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Summary

Tissue culture*) techniques were employed for investi-
gating growth and differentiation in relation to rapid
clonal propagation of difficult to root aspen (Populus)
genotypes. Bud stem, leaf and root explants from 48 aspen
clones, including P. tremula, P. tremuloides and their hy-
brids, were cultured on modified Woody Plant Medium
(WPM), here designated Aspen Culture Medium (ACM).
Results of the present study indicate that bud explants
can be induced to undergo growth and organogenesis, wit-
hout much visible callus formation. So far a large number
of plants have been regenerated via tissue culture techno-
logy from 8 P. tremula clones and 6 hybrid aspen (P. tre-
mula X P. tremuloides) clones, and from these several
hundred plants have been transplanted under field con-
ditions. Plantlet regeneration in 8 more clones is in prog-
ress. However, many aspen clones (26 of 48) were largely
unresponsive to the in vitro conditions provided, indica-
ting that growth and differentiation response is not only
controlled by the cultural environment, but is also depen-
dent upon the genotype. The potential of root, leaf, and
stem tissues for rapid clonal propagation is being further
explored.

Key words: Aspen (Populus), Hybrid aspen, Somatic cell differen-
tiation, Clonal propagation, Clonal variation, Tissue
culture.

Zusammenfassung

Gewebekulturtechniken wurden fiir die Untersuchungen
des Wachstums und der Differenzierung im Zusammen-
hang mit der schnellen klonalen Vermehrung von Geno-
typen der Aspe, einer bei vegetativer Vermehrung schwer
zu bewurzelnden Baumart, angewandt. Explantate, die von
der Knospe, dem Stamm, dem Blatt und der Wurzel ent-
nommen wurden, von insgesamt 48 Aspenklonen der bei-
den reinen Arten Populus tremula und Populus tremu-
loides sowie deren Hybriden wurden auf einem modifi-
zierten Woody Plant Medium, das hier als Aspen Culture
Medium bezeichnet wird, kultiviert. Die Ergebnisse der

*) The term tissue culture is used in the broadest sense to in-

clude culture of meristematic explants from buds, leaf discs,
stem segments, and root segments.

Silvae Genetica 32, 3—4 (1983)

vorliegenden Untersuchung zeigen, das Knospenexplantate
zu Wachstum und Organogenese angeregt werden konnen,
ohne viel sichtbaren Callus zu bilden. Bislang wurden
mehr als 1000 Pflanzen mit Hilfe der Gewebekulturtech-
nik regeneriert, und zwar von acht Klonen (Populus tre-
mula) und sechs Hybridaspen-Klonen (Popuius tremula X
Populus tremuloides). Hiervon wurden bereits mehrere
100 Pflanzen unter Feldbedingungen aufgezogen. Die Re-
generation von kleinen Pflanzen macht bei weiteren acht
Klonen Fortschritte. Viele Aspenklone (26 von 48) zeigten
jedoch weitgehend keine Reaktion auf die gegebenen in
vitro-Bedingungen. Dies zeigt an, da Wachstum und Dif-
ferenzierung nicht nur durch die Kulturbedingungen kon-
trolliert werden, sondern auch von der Reaktion des Geno-
typs abhingig sind. Das Potential der Wurzel, Blatt- und
Stammexplantate, die fiir eine schnelle klonale Vermeh-
rung verwendet werden, wird weiter erforscht.

. Introduction

Tissue explants from tree species are generally difficult
to grow and differentiate in vitro. This is further com-
pounded by the fact that presence of genetic variation be-
tween members of a tree species makes it extemely dif-
ficult to design an allpurpose medium for the growth and
differentiation of tissues from a given tree species. Never-
theless, slow but gradual progress has been made, in the
last few years, towards culture of organs, tissues, and
protoplasts from woody plants (see reviews by KARNOsSkY
1981; Davip 1982; BrowN and Sommer 1982; Anuja 1982). At
the present time, a good deal of effort is directed towards
vegetative propagation of tree species through tissue cul-
ture technology, In many tree species woody cuttings are
difficult to root, and in others the rooting frequency may
be rather low. In such cases, tissue culture techniques may
be exploited as means of accomplishing clonal propaga-
tion. Aspen (Populus species) are difficult to root from
woody cuttings. Previous tissue culture studies based on
callus and bud explants of aspen (P. tremula and P. tre-
muloides) have revealed that it is possible to induce dif-
ferentiation of roots, shoots, and plantlets under in vitro
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conditions (Wotrter 1968; WintoN 1970, 1971; CrALupa 1974;
CHRisTIE 1978).

We have been interested in rapid clonal propagation of
a large number of selected aspen genotypes, including
clones from European aspen (P. tremula), quacking aspen
(P. tremuloides) and their hybrids. Our preliminary tissue
culture studies (Anuja and Muns 1982) based on bud ex-
plants of a few aspen genotypes have indicated differen-
ces in their regenerative abilities. The present investi-
gation deals with growth and differentiation response of
different somatic tissues, including bud, stem, leaf, and
root explants, from a large number of aspen clones, ma-
jority of which not previously investigated, and relevance
of these morphogenetic studies to rapid clonal propaga-
tion.

Materials and Methods

Tissue from bud, stem, leaf and root explant of aspen
were cultured under aseptic conditions on modified Mu-
RASHIGE and Skooc’s (1962) medium (MSM) and woody plant
medium (WPM) developed by Lioyp and McCown (1981).
The modified form of WPM, which promoted good growth
and differentiation of aspen tissues, is in this paper desig-
nated Aspen Culture Medium (ACM; Table 1). A total of
48 aspen clones derived from 2n, 3n and 4n Populus tre-
mula, 2n P. tremuloides, and their 2n and 3n hybrids were
included in the present study (Table 2). Tissue explants
from established cuttings in the nursery as well as trees
(ages 17 to 40 years) were cultured to study growth and

Table 1. — Comparison of basal Murashige and Skoogs’ medium
(MSM), Lloyd and McCown’s Woody Plant Medium (WPM), and
the Aspen Culture Medium (ACM) employed in the present study.

Concentrations in mg/l

MSM WPM ACM
A. Macronutrients
NH4NO3 1650 400 400
KNO4 1900 - -
CaNOy - 4H20 - 556 556
K,80, - 990 990
Cacl2 . 2H20 440 96 96
MgSO4 . 7H20 370 370 370
KH2 PO4 170 170 170
B. Iron
Na2 - EDTA 37.25 37.3 -
}E‘eSO4 . 7H20 27.85 27.8 -
Sodium Ferric-EDTA - - 30
C. Micronutrients
Mnso4 . 1-120 22.3 22.3 22.3
2nsS0, - 7H20 8.6 8.6 8.6
H3B03 6.2 6.2 6.2
KI 0.83 - 0.83
Na2M004 . 21-120 0.25 0.25 0.25
CuSO4 . 5H20 0.025 0.25 0.025
Coc12 . 6H20 0.025 - 0.025
D. Vitamins
Thiamine + Hcl 0.1 1.0 0.1
Nicotinic acid 0.5 0.5 0.5
Pyridoxine -+ Hcl 0.5 0.5 0.5
Glycine 2.0 2.0
Lysine - - 100
E. Sugars
Myo-inositol 100 100 100
Sucrose 30.000 20.000 20.000
pH 5.7 - 5.8 5.2 5.5 - 5.6
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Table 2. — Data obtained from in wvitro shoot growth and dif-
ferentiation studies from bud explants of 48 aspen clones.

Species or No. of No. of No. of No. of
hybrids clones clones clones clones
tested that grew that grew that grew
well slowly poorly or

not at all

2n P. tremula 9 5 4
3n P. tremula 1 1
4n B, tremula 1 1
2n P. tremuloides 4 4
2n Hybrid aspen 31 4 8 19
{(P. tremula X P.
tremuloides)
3n hybrid aspen 2 1 1
(B. tremula X P.
tremuloides)
Total 48 10 12 26

differentiation response. Before culturing, tissues were
surface sterilized in 3—5% sodium hypochlorite for 5—15
minutes, and subsequently washed three times in double
distilled autoclaved water. From the buds, only the me-
ristematic part was cultured; from the leaves, small (8—
10 mm) leaf discs or small young leaves; from stems, only
parenchyma along with vascular bundle; and from roots,
cut segments of various lengths were cultured. Cultures
were maintained at 25° C * 2° C, 70% relative humidity and
a 16 hours photoperiod (2000—4500 lux), or in total dark-
ness.

Results and Discussion

Since aspen tissues showed a better growth response on
modified WPM (here designated ACM) as compared to
MSM under our experimental conditions, we carried our
growth and organogenesis experiments on ACM. Previous
studies on in vitro growth and morphogenesis in aspens
were based on modified WoLter and Skoocs (1966) medium
(Worter 1968; Winton 1970, CuarLura (1974) and modified
MSM (CurisTie 1978).

Bud Explants

Bud explants from a number of aspen genotypes dif-
ferentiated shoots when cultured on ACM fortified with
20 mg/l adenine sulfate and 0.4—0.5 mg/l 6-benzylamino-
purine (BAP) and kept under a light regime of 2000—3000

Figure 1. — Shoot differentiation from bud explants of hybrid-.
aspen (P. tremula X P. tremuloides).



Figure 2. — Plantlet formation following culture of bud-derived
shoot of hybrid aspen.

lux. Three to four weeks later, these tissues were trans-
fered to the above ACM containing, in addition, low con-
centration (0.02 mg/l) of naphthaleneacetic acid (NAA). On
this medium further shoot proliferation occurred (Figure 1).
Generally, bud explants from the nursery grown aspens
showed a better growth response than buds taken from
older trees. However, we have obtained growth and dif-
ferentiation of shoots from the bud explants of several
older aspen trees (upto 40 years of age), and have regene-
rated plantlets from these shoots.

In our experiments with differentiation of shoots from
the bud explants, there was very little visible callus for-
mation. We emphasize this point. We believe that exten-
sive callus formation and longterm callus culture may be
accompanied by variability under cultural conditions
(AHula 1982). For mass cloning of selected genotypes, it is
necessary to keep culture-induced genetic variability at
its lowest or an acceptable level.

After 6—8 weeks (sometimes longer) of bud explant
culture, a constant supply of shoots can be regularly har-
vested, from each bud for a long time, for plantlet rege-
neration. The shoots derived from bud explanted differen-

"tiated roots (Figure 2) on the rooting ACM lacking myoino-
sitol and lysine, but containing low levels of auxin, such as
indolebutyeric acid (IBA; 0.5 mg/l) and NAA (0.1 mg/l).
Rooting under our cultural conditions (4000—4500 lux) oc-

curred in 8—10 days on the bud derived shoots. So far
more than a thousand plants have been regenerated, by
employing tissue culture technology, from 8 P. tfremula
clones (including 5 from trees of ages 25—40 years) and 6
hybrid aspen clones (including 2 from trees of ages 17 and
23 years). The plants derived from tissue culture were har-
dened in decreasing levels of humidity in our controlled
chambers and greenhouse (Figure 3) before planting them
out under the field conditions. Barocka (see Froéuricu 1982)
has employed bud explant method for mass cloning of a
triploid aspen clone, Astria. From our initial experi-
ments started in October 1981, we have already carried
several hundred tissue culture derived plants from two
P. tremula and two hybrid aspen clones in the field condi-
tions (Figure 4) to test their uniformity and the growth
performance under field conditions.

Stem, Leaf and Root Explants

Stem explants from a few P. tremula and hybrid aspen
clones tested formed calli when grown ACM supplemented
with NAA (1.0—2.0 mg/l) and BAP (0.1 mg/l), and kept
under total darkness. By manipulating these hormones,
it was possible to induce shoots, roots or both on the stem
callus following growth under 16 hours photoperiod (3000
lux). In one P. fremula clone, we have regenerated plants
from the shoots derived from the stem callus. Tissue cul-
ture plants regenerated from callus have been previously
reported in P. tremula (WintoN 1971; CuArupa 1974), P. tre-

Figure 3. — Tissue culture derivied aspen plants under green-
house conditions.

Figure 4. — Tissue culture derived plants from 4 aspen clones
(2 P. tremula and 2 hybrid aspen) under field conditions.

133



muloides (WoLter 1968; Winton 1970). Although Callus cul-
ture method has potential for microvegetative propagation
of plants, we have not used this route for clonal propa-
gation, but intend to explore this avenue for searching
somaclonal variation (LarkiN and Scowcrorr 1981).

In addition to stem explants, we have also cultured leaf
discs and root explants of aspen. Leaf discs/small leaves
can be induced to differentiate shoots when cultured on
an appropriate cytokinin/auxin (0.5 mg/l BAP + 0.02 mg/l
NAA) medium (Figure 5). We have regenerated plants from
leaf disc-derived shoots in one hybrid aspen clone, and
intend to explore this approach further for clonal propa-
gation of different aspen genotypes. Leaf disc approach
also offers opportunities for monitoring somaclonal vari-
ation in aspen, since questions have been raised regarding
the genetic constitution of leaf cells (see Sueparp et al.
1980). We have also regenerated shoots from root explants
of P. tremula (3 clones) and hybrid aspen (4 clones) on
ACM containing BAP (0.5 mg/l) and NAA (0.02 mg/l). In
all these clones shoots differentiated almost directly (with-
out visible callus formation) from the root explants (Fig-
ure 6), Since aspens are known to sprout shoots from
root suckers in nature or under nursery conditions, we be-
lieve root explants may also be employed for microvege-
tative propagation.

Figure 5. — Differentiation of shoots from a leaf disc culture of
hybrid aspen.

Figure 6. — Formation of shoots from root explant cultures of
aspen.
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Figure 7. — Growth and differentiation on bud explants of P. tre-
muloides after 35 days in culture. Note callus and some shoot
formation.

Figure 8. — Growth and differentiation on bud explants of P. tre-
mula after 26 days in culture. Note extensive shoot differentiation
and minimal callus formation.

Clonal Variation

Genetic variation as measured by morphogenetic re-
sponse was evident between different aspen species as
well as between the clones of the parental species, and
between hybrid aspen clones. Bud explants from different
clones showed different growth and differentiation re-
sponse when cultured on a common ACM. Bud explants
from P. tremuloides grew very poorly and developed main-
ly small callus but very few shoots (Figure 7). On the
other hand, bud explants from P. tremula and hybrid as-
pen, in general, differentiated many shoots without much
callus formation (Figure 8). However, bud explants from
different clones of P. tremula and hybrid aspen did not
all grow at the same rate, and a number of clones grew/
differentiated very little or not at all. Table 2 summarizes
the results of shoot regeneration from bud explants of 48
clones in aspen.

There were also differences between clones with regard
to ability to differentiate roots in vitro. For example, when
shoots from the bud explants of hybrid aspen clone were
cultured on a rooting ACM, they invariably formed callus
first at the cut end of shoots, and then differentiated roots
from the callus (Figure 9). On the other hand, bud derived
shoots from another hybrid aspen clone differentiated roots



directly, without much visible callus formation, from the
cut end of the shoots (Figure 10). In a third hybrid aspen
clone, bud derived shoots did not form callus or differen-
tiate roots when cultured on a common rooting ACM. As-
pen genotypes also responded differently when exposed
to low levels of antibiotics (Penicillin/streptomycin solu-
tion; Serva). In a series of experiment, we dipped the cut
ends of the tissue culture derived shoots from bud ex-
plants in 1/10 dilution of the antibiotic solution for protec-
tion against infection before transfering them to the root-
ing ACM. To our surprise, the rooting process was hastened
by a short treatment with antibiotics in most aspen geno-
types: 5—7 days against §_,‘10 days without antibiotic treat-
ment. However, one hybrfd aspen clone showed sensitivity
to antibiotic treatment: the cut end of the shoot turned black
as if it were burned and failed to form callus or differen-

tiate roots. In addition to genetic variation between clones,

Figure 9. — Development of root from the calluses of bud-derived
shoots of a hybrid aspen clone on a rooting ACM.

o

Figure 10. — Development of roots almost directly from the bud-
derived shoots of a hybrid aspen clone on a rooting ACM. Note
minimal visible callus formation at the point of origin of roots.

in terms of their regenerating abilities, somaclonal vari-
ation was also observed in some cultures. Variegated plants
and differences in the morphology of roots were obser-
ved. Stubby as well as short secondary roots were ob-
served in P. tremula cultures.

Concluding Statement

Tissue explants from different parts of aspen (bud, stem,
leaf, and root) can be manipulated under in vitro condi-
tions to undergo organogenesis. Plantlet regeneration from
cultured explants has been accomplished in a number of
aspen clones. All the aspen clones tested did not respond
the same way to the in vitro conditions provided: 22 of 48
clones exhibited growth and differentiation, while the re-
maining 26 showed little or no growth, indicating differen-
ces between regenerative capacities of different aspen
clones. For regeneration studies on the unresponsive clo-
nes, further investigations are necessary on the cultural
conditions, effect(s) of site or location on a clone, and the
best time of the year for the culture of tissue explants.

Acknowledgements

This research was supported by a project C080 from the Federal
Ministry of Research and Technology. The author thanks Dr. G. H.
Mercuior for interest, Dr. H.-J. Muus for discussions, and Miss
E. Wenk and Mrs., R. Amenoa for technical assistance and tender
care of the tissue culture plants.

Literature

Amnuia, M. R.: Isolation, culture, and fusion of protoplasts: prob-
lems. and prospects. Silvae Genetica 31: 66—177 (1982). — Awnuja, M.
R. and Muns, H.-J.: Control of growth and differentiation in tis-
sues and protoplast derived callus in different genotypes of aspen.
Proc. V. Int. Congr. Plant Plant Tissues and Cell Culture, Tokyo, p.
148 (1982). — Brown, C. L., and Sommer, H. E.: Vegetative propaga-
tion of dicotyledonous trees. In: Tissue culture in Forestry (eds.
Bonga, J. M., Durzan, D. J.), pp. 109—149. The Hague: Martin Nij-
hoff/Dr. W. Junk Publishers (1982). — CuaLura, V.: Control of root
and shoot formation and production of trees from poplar callus.
Biol. Plant 16: 316—320 (1974). — CurisTig, C. B.: Rapid propagation
of aspens and silver poplars using tissue culture techniques. Proc.
Int. Plant Prop. Soc. 28: 255—260 (1978). — Davip, A.: In vitro pro-
pagation of gymnosperms. In: Tissue culture in Forestry (eds.
BonGa, J. M., Durzan, D. J.), pp. 72—108. The Hague: Martin Nij-
hoff/Dr. W. Junk Publishers (1982). — Frouuicn, H. J.: Fortschritte
bei der vegetativen Vermehrung. Forstarchiv 53: 3—9 (1982). —
KarNosky, D. F.: Potential for forest tree improvement via tissue
culture. Bioscience 31: 114—120 (1981). — Larkin, P. J., and Scow-
crorFtr, W. R.: Somaclonal variation - a novel source of variability
from cell cultures for plant improvement. Theor. Appl. Genet. 60:
197—214 (1981). — Lroyp, G., and McCown, B. H.: Commercially
feasible micropropagation of mountain laurel (Kalmia latifolia)
by use of shoot tip culture. Proc. Int. Plant Prop. Soc. 30: 421—
427 (1981). — MurasnuiGe, T., and Skoog, F.: A revised medium for
rapid growth and bioassay with tobacco tissue culture. Physiol.
Plant. 15: 473—497 (1962). — SueparD, J. F., Bipney, D., and SHaHIN,
E.: Potato protoplasts in crop improvement. Science 208: 17—24
(1980). — Winton, L. L.: Shoot and tree production from aspen tissue
cultures. Am. J. Bot. 57: 904—909 (1970). — WinTon, L. L.: Tissue cul-
ture propagation of European aspen. For. Sci. 17: 348—350 (1971). —
Worter, K. E.: Root and shoot initiation in aspen callus cultures.
Nature 219: 509—510 (1968). — Wourrer, K. E., and Skoog, F.: Nutri-
tional requirements of Fraxinus callus cultures. Am. J. Bot. 53:
263—269 (1966).

135





