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PHYSIOLOGICAL INVESTIGATIONS OF LEAF MUCILAGES 
11. THE MUCILAGE OF TAXUS BACClTA L 

AND OF THUJA OCCIDENTAUSL 

H£1DRUN DISTELBARTH AND ULRICH KULL 

Biologisches Instilut, University of Stuttgart, West Gennany 

ABSTRACT 
Seasonal variations of the content of leaf mucilages of Taxus baccQta and Thuja occiden· 
ttllfs were determined. In Taxus the content is highest during the late winter and early 
spring and lowest in the summer . In Thuja it is highest in the winter, decreasing during 
spring and low in the summer months . Under the light microscope . Toxus mucilage was 
located in the vacuoles of mesophyll ceUs and that of Thu/a in mucilage idioblasts. 
Temperature txperlments show that slorase of mucilage is not temperature dependent 
and is not reduced by prolonged darkness. Taxus mucila&e consists of the sugars 
galactose , rhamnose , glucose. arabinose and xylose and contains a low percentage « 5%) 
of uronlc acid . Furthennore. a peptidic component is found and shows annual variations 
from 6% to 15% of total mucilage . Seasonal variations of the sugar components are 
pronounced only during the spring in the period of intensive mucilage synthesis . Purified 
TIIXUS mucilage could not be separated into different components by gel chromato­
graphy. All fractions showed a similar composition of sugars and peptide . These findings, 
in addition to the IR spectra, lead to the conclusion that the mucilage is a proteoglycan 
and perhaps a mixtwe of polymers of similar molecular weights . Isolated and dried 
mucilage has a high water-binding capacity; at 96% relative humidity it equilibrates to 
180%. and at 100% rh to 280 - 300% of its dry weight . From mucilage content and cell 
volume the mucilage concentration of the vacuoles can be estimated as being higher than 
S -6%, which must give rise to a remarkable matric potential. It is suggested that the 
water-binding capacity of the mucilage plays an important role in stabilizing the water 
relations of the needles. thereby increasing frost resistance . 

Mucilages are complex water·soluble polysaccharides of high molecular weights 
(AspinaU, 1969) which are commonly found in higher plants (Fahn, 1979). Their 
physiological function in most cases is unclear. They may serve as reserve substances 
(Franz, 1979; Sulton et aI. , 1981) or may contribute to water balance (Spegg, 1959; 
MoUenhauer, 1967; Lyshede, 1977; Clarke et aI. , 1979) and/or drought.resistance 
(F.hn , 1974; Clarke et aI., 1979; Naglschrnid et aI., 1982). Their apparent involvement 
in plant water relations suggests that they may play a role in frost hardiness. A 
function in symbiOSis, as reported by Dexheimer and Guernin (1981), seems to be an 
exceptional function for mucilages. However, since mucilages in many cases are 
located extraceUularly, it might be assumed that symbiotic bacteria, pathogens or 
parasites may use mucilage as a recognition factor. 

In the first publication of this series (Naglschrnid et aI. , 1982) we investigated the 
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mucilage of a biennial Verbascwn species. We bave now examined the mucilage 
content of leaves from evergreen woody species and correlated these findings with 
respect to seasonal variability. Taxus was chosen because its mucilage is located in 
normal mesophyll ceDs and not in idioblasts (Mangin. 1893) . For comparison, Thuja 
occidentalis, with its mucilage located In idioblasts, was used as a second coniferous 
species. A preliminary report of some of the results was published earlier (Distelbarth 
& KuD. 1983). We previously used similar material from Taxlls and T7/Uja to investi· 
gate seasonal trends of storage carbohydrates, total nitrogen and energy content of 
the main storage products (Distelbarth et aI., 1984). 

MATERIALS AND METHODS 

Marerials 
One·year-old leaves (needles) of Tams baecata L. and Thuja occidentalis L. were 

used. They were harvested from approx. 50·year-old trees obtained from the former 
Botanical Garden of the University of Stuttgart (area now part of the 'Wilheima ") . 
Sporadic frosts occurred in this area from November to April . 

Methods 
The leaves were gathered at monthly intervals thsoughout the year and always at 

the same hour. After isolation the needles were frozen and lyophilized . For experi. 
ments investigating the influence of temperature on mucilage content , twigs (about 
15 m long) from the respective trees were held in a climate cbamber using a 12·h 
light/dark cycle in a 24·h period. Twigs were illuminated with about 5000 Ix at a 
relative humidity of 70% (when temperatures below O°C were used, rh = 10%). 

Viscosity measurements were made in aqueous extracts (7.5%) after filtering the 
raw extract through cioth in a Rotovisko RV 2 (Haake) viscosimeter using the 
measuring instrument head MK 50 at a constant temperature of 20°C. A flow curve 
was measured for each extract . 

Isolation of the mucilages was performed according to Naglschsnid et al. (1982) . 
Separation of the precipitated mucilage by centrifugation resulted in some loss of 
material. Therefore for the gravimetriC determination the mucilage was collected on 
a membrane filter, which was then dried over P,O,. Each point was measured 
independently at least three times. The standard deviation for measuring the mucilage 
content is 0.3 (as % of dry weight). 

Hydrolysis of the mucilage was performed according to the method of Hillestad et 
al. (1977) : 10 mg of mucilage were suspended in 2 ml of IM H,SO. and held in a 
sealed tube at 100°C for 4-10 h. The solution was then neutralized with BaC03 , 

filtered, evaporated in vacuo and taken up in 2 ml of 60% ethanol. This solution was 
used for chsomatographic separation of the sugars by TLC according to Naglschsnid 
et al. (1982) . In addition, some mucilage samples were hydrolyzed according to the 
method of Woolfe et al. (1977). 

Peptide fraction of the mucilage of Taxus was determined in aqueous solution using 
the method of Bradford (I 976) . 
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Total carbohydrate content was determined by the anthrone method (Loewus. 
1952) . and the total N content of the mucilage by the Kjeldahl (1883) method . 

To separate the mucilage from co-precipitating proteins repeated extractions were 
performed using phenol/chloroform (1 /1. v/v). The aqueous phases were pooled and 
the mucilage precipitated wilh ethanol; the content of total carbohydrate and poly. 
peptide was eSlimaled on this phenol-extrncled fraclion . 

Gel chromatography is often used to further characterize mucilages. Gel filtration 
of Taxus mucilage was performed using Sephadex G 200 (elution with NaCl). Ultrogel 
AcA 44 and Ultrogel AcA 22 (elution with tris·HCI . pH 71) at 20°C (Hillestad et al. . 
1977; Paulsen & Lund. 1979). The carbohydrate and N contents of each fra ction were 
measured as described (cf. Jarvis et al. . 1981). Different mucilage fractions were then 
precipitated and subsequently hydrolyzed . 

lR-spectroscopy of the refined mucilage of Taxus was performed in KBr-pressings 
using a Perkin-Elmer IR-spectrometer 283. 

III1rer·binding capacity of Ihe Tams mucilage was estimated as follows : weighed 
samples of purified and freshly lyophilized mucilage were maintained in vials at 20·C 
over saturated solutions of different salts and over H,SO. /H,O mixtures of varying 
composition. Samples were weighed at intervals until equilibrium was reached. For 
control, water loss from hydrated mucilage was determined as weight loss in the same 
manner. 

Osmotic potentiJIl was measured using a micro<ryoscope (Knauer) , according to 
the method of Waiter & Kreeb. 1970. Calibration was performed using sucrose 
solutions of different concentrations. Osmotic pressures of mucilage solutions and cell 
sap expressed from fresh needles of Tams were measured. 

Histological investigatiollS. Localization of the mucilages in the leaves of Tams and 
77lUja was investigated by light microscopy. Fresh leaves from various developmental 
stages were sectioned by hand and with a cryo-microtome (Leitz). Sections were fixed 
in either ethanol (96%) or lead""cetate (10%). and were stained with congo red. 
thionine and ruthenium red; differentiation was carried out with 60% ethanol. A 
superior staining method which demonstrates structures stained by both safranin and 
fast green was also used (Schammer. 1949): 0.1 g fast green and 03 g safranin was 
dissolved in 100 rnl ethanol (70%) to which 3 ml of acetic acid (78%) was added . The 
sections were stained in this solution for 5 -1 0 min and then differentiated wHh iso­
propanol (100%) . Because the staining solution has fixation properties. fresh slices 
could be stained directly. Mucilages show a red-orange staining which differs from the 
yellow staining of pectic substances. 

RESULTS 

Histological Investigations 
Cormophytes in most cases show mucilage localization in special mucilage­

secreting cells (Fahn. 1979). As early as 1893 Mangin found mucilage in mesophyll 
cells of Toxus leaves. Our staining experiments confirmed these data : the vacuoles of 
most cells of the palisade parenchyma and of about one third of the spongy 



116 H. D1SITLBARTH AND U. KULL I sr. J. Bot . 

parenchyma cells contain mucilage. The staining effect of ruthenium red, indicating 
the presence of uro"ic acids, although very weak. is positive in the casc of Taxus 
mucilage . Therefore a small amount of uronic acids may be present in the mucilage. 
polysaccharide. 

In TIJujo, mucilage ceUs were identified by Gauba (1927) in the vasculor bundles. In 
our investigations most cells of the bundle sheath and some parenchyma cells nearby 
showed mucilage staining. which was also observed in mucilage-containlng idioblasts 
in the mesophyll . 

SeosolUl/ Trends of Mucilage Contents 
The results of monthly measurements of mucilage contents of one-year-old needles 

of Taxus during the course of a year are shown in Figure 1. The content varies from 
2.7% to about 6% of dry weight. Viscosimetry is sometimes used to estimate mucilage 
contents (e.<!_ Molina-Cano & Conde, 1982; IVam & Franz, 1983), and accordingly we 
also determined the viscosity of aqueous plant extracts. Its variation during the year 
shows a similar curve (Fig . I). In order that the estimation of mucilage content would 
be influenced by increase in cell-wall substances during maturation of the needles, 
the mucilage content was also examined with respect to the total N content. A 
comparison of the two curves (mucilage as percentage of dry weight and as percentage 
of total N) shows the great similarity in the seasonal variations. Especially related to 
total N the mucilage content is high during the late winter and early spring. The lowest 
content was found during the summer months. 

In Figure 2, the annual variation of the mucilage content in the leaves of Thujo is 
shown. Again? the variation in viscosity is similar to that of the mucilage content. The 
amount of mucilage is, on average . lower than in Taxus. The content is high dwing the 
winter, decreasing in spring and low in the summer months. 

The water content of the leaves of Toxus and Thujo is also shown in Figures I 
and 2. As is characteristic of these two species, little seasonal variation is seen. In 
comparison, investigations on other conifers which lack mucilages (Juniperus and 
Larix; Distelbarth et aI., 1984) showed distinct seasonal variation . 

When Toxus twigs were held in the dark for 10 days (with 1 h light every day) we 
found no significant alteration in the mucilage content of the needles. 

Influence of Temperature 
Since the mucilage content of Taxus leaves rises significantly dwing the late winter 

and that of Thuja during the winter months, experiments were carried out in climate 
chambers to investigate whether temperature variation can affect mucilage content. 
Twigs of Toxus were held at +4°C and -4°C, respectively, in May, August and 
December. In December twigs were also subjected to +22°C. After exposure for 2,4 
and 6 (or 7) days, needles were gathered and lyophilized . During December experi­
mental samples were taken as above, but also after 9, 13 and 15 days of exposure_ 

The total nitrogen content remained constant under an conditions, with two 
exceptions. The water content of the needles also stayed constant in most cases, while 
the needles held at -4°C in the May and December experiments showed a decrease 
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Fig. I . Taxus needles. Seasonal variations of mucilage content as percentage of dly weight (upper 
diagram) and of total N (middle diagram) . In the upper diagram, some measurements of mucibge 
content as percentage of dry weight from another year are shown as open squares. Viscoslty of the 
plant extract is shown in the upper diagram. the water content as percentage of fresh weight in the 
bottom diagram. 
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Fig . 2. Thu/II needles. Seasonal variaHons of mucilage content as percentage oC dry weight (upper 
d~ram) and of total N (middle diagram) . Viscosity of the plant extract Is shown in the upper 
diagram , the water content as percentage of fresh weight in the lower diagram . 
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anee 4 and 6 days respectively . The mucilage content showed no characteristic 
changes. although it did decrease significantly in the May and December experiments 
at _4°r aflcr 6 and 13 days. respectively. However, in a December experiment with 
T1luja twigs (9 days). the mucilage content did not vary significantly . It can be 
concluded from these findings. that the storage of mucilages is not temperature 
dependent. A decrease in mucilage content is observed after a time Jag and only at 
sub-zero temperarures and in cases when the water content of the needles decreases. 

Characterization and Qualities of Taxus Mucilage 
Composition . Determination of the total carbohydrate and peptide contents of 

the mucilage suggests an average proportion of 8-10% peptide component. When the 
mucilage is further purified by several rounds of precipitation. the proportion of 
carbohydrate to peptide components remains constant. Furthermore, it is not 
significantl)' altered by extraction with phenol/chloroform. From the total N content 
of the mucilage it can be seen that there is a higher ratio of the peptide component 
in the mucilage during winter and spring (maximal value. about 15% peptide) than 
during summer (minimal value.about 6%). 

After hydrolysis of the mucilage. the sugars arabinose, xylose, glucose, galactose 
and rhamnose were found . In some cases the presellce of very small amounts of 
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phenolic components was suggested, but this was not investigated fUrlher. Using the 
method of Blumenkr.ntz and Asboe·Hansen (1973), uronic acids in amounts of 3 - 5%' 
of total mucilage carbohydrates could be measured. The sugar components show 
seasonal variations, especially from March to July (Fig. 3). These variations are most 
distinct with respect to glucose. The changes in glucose content during spring are 
opposite to those of the other sugar components, of which arabinose and galactose 
are especially important. 

Gel chromatography. To find out whether the Taxus mucilage is a mixture of 
several polymers of different molecular weights we tried to fractionate the mucilage 
by gel·permeation chromatography using different gels. The experiments were 
performed on mucilage from leaves gathered in February . 

By measuring the carbohydrate and peptide content of the eluted fractions we 
obtained one relatively broad peak in all cases (Fig. 4). The mucilage must therefore 
consist of a mixture of polymers with similar molecular weights. When mucilage was 
dissolved in 8M urea and again subjected to gel chromatography, no changes in the 
elution profile wefe found. 

Some of the fractions obtained were hydrolyzed and subjected to.sugar and N 
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Fig . 4. Gel chromatography of TOXUJ mucilage on Ultragel AeA 22. Elution with Tlis-HCI, pH 4.2 
at 20°C. 
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f ig . S. IR spectrum or Taxus mucilage. 

content determinations. In all cases the sugar composition was similar and in agree­
ment with that obtained from the total mucilage hydrolysate. Likewise , the N content 
did not vary significantly. 

JR-specfroscopy . JR spectra were measured from Taxus mucilage preparations 
(Fig. 5). The usual peaks of the sugars were distinct, but the peaks obtained in the 
ranges 1650-1620 and 1560-1510 cm-1 show that peptide bonds must be present. 
These peaks were not altered by purification of the mucilage samples. 

An average of 25 spectra of the same sample was measured by a computer method, 
thereby diminishing the noise and allowing the identification of some weak peaks of 
peptide bonds in the area 1560-1510 cm-I. 

Water.IJinding capacity . Dried mucilage immediately takes up water and assumesa 
constant weight (water saturation) at the given humidity within 24 h. At relative 
humidities higher than 96% it takes a longer time to reach equilibrium. The water 
uptake at 20°C at diITerent relative humidities is shown in Figure 6. In a water­
saturated atmosphere mucilage has taken up 180% of its dry weight in water by 24 h. 
After 48 h the value is about 200% (i.e. it equilibrates to 280- 300% of its dry weight). 
When the water-containing mucilage is brought into atmospheres of lower relative 
humidities, the process of water uptake is seen to be fully reversible. 

Osmotic porential. The osmotic potential of Ta""s mucilage solutions is 
proportional to the concentration. A solution of 0.5% (by weight) mucilage has an 
osmotic value of 20.lOsPa . In solutions with a higher mucilage concentration than 
0 .6% the osmotic potential could not be determined with precision using the 
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cryoscopic method because the high viscosity, despite heavy stirring, results in 
irregular and unequal freezing. 

Measurements of osmotic potentia Is showed that viscosity of mucilage solutions 
rises markedly at low temperatures . This finding was investigated further by viscosi· 
metry . The temperature coefficient of the increase , measured from the slope of the 
straight line obtained, is comparable to that observed with gum arabic (Kuhn,1953). 
The concentration of Ca 2+ ions in the solution has no influence on the viscosity and 
its increase at low temperatures. This may be expected for a mucilage with a very low 
uronic acid content. 

Mucilage concentration . The results of our histological investigations. together with 
determinations of mucilage content. allow a calculation of mucilage concentrations. 
From the annual variations in mucilage content the range of the amount present in one 
leaf can be determined. The average weight of a fresh Taxus needle is about 15 mg and 
its volume about 0.015 ml. It contains more than 02--{13 mg of mucilage . From 
measuring the area of mucilage.containing cells in diverse microphotographs the 
percentage of these cells in relation to the total volume of the leaf was found to be 
about 25 - 35%. Taking the higher value, the mucilage concentration in these cells is 
therefore higher than 5~%. 
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DISCUSSION 

Only 3 few investigations 3rc concerned with rnucilages of conifer leaves. The mUcilage 
in Thuja was first observed by Prantl (1889) and in Taxus mesophyll cells by Mangin 
(1893). As in dicotyledons. the Tlmia mucilage is localized in the extra.protoplastic 
compartment. The mucilage of Taxus. however. is found in vacuoles. Vacuolar 
mudlagcs IlJVC also been found in Illonocotylcdons (Mollcnhauer & larson. 1966; 
Douchel. Iq8~ : Tracillcnberg & M.ycr. 1982. ; Tr.chtenberg, 1984), mostly in 
specialized cells and sometimes together with oxalate crystals. The l11ucilagc-containing 
cells of Taxus . on the other hand. arc normal mesophyll cells . According to their 
composition. the mucilagcs of both Taxus and TIzuja belong to the neutral mucilagcs 
which lack significant amounts of uronic acids. The results obtained from ruthenium 
red staining and the mcthod of Slumenkrantz and Asboe·Hansen (1973) show the 
presence of a low percentage of uronic acids which are degraded to arabinose during 
the usual isolation procedwc . The l1lonomers arabinose . xylose. galactose and 

• 
rhamnose are typical components or mucilages. Glucose was often considered to be 
a contamination, but several authors have shown this sugar to be a native component 
of mucilages (eg . Haaland.1969 ; Franz & Chladek, 1973; Woolfe et .1 .. 1977; Paulsen 
& Lund, 1979; Naglschmid et .1.. 1982). Our data, especially the constant glucose 
percentage seen during several purification steps of the mucilage. as well as in diverse 
fractions of gel chromatography, also show that glucose is • component of Taxus 
mucilage . The N content of this mucilage must be caused by a peptide component, 
as confirmed by the IR spectrum. The peptide component is not separable from the 
carbohydrate moiety by phenol extraction or by gel chromatography. Therefore, 
there is most probably a covalent linkage between carbohydrate and peptide. Several 
findings relating to peptide components of native mucilages are known (eg. Holzaeh & 
Fluek, 1950; Woolfe et aI., 1977; Naglschmid et aI. , 1982) and recently data have 
accumulated showing that mucilages are in most cases proteoglycans. A proteoglycan 
structure has been eSl3bUshed for the relatively well·investigated mucilages "gum 
arabic" (Akiyama et aI., 1984) and that of Linum seeds (Heinze & Amelunxen, 1984). 
These proteoglYC3ns may have lectin·like properties (Fountain, 1982), thereby perhaps 
producing crosslinking elTects which may cause the broad peak found in our gel 
cluomatography experiments. However. since the same sugar composition and the 
same proportional percentage of pep tides were found in the different fractions, and 
since 8M urea did not alter the elution profile. we can then assume that Taxus 
mucilage is probably a mixture of polymers of similar molecular weights. 

Changes in the mucilage content during the seasons or during plant ontogenesis are 
known from several investigations (e.g. Spegg, 1959; Fraoz, 1966; Dreekle & KuU, 
1973; Naglschmid el aI., 1982). In Taxus leaves, the high mucilage contents in early 
spring and autumn coincide with .blossoming and seed ripening. High amounts in 
spring, during /lowering season, were also found by HoUwarth and Rump (1979) . A 
high mucilage content was also measured in 'I1ruja during seed ripening in autumn . 
This coincidence of high mucil.ge contents with periods of high activity and the 
failure to demonstrate a decrease in mucilage in the dark-treated twigs leads to the 
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conclusion that mucilage cannot function as a storage carbohydrate. In addition, when 
the seasonal variations of free sugars and starch in needles containing mucilage (Taxus, 
Thuja) are compared wilh those of species nOI containing mucilage in the leaves 
(Juniperus. Larix. Distelbarth et al.. 1984). no significant deviation is found. Further· 
more. in Taxus and 71ruia there is no correlation between mucilage content and starch 
content or starch degradation. which has been observed by some other investigators 
(Hyde. 1970; Heinze & Amelunxen. 1984). Temperature variation has no effect 
on mucilage content. This is in agreement with the earlier findings on Verbascum 
(Naglschmid et al. 1982). 

The water content of Taxus and Thuja needles remains remarkably constant 
throughout the year. In the temperature experiments the water content of Taxus 
needles remained constant for a significantly longer period than the water content of 
Juniperus needles in similar experiments. Perhaps the high water·binding capacity of 
Taxus mucilage can reduce water loss. The water..absorbing capacity reported here is 
significantly higher than that found In Opuntia mucilage by Trachtenberg and Mayer 
(1981). Because the water potentials (0/1) in leaf tissues are usually more positive than 
-60 bar (Waiter. 1931; Larcher. 1980). the water-binding capacity of Tams mucilage 
may have a physiological function in regulating the water content of the tissues. A 
minute variation of the water potential in the physiological range must lead to a 
relatively large alteration in the amount of mucilage·bound water. Therefore. as 
proposed earlier (Naglschmid et al.. I 982). it may be concluded that the mucilage has 
a function as a '''ufferlng system" in the stabilization of the water relations of the 
plant. The localization of Taxus mucilage in the vacuoles causes a significant matrix 
potential for the ceU sap and therefore an increased resistance to water loss (cf. 
Williams, 1973). The potential measured for a 033% solution of Taxus mUCilage is 
equivalent to the osmotic potential of a O.5M sucrose solution (14.2.10'Pa). The 
mucilage ooncenllations which are reached in the mesophyll cells are much higher 
(>5-6%). 

The seasonal variations in sugar composition of Tams mucilage allows the sugars 
to be grouped according to their behaviour : galactose with arabinose. and rhamnose 
with xylose. Glucose behaves independently and can be placed in a third category. 
This grouping is very similar to that found earlier in Verbascwn . According to our 
ongoing investigations. the high glucose content of Taxus mucilage. particularly during 
spring and early summer. seems to be connected with the period of intensive mucilage 
synthesis. High percentages of glucose in mucilage during the period of maximum 
mucilage content were also observed in Althaea (Franz.1966). In Linwn seed coats. 
the glucose content is higher during mucilage synthesis than it is in the mucilage of the 
ripe seeds (Heinze & Amelunxen. 1984). These findings may also be relevant to leaf 
mucilages since the mechanism of mucilage secretion is apparently the same in 
different organs and species (Fahn. 1979); dictyosomes always appear to be involved 
(el!. Schnepf, 1968; Mauseth. 1980; Trachtenberg & Fahn. 1981; Trachtenberg & 
Mayer, 1982b). It seems that during mucilage synthesis there is more glucose in the 
mucilage than in deposited material. The gel chromatography results suggest that 
Tams mucilage is oomposed of polymeric forms having similar molecular weights and 
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containing all sugar components; however no attempts at gel chromatographic 
separation were made during the period of high glucose content of the mucilage. 

The water balance of the leaves is connected with frost resistance of the tissue. The 
frost hardiness of Taxus leaves is high (Till, 1956; Melzack & Watts, 1982). In our 
experiments, hardened Taxus twigs held at _14°C for two weeks showed no damage 
of the needles by frost or dehydration . Mucilage in the tissues can apparently lead to 
higher cold resistance. As observed by Molisch (1897), freezing mucilage forms a 
network in which ice crystals are embedded. During melting, the water is taken up by 
the mucilage and the network disappears. We confirmed this observation on Taxus 
mucilage. Besides trapping ice crystals in a harmless state. vacuolar mucilage depresses 
the freezing point of cell sap and leads to a significant delay in freezing. Our experi· 
menls showed a characteristic freezing delay in 1 % mucilage solutions. The mucilage 
concentration in Taxus mesophyll cells is much higher . Although ice is formed in the 
vacuole, the mechanical damage to the cell is reduced and retarded. Such a protective 
effect of mucilage was suggested by Trachtenberg and Mayer (1981). The effectiveness 
of mucilages as cryoprotectants may depend on their monomeric components and 
their pOlymeric structure and molecular weight (Olien & Smith, 1981). Mucilages 
containing high uronic acid levels show additional nonspecific colligative dilution of 
ions injuriOUS to freezing tissues (Heber & Santarius. 1973). Jnvestigations on freezing 
injuty of winter wheat led Williams and Hope (1981) to conclude that water loss leads 
to a decrease in cellular volume in which lipid is lost from the membrane . This lipid 
loss is irretrievable, at least in the short term. Upon deplasmolysis the membrane may 
be damaged, thus killing the cell (Steponkus et aI., 1981; Willing & Leopold, 1983; 
Millelstadt & MOller-Stoll, 1984). We postulate that in Taxus a function of intra. 
vacuolar mucilage is to maintain ceU volume . thereby avoiding losses in membrane 
Upids. Due to their net negative character, acid mucilages may function as "cation­
buffers" (Trachtenberg & Mayer, 1982c). Acid mucilages may act as cationic sinks 
which modulate cation levels and prevent abrupt changes (Kloareg, 1981). However, 
in Taxus the cation content of the mucilage from different habitats did not differ 
significantly and was low (HOllwarth, pers. commun.), which is in agreement with its 
character as a neutral mucilage. 

Mucilages found in rhizomes, roots and seed endosperms may act primarily as 
reserve substances. In contrast. our results lead to the conclusion that the leaf 
mucilages of Verbascum (Naglschrnid et aI., 1982) and Taxus are not storage carbo· 
hydrates, but probably have a primaty function in the regulation of the tissue water 
balance. In comparison to other conifers, Toms and 1huja leaves are less xero­
morphous. This may be explained by the ability of mucilages to act as "buffering 
systems" which stabilize the water content, thereby increasing frost hardiness. 
Although such a system is genetically fixed, it is still highly dependent on the environ· 
ment, thereby allowing for modifying and modulative adaptations. 
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