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Introduction

Plant tissue culture has been achieved through propagation of axillary buds in
many Rosa spp. and Rosa hybrida"®. Through in vitro propagation, more compact
miniatures (Rosa chinensis minima) can be produced than are typically achieved with
cuttings”'®. This type of growth habit is extremely desirable in the pot-rose
industry. However, Dubois et al. found that 24 out of 60 dwarf rose cultivars were
not successfully propagated by in vitro techniques”. There has been little published
research conducted on proliferation of miniature roses and none of the investigators
have manipulated conditions for optimal commercial micropropagation. Furthermore,



when nodal segments are explanted in vitro, the node position of axillary buds®, the
presence® and the quality of parental tissue"® play a significant role in the survival
and growth of the lateral bud.

Consequently, the present study was undertaken to determine optimum cultural
conditions and explanting methods for in vitro proliferation of miniature roses from
nodal segments.

Materials and Methods

Miniature rose cultivars: Royal Sunblaze , Red Sunblaze , Orange Sunblaze ,
Baby Katie , Central Gold , ‘Green Ice , ‘Lavender Jewel , and Sequoia Gold
were grown in 15-cm pots in a greenhouse for use as explant sources. Unless
otherwise specified, ‘Royal Sunbalze’ and ‘Red Sunblaze’ were used to test main
effects of the six experimental factors. These two cultivars tested, from upright
(Royal Sunblaze) to compact (Red Sunblaze). Growth responses of the remaining six
cultivars were, subsequently characterized under optimal cultural conditions.
Flowering shoots were collected when the flower bud achieved full color. Nodal
explants were taken by making cuts across the center of each internode. Lateral buds
with a scale leaf (less than 5 leaflets) at the top and bottom of flowering shoots were
notused. Nodal explants were surface disinfected in 1% sodium hypochlorite for 10
minutes, followed by three rinses with sterile distilled water.

Aseptic 2-cm explants of ‘Red Sunblaze’ and ‘Royal Sunblaze’ were collected
to ascertain the optimum explant size. Four types of lateral bud explants were
prepared: (1) the entire nodal segment, (2) the nodal segment with the basipetal end
(0.5 cm) removed, (3) the nodal segment with both ends (0.5 cm) removed, and (4)
a bud with most of the adjacent stem tissue removed by a 2 mm incision in the stem.
Four explants were inoculated in each GA-7 (Magenta Corporation, Chicago, IL.)
vessel containing 40 ml of a basal medium with the MS salts and organic constitu-
ents"” supplemented with BA at 0.1 mg 1", NAA at 0.01 mg 1", sucrose at 30 g 1,
and agar (Sigma Chemical, St. Louis, Mo.) at 8 g 1"

In one study, explants of ‘Red Sunblaze’ and ‘Royal Sunblaze’ were inserted
vertically or horizontally, inclined (45-60°), or inverted in the medium. Dormant
buds were placed just touching the medium.

Since flowering shoots of ‘Royal Sunblaze’ and ‘Sequoia Gold’ are longer than
those of the other cultivars, they were used to examine positional effect. Positional
effect refers to the influence of bud position on the donor plant on subsequent
performance of the explant in vitro. Seven dormant lateral buds, from flower bud
to the bottom basipetally, with a full leaf (5 or more leaflets) were collected as the
initial explants.

To investigate shoot proliferation of all cultivars, BA at 0, 0.01, 0.1, 1.0 or 10



mg 1" was used in a factorial combination with NAA at 0, 0.01, 0.1 or 1.0 mg 1"
The pH of all media was adjusted to 5.7 before autoclaving at 121°C for 15 minutes.
A temperature of 25 + 2°C and a photosynthetic photon flux (PPF) of 5 + 2, 10 +
3,20 + 5 or 40 + 6 umol m>™” from cool-white fluorescent lamps (Phillips, FO6T
12/CW, Somerset, N.J.) were maintained.

Unless otherwise specified for the remaining experiments, entire nodal segments
(except the lowest two dormant buds) from flowering stems of all 8 cultivars were
inserted in an inclined orientation on selected medium (BA at 0.1 or 1.0 mg 1)
under a PPF of 20 + S umol m™™' to characterize their growth responses.

The cultural density test was established by culturing 1, 4, 9, 16, 25 and 36
explants of ‘Red Sunblaze’ and ‘Lavender Jewel’ per vessel. ‘Royal Sunblaze’
explants were also tested, but due to the longer internode of this cultivar, the
maximum culture density possible was 25 explants per vessel.

All shoot proliferation data, including fresh and dry weight, shoot number, and
shoot length, were taken after 4 weeks. Dry weight was determined by drying fresh
shoots in a forced air oven for 72 hours at 75°C and weighing on an analytical
balance. Rate of bud sprouting was counted from the ratio of sprouting explants (>
0.5 cm in length) to total cultured explants.

Each treatment had 12 samples and each experiment was repeated three times.
the data were subjected to analysis of variance (ANOVA) and treatment means were
separated using Fisher’s Least Significant Difference (LSD) test at p = 0.05.

Results

Effect of explant type: The fresh and dry weight of new shoots that grew from
entire nodal segments, segments with the basipetal end removed, and segments with
both ends removed were not significantly different (Table 1). However, new shoot
growth decreased 75% from lateral buds with most of the adjacent stem tissue
removed relative to other explant treatments. Growth responded of ‘Red Sunblaze’
and ‘Royal Sunblaze’ were similar with comparable explant types. Each nodal
segment grew one new shoot only, regardless of the degree of explant trimming.

Effect of explant orientation: Fresh and dry weight of new shoots from the
horizontal explants were nearly 50% greater than that from the inverted explants
(Table 2). There was no differences in fresh and dry weight of new shoots grown
from horizontal, inclined or vertical explants (Table 2).

Effect of lateral bud position: The percentage of sprouted buds of ‘Royal
Sunblaze’ was decreased significantly at the 5th, 6th and the 7th nodes (Table 3).
Furthermore, fresh weight of lateral shoots from the 1st, 2nd and 3rd nodes and dry
weight of lateral shoots from the 7th node was the poorest.

The percentage of sprouted buds of ‘Sequoia Gold’ also was inhibited at the 6th



Table 1. Effect of explant type on fresh and dry weight of new shoots of miniature
rose cultivars.

F—  RPEMEEH AR DR BB T S R R

‘Red Sunblaze’ ‘Royal Sunblaze’
Explant type FW DW FW DW
kA BEE #E e W
(mg) (mg) (mg) (mg)
Entire nodal segment 85.5a* 19.3a 82.9a 24.5a
B ik o]
Basipetal end (0.5cm) removed g2 7, 19.2a 83.2a 22.5a
FHGIER(0.5¢m)
Both ends (0.5cm) removed 81.9a 18.6a 75.6a 20.9a
ETHEmEYIER(0.5cm)
Lateral bud only 20.7b 4.7b 18.0b 3.2b

e

* Means within columns separated by LSD test at 5% level. [F{7 2 2 {E#RS %k e
ZLSDHIRS » LA RISLREE Y
Table 2.  Effect of explant orientation on fresh and dry weight of new shoots of

miniature rose cultivars.
R HBRMEETT AN RS X RESATE RS AR ER R R

‘Red Sunblaze’ ‘Royal Sunblaze’

Explant orientation FW DW FW DW
it 3 s i BH i3::4 B
(mg) (mg) (mg) (mg)

Vertical B4 106.6a* 27.5a 64.9a 20.8a
Inclined 345 110.9a 28.0a 66.5a 20.1a
Horizontal A#54& 116.3a 29.7a 70.9a 20.1a
Inverse falf# 65.6b 16.0b 28.4b 6.6b

* Means within columns separated by LSD test at 5% level. [5]772 75 {i#5 04 787 LSDH|
B D@ o



Table 3. Effect of lateral bud position of flowering shoots on the growth of new
shoots of miniature rose cultivars.

F = PTER AR AIREY » B E AR IR KA A R

‘Red Sunblaze’ ‘Royal Sunblaze’
Lateral bud
position* FW  DW Bud sprouting FW DW  Bud sprouting
W3 s 53::4 KE FE 3::4 A 4 B¥EE
(mg) (mg) (%) (mg)  (mg) (%)
1 64.8a** 21.6ab 191.7ab 170.2a 30.5a 196.7a
2 68.7a 23.8a 100.0a 150.5ab 28.9ab 100.0a
3 62.8a 20.7ab 100.0a 155.3ab 30.6a 100.0a
4 52.9ab 18.0b 100.0a 135.2bc 24.9b 190.0a
5 51.5ab 17.4b 179.2b 109.4cd 20.0c 190.0a
6 53.8ab 18.7ab 133.3¢c 196.0d 16.8¢c 133.3b
7 42.3b 19.6¢c 142.0d 137.8¢e 16.4d 130.0b

*  Seven lateral buds from flower bud to the bottom basipetally. - {BRE S 7 & HiTE A4
TH

*x Means within columns separated by LSD test at 5% level. [f7 Z5 #5485 % 7k - LSD
B8 > LIRS SR o

and 7th nodes. In addition, the fresh and dry weight of new shoots decreased
gradually with basipetal bud position. However, growth of new shoots from the two
lowest lateral buds was improved when the two-nodal explants were used.

Effect of PPF: During the first 2 weeks of culture, lateral shoots developed very
quickly under all PPF regimes, with greater fresh weights for ‘Red Sunblaze’ and
‘Royal Sunblaze’ at higher PPF (Table 4). However, new shoots senesced quickly
under the hightest PPF level (40 umol m?s*. With ‘Red Sunblaze’, fresh weight
gained slowly after 2-3 weeks. Under the PPF of 40 umol ms”, the lowest leasf of
some shoots yellowed after 4 weeks, and leaflets dropped after the 6th week. Under
PPFs of 5, 10 and 20 pmol m™, second growing flush arose from the developed
shoots at the end of 6th week. Moreover, shoots cultured under 5 pmol m?s’
continued growing at the end of the 8th week. In contrast, shoots cultured under 10
and 20 umol m?s™” grew slowly and yellowed.

The effects of PPF were comparable between ‘Royal Sunblaze’ and ‘Red
Sunblaze’ (Table 4), except shoots yellowed faster and did not have a second growing
flush with ‘Royal Sunblaze’. Whereas some ‘Red Sunblaze’ leaflets cultured under
PPFs of 10, 20 and 40 umol m?s" yellowed between the 2nd and 3rd weeks, and all
leaflets dropped after 4 weeks, yellowing did not occur under 5 umol ms™ until the
5th week.

Effect of BA and NAA: In preliminary tests, the presence or absence of NAA



had little influence on explant growth at a constant BA concentration. However, the
development of lateral shoots from explants was controlled by varying BA
concentration. For example, ‘Red Sunblaze’ possessed the greatest shoot fresh
weight when explants were cultured on medium containing BA at 0.1 mg 1" or 1.0
mg 1" combined with NAA at 0.01 mg 1"'. However, shoot dry weight was less and
shoots were more chlorotic in appearance on media containing 1 mg 1" compared to
0.1 mg 1" BA. One shoot per explant developed with BA concentations of 0, 0.01,
0.1 and 1.0 mg 17, and 10 mg 1" produced stunted shoots with abnormal leaves.
In addition, shoots aged the quickest and possessed the highest dry to fresh weight
ratio when grown at the lowest BA concentration.

Developmental responses of ‘Red Sunblaze’ and ‘Royal Sunblaze’ to the same
BA concentrations were similar, although shoots of ‘Royal Sunblaze’ aged quicker
(leaf yellowing and dropping) and dry to fresh weight ratio was higher than for ‘Red

Table 4.  Effect of photosynthetic photon flux (PPF) throughout a culture period on
fresh weight (mg) of two miniature rose cultivars.

FVY A [ R O R R R R BB A R

PPF 3mEs
Culture period (umol m?s™)
HEAY ’
(wks) 5 10 20 40
‘Red sunblaze’
1 131bE* 138aF 39aF 39aD
2 147cE 161bEF 78aD 78aC
3 170aD 172aDE 97aCD 78aC
4 195aC 192aCD 111aBC 92aBC
3 104aC 107aBC 112aBC 104aAB
6 108aC 113aABC 125aAB 124aA
7 134aB 136aA 137aA 110aAB
8 166aA 126bAB 124aAB
‘Royal sunblaze’
1 26aD 25aC 26aC 26aB
2 52bC 60abB 64abB T6aA
3 65aB 68aB 78aB 76aA
4 88aA 87aA 100aA 69bA
5 88aA 69abB 68abB 60bA

* Means within rows (lowercase letters) and means within columns (uppercase letters)
separated by LSD test at 5% level. [@ggil.s A5l (KPR AIRETTAME (ABT
B) ~ #5%LSDHIER » LG5 E R ©



Table 5. Effect of BA on the develoopment of new shoots from nodal segments of
miniature rose cultivars.
# 7 BARTESHER I EOE B AR &R

BA conc.* ‘Red Sunblaze’ ‘Royal Sunblaze’

BA i

(mg I FW DW DW/FW SN** SL** FW DW DW/FW SN SL
(mg) (mg) (%) (cm) (mg) (mg) (%) (cm)

0 49.7b*** 14.7a 30.0a 1.0b 1.1ab 146.8 16.3bc 35.3a 1.0b 1.0c
0.01 50.1b 13.7a 26.7a 1.0b 1.0b 157.5bc 19.5ab 34.3a 1.0b 1.4b
0.1 63.2a 14.2a 22.7c 1.0b 1.3a 102.3ab 24.3a 24.0b 1.1b 2.0a
1.0 59.8a 11.0b  18.7d 1.2b l.lab 137.0a 20.2ab 15.0¢ 2.0a 1.2k
10 52.0b 17.7¢ 15.0e  2.0a 0.7c 168.0bc 19.3c 13.0c 1.7a 0.6d

*_ BA concertration combined NA 0.01mg"'. $INAA 0.0Img #IiRGHIBABELE o

*x*  SN: New shoot number; SL: Shoot lenght of the longest shoot. SN : &p{f 5 BRI F
B > SL | R BRI RHE ©

**% Means within columns separated by LSD test at 5% level. [6]{7 . ZEEfi{#85 %k 4.2 LSD#
BR > LIRRUICHEEE o

Table 6. Effect of explant density on new shoots of three miniature rose cultivars.
A FEREEEYH SRR N LRGP

Cultivar growth Explant density (Plants/Vessel)
SR E (#/90)
div Bl A A IR
1 4 9 16 25 36

FW (mg) 69.2a* 71.2a 649a 657ab 58.3b  57.9bc
‘Red 3 _
Sunblaze’ DW (mg) 13.9ab 15.3ab 13.5abc 12.6bc  11.5¢cb 19.8d

LA
FW (mg) 78.1ab 87.2a 86.7a 754ab 61.8b  ——o
‘Royal [ 534
Sunblaze’ DW (mg) 17.9a 17.9a 15.2ab  12.0bc 19.9¢ —-
LA 4

FW (mg) 546a 5032 47.7a 48.4a 47.2a 37.8b
‘Javender #¢mE
Jewel’ DW (mg) 14.1a 14.6a 12.1ab  11.7ab 10.2bc  17.6¢

LA ¢

*. Means within columns separated by LSD test at 5% level. [E{72 285 % ke
LSDHIES » LIGE ISR ©



Sunblaze’ (Table 5) when the media contained concentrations of 0, 0.01 or 0.1 mg
1" BA. In contrast, the higher BA concentrations of 1 or 10 mg 1" inhibited aging
and lowered the dry to fresh weight ratio in ‘Royal Sunblaze’ compared to ‘Red
Sunblaze’. There was no significant difference in fresh and dry weight of shoots
cultured with BA at 0.1 or 1 mg 1", yet each explant developed one long shoot with
0.1 mg 1" in ‘Red Sunblaze’, and two short shoots with 1 mg 1" in ‘Royal Sunblaze’
(Table 6).

Growth of “Lavender Jewel’ explants cultured on the medium containing BA at
1.0 mg 1" was improved compared to that at 0.1 mg 1. In contrast, explants of
‘Baby Katie’, ‘Central Gold’, ‘Green Ice’, ‘Orange Sunblaze’ and ‘Sequoia Gold’
cultured with BA at 0.1 mg 1" produced greener and longer shoots.

Effect of cultural density: Fresh weight per plantlet of ‘Red Sunblaze’ and
‘Royal Sunblaze’ decreased when the cultural density was increased to 25 explants
per vessel (Table 6). Shoot dry weight declined gradually when explant density was
increased form 4 to 36 (‘Red Sunblaze’) or from 4 to 25 explants per vessel. The
fresh and dry weight of ‘Lavender Jewel’ did not decrease until densities of 36 and
25 explants per vessel were achieved, respectively.

Discussion

Bhojwani et al. found that the presence of the parent tissue with the basal node
gave rise to more shoots in Feijoa sellowiana Berg., whereas lateral shoots without
any parental tissue dropped their leaves and died®. The essential requirement for
sprouting of buds was the attachment of the bud to a portion of the stem containing
reserves of metabolites"”. Qur studies with miniature rose cultivars ‘Red Sunblaze’
and ‘Royal Sunblaze’, supported these findings since the poorest lateral shoot growth
occurred when the bud had little adjacent stem tissue.

Bressan et al. reported that the node position of axillary buds isolated from rose
(Rosa hybrida L.) shoots markedly affected their growth and development in tissue
culture®. However, these authors did not describe the exact bud position on the
shoots. Zamski et al. separated the lateral buds of rose plants into three groups
according to position in the axils of different leaves along the donor shoot: (1) leaves
with one or three leaflets beneath the flower, (2) upper and lower leaf with five
leaflets, and (3) bracts at the shoot base. They found that all lateral buds in group
two had the same growth potential, but a 1-week growth delay of the lower buds
indicated a strong inhibition factor in these buds"®. In our experiments, all nodal
explants belonged in the second group. The flowering shoots of miniature roses are
shorter and more compact than those of hybrid tea roses or the branches of climbing
roses. Thus, the basipetal gradient inhibition in the lateral buds of miniature roses
caused by apical dominance is not as strong as in the lateral buds of hybrid tea roses



or climbing roses. Results showed that the growth and development of lateral buds
were most affected by the amount of nodal segments rather than the node position of
lateral buds (Table 1 and 3). It is possible that the poor growth of the lowest two
lateral buds resulted from a limitation of parental stem tissue rather than inhibition
by apical dominance. Consequently, these two dormant buds would not be
recommended for tissue culture.

The range of PPF used to induce axillary shoots in rose tissue culture is from
5 (about 400 lux) to 50 pmol m?s'"*9  Davies found that higher light intensity
(1000 lux) induced larger leaves, but the proliferation rate of shoots was poorer than
at a lower light intensity (400 lux)®. Bressan et al. reported that shoot proliferation
under 66 pumol m?s"' was equivalent to that under 17 pmol m?"'®, however, under
the former environment, shoots were stunted and contained many senescent leaves.
Moreover, shoot multiplication was the greatest in shoots incubated under 148 pmol
m?s™, although resulting shoots exhibited an even higher degree of leaf senescence.
Khoshi-Khui and Sink showed that shoots grew rapidly for the 1st week under 3000
lux (about 40 pmol m?s™), although shoots rapidly became chlorotic®. Our results
revealed that PPFs from 5 to 40 pmol m™s™ did not affect rate or sprouting explants
or the number of multiple shoots, but did affect growth and development of lateral
shoots. Under the highest PPF tested, the lateral shoots grew and aged more quickly
than those under low PPF (Table 4) Consequently, a PPF of 20 pmol m™s™ was
optimum for inducing lateral shoots from nodal segments in a 4-week period. Our
findings were similar to those (optimum PPF was 17 pmol m?s™ in a 4-week culture)
of Bressan et al.®,

Cytokinin was essential for multiple shoot formation from cultured shoot tips of
the climbing rose, ‘Improved Blaze’. Furthermore, indoleacetic acid (IAA) neither
enhanced nor repressed shoot multiplication regardless of BA concentration®. Our
results showed that shoot proliferation in vitro from nodal segments was largely
resulted from BA concentration rather than NAA. Largely the result of BA
concentration with NAA having little effect. However, the optimal BA concentration
for shoot proliferation was cultivar specific and depended on the types of explant
tissue. Bressan et al. discovered that inclusion of BA at 0.03 to 0.3 mg 1" in the
medium stimulated development of ‘Gold Glow’ buds, yet buds of ‘Improved Blaze’
and ‘Mr. Lincoln’ developed rapidly in the absence of BA®. Short et al. found that
a similar response in bud development of Rosa arvensis or miniature rose ‘Scarlet
Gem’ incubated on media containing NAA at 0.1 mg 1" plus BA at 0.2 or 1.0 mg
1", although BA at 0.2 mg 1" produced more vigorous shoots than at 1.0 mg 17¢9,
In our studies, buds of ‘Red Sunblaze’ responsed to all BA concentrations (Table 5),
and results from the other five cultivars agreeded with those obtained with ‘Scarlet
Gem’.  Yet, ‘Royal Sunblaze’ (Table 5) and ‘Lavender Jewel’ responded
differently. Shoots of ‘Royal Sunblaze’ aged more quickly than those of ‘Red
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Sunblaze’ (Table 4), especially at a BA concentration of 0.1 mg 17 or less. These
reusits support the effect of cytokinins delaying senescence and increasing nutrient
sink activity"?. Increasing BA concentration up to 1 mg 1" not only delayed shoot
aging of ‘Royal Sunblaze,” but also enhanced development of muitiple shoots from
nodal explants (Table 5).

Labor is by far the largest cost involved in micropropagation at the present time,
accounting for 60% on up to 85% in extreme cases®. Improving the efficiency of
aseptic operation is important to minimize production costs. General procedures of
establishing nodal explants aseptically have included recutting the end of the shoot
that may have absorbed bleach before the remainder of the shoot is explanted®®. Our
results revealed that the recut was not only unnecessary, but also increased the cost

of labor. In summary, the most efficient production of the tested miniature rose
cultivars included a cuitural density of 9-16 complete nodal segments oriented
vertically or inclined on a medium containing BA at 0.1 or 1.0 mg 1" under a PPF
of 20 pmol m?s'1.
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