
accumulated nutrients from the medium and thus shbat bulblets weight was
positively affected by explants increased weighthvaucrose concentrationsgple 2.
Apparently, there was no influence on explants FW¢ dlo positions on scale and

cultivars.

Table 2. Influence of explants growth on bulblets in vitro

0% Basal, Stargazer 253.6+ 19.7 1.8 0.2 21.4 £1.
3% Basal, Stargazer 479.6+ 33.E 25+0.2 66.3 = 5.¢
6% Basal, Stargazer 373.6%+25.€ 2.3+0.2 70.3+£6."
9% Basal, Stargazer 390.9+26.E 1.8 +0.2 655 +7.:
0% Apical, Stargazer 239.4+ 33.€ 22 +0.k 22.1 1%
3% Apical, Stargazer 333.2+78.2 3.0+0.5 43.9 4.
6% Apical, Stargazer 289.3+29.C 2.8+0.t 40.8 £5.7
9% Apical, Stargazer 287.0£ 35.C 2.7 0.2 34.8 +2.¢
0% Basal, Santander 257.1+ 16.E 1.9+0.2 25.3 £1.¢
3% Basal, Santander 496.1+ 374 3.6+0.2 574 +4.¢
6% Basal, Santander 528.4+ 48.€ 4.3 +0.t 78.9 £7.:
9% Basal, Santander 475.3+23.€ 3.0204 65.6 + 8.:
0% Apical, Santander 228.0+ 21.€ 2.6 £0.2 152 +1.:
3% Apical, Santander 560.8+58.7 50+0. 46.0 £ 2.¢
6% Apical, Santander 374.4+73.7 2.4 +0.2 41.8 £5.¢
9% Apical, Santander 370.4+63.C 4.0+0.7 40.0 £6..

(* 0, 3, 6 and 9%, sucrose concentrations; Basdl Apical, Explants position on scale;
Cultivars, Stargazer and Santander)

4.6 Contribution of starch in relation to explant position on
scale and sucrose concentration on bulblets growth

According toLangens-Gerritet al., 2003 sucrose accumulated and stored in the
explants and used for bulb growth later duringurelin vitro. The growth of bulblets
and explants in relation to explant position oresaad sucrose concentrations, led to the
guestion, how much carbohydrate (mainly starchgriespresent in tissue. The reserves
of starch, in freshly cut explants and after bulbégeneration and growth at 12 week are
shown inFigure 8 The uptake of sucrose during culture perioditro was evident
form the experiment as there is clear differendesvben fresh cut and after 12 weeks
cultured explants Higure §. Freshly cut explants were covered with densdbcko
colored starch grains and after uptake during btdbgrowth it is sparsely scattered less
starch grains in the tissue. Hence, the turnovengly clears the contribution that starch

grains were taken up and used during regeneratidngeowth of bulblets.
12



Figure 8. Distribution of starch in relation to explants position on scale and cultivars
on bulblets growth; a) Freshly cut basal explants of Stargazer; b) Basal explants of
stargazer after 12 weeks cultured in vitro; c) Freshly cut apical explants of Stargazer;
d) Apical explants of stargazer after 12 weeks cultured in vitro; e) Freshly cut basal
explants of Santander; f) Basal explants of Santander after 12 weeks cultured in vitro;
g) Freshly cut apical explants of Santander; h) Apical explants of Santander after
12weeks cultured in vitro; Bar — 5 umina, b, e, f,gand 25 pmc, d, h.

13



Figure 9. Distribution of starch in relation to sucrose concentrations on bulblets
growth; a) Freshly cut basal explants of Stargazer; b) After 12 weeks cultured in vitro
with 3% sucrose; c) After 12 weeks cultured in vitro with 9% sucrose; Bar — 5 pm in
a,b and c.

4.7 Relation between bulblets FW and explants starch content

The effect of starch concentration on uptake wadistl after 12 weeks cultune
vitro. During the whole culture period starch from thediom was accumulated by the
explant and there were differences in tissue betvegacal and basal explants regardless
the cultivar. Bulblets growth was always higher lwithe amount of starch and the
contribution of medium was stable during cultureiq@e but it was higher on basal
explants than apical one&ifure 8 and 2 Thus, histological observation shows that

bulblets use explants reserves for growth whicHaeg accumulated from medium.

Vascular bundles inside explants tissue raisedjtlestion whether the uptake of
sucrose inside the explants correlates with regéioerand bulblets growth activity. For
this reason, in both types freshly cut explants Hhaveek old in vitro cultured explants
were histologically observed and compared. Theease of size and number of vascular
bundle after culture for 12 weeks vitro indicates that there is definite relationship

between starches in explants tissue and explaoistigrand bulblets FWHgure 10
(Table3 and 3.

14



Figure 10. Growth of vascular bundles in relation to starch uptake from medium; a)
vascular tissue in freshly cut basal explants of Stargazer; b) Increased and number
size of vascular bundle after 12 weeks cultured in vitro with 3% sucrose; Bar — 25
pum in both and b.

Table 3. The number of Vascular bundles in basal and apical scale explants
Week 0 SD (%) Week 12 SD(¢¥)  t-test

6.0 0.2 8.0 0.2 0.00
3.3 0.2 4.0 0.0 0.01

(* SD (3); Standard Deviation, In column t-testyBlue < 0.05 means Significant and > 0.05 NS)

Table 4. The number of vascular bundles in basal scale explants cultured on different
concentrations of sucrose in week 0 and 12

Week 0 SD () SD (¥) t-test
0.3 0.0 0.20
4.8 0.4 6.4 0.2 0.00
48 0.3 6.5 0.3 0.00
(* SD (3); Standard Deviation, In column t-testyBlue < 0.05 means Significant and > 0.05 NS)

Week 12

15



4.8 Effect of cold treatment on regeneration percentage (%)
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Figure 11. Influence of cold treatment on regeneration percentage; (After 6 weeks at
49C explants were cultured 12 weeks in vitro, the number of sprouted explants was
determined. Regeneration was calculated as percentage of the surviving explants with +SD)

Regeneration %

20 weeks old regenerated bulblets of Star Gazee waen and cultured vitro
for 12 weeks with cold treatment and control antkmand outer scales. The maximum
percentage of regeneration was in control or ndd-teated scales with sucrose and

outer scales Higure 1). Thus, temperature, sucrose and scale positlothragle has
influence regeneration of lily.

4.9 Effect of cold treatment on bulblets growth

The effect of cold treatment on bulblets growth vesdied by comparing
bulblets size and numbers with control and coldted scales culturii vitro for 12
weeks Figure 1. Bulblets regeneratenh vitro after cold treatment was very small in
size compared to control regardless of outer amérirscales. In relation to sucrose
bulblets FW or size was higher with sucrose regaslbf control and cold treatment and

outer and inner scales. In contrast, we also faummhanged results for bulblets number
(Figure 12.
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Figure 12. Influence of cold treatment on bulblets growth; a) Size of bulblets (mg); b)
Number of bulblets; (Each bar represents the average number * SD)

4.10 Effect of cold treatment on leaf and root formation

This was investigated by comparing leaves and réats between control and

cold-treated scales culturad vitro for 12 weeks Kigure 13. Average leaf FW per

explant was higher in control explants with sucroegardless of outer and inner scales.

However, leaves FW of outer scales is much higheontrol compare to cold-treated

scales with sucrose but similar without sucroséerhtively, leaves FW of inner scales

was approximately similar in control and cold-teshiscales. In contrast, we also found

there were unchanged results for roots FWL(re 13.
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Figure 13. Effect of cold treatment on leaves and root formation; a) Growth of leaves,

b) Roots growth; (Leaves and roots FW {mg} was determined after explants were cultured
for 12 weeks under standard condition in vitro. Each bar represents the average leaves and

roots FW with + SD.)

4.11 Effect of cold treatment on scale explants fresh weight
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Figure 14. Effect cold treatment on explants growth; (After 12 weeks cultured in vitro,
explants FW {mg} was determined. Each bar represents the average FW of explants with *

SD.)
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After 12 weeks culturén vitro, the size or FW of the explants themselves also
increased during culture periodidure 14. However, scale explants FW of outer scales
is much higher in control compare to cold-treatemles with sucrose but similar without
sucrose. Alternatively, scale explants FW of insesles were approximately similar in

control and cold-treated scales.

4.12 Combined effect of cold treatment and sucrose in bulblets
growth

Figure 15. Distribution of starch in relation to cold treatment on bulblets growth; a)
Freshly cut control explants of Stargazer; b) Control explants after 12 weeks cultured
in vitro without sucrose; c) Freshly cut cold-treated explants of Stargazer; b) Cold-
treated explants after 12 weeks cultured in vitro with sucrose; Bar — 25 pmin a, b
and 5 uminc, d.

The responses of regenerated bulblets to the oeddnbent and sucrose suggest
that dormancy and slowdown or stoppage of bulb tnoprocesses together. To
investigate this point in more detail, explants evkrstologically observed. The results
indicate that the starch content of cold-treatqulaaxs were fully equivalent before and
after culturein vitro (Figure 19. This suggests that cold treatment may playleainche
natural process of induce dormancy. This resultecef on bulblets growth also.

However, after dormancy breaking with high tempemt(2%C) they perform better in
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soil (Langens-Gerrits & Miller, 2003 In contrast, we also found unchanged result for
vascular bundleHigure 1§ (Table 9. There is a minor increase in sizes of vascular
bundles and nearly no increase in numbers. Thes salggests that cold treatment may

play a role in the natural process of induce doaoyan

Figure 16. Growth of vascular bundle in relation to cold treatment and starch uptake
from medium; a) vascular tissue in freshly cut cold-treated explants of Stargazer; b)
Increased size and number of vascular bundle in cold-treated explant after 12 weeks
cultured in vitro with 3% sucrose; c) vascular tissue in freshly cut control explants of
Stargazer; d) Increased size of vascular bundle in control explant after 12 weeks
cultured in vitro with 3% sucrose; e) vascular tissue in freshly cut explants of
Stargazer; f) Increased size of vascular bundle after 12 weeks cultured in vitro with
0% sucrose; Bar — 5 umina, b and 25 pmingc,d, e, f.
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Table 5. The number of vascular bundle in cold-treated and non-cold-treated
regenerated, outer scale explants

Cold-treated explants 3.3 0.3 3.5 0.3 0.20
Non cold-treated explants 34 0.2 4.8 0.4 0.00

(* SD (¥); Standard Deviation, In column t-testyBlue < 0.05 means Signifcant and > 0.05 NS)

4.13 Effect of cold treatment on starch mobilization

The slowdown or stoppage effect of cold treatmentegeneration and bulblets
growth may be due to immobilization of starch to beed for development of
photosynthetic apparatus (leaves) after cultargtro. Histological observations were
done in comparison with freshly cut scales aftemiEzks culturen vitro. The results

indicate that starch content mainly changed in cad-treated scales and coincides with

sucrose content in mediuriigure 19. Nearly no or very small change in starch content

occurred in cold-treated scales during culturevitro. The change in starch content is
similar in both outer and inner scales. Thus, stamobilization contributes significantly

to the growth of bulblets.
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5 Discussion

The regeneration of lily bulblets on scale exp ldigsue was studied vitro. The
main factors determining the regeneration of btsbkre explants position on scale and
sucrose concentrations in the medium. Explantstipason scale is the main factor that
positively affected regenerationFigure 3J. Higher regeneration percentages were
observed from basal explants compare to apicaheip.l Changing of other components,
such as sucrose concentrations and cultivars hadliitée effects. Often, the number of
regenerating organs varies with the regeneratiare z8ierik and Van Post, 19)%r
with size of an explantL@ngens-Gerrits, Kuijperst al., 2003and Van Aartrijk and
Blom-Barnhoorn, 1983 This indicates that, internal transport of sucriosm the apical
to the basal side play the vital role and hendiiences bulblets growth on basal side of
explants.However, sucrose taken up from the medium is mahdyed in the explant; a
smaller percentage is used for regeneration and guiwth (angens-Gerritset al.,
2003.

Discussion on explants position on scale:

In our study, bulblets on basal explants were asviayger than those on apical
explants, even with different sucrose concentratimyure 4. Contribution of sucrose
to bulblets growth is shown also by the observatibat an increase in sucrose
concentration stimulates bulblet growthidure 4. Regardless of cultivars, bulblets grew
larger on basal explants also. This suggests tirae £omponents in explant tissue that
support bulb growth cannot be synthesized from wmdcompounds in sufficient
amounts. Sucrose taken up in the explant was maadgvered at the basal side of the
explant, where regeneration occursar(gens-Gerrits, Kuiperset al., 2003. This
indicates that uptake mainly occurs at that sidehef explant. Internal transport of
sucrose from the apical to the basal side may@spa role. In contrast, when lilies are
propagated by culturing complete scales in a mermstironment (‘scaling’), starch
mobilization proceeds from the apical to the basglon (Viller, 1990). Hence, the
better bulb growth on basal explants reflects tighdn contribution of explant reserves.
Thus, also put forward that culture of scale eqslaan a high sucrose concentratian

vitro for larger bulblets.
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Discussion on sucr ose concentr ation:

As bulb growth was stimulated by a high sucroseentration. The contribution
of the medium and the explant reserves to bulb dromere histologically observed in
basal and apical explants using different sucrasgcentrations Higure 8 and R
Bulblets regenerating from scale segmentsitro use two nutrient sources for growth:
the explant and the culture medium. Sucrose wasilynaaken up through the cut
surfaces(Langens-Gerrits, Kuijpers, et al., 2003. Preliminary data showed that on basal
scale explants, larger bulblets regenerated thanapital ones Kigure 9. We
hypothesize that bulblet formation on basal scgkaats is mainly due to reserve starch
content than that on apical explants. To investighis, we determined the contribution
of the starch in the medium and in the scale explém bulblets growth in histological
observation. There is a strong relation betweebléisd growth and starch content in
explants tissueFurthermore, according tbangens-Gerritt al., 2003 “Sucrose taken
up in the explant was mainly recovered at the basd¢ of the explant, where
regeneration occursThis indicates that, internal transport of sucrioem the apical to
the basal side play the vital role. Hencereh content stimulates bulblets growth. If
elements other than starch influence bulblets dnpwthich is not reflected when
changes in cultivargn vitro. Such as, in case of both cultivars result isitidal. The
positive effect of sucrose on bulblets size andnsfi@mation in lily in vitro has been

described earlierT(akayamaet al., 1982).

Discussion on cold treatment:

The effect of low temperature on regeneration amthér bulblets growth was
investigated in 20 weeks old regenerated bulbletsStmr Gazer. The maximum
percentage of regeneration was in control or ndd-teated scales with sucrose and
outer scalesHigure 1). Plants develop dormancy to survive adverse tiincanditions
(Vegis, 1964and Viliers, 197) Dormancy in flower bulbs is regarded as a period
during which there are no apparent external moimicdl changegLangens-Gerritst
al., 200). Most lilies develop dormancy to survive a colohter; their bulbs sprout and
grow during spring and summer. On the other hawdmedncy possibly will decrease

propagation ratee Klerk and Langen-Gerrits, 1906
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The effect of cold treatment on bulblets growth vesdied by comparing
bulblets size and numbers with control and coldteeé scales culturim vitro for 12
weeks Figure 11 and 12 Bulblets regenerateuh vitro after cold treatment was very
small in size compare to control regardless of oamme inner scales. A cold treatment of
six weeks leads to the responses of regeneratbttsuto the cold treatment and sucrose
suggest that dormancy and slowdown or stoppageultf growth processes together.
That slowdown or stoppage effect of cold treatnmmtegeneration and bulblets growth
may be due to immobilization of starch to be usaddevelopment of photosynthetic
apparatus (leaves) after culturevitro. Mobilization of carbohydrates during the low
temperature may not only decrease propagation, fatéslso bulblets growttbe Klerk
and Langen-Gerrits, 1996

In the study, results indicate that starch conteainly changed in non-cold-
treated scales and coincides with sucrose contemntedium Cigure 19. Nearly no or
very small change in starch content occurred id-tadated scales during cultune
vitro. Result also shows that, in relation to sucrodeléns size and numbers was higher
with sucrose regardless of control and cold treatnaed outer and inner scaléscire
12). That means low temperature slow down bulbletsvth in vitro during culture
period due to rapid immobilization of carbohydragserves. After the cold treatment
only little amount of the starch in explants arekan down Figure 15. Possibly, after a

longer cold treatment, negative effects of the csilart to dominate. Hence, sprouting
and emergence cannot be stimulated any further.

Discussion on influence of leaf formation:

Leaf emergence is influenced by explants positi@ms scale and sucrose
concentrations Table ) (Figure 13. Lily bulblets are regenerated from bulb scale
segments in vitro and then produce efficiently misginthesizing leaves so that bulblets
increase rapidly in size. After leaf emergence,segbent growth of the bulblets is
preceded by a source to sink transition in the fudlngens-Gerritgt al., 2003. Hence,
it is significant to know that leaves emergence gravth has positive influence on

bulblets growthn vitro.
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Discussion on explants growth:

In our study, after 12 weeks cultuire vitro, the size or FW of the explants
themselves also increased during culture perfodu(e 7 and 1) Vascular bundles
inside explants tissue raised the question whetheruptake of sucrose inside the
explants correlates with regeneration and bulblgtewth activity. Explants were
histologically observed and comparedigire 10 and 1)6 The increase of size and
number of vascular bundle after culture for 12 veeekvitro indicates that there is
definite relationship between starches contairxiramts tissue and explants growth and
bulblets FW (able 2. Plant vascular systems are usually composedh@femm and
xylem. In the plant body the vascular tissues arméd from embryonic tissues, called
vascular meristems, whose cells retain the alitgivide and continually multiply. This
continuous development of new vascular tissueslenabgeneration of the plant and its
adaptation to interruptions and changes in therenment floni, 1987). This occurs
around wounds also. In the intact plant, xylemedéhtiates only in the presence of
phloem, though phloem often develops in the absehesglem. In the young organs of
intact plants, the phloem always differentiatelethe xylem. This pattern of vascular
development is also true in tissue culture cond#ias well as in vascular regeneration

around a woundAloni, 1987).

On the other hand/Vetmore & Rier, 1964ave shown that in tissue culture of
Syringa, application of a sugar together with therapromote vascular differentiation.
Wright & Northcote, 1972also found that in callus of sycamore trees, tagcular
differentiation occurred when any sugar promotiagdygrowth was used. Hence, it can
be concluded that sucrose and auxin (NAA) act msudiis to increase size and number
of vascular bundle (vascular differentiation) iy Iscale explants regeneratigdvitro in
this study.
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6 Conclusion

In conclusion, main factors determining growth aildtetsin vitro prove to be
explants position on scale and sucrose concentratibhe medium. On a basal explant,
large size bulblets regenerate and bulblets gratithulated by sucrose concentration in
the medium. This phenomenon point out that intetremisport of sucrose inside lily
scales from apical to basal side plays a vital. rBlerthermore, these two factors act

together, as these effects are similar on botlvewndt; Star Gazer and Santander.

Furthermore, Bulblets growth also correlates witie uses of starch granules
inside explants tissue and in the medium. M obilaabf carbohydrate reserves (mainly
starch) plays an important role in growth and dgveient of the photosynthetic
apparatus (leaves) and then which influence bwbtgbwth. From the histological
observation it is clear that, bulblets use explaetserves for growth which explants
accumulated from the medium. Hence, the turnovestarch granules inside explants
tissue were uptaken and used during regeneratidrgranvth of bulbletsn vitro.

On the other hand, the response of regeneratetsut the cold treatment and
sucrose suggest that dormancy and slowdown or siggpopf bulb growth processes
together. This slowdown or stoppage effect of ¢odhtment on sprouting and bulblets
growth is due to immobilization of starch to bedi$ar development of photosynthetic
apparatus (leaves) after culturevitro. Histological observation of this findings indieat
that, nearly unchanged starch content of cold-¢ckakplants during cultura vitro play

a similar role as the natural process of inducendocy and later bulblets growth.

Plant vascular systems are usually formed fromuwaseneristems and have the
ability to frequent divide and multiply and thiscoecs around wounds also in tissue
culture. The increase of size and number of vastwadles inside explants tissure
vitro put forward that there is definite relationshigvibeen starch reserve and explants
growth and bulblets FW. However, application of wyas together with the auxin
promotes vascular differentiation. Therefore, i & concluded that sucrose and auxin
(NAA) act as stimulus to increase size and numbewvascular bundle (vascular
differentiation) in lily scale explants regeneraiaditro.
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From horticultural point of view, it is advisable tulture lily scale explants on
high sucrose concentration during regenerationulibléts in vitro. Physiological factor
such as basal explants influence sprouting and latdblets growth. The role of
increased size of explants, vascular tissues amdbeu of vascular bundle forms an
interesting subject for further research as theyated a positive influence on bulblets
growth in this study.
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