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Abstract. Studies on the in vitro propagation of Alnus crispa, A. glutinosa, A. incana, 
A. japonica, A. rubra, A. sinuata and A. viridis indicated interspecific as well as 
intraspecific variations in their requirements for in vitro culture. The WPM and Blaydes 
media supported, respectively, growth ofA. glutinosa and A. crispa but not that of both 
species, while the MS medium induced equal or significantly better growth than WPM 
and Blaydes media for both species. The optimum type and concentration of sugar to be 
used in the multiplication medium varied with species. Only A. glutinosa showed good 
growth on sucrose while glucose was optimum for all other species but at different 
concentrations. All species rooted in 3 weeks on haif-strength MS medium including 
1 Wl~ IBA. All clones ofA. glutinosa and A. rubra rooted 100%, whereas "easy-to-root" 
and "difficult-to-root" clones were observed in the other species. In the rooting medium, 
glucose promoted rooting of the "difficult-to-root" clones better than sucrose. Survival 
following transfer to an artificial substrate was 100% for all species. Nodulation tests. 
using pure cultures of two Frankia strains showed 100% nodulation on all Alnus clones. 

Introduction 

The uti l ization o f  nitrogen-fixing species such as alder in forestry involves 
the selection of  superior genotypes,  which then need to be propagated 
through cloning [5, 19] .  In vitro propagation offers the advantages o f  a fast 
mult ipl icat ion rate of  genetically identical and disease-free plants compared 
to conventional techniques [6, 12] .  Applications o f  tissue culture in forestry 
have been reviewed including a list o f  the species o f  the different genera o f  
trees propagated by in vitro culture [19] .  

In the genus Alnus,  the micropropagation o f  A. glutinosa [4, 10, 16, 18] ,  
A. crispa [10, 11, 18, 21] a n d A .  rubra [ I0 ,  11, 18] have been reported.  We 
now report  the in vitro propagation of  four addit ional  Alnus species together 
with the specific in vitro requirements of  all seven species, and the nodulat ion 
of  the micropropagated plantlets inoculated with pure cultures o f  Frankia. 

Materials and methods  

Seven Alnus species from different provenances were used: A. glutinosa (L.) 
Gaertn. (clones AG-3, AG-4, AG-5 and AG-8 from Penzenskoi Oblast, USSR), 
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A. crispa (Ait.) Pursh. (clones AC-1 and AC-15 from Chapleau, ON, Canada), 
A. japonica (Thumb.) Stand. (clones AJ-6, AJ-7 and A J-8 from Perthshire, 
Scotland), A. incana (L.) Moench. (clones AI-2, AI-4 and AI-5 from Eganville, 
ON, Canada), A. rubra Bong. (clones ARb-8 and ARb-10 from Forbidden 
Plateau, BC, Canada), A. viridis (Villars) DC (clones AV-5, AV-7 and AV-8 
from Perthshire, Scotland) and A. sinuata (Reg.) Rydb. (clone ASn-1 from 
Prince Rupert, BC, Canada). 

Actively growing shoot tips were collected in May in the field on 
2-year-old plants at the Canadian Forestry Service Station (Petawawa, ON) 
and immediately disinfected according to Tremblay and Lalonde [21]. 
Explants 4-6 mm long were placed on the initiation culture media following 
excision of leaves and petioles. The basal culture medium consisted of 
Murashige and Skoog's (MS, [13]) mineral salts and vitamins, 3% (W/V) 
sucrose and 0.7% (W/V) Difco-Bacto agar at pH5.5, except that the 
NaFeEDTA stock solution was prepared according to Steiner and Van 
Winden [20]. This basal medium was used unless otherwise specified. Shoot 
tips of each species were initiated on I-1 and M-1 media which consisted of 
the basal medium including, for medium I-1, 1 ~ benzylaminopurine (BAP) 
and 0.5/aM indolebutyric acid (IBA), and for the medium M-I, 2.5/~M BAP. 

For the multiplication step, different mineral salt solutions were compared 
onA. crispa andA. glutinosa previously micropropagated on two salt solutions 
(4, 10, 11, 16, 18, 21). The different salt formulations compared were 
MS at 0.5X, 1X, 2X and 4X, B5 [3], Nagata and Takebe (NT [14] ), Blaydes 
[1] and Woody Plant Medium (WPM [9]), known tissue culture media, and 
the nitrogen-containing (KNO3, 0.5g/l) Crone's solution [8] used for the 
growth of Alnus seedlings. All media were supplemented with 2.5 ~ BAP, 
3% (W/V) sucrose, vitamins as in the MS medium and 0.7% (W/V) Difco- 
Bacto agar at pH 5.5 in 1.5 liter Mason jars at the rate of 200 ml by jar. Each 
jar was planted with 8 shoots 7-10mm tall; 1 shoot from each culture was 
transferred twice to fresh medium every 3 weeks. After 9 weeks, each culture 
was checked for survival, number and length of shoots, callus production and 
leaf area. The callus production was evaluated following the rating scale 0:no 
callus, 1 :light, 3:average, and 5:largest area obtained for a species. Leaf area 
was evaluated as 1: smallest area, 3: average and 5: largest area obtained for a 
species. The assay was a nested (jar (medium)) factorial design with 8 samples 
by replicate (Mason jar), with two replicates. 

Sucrose, glucose and fructose and the sugar-alcohol mannitol were tested 
on one clone of each Alnus species at concentrations of OmM, 30mM, 
87raM, 175 mM and 350raM to determine their sugar requirements. Sucrose 
and glucose at 87mM and 175mM were then tested on the 18 clones of the 
seven Alnus species to verify possible clonal variations. Glucose and fructose 
were chosen as components of the sucrose molecule while mannitol was 
included to determine if it was metabolized by Alnus species. 

The cytokinins bezylaminopurine (BAP), N6-(y2-isopentenyl) adenine 
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(2ip) and kinetin (kin) at 5 ~ were compared on A. incana and A. japonica 
species, because the shoots of these species failed to elongate. Furthermore 
BAP was tried at 1, 2.5 and 5/z~¢ and 2ip at 5, 50 and 500/x~/on the same 
species. The MS basal medium modified by replacing sucrose by 87/.ff/ 
glucose and poured at 15ml in 20x 150ram culture tubes was used. The 
number and length of shoots taller than 0.5 cm as well as the leaf area were 
noted after 3 subcultures lasting 3 weeks each. Each species was assayed 
separately using a completely randomized block design with 5 replicates and 
1 sample per replicate for each species. 

The rooting media contained half strength MS salts with 1 ~ IBA and 
45 mM, 87 mM or 175 mM sucrose or 87 mM and 175 mM glucose with 15 ml 
distributed in 20 x 150mm culture tubes. Thirty shoots of each clone were 
tested on each medium. 

The pH of all media was adjusted with 1NNaOH to 5.5 after melting of 
agar and before autoclaving at 121 °C at 1 kgcm -~, 12min for tubes or 15 
min for jars, including the media for the carbon source assay as preliminary 
tests showed no differences between autoclaved and filter-sterilized media 
(0.2/.on) on Alnus. 

Cultures for the initiation and multiplication steps were grown in a growth 
chamber with a thermoperiod of 26/22°C and a photoperiod of 16/8 
day/night under 2.5 klux provided by Vita-Lite fluorescent tubes (Duro-Test 
Electric Ltd, ON, Canada) while the rooting and inoculation steps were 
performed under 7.5 klux provided by Cool-White:Gro-Lux WS fluorescent 
tubes (Sylvania, Drummondville, QUE, Canada) in the ratio 2 : 1. 

After 21 days on the rooting media, the rooted plantlets were washed 
under tap water and transferred to PlantCon ® containers (Flow Laboratory 
Inc., VI, USA) filled with a mixture of Turface (International Minerals and 
Chemicals Corp., Des Plaines, IL, USA) : vermiculite : peat moss ( 4 : 1 : 1 )  
amended with N-free Crone's solution, with one plantlet per container. The 
plantlets were inoculated 21 days after their transfer to containers, the clones 
ofA.  incana, A. sinuata andA. crispa with the Frankia strain ARgN22a [15] 
and the clones of A. japonica, A. viridis, A. rubra and A. glutinosa with the 
Frankia strain AGN1 eaxCo [7]. Growth of the Frankia strains, preparation of 
the inoculum and inoculation were as previously described [21]. Non- 
inoculated plantlets of each clone from the different Alnus species were used 
as controls. Nodulation, i.e. presence of nodules, was verified 3-4 weeks after 
inoculation and nitrogen fixation was confirmed by the appearance of green 
leaves on inoculated plantlets as compared to the yellow leaves on non- 
inoculated controls. At the end of the nodulation test, the plantlets were 
transplanted to 11 cm diameter pots containing the same artificial substrate 
without nitrogen. Following one week in a growth chamber under 70% 
relative humidity, plantlets were transferred to greenhouse with normal 
conditions. 
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Results 

All species of  Alnus were successfully init iated i.e. aseptic and viable (Figure 
I) ,  on 1-1 and M-1 media. However, the medium I-1 induced the production 
o f  basal and leaf callus on all species and transfer to the medium M-1 without  
auxin was necessary within 1 month .  After  8-10 weeks, the explants 
developed as shoot clumps ready to divide. Only the cultures o fA.  glutinosa 
showed good development when multiplied on the M-1 medium. The 
maintenance of  cultures of  other species on M-1 led to the production of  
callus and leaf abnormalities on A. crispa, A. viridis and A. sinuata while basal 
necrosis and inhibit ion of  shoot mult ipl icat ion were observed on A. crispa, A. 
viridis, A. sinuata, A. incana, A. japonica and A. rubra. 

The use of  2X and 4X MS salts induced the complete necrosis ofA.  crispa 
and A. glutinosa cultures within 3 weeks. Half  strength MS salts supported 
growth o f  cultures for the first 3 weeks, but  after that t ime, cultures showed 

Figure 1. Alnus species initiated on I-1 medium. From left to right: A. japonica, A. 
rugosa (not discussed here), A. rubra, A. viridis, A. glutinosa, A. crispa and A. incana 
(A. sinuata not represented). 

Figure 2. A. sinuata, clone ASn-1, on the MS basal medium including 2.5 ~ BAP and 
glucose at 175 mM. 

Figure 3. Culture ofA. crispa showing leaf abnormalities (large and curling leaves) on the 
M-1 medium including 2.5 t~M BAP and 87 mM sucrose. 

Figure 4. Culture of A. crispa after growth on the basal medium as in Figure 3 but 
supplemented with 175 mM glucose. 
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Table 1. Comparative effects of the MS, WPM and Blaydes media on the multiplication 
ofA. crispa (AC) and A. glutinosa (AG) 

Medium Shoot number Shoot length Callus Leaf area 
(era) (0-5) (1-5) 

AC AG ~c AC AG ~c AC AG ~c AC AG ffc 

MS 11.4 2.3 7.0a 1.4 1.5 1.5a 0 2.1 1.1a 2.7 2.4 2.5a 
WPM 4.2a 3.0 4.0b 1.0 1.3 1.3a 0 2.0 1.0a 2.7 2.0 2.4a 
Blaydes 11.7 1.0b 6.7a 1.0 0.8 0.9b 0 0.5 0 .2b  1.7 1.7 1.7b 

acultures showing important necrosis on leaves and shoots. 
bMeans established with 10116 cultures 6 were dead. 
eMeans (~) not affected by the same letter are significantly different at 5% with Tukey's 
Studentized Range (HSD). 

numerous deficiency symptoms. On B5 medium and Crone's solution, there 
was little and no growth, respectively, of A. crispa and A. glutinosa while 
growth on the NT medium was good although less than on the MS medium. 
MS medium was found to promote the growth of the two species tested 
contrary to WPM and Blaydes media (Table 1). The WPM medium resulted in 
good growth of A. glutinosa but poor growth of A. crispa, while Blaydes 
medium promoted growth of A. crispa but not of A. glutinosa. The MS 
medium was equal or significantly better than WPM and Blaydes media for 
all the observed growth characteristics of the two species. 

Sucrose, glucose and fructose, compared to mannitol, were tested on the' 
seven Alnus species. Controls without sugar as well as culture grown with 
mannitol alone died within 6 weeks, indicating that mannitol is not 
.metabolized by any Alnus species. Cultures grown with fructose remained 
alive for the duration of the experiment although leaf development was 
completely inhibited. Sucrose and glucose in the range of 87raM to 350mM 
supported growth of the seven species of Alnus tested, with an optimum at 
87 to 175 mM depending on the species (Table 2). Sucrose was optimum only 
for A. glutinosa whereas glucose gave a better growth for all other Alnus: 
species in culture. All species when exposed to a sugar other than the optimal 
one, i.e. glucose or sucrose (Figure 3, 4), developed brownish calluses, basal 
necrosis and leaf abnormalities. Furthermore, in these suboptimal conditions, 
little multiplication if not death of cultures, was observed. 

The cytokinins BAP, 2ip and kin were compared at 5/aM on the clones 
AI-2 and A J-6 to check on a possible inhibition of shoot elongation by BAP 
(Table 3). At 5/aM, 2ip enhanced significantly (alpha level: 0.05) shoot length 
and leaf area of the clone AI-2, while the type of cytokinin did not affect 
these parameters for the clone AJ-6. Increasing the concentration of 2ip to 
50 or 500/.tM induced necrosis of cultures instead of increasing the number of 
shoots longer than 0.5 cm. Lowering the concentration of BAP to 1/.d4 
permitted both the formation and the elongation of numerous shoots. 
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Table 2. Sugar requirements of Alnus species and clones during the multiplication stage 
on the MS medium including 2 . 5 / ~ / B A P  

Alnus Clone Sugar 
species number 

Concentration Multiplic~- 
Type a (raM) %(W/V) tion rate 

A. glutinosa 3,4,5,8 S 87 3 3 - 5  
A. crispa 1,15 G 175 3 10 -12  
A. rubra 8,10 G 87 1.5 3 - 5  
A. incana e 2,4,5 G 87 1.5 3 - 5  
A. ]aponica c 6,7,8 G 87 1.5 3 -5  
A. viridis 5,6,7 G 175 3 5 - 7  
A. sinuata 1 G 175 3 5 - 7  

b S =  Sucrose, G = Glucose 
Number of shoots taller than 0.5 cm produced with 3 weeks from 1 subcultured apex 

CMedium including 1 ~ BAP 

Table 3. Effect of BAP, kin and 2ip at 5 ~M on the number of shoots longer than 0.5 cm, 
leaf area and shoot length on clones AI-2 and A J-6 a 

Number of shoots Leaf area Shoot length 
(> 0.5 cm) (1 -5 )  (cm) 

Clone BAP b kin 2ip BAP kin 2ip BAP kin 2ip 

AI-2 1.0a 1.2a 1.0a 1.0a 1.4a 3.4b 0.Sa 1.0ab 1.3b 
AJ-6 1.2a 1.4a 1.0a 1.0a 1.0a 1.8a 1.3a 1.2a 1.1a 

aEach clone was tested separately with 5 replicates, 1 culture per replicate 
bNumerous shoots shorter than 0.5 cm not counted. For each clone, values not affected 
by the same letter are significantly different at 5% with Duncan's test 

Figure 5. Rooted plantlets of A. /aponica after 3 weeks on the rooting medium and 
showing well developed root sytems. 

Figure 6. Nodulated in vitro-propagated plantlets of A. sinuata, clone ASn-1, 2 months 
after inoculation with Frankia strain ARgN22 d. 
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Table 4. Percentages a of rooting in relation with Alnus species, clones and type and 
concentration of sugar used in the rooting medium after 3 weeks 

Alnus Clone Sucrose Glucose 
species number 

87rnM 175mM 87raM 175raM 

A. glut~o~ 3,4,5,8 100 100 100 100 
A. rubm 8,10 80 100 100 100 
A.c~spa 1 30 10 60 40 

15 90 30 100 100 
A. ~cana 2,5 100 100 90 100 

4 40 50 50 50 
A. japon~a 6,7 100 100 100 100 

8 50 30 60 80 
A. virid~ 5 0 0 0 10 

7 60 30 100 60 
A.s~ua~  1 30 30 50 40 

aDetermined with 30 shoots on each medium 

Following the multiplication of every clone of each species on its optimal 
multiplication medium (Table 2, Figure 2), shoots were excised and placed 
on rooting media including sucrose or glucose at different concentrations. 
The rooting percentage after 3 weeks (Figure 5) varied with species, clone, 
type of  sugar and sugar concentration used in the rooting medium (Table 4). 
A. glutinosa and A. rubra rooted 100% independently of clone and medium 
while the species A. crispa, A. japonica, A. incana and A. viridis showed 
clonal variation in their rooting potential. The clones considered "easy-to- 
root" were AC-15, AI.2, AI-5, AJ-7 and AV-7 while the "difficult-to.root" 
clones were AC-1, AI-4, A J-8 and AV-S. The type and concentration of sugar 
used in the rooting medium was critical for the "difficult-to-root" clones. 
Glucose enhanced rooting at the two concentrations tested compared to 
sucrose, the optimal concentration varying with the clone and the species. 

The planters survival following the transfer to an artificial substrate was 
100~ for all clones, whatever the multiplication or rooting media previously 
used. 

Within 3-4 weeks, 100~ of the Frankia.inoculated planters of  all clones of  
the seven species tested were nodulated while no nodulation occurred on the 
non-inoculated controls (Table 5). The development of green leaves on the 
nodulated plantlets as compared to the yellow leaves of the non-nodulated 
controls indicated that Frankia was effective in fLxing nitrogen. This 
observation confirmed the effectiveness of  the numerous root nodules on all 
inoculated plantlets. Following the transfer to the greenhouse, the nodulated 
plantlets showed homogenous and rapid growth (Figure 6). 
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Table 5. Percentages of nodulation of the different species of Alnus inoculated with 
pure cultures of Frankia 

Alnus sp. Fran.kia Number of Number of 
strain nodulated/ nodulated/ 

inoculated controls b 
plantlets a 

A. crispa ARgN22 d 20/20 0/4 
A. glutinosa AGNIAxGo 40/40 0/8 
A. incana ARgN22 d 30/30 0/6 
A. japonica A~N lAG 30/30 0/6 ~ e x o  

A. rubra AGNIAexGo 20/20 0/4 
A. sinuata ARgN22 d 10/10 0/2 
A. viridis AGN 1AxG o 10/10 0/2 
Total 160/160 0/32 

aTen plantlets per clone were inoculated 
bTwo plantlets per clone were not inoculated as controls 

Discussion 

Eighteen clones of  seven Alnus species can be successfully propagated by in 
vitro techniques and have now been maintained in culture in a good 
physiological state for periods of 1.5 to 4 years. 

The initiation step was not critical for any species of Alnus tested. 
However presence of auxin in the medium was deleterious, inducing callus 
development on all species as reported during the multiplication step for 
A. glutinosa [16, 18]. Dividing and transferring the cultures to the same 
basal medium led to callus production, leaf abnormality, basal necrosis, 
inhibition of shoot multiplication and often death of  cultures. This was the 
case with A. crispa, A. incana, A. japonica, A. rubra, A. sinuata and A. viridis 
while the cultures ofA. glutinosa developed normally on the basal medium 
and under the same growth conditions. This variation indicates that A. 
glutinosa and the other species of  Alnus differ in their requirements. 

During the multiplication stage, B5 medium and Crone's solution cannot 
support growth ofA.  crispa or A. glutinosa while the NT medium yields less 
growth than MS medium for the same species. Modifying the MS salt strength 
resulted in deficiency or toxicity symptoms on the cultures. The compared 
growth of A. crispa and A. glutinosa on MS, WPM and Blaydes media 
indicated that these 2 species had different salt requirements, both being only 
fullfiled by the MS medium. Indeed, growth of A. glutinosa is similar on 
WPM and MS media but inhibited on Blaydes medium while growth of A. 
crispa is good on Blaydes and MS media but not on WPM medium. Therefore 
the MS medium was used for the propagation of  the other Alnus species since 
it appeared t o  be a superior and generally well-accepted medium by Alnus. 
These results differ with those of  Read et al. [18] which considered that the 
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MS medium "tended" to stimulate more callus and fewer microshoots than 
the WPM medium on growth of both A. crispa, A. glutinosa and A. rubra, 
without mention of any difference between these two salt formulations in 
regard to the species tested. 

With respect to the sugars tested, sucrose and glucose gave good results 
depending on the Alnus species or clone tested, while the various Alnus 
species can metabolize fructose to some extent but not mannitol. Mannitol 
should therefore constitute a good osmoticum for these Alnus species when 
necessary. Our results indicated differences in the sugar requirements for the 
various Alnus species tested. For example, A. glutinosa was the only species 
tested that grew on sucrose whereas all other species tested required glucose 
at 87 or 175mM. Comparisons of different clones ofA. glutinosa from two 
geographic provenances, clones AG-1 and AG-2 from the Federal Republic of 
Germany [16] and clones AG-3, AG-4, AG-5 and AG-8 from the USSR, 
indicated genetic stability for medium requirements and growth 
characteristics contrary to a previous report on A. rubra (18). However, the 
species A. crispa showed clonal variation in its sugar requirement: the optimal 
sugar for the multiplication ofA. crispa clone AC-2 [21] was sucrose while 
all other clones ofA. crispa needed glucose. 

The cytokinin BAP at 2.5/~M gave good shoot multiplication for A. crispa, 
A. glutinosa, A. rubra, A. sinuata and A. viridis, while a BAP concentration 
of 1/aM was better for A. incana and A. japonica. With these two species, 
BAP gave better results than kin and 2ip, as previously reported on A. 
glutinosa [17] ,A. crispa andA. rubra [11]. 

In vitro rooting of all species has been achieved in 3 weeks on the MS 
medium at half strength including 1 ~ of IBA. In vitro rooting of A. 
glutinosa was previously reported (16, 17), while A. crispa (10, 11, 18), A. 
glutinosa (10, 16, 18) and A. rubra (11, 18) were rooted as microcuttings in 
a mist bed. Our results showed an important variation in the rooting potential 
of Alnus species. All clones of A. glutinosa (AG-3, AG-4, AG-5 and AG-8) 
and ofA. rubra (ARb-8 and ARb-10) rooted 100%. However, we can consider 
two groups of Alnus clones in the other species: the "easy-to-root" and the 
"difficult-to-root" clones. This variable rooting potential of clones of the 
same species was independent of the geographic provenance, for example, the 
A. viridis clones, clones AV-5 and AV-7, were from the same provenance. 
This clonal variation appeared to be related to individual characteristics of 
the seedlings used as mother-plants. Replacing sucrose with glucose in the 
rooting medium enhanced rooting of the "difficult-to-root" clones. 

Survival of the plantlets following soil transfer was not affected by the 
clone, neither by the rooting medium nor by the species. The in vitro growth 
of Alnus on the high salts MS medium results in vigorous fast-growing 
plantlets with a well developed root system. As previously reported (17), the 
in vitro propagation technique did not affect the ability of Alnus roots t o  
form actinorhizae with Frankia as all inoculated plantlets were nodulated. 
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The development of  green leaves on the nodulated plantlets as compared to 
the yellow leaves of  the non-nodulated controls indicated that Frankia was 
effective in timing nitrogen. This observation confirmed the effectiveness of  
the numerous root  nodules on all inoculated plantlets. 

We are now able to propagate by in vitro techniques eighteen clones of  
seven Alnus species from different geographic locations. This opens up the 
possibility of  large scale product ion of  interesting Alnus clones. The 
development o f  these techniques can be a powerful  genetic tool,  for example 

the in vitro propagation of  a non-nodulating clone of  A. crispa [21] . ,  
Fur thermore,  the in vitro propagated clones can be used to compare the 
effects o f  Frankia isolates on the growth of  genetically defined host-plants, as 
done by Dawson and Sun [2] with clones obtained from cuttings. Genetic 
studies of  cloned actinorhizal plants without  the interference of  other 

microorganisms [ 17] ,  as present on cuttings, is now possible. 
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