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Abstract, Differential regeneration capacities of epidermal and sub-epidermal tissues of Saintpaulia 
ionantha Wendl. ‘Georgia’ were dependent on the basal salts used in the tissue culture medium. 
Murashige and Skoog salts medium containing 0.1 mg/liter a-naphthaleneacetic acid (NAA ) and 0.5 
mg/liter benzyamino purine (BA) induced callus from petiole cross-sections and similar cross-sec­
tions with their epidermis removed. Shoot regeneration occurred only on the explants containing an 
epidermis. B5 salts medium, with the same growth hormone concentrations, induced shoot regener­
ation from both explant types. When grown to flowering, plants derived from sub-epidermal tissues 
were more vigorous, became 25% greater in fresh weight, 11% larger in diameter, and produced 
28% more leaves, which were 14% wider with petioles 18% longer, than their epidermal derived 
counterparts.
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The in vitro propagation o f Chrysan­
themum morifolium  Ram. from epidermal tis­
sue produced plants with reduced vigor (3). 
Since the chrysanthemum propagation proce­
dure o f using stem tip cuttings does not 
change cell layer organization, this finding 
did not influence commercial production 
practices. However, numerous other plants 
propagated in vitro by commercial growers, 
especially members o f the Gesneriaceae in­
cluding Achimenes, Streptocarpus, Sinningia 
and Saintpaulia, naturally originate from the 
epidermal layer (6) and they possibly could be 
more vigorous if  derived from sub-epidermal 
tissues.

This research compared the plant growth 
responses o f one member o f the Ges­
neriaceae, (African violet) when propagated 
in vitro from epidermal or sub-epidermal tis­
sue.

Stock plants o f African violet ‘Georgia’ , o f 
the German Optimara strain, were initially 
propagated commercially from leaf petiole 
cuttings and maintained in a greenhouse. 
Fully expanded young leaves including 
petioles were excised from stock plants and 
surface sterilized for 25 min in a commercial 
sodium hypochlorite solution (10% Domes- 
tos, Lever Brothers Ltd., U .K .). Following 
several sterile distilled water rinses, the 
petioles were sliced into 3 mm cross-sections. 
A  stainless steel cork borer 3 mm in diameter
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was used to obtain uniform discs o f sub-epid­
ermal tissue from the petiole cross-sections. 
Petiole cross-sections and sub-epidermal 
explants were aseptically transferred to 5 cm 
plastic Petri dishes containing 10 ml o f cul­
ture medium. Either MS (9) or B5 (4) macro- 
and micro-nutrients were used; both contain­
ing MS vitamins and amino acids (9), 2% suc­
rose, 0.6% agar (Sigma Chemical Co., 
U .K .), 0.1 mg/liter N A A , and 0.5 mg/liter 
BA. Cultures were maintained under Cool- 
White fluorescent light at 22 ±  2° C in an 18 
hr photoperiod o f 2 klx.

Twelve-week-old shoots regenerated ad­

ventitiously from petiole cross-sections on 
MS medium and sub-epidermal derived 
shoots from B5 salts medium were trans­
planted into plastic trays containing commer­
cial African violet soil (Thomas Rochford and 
Sons Ltd., U .K .). The shoots were 
greenhouse grown for 4 weeks under decreas­
ing humidity until acclimated and well 
rooted. Six plantlets per treatment were then 
transplanted into standard 9 cm plastic pots 
and grown for 19 weeks under greenhouse 
conditions suitable for Saintpaulia. Plants 
were watered and fertilized by a capillary mat 
to insure identical cultural conditions for the 
two treatments. Data assessing plant vigor 
were collected when all plants flowered.

The formation o f shoots from the petiole 
cross-sections on MS medium was compara­
ble to published results (2) but there was less 
stunting o f shoots, probably due to cultivar 
differences. In contrast, shoot regeneration 
from sub-epidermal tissue did not occur on 
MS medium; only slight brown callus de­
veloped. Shoots regenerated, however, on B5 
salts medium, from both petiole cross-sec­
tions and sub-epidermal tissue discs. A l­
though shoot growth was initially rapid on B5 
salts medium, the shoots from the petiole 
cross-sections gradually became slightly 
chlorotic. In general, both tissues responded 
more quickly on B5 salts medium than on MS 
medium producing both earlier callus growth 
(Table 1) and shoot regeneration. However, 
growth from the petiole cross-sections placed 
on MS medium gradually became more rapid 
and by transplantation time shoot size and 
number were comparable from both media 
(Fig. 1).

Fig. 1. Comparison between African violet ‘Georgia’ petiole cross-sections and sub-epidermal (pith) tissue grown 10 
weeks in vitro on similar media containing either MS or B5 salts.
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Table 1. Explant growth o f African violet ‘Georgia’ 
from petiole cross-sections and sub-epidermal (pith) 
tissue after 7 weeks on MS or B5 medium. Each treat­
ment had 25 replicates.

Fresh wt (g)/explant

Explant MS B5

Petiole 0.20 az 0.38b
Pith 0.06a 0.09b

zMean separation in rows by t test, 5% level.

Following transplantation into soil, plants 
regenerated from sub-epidermal tissue grew 
more vigorously than those derived from the 
epidermis. They were 11% larger in diame­
ter, produced 28% more leaves, which were 
14% wider with petioles 18% longer, than 
epidermal derived plants. Overall, the sub- 
epidermal derived plants were 25% larger, 
based on fresh weights, than their epidermal 
derived counterparts (Fig. 2). However, 
flower size and quantity did not differ be­
tween the plants from the two tissue sources 
(Table 2). The sub-epidermal derived plants, 
although possessing a faster growth rate, 
flowered on average 2 weeks later than the 
epidermal derived ones. Other than qualities 
attributed to vigor, plants from the two treat­
ments appeared morphologically identical.

The different in vitro growth responses o f 
sub-epidermal tissue caused only by varia­
tions in the macro- and micro-nutrient com­
ponents in the media draw attention to their 
role with endogenous auxins and cytokinins 
in relation to shoot organogenesis. The B5 
salts differ primarily from MS salts in the 
level o f ammonium; MS containing 10 x 
more than B5 (5). Possibly this high concen­
tration o f ammonium present in MS medium 
is responsible for the inhibition o f or­
ganogenesis in the sub-epidermal tissue. The 
differential growth response o f epidermal and 
sub-epidermal tissue to MS salts indicates 
considerable physiological variation between 
the two cell types. This variation aids re­
search on the importance o f tissue organiza­
tion in the regulation o f organogenesis (10). 
Further understanding o f the growth response 
o f sub-epidermal tissue cells in vitro is impor­
tant for protoplast research as preliminary re­
search at Nottingham has shown that proto­
plasts isolated from Saintpaulia leaves are 
primarily o f sub-epidermal origin.

Bush et al. (3) attributed the difference in 
vigor between the epidermal and sub-epider­
mal derived chrysanthemum plants to factors 
such as rearrangement o f the stock plant 
chimeral layers and/or mutations occurring in 
culture. These factors are unlikely causes for 
the differences in plant vigor from the tissue 
types o f Saintpaulia. Chimeras in Saintpaulia 
are rare and not maintained through clonal 
generations since adventitious shoots arise 
from single cells (1), thus the Saintpaulia 
stock plants used were non-chimeral. Muta­
tions specifically towards vigor caused by in

vitro conditions are similarly unlikely as in­
duced mutations in Saintpaulia occur ran­
domly (7). The possibility o f polyploidy 
causing the increased vigor o f the sub-epider­
mal derived plants also appears unlikely as 
colchicine-induced tetraploid African violets 
are less vigorous than their diploid counter­
parts (1).

Most probably, the difference in plant 
vigor between the 2 tissue treatments is as­
sociated with the state o f differentiation o f the 
tissue’s cells and their interaction with the 
basal media. Epidermal cells may be inhe­
rently less vigorous than sub-epidermal cells. 
Possibly, Saintpaulia epidermal cells un­
dergo incomplete dedifferentiation during 
culture which later results in plants retaining 
the vigor character o f the original explant 
cells. A  plant which fails to undergo complete 
dedifferentiation in vitro is Pterotheca fa l- 
coneri Hook (8). Mehra and Mehra (8) dem­
onstrated that callus derived from roots o f this 
species preferentially regenerated roots. 
Similarly, regeneration o f isolated leaves and 
shoots was favored from leaf and shoot apex 
derived callus, respectively. A  similar case o f 
incomplete dedifferentiation appears to have 
occurred in a culture o f ‘Yellow  Snowdon’ 
chrysanthemum. A  flower petal culture re­
generated one plant whose leaves partially re­
tained the petal character o f the explant (Dr. 
B. Machin, personal communication). 
Clearly, a greater understanding o f the con­
trol o f plant vigor is necessary and 
Saintpaulia can provide appropriate tissue for 
such studies.

Plants with increased vigor are preferred by

commercial growers as larger plants com­
mand higher prices. However, the commer­
cial advantage o f a larger sub-epidermal de­
rived African violet will have to be weighed 
against the fact that it reaches maturity 2 
weeks later than its conventional counterpart.

Literature Cited

1. Arisumi, T. and L. C. Frazier. 1968. Cytological 
and morphological evidence for the single-cell ori­
gin o f vegetatively propagated shoots in 13 species 
o f Saintpaulia treated with colchicine. Proc. Amer. 
Soc. Hort. Sci. 93:679-685.

2. Bilkey, P. C., B. H. McCown, and A. C. Hilde- 
brandt. 1978. Micropropagation o f African violet 
from petiole cross-sections. HortScience 13:37-38.

3. Bush, S. R., E. D. Earle, and R. W . Langhans. 
1976. Plantlets from petal segments, petal epider­
mis, and shoot tips o f the periclinal chimera. 
Chrysanthemum morifolium ‘ Indianapolis’ . Amer. 
J. Bot. 63:729-737.

4. Gamborg, O. L., R. A. Miller, and K. Ojima. 1968. 
Nutrient requirements o f suspension cultures o f soy­
bean root cell. Expt. Cell. Res. 50:151-158.

5. Gamborg, O. L., T. Murashige, T. A. Thorpe, and
I. K. Vasil. 1976. Plant tissue culture media. In 
Vitro 12:473-478.

6. Grunewaldt, J. 1977. Adventivknospenbildung und 
pflanzenregeneration bei Gesneriaceae in vitro. 
Gartenbauwissenschaft 42:171-175.

7. Jungnickel, F. 1977. Induktion und vermehring von 
mutaten bei Saintpaulia ionantha. H. Wendl. in 
sterilkultur. Biol. Zbl. 96:335-343.

8. Mehra, P. N. and A. Mehra. 1971. Morphogenetic 
studies in Pterotheca falconeri. Phytomorphology 
21:174-192.

9. Murashige, T. and F. Skoog. 1962. A  revised 
medium for rapid growth and bioassays with to­
bacco tissue culture. Physiol. Plant. 15:473—497.

10. Tran Thanh Van, M ., H. Chlyah, and A. Chlyah. 
1974. Regulation o f organogenesis in thin layers o f 
epidermal and sub-epidermal cells, p. 101-139. In:
H. E. Street (ed.) Tissue culture and plant science. 
Academic Press, New York.

Table 2. The growth response o f epidermal- and sub-epidermal-derived-plants o f African violet ‘Georgia’ at flowering. 
Each treatment had 6 replicates.

Plant
Largest

leaf
Longest
petiole Mean flower Flower Plant

Plant Diam. No. o f width length Peduncle no. per diam. fresh wt.
origin (cm) leaves (cm) (cm) no. peduncle (cm) (g )

Epidermal 23.3az 31.5a 6.3a 6.3a 7.3a 10.2a 3.1a 61.2a
Sub-epidermal 26.1b 40.4b 7.3b 7.4b 6.0a 10.1a 3.3a 76.5b

zMean separation in columns by t test, 5% level.

Fig. 2. Mature African violet ‘Georgia’ plants from sub-epidermal (A ) and epidermal tissue (B ), age 35 weeks.
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