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Introduction 

Recently, cryopreservation of genetic resources is increasing in importance 
as an international co-operative, biological program. 

The successful development of a whole plant from an excised shoot 
apex after freezing down to -196°C was first reported with a carnation 
plant by SEIBERT and WETHERBEE15). After which, success in freeze-pre­
servation of a shoot apex in liquid nitrogen were reported in strawberry8,13) 

pea,7J tomatoo), potat04), and other some higher plant species. 

In this paper, five experiments were carried out to clarify some factors 
contributing to the viability of a lateral shoot tip of asparagus spear frozen 
down to temperatures of liquid nitrogen (-196°C). 

Materials and Methods 

All of the experiments were carried out in January through to February, 
1980, using asparagus spears (cv. Mary Washington 500) sprouting from the 
5 year old plants which were transplanted to a green house from the field 
in November, 1979. 

Small unbranched lateral shoot tips (1.5 to 2.0 mm in length) with some 
growing points were excised from the surface-sterilized lateral shootlets of 
the asparagus spears, and immersed in 0.25 ml of 3% glucose solution in 
a graduated spitz tube (15 mm in diameter, 115 mm in length). Then, these 
samples were treated by the following methods in each experiment. 

Experiment I. Cold resistance of asparagus shoot tips without 
pre culture and DMSO treatment: 

The spitz tubes were plunged in an ethanol bath at ooe, then they were 
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cooled down to - 2.5°, - 5°, -7.5° and -100 e at a rate of OSC;min. After 
left standing at each required temperature for 2 hours, each spitz tube was 
rewarmed rapidly in water at 400 e, and then the sample tissues were planted 
on the solid medium and cultured aseptically. The medium used contained 
inorganic and organic substances of MURASHIGE and SKOOG'S (MS) medium, 
2% sucrose, 0.75% agar, 10-6 M lBA and 5 X 10-8 M BA. The cultures were 
maintained under 25°e and 16-hour illumination of 4,000 Ix per day. 

Experiment II. Effect of concentrations of DMSO on survival 
of shoot tips frozen down to -196°C: 

The samples were immersed in 0.25 ml solution containing 3% glucose 
and 4, 8, 12, 16 and 20% DMSO (dimethyl sulfoxide) in a spitz tube. After 
left standing at 3°e for 2 hours, spitz tubes were plunged in an ethanol 
bath at O°C, and cooled down to -10°C in 10 minutes. To induce freezing 
in the solution and the sample tissues, the outer surface of the tube wall 
touching the solution was cooled with dry ice for a few seconds. Frozen 
samples were successively cooled down to - 40°C at a rate of 0.5°C/min, 
and maintained at the temperature for 10 minutes. These spitz tubes were 
very swiftly plunged in liquid nitrogen. 

After left standing at -196°e for 30 minutes, these tubes were rewarmed 
rapidly in water at 40°C (rewarming rate: 5000 e/min). After 30 min. of 
immersing of the samples in MS liquid medium to remove DMSO, they were 
planted on MS solid medium. The MS medium used contained 2% sucrose, 
0.75% agar, 5 X 10-7 M lBA and 10-7 M BA. The cultures were maintained 
under 25°C and 16-hour illumination of 4,000 Ix per day. 

Experiment III. Effect of preculture with the medium containing 
4% DMSO on survival of shoot tips frozen down to -196°C: 

Samples were cultured on the solid medium containing the required 
substances for 2 days before the freezing treatment. 

This was referred to as 'preculture'. The medium used in pre-culture 
contained inorganic and organic substances of MS medium, 3% glucose, 4% 
(v/v) DMSO and 0.75% agar. The culture was maintained under 25°e and 
16-hour illumination of 4,000 Ix per day. After pre-culture, the samples were 
treated with the same method as mentioned in Experiment II. 

Experiment IV. Effect of prefreezing temperature on survival 
of shoot tips frozen down to -196°C: 

Samples were immersed in 0.25 ml of solution containing 3 % glucose and 
16% DMSO in a spitz tube for 2 hours at 3°e; then the spitz tubes were 
cooled down to -10, -15, - 30, - 40, - 50 and - 600 e at a rate of OSC/ 
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min. Then, each spitz tube were plunged in liquid nitrogen for 30 minutes. 
After which, the samples were rewarmed rapidly and cultured aseptically by 
the same method of Experiment II. 

Another cooling method was applied in this Experiment for trial. Namely, 
tissues treated with 16% DMSO solution were placed on a coverglass and 
the surrounding solution was removed. 

Then these samples were very. rapidly cooled by direct immersion in 
liquid nitrogen (cooling rate: 106°C/min) without prefreezing. 

After left standing for 30 minutes at -196°C, the coverglass was Im­
mersed in the MS solution containing 3% sucrose at 40°C. 

Experiment V. Effect of cooling rate in prefreezing on 
survival of shoot tips frozen down to -196°C: 

Sample tissues were precultured for 2 days according to the method 
mentioned in Experiment III, followed by immersing in 16% DMSO solution 
in a spitz tube for 2 hours at 3°C. Spitz tubes were successively cooled 
down from -lOoC to -40°C at five different rates (0.5, 1, 2.5 and lOoC/min). 
After which, they were plunged in liquid nitrogen for 30 minutes and were 
rewarmed rapidly in water at 40°C. The procedure of washing and plant­
ing were the same as in Experiment II. 

Twenty tissues were used in each treatment in Experiment I-V. 

Results and Discussion 

Experiment I. Cold resistance of asparagus shoot tips 
without pre-culture and DMSO treatment: 

Sample tissues which sustained freezing injury lost their original light 
green color and showed a semitransparent white color. On the 30th day in 
the culture after thawing, the survival rate was about 80% at -2.5°C treat­
ment, 40% at -SoC and 7.SoC treatment and 10% at -lOOC treatment, 
respectively (Fig. 1). From these results, it may be suggested that the 
meristem cells of asparagus has a high cold resistance essentially. However, 
it is necessary to use a cryoprotectant such as DMSO for survival of tissues 
cooled down to -196°C. 

Experiment II. Effect of concentrations of DMSO on survival 
of shoot tips frozen down to -196°C: 

On the effect of DMSO in DMSO solution-immersion treatment, NAG 
and STREET9) and SAKAI and SUGAWARA12) reported that 5 to 8% DMSO 
was essential for the survival in cultured plant cell. However, in the shoot 
tips, it was shown that relatively high concentrations of DMSO suchas 12 to 
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Fig. 1. Cold resistance of asparagus shoot tips without 
preculture and DMSO treatment. 
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Fig. 2. Effect of DMSO concentration on survival of shoot tips 
immersed in liquid nitrogen following prefreezing to 
-40°C. 

16 % was effective for survival. 13.17l The same results were observed in this 
experiment. Namely, 12 to 16% DMSO was essential for the survival of 
shoot tips of asparagus, and the survival rate of the shoot tips was 80 to 
82% in the presence of 12 to 16% DMSO (Fig. 2). 

In DMSO treatment, 120 minutes of immersing treatment in 12-16% 
DMSO solution at 3°C was sufficient for a high rate of survivali,n asparagus 
shoot tips. 
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Experimerit"1H;Et1'ect--6f pre culture with the medium containing 
4% DMSO on survival of shoot tips frozen down to -196°C: 

The effect of pre culture on survival of shoot tips was observed in this 
experiment, because a high survival rate was obtained in each concentration 
of DMSO. Especially, in the presence of 8 to 20% of DMSO, the survival 
rate was 95 to 100% (Fig. 3). This fact suggests that penetration of DMSO 
into meristematic cells is gradually obtained during the pr.eculture period. 
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Fig. 3. Effect of DMSO concentration on survival of shoot tips 
immersed in liquid nitrogen following prefreezing to 
-40°C after 2 days pre-cultyre. _._-- --' 

Experiment IV. Effect of prefre~zing temperature on survival 
of shoot tips frozen down to -196°C: 

In general, prefreezing greatly reduces the growth rate of intracellular 
ice crystals formed during rapiq cooling and is very effective for survivaJ.1°,U) 
In this experiment, the survival rate was lowest (about 30% on the 30th day 
after thawing) at -lOoe of' prefrozen temperature and it increased with the 
decreasing of temperatures down to -30°C, reaching about 100% (Fig. 4). 
In the shoot tips prefrozen to - 30, - 40, - 50 and - 60°C, survival rate 
was 100%. 

Superrapid cooling method without prefreezing Was reported in some 
plants2,3,4,6,H,16,16). In this experiment, comparatively high survival (about 65%) 
was observed with direct immersion in liquid nitrogen (cooling rate: 105°CI 
min). Such a superrapid cooling method will be usefl,ll for asparagus and 
for some other plant samples because this method is simple and does not 
require a long time. 
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Fig. 4. Effect of prefreezing temperature on survival of shoot 
tips immersed in liquid nitrogen. 

*. Direct immersion in liquid nitrogen using coverglass 
without prefreezing. 

Experiment V. Effect of cooling rate in prefreezing on 
survival of shoot tips frozen down.to.--:.19JLC_; __ , ____ .. __ . 

On the cooling rate in prefree2;ing, 0.5-1.0°C/min was usually used for 
shoot tips. In this experiment, the survIval rate was lowest (about 20%) at 
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Fig. 5. Effect of cooling rate in prefreezing on survival of 
shoot tips immersed in liquid nitrogen .. 

'1': Samples in the spitz tubes were cooled directly in liquid 
nitrogen from -lOoC. 
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10°C/min of cooling rate and it increased with the decreasing cooling rate 
down to OSC/min, reaching 100% (Fig. 5). This result was included in 
the limit reported above. 

When the spitz tubes including samples were cooled directly in liquid 
nitrogen from -10°C, percentage of survival was about 40%. 

Shoot tips that survived in this experiment grew normally on the plant­
regenerating medium and developed roots after about 8 to l2-week incubation. 
After 6 or more months, some of these samples successfuly developed to 
whole plants (Fig. 6, 7). These facts suggest that it may be possible to 
establish a method of long-term storage in liquid nitrogen in the near future. 

A B 

Fig. 6. Development of shoot tips on the culture medium after 

thawing. 

A: A shoot tip planted on the culture medium immediately 

after thawing. 
B: Development of lateral buds from a shoot tip cultured for 

2 weeks after thawing . 

. Summary 

Experiments were carried out to determine some factors contributing 
to the survival of lateral shoot tips of asparagus spears frozen down to the 
temperature of liquid nitrogen (-196°C). The results obtained are sum­

marized as follows; 
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Fig. 7. A plantlet obtained from a shoot tip frozen down to 
-196°C. 

1. Only 10% survival was obtained at -lOoC in 3% glucose solution 
without DMSO treatment, while a high percentage of survival (80-100%) 
was obtained after freezing down to -196°C using DMSO as a cryoprotectant. 

2. Regarding DMSO treatment, it was found that 120-minute immersion 
in 12 or 16% DMSO solution at 3°C was most effective for the survival of 
samples. 

3. Two-day preculture with the solid medium containing 4% DMSO 
before immersing treatment in the 16% DMSO solution was also effective 
for the viability of samples .. 

4. Prefreezing treatment in the presence of 16% DMSO before liquid 
nitrogen treatment was effective for survival of samples, likewise. In this 
case, the survival rate of samples prefrozen to -30 to -40°C was 100%. 
In prefreezing from -10°C to -40°C, the cooling rate of OSC/min showed 
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the highest survival (about 100%). 

5. A comparatively high percentage of survival (about 65%) was 
obtained by immersing the samples on a coverglass In liquid nitrogen di­
rectly. In this case, the cooling rate was lO~oC/min. 

6. Shoot tips that survived in this experiment grew normally on the 
plant-regenerating medium and successfully developed to whole plants. These 
facts suggest that it may be possible to establish a method of long-term 
storage in liquid nitrogen in the near future. 
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