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Studies on the storage of larch (Larix leptolepis) pollen
at super-low temperatures (I)
Some problems concerning with water
contents and pre-freezing
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Cooling rate curve obtained when 1ecc glass ampoule was
immersed in  dry-ice, ethanol mixture {—80°C}
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Oscillograms were obtained when some kinds of vessels were immersed in

liguid nitrogen (= 1#6°C), and subsequently rewarmed in water at +27°C.
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Fig- 1. Oscillograms and cooling rate curves of pollen grains
contained in different kinds of vessels.
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Table 1. Freezing temperature and survival rate of larch
pollen at different water contents.

B Temp. & /K % Water content (%)
(0) 11% 30% 40% 50% 50% 76%
(5) 94.1 (%) | 99.0 (%) |  98.0 (%) — ) — (%) | 667 (%)

— 10 98.3 99.0 — 99.4 52.5 56.0
— 15 - i _ -
90 30.4 —

98.0 99.0 98.0 85.1 85.3 27.3
- 25 — — — 75.8 88.9 —
— 30 98.1 93.6 68.2 — 40.6 55.4
— 35 97.0 92.7 72.2 25 38.2 2.0
— 40 94.0 88.5 34.0 8.3 9.9 +
— 45 96.9 96.2 36.2 0.0 0.0 16.0
— 50 94.4 97.2 29.2 0.0 0.0 0.0
— 55 — — — 0.0 — —
— 60 — — + 0.0 0.0 0.0
— 65 — — — 0.0 — —
0 — — — 0.0 0.0 0.0
— 175 — — — 0.0 — —
— 80 72.5 97.4 0.0 0.0 0.0 0.0
196 98.0 97.0 0.0 0.0 0.0 0.0

0~80C : ZuEMA Rapidcooling
—196°C : [HEEHXA 10451 Direct cooling, 10min
R ([ERT% T2 FFH) Survival rate : 72 hrs after setting
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Fig. 2. Survival curve of pollen obtained from
aome spicies of coniferous trees.
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Table 2. Rapid cooling and its injury pattern.

& oK R
Water 11% 30% 76%
Content
Tom. | viva | BU[B2| Ci| Co | Du| J I Ba| Cof Cs| Ca| Fu| 20 | Bi|B2| Cs| Ca| Di| D
rate rate rate
avha—L | 990
Control 98.0 99.0
0C | 941 99.0 66.7 | 4
— 101 gg3 99.0 56.0 e .
— 20 1 9g0 99.0 973 | T T |
— 30 ' 93.6 554 | TP H]7 +
— g5 | 910 92.7 2.0 j 17 ?
I 885 . + Ak ?
— 45 | 969 96.2 N 16.0 o |+ l2 | +]2
— 50 | 944 97.2 N 0.0 202 | 4+1]°
— 80 |405 | T T |7 || 974 + 0.0 o |9 2
+ . 1fRBPICSFHTALND DD, rare
+ 0 1HRBPOEALND D, afew
? o 1B D OB A BID H D, common
? 0 AEEHIUZEAEALND H D, abundant
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Table 3. Pre-freezing time and its injury pattern.
EKE 50%DAEK)  Pollen, water contents 50% BT 96 ] 96 hrs after setting

S #; 193;@ TAfEFEIEE  Pre-freezing tempreature.
4H§7 Afll/*\l-f NIRHH] _ 9 o O, o S
B | Gtk ) 5C 10C 15C
Pre- Immersed AEATER AEATER AEATER
freezing time in S\ By | Ca| Ds | Fo| 5™ | Be|Ca|Ds| Fo| 5% | By| Ca|Ds| Fo
time liq. vival vival vival
nitrogen rate(%) rate(%) rate(%)
Lhr 20 min 0.0 ? + 19.7 + | o+ 40.7 +
2 20 7 + ? + 29.9 + |+ 60.1 +
6 7 12 hr 0.0 ? + 28.3 + + + 56.3 + +
18 » 8 0.0 + ? + + ? ? + 10.0 + +
27 1 24 1 0.0 + ? + 18.8 + + + 15.8 + +
50 ” 5 days 0.0 + ? + 15.4 + + + 10.7 + +
GRFE 76%D1EN  Pollen, water contents 76% B 72 Fffl] 72 hrs after setting
o —196C TAfEFEIEE  Pre-freezing temperature.
TSR | BAREH —5C ~10C ~15C
JLERRER] | (GRART > V)
Pre- Immersed LRSS LRSS LRSS
freezing time in Sur- Bi | B2 | C | C| Cs Sur- Bi|B:|Ci|Ca|Cs Sur- Bi| B |Ci|Ca|Cs
time liq. vival vival vival
nitrogen rate(%) rate(%) rate(%)
1hr 20 min 0.0 ? ? 28.3 + + 27.1 + + | +
2 20 7 0.0 ? ? 35.8 + |+ 50.0 + +
5 20 ” 0.0 ? ? 37.2 + + 30.7 + +
6 1 12 hr 0.0 ? + + 25.3 + + 24.4 + +
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Table 4.  Duration of exposure to different temperature and patterns of injury.
AFERE  Temp. —10C —30C —50°C —196C
L iwy | (gl g|c|e|o|B|N|B|B|c|ola|B|N|B|B|0|G B |G B
SLPREEE] Time ' g 1 1
1min | ? ? ? + | ?
i, 5 0 |7 ? + + | + + | ?
8 é ~1 10 7 |? ?2 | = ?2 |+ + | ?
% £ 2
S &l 200 |2 ? 2+ |+ + |2
7k é.s 'b
= % 8| 300 |? 2 |+ + 1?2 |+ + ]2
C <)
. | 1 hr |? +]°? 1?2 |+ +]?
0 £ 2
% % 2 ? ? + + + | ? + |2
~
% 7o | ? | * ?20? +|? + | ?
0
100 + |2
1min | ? ? ?207? ? | =
Vid 5 ? ? + + ?
g 100 |2 SRR T E |7
- 20 2 2 | + + ]9 +
no| 9 + |+ |+ ? |+ ? +
7K g
x®OOR 30 n | ? + + | + ? | =x + +
2
; 1 hr |7 7+ ?2 |+ ?
% 8
4 8 2 N ? ? ? ?
s e ? ? |+ ? |+ |+ ?
% 7o |7 7+ 20?7+ ?
0
100 ? +
EH%  Normal form or non injury = T EIUIHABID, rare
+: DEHOND, afew
? MR DT HHLD, common
? 2HEFEE A EARDBILD, aabundant
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Fig. 3. Predfreezing time and morphological changes of
pollen with high water contents (Schematical),
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Summary

This study was carried out to store larch (Larix leptplepis) pollen for a long period at super-low
temperatures.

Relations were studied between water contents of the pollen and its survival, and some
morphological changes were observed.

1. Larch pollen can survive after they were immersed directly in liquid nitrogen (—196°C) if its
water contents were below 30% (see Table 1 and Fig. 2).

2. The maximum water contents for survival of the pollen were rather higher than those of other
coniferous pollens (Cryptomeria, Cedrus etc). When the water contents of larch pollen were higher than
40%, all of the pollen died at —30C~—40C. Ice-crystal fully developed at this range of temperature and
other kind of pollen also died at the same range (see Tables 1 and 2, and Fig. 2).

3. Toinvestigate effective pre-freezing temperature, larch pollen was prefrozen for an hour to six
hours at temperatures —5, —10 and —15C and was then immersed directly in liquid nitrogen. When
the water contents of pollen were comparatively high (50-76%), prefreezing treatment at —5C had no
effect, while the treatments at —10°C and—15°C were effective for survival of pollen (see Table 3). 60%
of the pollen which were suffered prefreezing treatment would be able to survive, while all of the pollen
with no prefreezing treatrnent were not viable.

4.  The pollen with 40%water content was cooled directly at —30°C, there found no damaged
pollen grains in a minute after cooling, but pseudoplasmolysis was observed after an hour and the
ice-crystal developed at inner part of the intine in several hours later under the successive cooling. On the
other hand, for the pollen with 76% water content, no change was observed within a minute after
cooling, but pseudoplasmolysis was observed in ten minutes and some of them formed ice-crystal under
the successive cooling (see Fig, 3).

When the pseudoplasmolized pollen and pollen with ice-crystal were cultured on agar medium,
large air bubbles were produced in protoplasm (see Fig. 3).

5. The following stages of damage were seen morphologically when larch pollen was immersed in
liquid nitrogen (see Photo. I).

Normal form. Stages 1, 2and 3.
Pseudoplasmolized form. Stages 1 and 2.
Crystallized form. Stages 1, 2, 3 and 4.
Abnormal form. Forms 1, 2and 3.
Broken form. Forms 1 and 2.

HTEOOWR

Special form. Stages 1 and 2.
As time passes the stages advance from 1 to 4 successively, inA, Band C.
The pollen only in the stages A and F can survive from freezing.
6.  Extend of damage on larch pollen by being frozen at —30°C depends upon the water content.



The higher the water content, the shorter the time for injury. When the pollen with 40%water content
was immersed in liquid nitrogen, ice-crystal was immediately formed. Growth of ice-crystal depends upon
the time immersed in liquid nitrogen (see Photos I and II).
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IEFRIERY (BIRTE 24~48 IRFi#H)
Normal form.

RIFESAER) (BIRTE 72~120 I#H)
Pre-germination stage.

FEHARy (KRR 144 FEHLLE)
Germination of pollen.

B A RACK

Abnormal (spherical) growth.
IR BE (1145)
Pseudoplasmolized stage—stage 1.
IR EE (FP)
Pseudoplasmolized stage—stage 2.

oK 2 PN IS AR L 7 AER)

Air bubbles are observed in the inner part of intine. Bubbles seemed to be formed after melting of

minute ice-crystal.

IKEmODFEEE L7468y

Pollen grains at more advanced stage of C1.

Plasm F CKMBDAER L7 1B/

Pollen grains at more advanced stage of C2. Ice-crystal is formed in the plasm.
Ci~Cs DAEKDO N THIFIR ETOIRAER

Pollen grains on ager plate (Ci~Csstages).

BB A O T AEy (R LD b0, H L<IT Abortive Th-o72H D)
Abnormal pollen caused by dryness.

RIARZE R E M IR L7216k

Abnormal pollen caused after direct immersion in liquid nitrogen (—196C).
D1, D2 %5:0FEKOFEIIR ETOIRRE

Pollen grains on ager medium (D1 and Dz stages) .

IR AER)

Punctured pollen on agar medium.
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Punctured pollen caused after rapid freezing owing to high water content (—196°C).
KAEPEBIZ S B2 AEME L L7468

Ellipsoidal pollen grains with air bubbles.

F1 O OFEFIR FIZI1T k08

Ellipsoidal pollen at more advanced stage of F1 on agar medium.
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Prefreezing treatment at —5°C for 2 hours Prefreezing treatment at —10°C for hours
and exposed to —196°C for 20 minutes. and exposed to —196°C for 20 minutes. Pollen
Pollen water content : 76%. watrer content : 76%.
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Prefreezing treatment at —15°C for 2 hours Non treatment.

and exposed to —196°C for 20 minutes. After setting about 120 hours on agar medium.
Water content pf pollen is 76% and after (Pregermination stage. )

setting about 1 hour on agar medium.

FHE—2 FEHIK RIBT D Tt

Photo 2. Pollen grains on agar medium under the prefreezing.



