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Sugar accumulation and desiccation tolerance in Mosses from different habitats 
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Abstract: Mosses have high tolerance to desiccation and freezing. It is known that sugar 
accumulation enhance freezing tolerance. This study investigated the relation of sugar 
concentration to the desiccation tolerance. For this purpose, we used each 2 species from dry 
habitats (Hedwigia ciliata and Eurohypnum leptothallum) and wet habitats (Rhynchostegium 
riparioides and Plagiomnium vesicatum). Desiccation tolerance was represented as survival 
ratio after slow or fast desiccation. The survival ratio was determined by the method of using 
electrolyte leakage. After slow desiccation and under wet condition (control experiment), the 
sugar content of mosses was analyzed by HPLC. The mosses from dry habitats maintained 
high survival ratio after either slow or fast desiccation, whereas mosses from wet habitats 
showed relative low ratio after fast desiccation. The survival ratio of the mosses after fast 
desiccation corresponded not to one kind of sugar amount but also to the total sugar amount. 
Sucrose was the major sugar in all mosses. We have previously thought the large amount of 
one trisaccharide protect against desiccation in Bryum argenteum. However, the present data 
suggest the possibility that both sucrose and trisaccharide play the role of protectant. 
Key words; Moss, Desiccation tolerance, Sugar, Electrolyte leakage 
 

 
!"#

$%&'()*+,+-./012345)67

89:;<=>?@2AB5CD=EF9./01

2GH=IJ(6789KL9M2/;-DENO

PQ%9RSTUVDWXYZ()[ \]^9_`

abcdefg5W`hi9jk2lImWE?n

;9./01>)opcqr-s2GH=IJ9t

u(vwH=>xm;n=EF9IJ9tu9yz

2){2|=}~9�����*nCD=E���

���Q%���������������#���������Z()q

rIJ���-=>��2��{ l¡¢5)F9

£Zl¤{9¥¦§¨©ª«�¬-yzZ:=>

D­®¯J�°±*nCD=[²E#

³´(µ¶)$%&'9£Zl·DopIJU¸

¹º§Q%�»��¼�#��½����¼��UVDC)opc

¾¿2j*nW>À9{ 9ÁÂ2¹DCÃÄWE

F9rÅ)º§Q%(Æ 9¤{UÇÈÉ2ÊËH

=?>Z)·DopÌqrIJU¸¹>xmWE#

ÍÎÏZ()*;2Ð9$% ÑÒUVDC){9

ÊË >opIJ9ÓÔ2¹DCÃÄWE$%(Õ

Ö2o�01>)×ØCD=012ABH=$%F

nÙn ÚÒUÛD)opIJ9·Ü>{ UÝÞ5

WE#

ßà>áâ#

ÕÖ2o�012ABH=$%>5C)�ãäQ

% � å�æç�½��# ������� � > è é ê ë ì Q %

�í¼����î�¼�#��î�������¼��U)×ØCD=01

2 A B H = $ % > 5 C ) ¦ ï ë ì Q %

�ð���������½�¼�#��î�����æ��>ïïñNòóN

§Q%����½�����¼�#ô������¼��UVDWE$%

(õöZ÷ø5)ùú5Wû)üýü[þ9ëìÿ�!

"«#$U�+%W@&8Z)Ú'()Úüüü)¼* 9K

L+Z [,^-.5Wl9UXY2ÛØWE#

/EopIJ9·Ü#

opIJ9·Ü901>5C)opû223U4

5W$%}~6;78H=9:; 6;<=*n

=}~9A>?UVDWÚ²EÚ ¹9opKLZ @ A

^op*%W$%UBC 9DEF2bn)78H

=9:; UGC5WEÚ ¹9opKL()v2

Úüüü)¼*9HKL+Z)IJKLM�óNF#$Z

O P'þðå�QG×Ü�2ÃR5WST«¥U!"V

WXZ9Yc6-op>)�Z2[�M\]ZO

[üþðå2ÃR5W^_-opZ:=E#

`E$%}~X9{aÜ#

$%9��{ (�_$T"©êbcTdUª

ZGC5WEGC5We§S]9KL( [)@)')f

This document is provided by JAXA.



`E{gh#A^Yc62op*%W$%>)-.ij9$%Z

:=E{aÜ(�F 2GH={ 9kZl5WE

�F ($%9×m �n����#o��½��p#no�6;o

m �q��#o��½��p#qo�UrDWkZstWE#

Ñ Ò9$%uC2vDC)��{9­w«"©ª

«�xygUzt){DZ [ Ò|9¤{�¤{ }�

9~��xÀ6ØWEïïñNòóN§Q%2¹D

C9M)¤{ }9~��ÝÞÉ�6ØW�Table 2�E##

rÅ# -.ijZ9�<2vDC)opÕÜ9�D01

9$%9á�)¾D019$%2ÝÄ�D{aÜZ

:ØWE¤{ }2vDC(opÕÜ9¾D019ï

ïñNòóN§��l�DaÜZ:ØWEYc6-

op2j*nWûZ()�ãäQ%µö9$%9{

aÜ��5�8�5WE-.ij9èéêëìQ%

9{aÜ(Ð2ÝÄ��)�<ZO @Ñ�½�½�no�qo²

Z:ØW�)Yc6-opû(uC9$%�Fnµ

89{aÜU�5WE+W¡¢5W{(«"©ª«

Z:�)s9$%2vDCl¤{ }9aÜ(��Á

L5-6ØWE�Fig. 1�E#

/EopIJ#

Yc6-opûZ()opÕÜ9�D019�ã

äQ%>èéêëìQ%( [üüþ2�DA>?Z:

�)opÕÜ9¾D019¦ïëìQ%>ïïñN

òóN§Q%(Pü��Ü9A>?Z:ØWÊ _-
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Table 1. Survival ratio of 4 mosses after fast-dry and 
slow-dry 
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Species
Fast-dry Slow-dry

H. ciliata 84 ±2.2 97 ±1.5
E. leptothallum 84 ±4.2 99 ±2.5
R. riparioides 17 ±2.6 75 ±0.2
P. vesicatum   36 ±10.3 84 ±4.8

(% of survival under wet condition)

The values are means of three replicates ± SD. 
 
Table 2. Sugar composition of 4 mosses 
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Slow desiccation

Sucrose X Total

H. cliata

E. leptothallum

R. riparioides

P. vesicatum

 

Species
Sucrose trisaccharide X others

H. ciliata 82.6 ±1.7 7.9 ±0.1 9.4 ±1.6
E. leptothallum 92.3 ±0.8 2.0 ±0.8 5.7 ±1.5
R. riparioides 74.6 ±3.1 7.4 ±2.5  18 ±3.5
P. vesicatum 66.4 ±9.9 19.4 ±7.9  14.2 ±2.2  

(% of total sugars by weight)
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The values are means of sugar contents under wet 
condition and after slow desiccation for 1, 3, 5, 7 days ± 
SD. 
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Figure 1. Sugar concentrations 
under wet condition and after 
slow desiccation for 3 days. Each 
total bar indicates the total 
amount of sucrose and 
trisaccharide X. Each bar 
represents mean of 3 replicates. 
Error bars are SD. 
* X: trisaccharide X#
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