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Abstract: 

The ability of shoot tips from 
carnation (Dianthus 'caryophyllus L., var. 
Eolo) cultured in vitro to develop resis- 
tance to freezing in liquid nitrogen depends 
on the physiological state of the cell 
material and the pretreatment conditions. 
Regrowth rates close to i00% have been 
obtained with apical shoot tips isolated 
from 2 month-old stems, precultured on 
medium supplemented with sucrose (0.75M) and 
treated with dimethylsulfoxide (5% or more). 
Resistance of axillary shoot tips decreased 
progressively as a funtion of their distance 
from the apical shoot tip. During the 
development of the stem from axillary buds 
(obtained by cutting), progressive increases 
in the regrowth rate of frozen apices were 
noted, from 30% before cutting (axillary 
buds) to 98% after 3 weeks of culture. 
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Introduction : 

Among possible approaches to the con- 
servation of germplasm, only storage at 
ultra-low temperature (in LN) can ensure 
long-term preservation of material under 
conditions of good genetic stability. Cryo- 
preservation has been successfully applied 
to meristems of several species (Kartha, 
1985), including carnation (Seibert, 1 9 7 6 ;  
Seibert and Wetherbee, 1977; Uemura and 
Sakai, 1980). 

The physiological problems raised by 
meristem cryopreservation relate both to the 
mechanism of action of cryoprotectants and 
the physiological state of the plant mate- 
rial, which could be one of the main factors 
for survival after freezing in LN. Methods 
developed for greenhouse plants, for 
example, are generally not suitable for 
plants of the same species grown in vitro 
(Dereuddre et al., 1987). 
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Axillary shoot tips, the physiological 
state of which differs markedly from that of 
apical shoot tips, have been little used in 
eryopreservation, except by Towill (1981 
a,b; 1983) and Bajmj (1978), in the case of 
potato. 

The aim of the present study was to 
compare the resistance to LN of apical and 
axillary shoot tips of carnation plantlets 
produced by in vitro culture. 

Materials and Methods 

For in vitro propagation, cuttings were 
taken from 6 to 8 week-old in vitro 
plantlets measuring about 15 cm in height. 
The rank of the nodal cuttings (5th to 9th) 
had no influence on the growth rate or the 
appearence of the new stem elaborated from 
the axillary bud. Explants were cultured 
according to the method described previously 
(Dereuddre et al., 1987). 

Cuttings were either cultured in tubes 
(20 x 2.5 cm) or in jars. Tubes were used 
for micropropagation and experiments 
concerning cryopreservation of apical and 
axillary shoot tips excised from two 
month-old plantlets. 3ars were used for 
experiments concerning resistance of tips 
during the first 3 weeks of culture. In 
both cases, cuttings were kept in a culture 
chamber where the temperature was 25°C, the 
relative humidity _~round 65% and the 
photoperio~ 16 h day , with an irradiance 
of 13 W m 

For cryopreservation, the basic 
technique is that described by Dereuddre et 
al. (1987). The media used throughout the 
cryopreservation process differed from the 
standard cutting culture medium by the 
presence of growth regulators (6-benzylami- 
nopgrine , lO-~M and gibberellic acid, 
lO-'M), the agar content (0.7% instead of 1% 
for the solid media) and the presence of 
cryoprotectants. The explants~ consisting 
of the apical dome with a pair of leaf 
primordia, and measuring about 0.5 mm in 
length, were kept overnight on a solid 
preculture medium supplemented with sucrose 



at different concentrations (0 to 1M), 
under the conditions used for micr~o- 
propagation. DMSO treatment was performed 
at O°C. Apices were resuspended in the 
preculture liquid medium. The solution 
containing DMSO and the same sucrose 
concentration as in the preculture medium 
was gradually added, over 30 minutes, until 
the desired concentration of DMSO in 
eryopreservative medium was reached. After 
2 hours incubation, the tips (approximately 
50 for each set of experimental conditions) 
were divided among 3 cryobiological 
ampoules, each containing 1 ml of cryopro- 
tectant solution. 

Sample~ were gradually cooled 
(0.5°C min- ) to -40°C, using a programmed 
freezer (Ninicool-type, by l'Air Liquide); 
freezing was induced with forceps precooled 
in LN at 3 degrees below the freezing 
temperature of the cryoprotective media. 
Once the temperature of -40°C was reached, 
samples were directly immersed in LN, where 
they were stored up to one week. After rapid 
thawing for 2 min, in a thermostated water 
bath at 40°C, the shoot tips were 
transferred to culture medium of the same 
composition as preculture medium (in 
particular, containing the same sucrose 
concentration). They were subcultured daily 
(1 to 4 days) on decreasing concentrations 
of sucrose, until the standard concentration 
of O.1H was reached. Survival was defined as 
the percentage of shoot tips recovering 
normal regrowth of the meristem after 
freezing and thawing. 
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Fig. I. Schematic representation of the 
sampling procedure used for 
studying the freezing resistance of 
shoot tips during the first three 
weeks of cutting culture, ap, 
apical shoot tip; ax, axillary 
shoot tips. 

To study changes in the freezing 
resistance of axillary shoot tips during 
the first stages of stem elaboration, nodal 
cuttings of the same range as those chosen 
for micropropagation (range 5 to 9 from the 
top of the apical meristem) were allowed to 
grow for 0 to 21 days only before removal of 
the shoot tip. Shoot tips were designated 
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by the age of the original cutting (Tigure 
1). 

Results 

A) Resistance of apical shoot tips 

a) Effects of Sucrose Content 

For these experiments, the DNSO content 
of the cryoprotectant solutions was fixed at 
5%. The results (Fig. 2) demonstrate that 
high sucrose concentrations during pretreat- 
ment improve survival of shoot tips after 
cryopreservation. Survival rates above 75% 
were only noted with sucrose concentrations 
of 0.3 to 0.75N. The survival rate of 99°,~ 
obtained with 0.75N sucrose differed 
significantly from that noted with other 
sucrose concentrations (chi-square test, 
p'O.1), and 0.75M sucrose can thus be 
considered optimal for regrowth. Survival 
decreased to 8% in the presence of 1N 
sucrose and to 0,% with 0 and O.1M sucrose. 
This does not appear to be due to the 
preeulture, since all the control pretrea- 
ted, but unfrozen, apices _developed normal- 
ly, whatever the sucrose concentration. 
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Fig. 2. Effects of sucrose concentration in 
pretreatment media on survival of 
shoot tips after freezing in LN. 
Bars represent standard deviation. 
The DMSO concentration in cryopro- 
tective media was 5%. 

b) Effect of DNSO Content 

In this study, the sucrose concentra- 
tion giving optimal regrowth rates (0.75M, 
see above) was used in the two pretreatment 
media. Figure 3 shows the results. 

A regrowth rate of 35% was noted with 
DMSO-free cryoprotectsnt solution. Regrowth 
rates increased with DHSO content, reaching 
93~ with 2.5~ DHSO and nearly 100% with 5 to 
15% DHSO. 

These preliminary results allowed us to 
define optimal conditions for cryopreser- 
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vation of apical shoot tips from 2 month-old 
in vitro plantlets: overnight preculture on 
medium supplemented with 0.75M sucrose, 
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Effects of DMSO concentration in 
the cryoprotectant solution on 
survival of shoot tips after 
freezing in LN. Bars represent 
standard deviation. The sucrose 
concentration in cryoprotective 
media was 0.75M. 
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followed by application of cryoprotectant 
solution containing 5% DMSO and 0.75M 
sucrose. These experimental conditions were 
used to define any differences between shoot 
tips of different physiological stages. They 
were applied to study the resistance of 
axillary shoot tips, before and during their 
reactivation by nodal cutting culture. 

B) Resistance of axillary shoot tips 

lhe resistance of axillary shoot tips 
to LN was studied as a function of their 
range number from the apical shoot tip of 
two-month old plantlets (~ig.4). The 
resistance of axillary shoot tips from 
range 1 to 4 (90%) was similar to that of 
apical shoot tips. It decreased gradually 
from range 5 (68%). Close to the base of the 
stem (range ll), the survival rate was 
lower than 10% (6 to 9% depending to the 
experiment). 
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Fig. 4. Changes in the resistance of 
axillary shoot tips to LN as a 
function of their range along the 
stem (range 0 corresponded to apical 
shoot tip). DMSO and sucrose concen- 
trations were respectively 5% and 
0.75M. 

Fig. 5. Effects of the duration of culture 
of cuttings on survival of shoot 
tips after freezing in LN. Bars 
represent standard deviation. 

C) Changes in Shoot Tip Resistance to Deep 
Freezing During the First 3 Weeks of Cutting 
Culture. 

Figure 5 shows the changes in survival 
of shoot tips excised from 0 (axillary shoot 
tips) to 21 day-old single nodal cuttings 
(apical shoot tips). The survival rate of 
axillary shoot tips excised from 2 month-old 
plantlets was relatively low (30%), 
compared with that of apical shoot tips 
from the same plantlets. 

During the first 2 days of cutting 
culture, survival rates increased transient- 
ly to 61%. A decrease was noted on the third 
day of culture (21%). A similar phenomenon 
has been noted in tips obtained in the same 
way (from 3 to 5 day-old cuttings), but kept 
at O°C during preculture on 0.75M sucrose 
(unpublished data), all other parameters 
being the same (DMSO treatment, freezing, 



thawing and sub-cultures). The survival 
rate subsequently increased gradually with 
the duration cutting culture; after 14 and 
21 days, it attained values similar to those 
noted in shoot tips from 2 month-old 
plantlets (94 and 98% respectively). 

Discussion 

For cryopreservation, apices are 
generally excised from green-house grown 
plants, such as potato (Towill, 1981a,b; 
1984), asparagus (Kumu et al., 1983), 
Brussels sprouts (Harada et al., 1985) and 
strawberry (Sakai et al., 1978; Kartha et 
al., 1980). Few species have been cryo- 
preserved from in vitro cultured plantlets: 
potato (Towill, 1984) and apple (Kuo and 
Lineberger, 1985). However, it is commonly 
admitted that in vitro cultured plantlets 
are a preferable source of material for 
germplasm preservation purposes, because 
they are cultured under disease-free 
conditions and their growth can be easily 
controlled. 

With carnation, the resistance of 
apical shoot tips to freezing in LN was 
first noted in stock plants maintained in a 
growth chamber (Seibert, 1976; Seibert and 
Wetherbee, 1977; Uemura and Sakai, 1980). In 
these experiments, cold treatment of plants 
for several days was required before 
sampling of the explants to obtain high 
regrowth rates after freezing in LN. With i__nn 
vitro plantlets, the resistance of carnation 
shoot tips to deep freezing appeared to be 
highly dependant on sucrose concentration in 
the two pretreatment media. The best results 
were obtained with high concentrations of 
sucrose as noted with cell suspensions and 
with calluses (Withers and King, 1980; 
Diettrich et al., 1982; Seitz et al., 1983; 
Augereau e t  al., 1986) when sucrose was 
employed in mixture with DMSO. 

Cryoprotectant solutions containing 5 
to 15% DMSO have been used with shoot tips 
from asparagus (Kumu et al., 1983), Brussels 
sprouts (Harada et al., 1985) and cold- 
hardened woody species (Moriguchi et al., 
1985). We used similar DMSO levels, which 
did not seem to be toxic for apices of i_nn 
vitro cultured carnation. However, whereas 
DMSO appeared to be necessary for obtaining 
high survival rates, a significant regrowth 
rate (35%), was obtained with sucrose alone 
as cryoprotectant; this result completes 
those obtained for immature zygotic embryos 
of Capsella bursa pastoris (Monnier and 
Ladder, 1978) and somatic embryos of Elaeis 
guineensis (Engelmann et al., 1985). 

Axillary shoot tips were more sensitive 
to deep freezing in LN than apical shoot 
tips sampled from the same two month-old 
plantlets. This sensitivity of axillary 
shoot tips increased with distance from the 
apical shoot tip and may be closely related 
with physiological differences caused by to 
correlative inhibitions induced by apical 
dominance. This result differed markedly 
from those obtained with dormant shoot tips 
prepared from overwintering Brussels sprouts 
(Harada et al., 1985) and from those 
obtained with shoot tips excised from 
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cultures of apple after in vitro controlled 
cold acclimatization (Kuo and Lineberger, 
1985). Since high resistance to LN is 
attained by dormant shoot tips (Sakai and 
Nishiyama, 1978; Katano et al., 1983; 
Moriguchi et al., 1985), and low levels of 
resistance are noted with axillary shoot 
tips, it seems that these two quiescent 
states may differ markedly. 

With carnation, reactivation of axil- 
lary buds on cuttings was rapid (less than 
two days), but was not sufficient to 
increase survival of cryopreserved shoot 
tips: high resistance to LN in apical shoot 
tips requires several weeks of cutting 
culture. This underlines the importance of 
the physiological stage of organs under 
study. 
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