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Á�: ÏLéZH�m9ý?n§Ý��$§��^��¢�&¢, çÀÑ[����

(Haplocladium microphyllum) �f�$§�·��^�, |^�·��^�é[�����

f?1ØÓ�m (1 d!15 d!30 d!90 d!180 d) ��$§��ïÄ, ¿��²?Û?n��

Ý\����f?1'�. (JL²: (1)[�����f37�ZH 5 h!–20 ◦C $§ý?n

Ú¿§g5YzÈ�^�e�²þ�uÇ�p (88.26%), ZH 20 h!~§?n��f�ZH

5 h!–20 ◦C $§ý?n��f²þ�uÇ�ÉØwÍ; (2)���� 1 d ���f²þ�uÇ

(88.26%) pu�^������f²þ�uÇ (77.90%), �� 30 d ���f²þ�uÇü�

6.03%, 
�� 90 d �²þ�uÇqÑyþ,�ª³, �� 88.47%, �� 180 d �²þ�uÇ

E�±3 49.46%, �é�±Ç� 63.49%. Ïd, ¦^���$§�Ï��[�����f´

�1�.
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Cryopreservation of spores of Haplocladium microphyllum

(Hedw.) Broth
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XIAO Tian-zhong, WU Si-ping, WANG Jian, ZHU Rui-liang

(School of Life Science, East China Normal University, Shanghai 200241, China)

Abstract: Drying time and pretreatment temperature were explored to find out the

optimum conditions of spores of Haplocladium microphyllum storaged in Liquid nitrogen.

Different time (1 d, 15 d, 30 d, 90 d, 180 d) of cryopreservation were studied using the

optimum storage conditions and without any treatment. The spore average germination

rate and protonema growth were compared before and after cryopreservation. The results

showed that (1) After drying 5 h, –20 ◦C low temperature pretreatment and thawing at
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room temperature conditions, the spore average germination rate was highest (88.26%),

there were no significant difference between the average germination of spores of drying 5

h, 15–18 ◦C and 20 h, –20 ◦C low temperature pretreatment; (2) The average germination

rate (88.26%) of spores stored in liquid nitrogen for 1 d was comparatively higher than that

of the control (77.90%), the average germination rate of spores stored in liquid nitrogen

for 30 d dropped to 6.03%, the spore average germination rate stored for 90 d appeared

to rise and reaching 88.47%, the spore average germination rate stored for 180 d remained

at 49.46% and the relative retention rate reached 63.49%. The results demonstrated

the feasibility of cryopreservation for the long-term storage of spores of Haplocladium

microphyllum.
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Cc5, �X�¥íÿ�Cz9<aég,�5�õ�Zý, Nõ�Ô�)��¸;�

»�. ���Ô��Ô«êþ=gu�f�Ô�p��Ô¥���©a+, â�Å��Ok

18 000 {«[1], Ù3�±Ü�Yè9�Ù§�.ÄÔJøÑE/��¡u�X­��)��

^. �´, du���Ô�N��!(�{ü (õê�Ô��¡=d��[��¤), é�¸

�Cz9<a¹Ä�K���¯a, Ô«õ�5Ô��Ý�¯. Ïd, AT¦@mÐé��

�Ô«�]
���ïÄ.

�$§��´�3 −80 ◦C (ZX§Ý) � −196 ◦C (��§Ý) $��$�§Ýe��

)Ôá�[2]. |^�$§Eâ���Ô#m|��~·^u�Ô«�]
��Ï��[3]. �

éuÙ¦p��Ô, ISþ�é���Ô��$§��ïÄåÚ��, 8c�k'u��

�Ô�fN��$§��ïÄ��, X Burch & Wilkinson 2002 c|^��¤õ/��


­��á�« (Ditrichum cornubicum) ��jN[4]. Rowntree & Ramsay 2009 c$^�$§

(−196 ◦C) ��Eâ��
 21 «�a�ÔÚ 1 «�a�Ô��fNÚ�jN[5].

�f´���Ô�Ì�)�[���, ÏÙu)äkG!5, $�Ü©a+4��)�

fN, Ï
¦��fá�éJ¼�;,	, =¦¼�
�f, �´�f��Ó'�(J, Ïd,

IS	8c��mÐé���Ô�f���ïÄ. �fÆ·Ï«
É, láÏ�A�c�Ñ

k. k<íÿ�fÆ·��á�U�Ù���¸k', XY(��f3Ø·¨��¸¥��

A±ÒÔ�¹å[6]. Ó�, �f��¤I�m���±�þ��, ´lN���n�á�[7].

Ïd, &?���Ô�f�k����{ék7�.

[���� (Haplocladium microphyllum (Hedw.) Broth.) äáu��� (Thuidiaceae),

2�©Ùu2À!��!3�!ô�!�w!S��!ñÜ!oA!��Ú�H�/, �

uÀ/«~��a, du[�����±L8õ«­7á, ´ûÐ��í�¸�«�Ô[8,9].

)ö3cÏïá����Ô�fÃÿ��NXÄ:þ[10], ÏLé[�����f�ZH�

m9ý?n§Ý��$§��^��Á�, &¢[�����f�$§����·^�, ¿

|^�·��^�é[�����f?1ØÓ�m (1 d!15 d!30 d!90 d Ú 180 d) ��

$§��ïÄ, �3Ïé�«k�!�Ï�[�����f���{, ±Ï��õ����

Ô�f���Jø�{9Eâë�.
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1.1 ¢�á�

[�����fu 2013 c 4 �ægþ°½uÀ���ÆD1�«�	S°o 2 m �

è¡. #m�á�ëÓÄ��u��®¥, 	��m���u<ó�Uíÿ��� (§Ý

15 ◦C, 1ì±Ï 12 h ²V�O) ��, ���fN��¤Ù.

1.2 [�����f�$§���·^��çÀ

�$§���f�, 3Nªw�ºeÀJÚL�C!�÷!'À�¤Ù[����

�û, ©O��7�¥ 0 h(ck)!5 h!10 h!20 h ��Ñ, Ý\ 1.5 mL È�+¥, ©Ou

15 ◦C(ck)!4 ◦C Ú −20 ◦C e$§ý?n 1 d �×�Ý\��¥. ���� 1 d ��Ñ, z

È�{ëì«f�Ôs®Úla�Ô�f�¿§ (22∼25 ◦C) eg5YzÈ�{[11-13], ,�

�«� Knop �N��Ä¥��[10], 1r� 3 000∼3 200 lx, §Ý 25 ◦C/18 ◦C, �Ý�±3

(80±5)%. �« 8 d �, uw�ºeuÿ�f��uÇ, ±�f�)�âÑ�4, �ÉN?\

âå¥/¤�u+½��f®�u, ¿±�²�����#m�f�uÇ��éì.

1.3 [�����fØÓ�m��$§��

3�·�$§��^� (7�ZH 5 h, −20 ◦C $§ý?n) e, À�¤Ù�[����

�ûÏL���mFÝ (1 d!15 d!30 d!90 d Ú 180 d) ?1ØÓ�m��Á�, ò�²?

Û?n��Ý\���[�����f��éì. z�?n^��� 7∼8 �¤Ù��û, �

�ØÓ�m��Ñ, æ^¿§eg5YÀWzÈ¿�«� Knop �N��Ä��. �« 8 d

�, uw�ºeuÿ�f�²þ�uÇ, 3ÚO�uÇ��ÿ, z�?n^��« 3 ���

®, z���®À� 3 �À�u1Æw�ºe*	ÚO�f²þ�uÇ.

1.4 êâ©Û

¦^ Excel 2007 ÚPhotoshopCS5 ?1êâ?nÚãL��, æ^ SPSS19.0 §SéÁ

�(J?1ÚO©Û, þ��õ­'�æ^"�¼ (Duncan) #E4�u�[14]Ú LSD {u

�[14], u�Y² α=0.05, ?1wÍ5'�.

2 ïÄ(J

2.1 ØÓZH�mÚ$§ý?né�$§���[�����f�uÇ�K�

L 1 w«, ²LZH�[�����f²þ�uÇÊHpu�²ZH��f�²þ�

uÇ, ��²$§ý?n��f3ZH 20 h �²þ�uÇp� 88.11%, 
�²ZH��f

3ØÓ§Ý$§ý?ne²þ�uÇÑ'�$ (�p� 54.73%), `²ZH'$§ý?né

[�����f�$§���k|. �f²ØÓ$§ý?n��²þ�uÇ��3�É, 3

4 ◦C $§ý?ne, ZH 5 h∼20 h ^�e�f²þ�uÇþ�� 75% ±þ, ¿3ZH 20 h

e���p 86.78%; 3 −20 ◦C $§ý?ne, ZH5 h ��f²þ�uÇ���p 88.26%,

�XZH�m\�, ²þ�uÇqÅìü$. nÜ±þ(J, 7�ZH 5 h!−20 ◦C $§ý

?n 1 d ��f²þ�uÇ�p (88.26%), ���[�����f�$§��c��·?n

^�. 7�ZH 20 h!~§?n�[�����f²þ�uÇ��·?n^�e��f²

þ�uÇ�ÉØwÍ.

2.2 [�����f�$§��ØÓ�m��²þ�uÇ

L 2 w«[�����f3�·��^�e�$§��ØÓ�m�����J. 3�

·��^�e, [�����f����ØÓ�m�þk�½��uÇ (6.03%∼88.47%), �
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�� 1 d �²þ�uÇ� 88.26%, �é�±Ç� 113.30%, ²wpu�²������f

²þ�uÇ (77.90%). �X���m�O�, �f�²þ�uÇ¥ykü�,2ü�ª³,

� 30 d ���f²þ�uÇ��$, =� 6.03%; �$§���mUYò�� 90 d ��f

²þ�uÇq,p� 88.47%, �é�±Ç� 113.50%; �� 180 d ��f²þ�uÇqü�

49.46%, �é�±Ç� 63.46%. ������
��Ù¦?n�[�����f²þ�uÇ

ÊHØp (7.33%∼8.13%), �� 30 d �²þ�uÇ� 0.

LLL 1 ØØØÓÓÓZZZHHH���mmmÚÚÚ$$$§§§ýýý???nnnééé���$$$§§§���������[[[���������������fff���uuuÇÇÇ���KKK���

Tab. 1 The effect of drying time and low temperature pretreatment on spores germination

rate of Haplocladium microphyllum after cryopreservation

ZH�m/h
§Ý/(◦C)

15∼18(ck) 4 ¨20

ck 53.25±4.67c (68.36%) 27.97±2.05d (35.91%) 54.73±6.07c (70.26%)

5 28.69±4.98d (36.83%) 84.83±4.27ab (108.90%) 88.26±4.30a (113.30%)

10 77.15±7.40b (99.03%) 79.93±6.61ab (102.61%) 59.76±7.44c (76.71%)

20 88.11±3.38a (113.10%) 86.78±4.94ab (111.40%) 53.76±12.50c (69.01%)

5: �uÇ^²þ�±IO�L«; )Ò¥�ê���é�±Ç, = LN ����²þ�uÇ/LN ��c�

²þ�uÇ. i1�ÓöL«�ÉØwÍ, i1ØÓöL«�ÉwÍ (α=0.05)

LLL 2 [[[���������������fff���$$$§§§���������������uuuÇÇÇ

Tab. 2 Cryopreservation of spores of Haplocladium microphyllum

���m/d
²þ�uÇ/%

�·��^�e���� ����(ck)

1 88.26±5.49a (100.50%) 7.33±3.28d (9.41%)

15 35.93±5.72c (46.12%) 8.13±3.75d (10.44%)

30 6.03±1.37de (7.74%) 0±0e (0%)

90 88.47±7.41a (113.5%) 0±0e (0%)

180 49.46±3.73 b (63.49%) 0±0e (0%)

5: �uÇ^²þ� ± IO�L«; )Ò¥�ê���é�±Ç, = LN ����²þ�uÇ/LN ��c

�²þ�uÇ. i1�ÓöL«�ÉØwÍ, i1ØÓöL«�ÉwÍ (α=0.05)

3 ? Ø

s®�·¨¹Yþ´¢yÙ�$§��¤õ�'�Ï�, 
$§ý?n�JK�s®

¹YþØÓ
k���O, 3¹Yþ�$�, ��Ý\��'²L$§ý?n����JÐ,


éu¹Yþ�p�s®, $§ý?nKk|u[�S�Y6�[�	(X
u)�o5

øY, l
Jps®�¤¹Ç[15]. ù�[�����f��$§���J��, ²L7�Z

H�[�����fÏ¹Yþ�$, Ù�$§�����JÊH�Ðu�²ZH��f. Z

H�m�á¹Yþ�p��f3?1 −20 ◦C $§ý?n 1 d ���$§���J�Z. é

'¤k?n^�, 7�ZH 5 h!−20 ◦C $§ý?n 1 d ´[�����f�$§����

·?n^�. 7�ZH 20 h!Ø²L$§ý?n�[�����f²þ�uÇ��·?n

^�e��f²þ�uÇØ�3wÍ5�É, ����[�����f�$§��c�?

n�{.

nØþ, ¹[�3����e[�S�Ô���Ú)�¹ÄA���Ê�, [�!|

�Úì(3�Ï��$§��L§¥Ø¬Úå¢D5G�UC, �Ø¬UC/�u)�d

U[13,16]. 3s®��$§��ïÄ¥, �$§�� 10 c�;ss®Ú{IìØ;s®Eä
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k¹å[17,18]. 
[�����f3�$§�� 1∼180 d �, �f�²þ�uÇäwÍ5��

É, �X���m�\�, �f²þ�uÇ¥ykü�,2ü�ª³, áÏ�� (30 d) ��

f²þ�uÇeü�õ, �� 90 d ��f²þ�uÇq,p� 88.47%, �� 180 d ��f²

þ�uÇeü� 49.46%. 3��Úrss®9��ç)��f��$§��¥�*	�a

qy�[13], íÿù�y��U��f3�$§��L§¥É�ØÓ§Ý�ú³
q�3?

E�L§.

�,[�����f3���� 180 d ��²þ�uÇk¤eü, ��#m�f²þ�

uÇ�'E�±3���m (�é�±Ç3 49.46%). Ïd, |^���$§�{�Ï��[

�����f´�1�. 3�e5�ïÄ¥ò|^d�{���õ«a����Ô�f, ±

u�ù«�{�·^5.
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