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plang experiencing long-term water deficits either in the field
or in large pots HANSON and HITZ 1982). Several studies demon-
strate the possibility of using proline accumulation as an
indicator of water stress under field environment. LEVY (1980)
has explored this possibility by comparing the level of proline
in citrus trees subjected to withholding irrigation from March
to June and in control trees irrigated every 21 days. The data
(Fig. 6) show that proline accumulated in leaves of stressed
trees with the decrease in water potential and reached a maximum
level after about 1 month of water withdrawal. Upon re-irrigation,
both xylem potential and proline level returned to normal very

rapidly. Regression analysis of the data (Fig. 7) indicates
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Fig.6: Changes in xylem water potential’ Fig. 7: Relationship between proline

and proline accumulation in Citrus limon content and xylem water potential of

trees subjected to prolonged water stress stressed (4) and control (A) in

(0) and in control trees (®). Arrow marks Citrus limon trees. Solid regression

the termination of the water stress line is for stressed trees (r=-0.907),

treatment. Vertical bars indicate SE.
(From LEVY, 1980)

broken regression line is for all
points (r=-0.789). Vertical bars
indicate SE. (Fyom LEVY, 1980)
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a good linear relationship between proline concentration and
Xylem water potential. The author concludes that proline accu-
mulation may provide a tool for comparing different irrigation

and cultural regimes in citrus and probably other fruit trees.

Simlar to ABA, proline has been tested as a possible criterion
for drought resistance in breeding programs. Although several
observations suggest that proline accumulation is positively
correlated with drought resistance, some studies reject proline

as a useful selection criterion.

Evaluation of Cold Stress

Temperature is one of the major environmental constraints gover-
ning the distribution of wild and cultivated plants. Numerous
studies have been performed to study plant response to both
chilling and freezing temperatures. A continuous problem for
studies of chilling injury in plants has been the lack of suitable
methods for measuring susceptibility to chilling stress. Reliance
on visible symptoms of injury is generally unsatisfactory, inas-
much these tend to be late manifestations of cellular damage
caused by chilling. Similarly, there has been a need for rapid

and accurate methods for determination of the degree of resistance
to freezing temperatures. The generally accepted procedure to
freeze tissues to various temperatures, thaw them under controlled
environmental conditions, and determine survival is time-consuming
and unsatisfactory for certain species. Often it is not possible
to make a quick visual determination of freezing damage to conifer
needles since a deep green color may persiét long after irre-
parable damage has occurred. Chlorophyll fluorescence has been
proved to be quick and sensitive indicator of chilling and free-
zing injury to plants (BROWN et al. 1977, SMILLIE 1979).

When dark-adapted photosynthetic organs are subjected to illumi-
nation, the following changes in the yield of chlorophyll fluores-
cence are observed (Fig. 8). At zero illumination time, the

chlorophyll a fluorescence rises instantly to the initial level
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Fo, followed by a decrease to an intermediate level I, a dip or

a plateau D (not always seen), and a peak Fmax from wiiich there is a
gradual decline. The rise between Fo and Fmax is called variable
fluorescence, and it is this portion of the chlorophyll fluores-
cence curve that has mostly been used as an indicator of low

temperature stress.

Fmal

FLUORESCENCE or OXYGEN YIELD

L1

\
LIGHT ON TIME

Fig. 8: Changes in the fluorescence yield of chlorophyll a and
of the yield of O2 evolution as a function of time of

illumination

Marked changes in variable fluorescence are recorded upon sub-
jecting chilling-sensitive plants to low temperatures. Figure 9
shows changes in chlorophyll fluorescence in leaves of a chilling-
sensitive plant (peanut) and a chilling-resistant plant (pea)
chilled at 0°C. Both the rate and the extent of the variable
fluorescence rise decreased substantially in peanut leaves after
one day at o°c. Only small changes occurred in fluorescence in
leaves of of the chilling-resistant pea, even after 13 days at
0°C. The chlorophyll fluorescence method may also be used to
compare the effects of chilling on closely related species,
including instances where both species are susceptible to chil-

ling injury. Figure 10 shows a comparison between tropical and
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temperate species of guava. The difference in the development
of chilling injury in the two species is clearly reflected in
the rate of variable fluorescence rise.

CHL- FLUORESCENCE s .
DURING CHILLING Time at 0°C
E] Fmax E ‘
®
.
FO
2s
PEANUT LEAF | PEA LEAF

Fig. 9: Chlorophyll fluorescence rise at 0°c in dark-
adapted peanut and pea leaves held at 0°c for various
periods of time. s: seconds, h: hours, d: days.

(From SMILLIE, 1979)

Variable fluorescence has also been examined as an indicator of
freezing injury (BROWN et al. 1977). Hemlock seedlings were
subjected to different temperature regimes and their variable
fluorescence was monitored (Fig. 11). The extent of variable
fluorescence rise was significantly reduced in those seedlings

that did not show long-term survival.

Being a rapid and accurate method chlorophyll fluorescence is
employed by an incresing number of laboratories for studies of
acclimation and adaptation to low temperatures and as a screening
tool for the selection of cold, namely chilling, resistant plants
in breeding and mutation programs.
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Fig. 10: Development of chilling injury in leaves of two species

of Psidium measured by the rate of the rise in variable fluores-

o
cence at O C.

Chlorophyll fluorescence rates are expressed as

percentage of the initial fluorescence rate (From SMILLIE, 1979)
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Fig. 11: Chlorophyll fluorescence transients

of Tsuga heterophylla

seedlings immediately following thawing from various freezing

treatments in the dark. (A): control (27OC),

(B) : cooled rapidly

to 0°C and maintained at that temperature for 1 hour, (C): as (B),
but cooling was to -7.50C, (D) : cooled to -12°% at 60C/hour (From

BROWN et al., 1977)
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Biochemistry of Mycorrhizal Fungi - Anatomy of a Symbiosis

A. Hittermann, J. Trojanowski, M. Oelbe
Institut flir Forstbotanik, Universitdt Gottingen, Blisgenweg 2
3400 Gottingen

It has been estimated that about 80% of all vascular plants have

in their root systems associations with mycorrhizal fungi. Thus the
importance this classical symbiosis has for plant life can hardly
be underestimated. At present it appears to be in general quite
clear that the plant benefits from the presence of the fungi in its
root system by a better supply with mineral nutrient and water
because of the increased surface of the fungal mycelium attached to
the root and its metabolic activities.

The benefit which the fungus gets from the plant in this symbiosis
is much less obvious and still a matter of scientific discussion.
This is especially true of the ectomycorrhiza, the form of svmbio-
sis pertinent in the root system of forest trees. In a series of
excellent experiments, Bjorkman (1942, 1944, 1970) and Harley
(Lewis and Harley, 1965, Harley, 1978) have shown that the fungus
definitely is able to "tap" the assimilate transport system of the
tree to get carbohydrate nutrients from it. The impact of these
very impressive experiments and results on the scientific community
was such that it has been taken for granted in all major textbooks
of biology or botany that mycorrhizal fungi take their nutrients
only from the tree. On the basis of productivity studies in forest
ecosystems, it has been calculated that about 10 to 100% of the
photosynthetic productivity which goes into the trunk of the tree
as yearly increment, is used by the mycorrhizal fungi at the same
time. Thus the expense which the plant has to pay for this symbiosis
appears to be rather high.

On the other hand, the biotope in which the mycorrhizal fungi grow,
the forest floor and the top layers of the mineral soil, is
probably the one with the richest supply of organic material due to
the annual fall of litter: needles, leaves, and twigs, as well as
the annual turnover of fine roots. In addition, most of the well

known mycorrhizal fungi are very close relatives of fungi which are
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well known decomposers of litter and even wood. From this it is
not surprising that several reports have been published which
indicate that mycorrhizal fungi have at least some capabilities

to degrade carbohydrates from plant cell walls (Norkrans, 1950,
Lyr, 1963). In addition, indirect evidence has been presented for
the capability of mycorrhizal fungi to survive in the soil and
even form fruiting bodies without the tree (MacDougal and Dufrenoy
1944, Romell, 1938, Trappe, 1962).

The most extreme view in this direction was taken by Richard

Falck who developed the thesis that the fungal partner in the
symbiosis supplies the tree with carbohydrates derived from litter
decomposition and not vice versa (Falck, 1954). Unfortunately, no
evidence for this hypothesis was presented by Falck. The one
example by which he developed his theory, the nutrition of
Monotropa (a chlorophyll-less plant in coniferous forests) via

the fungal symbiont, has been shown to work differently from what
was supposed by Falck (Bjdrkman, 1960).

Our own approach towards this problem was aroused by our concern
about the function of this symbiosis in the forest ecosystem. Any
work on the changes in the microflora in forest soils due to acid
deposition cannot neglect the presence of this important symbiosis.
To get more information about the possible role of the ecto-
mycorrhiza in the forest ecosystem, a study was employed on the
biochemical capacities of mycorrhizal fungi to degrade the major
organic macromolecules which can be expected in the litter. The
first results of this study shall be presented here.

To avoid problems of species identification, only strains of the
CBS, Baarn, Holland, were used. The first question we asked was
whether these fungi were able to degrade and live on whole leaves
of plants. For this the fungi were grown on liquid media supple-

mented with 14C (U) labelled corn leaves. The results shown in
fig. 1 indicate that all fungi which were tested were well able

to degrade and metabolize the dead organic material in the leaves.
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The metabolization of aromatic rings is rather well developed.
Tricholoma aurantium, one of the mycorrhizal fungi with the

poorest activity against ring-labelled lignin, has even a higher
activity towards vanillic acid compared to the white rot fungus
Fomes annosus (fig. 3)

0———0
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14 16 18 20 22 24 days
Fig. 3. Decomposition of Vanillic acid and DHP-licnin by Tricho-
loma aurantium_

This apparently high activity against ring labelled vanillic
acid may be due to the fact that Tricholoma aurantium has no

measurable laccase activity, which in the case of Fomes annosus
polymerizes the low molecular weight phenol to a macromolecule
which is much more recalcitrant against degradation (c. f. Haars
and Hlittermann, 1980).

The subsequent studies were employed for reasons of
experimental economy only with the fastest growing fungus,
Tricholoma aurantium, but it can be assumed that most of the

data obtained with this fungus may be relevant for the others,

too. For a deeper insight into its carbohydrate metabolism,
we studied growth of that fungus on a variety of different

sources of carbohydrate macromolecules (fig. 4).
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Fig. 4: Growth of Tricholo-
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The figure indicates that xylan, an important component of the
hemicelluloses present in wood and litter has the most stimulatory
effect on the growth of this organism. Of the disaccharides tested
in the study, cellobiose had the most prominent growth promoting
effect (fig. 5). Preliminary studies (Oelbe, MSC. Thesis, Gottin-
gen 1982) indicate that the higher yield of the fungus when
growing on either the complex carbohydrates like xylane or the
disaccharide cellobiose compared to glucose is due to the presence
of the enzyme system(s) which are able to catalyse phosphorolytic
cleavage of the glycosidic bond, which have been described for the

white rot fungus Fomes annosus (Hlttermann und Volger, 1973)
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Fig. 5. Growth of Tricholoma aurantium on cellobiose, glucose

and xylane
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For an evaluation of the enzymatic basis of the utilization of
these complex substrates, in introductory experiments the

change in viscosity of the media after growth of Tricholoma
aurantium on it was measured. As is indicated in table 1, little
decreases in viscosities were observed even after very prolonged
growth of the fungus on these substrates.

Table 1. Changes in viscosity in the media after growth of

Tricholoma aurantium for 30 days

Substrate Decrease in Viscosity in the
viscosity control cultures % decrease
(cP) (cP)
Xylane 0.143 1:24.2 11.8
Carboxymethyl- 3315 12.028 27.4
cellulose
Pectine 0.196 1.140 17.2

It can be assumed therefore that the main pathway of degradation
of these macromolecules occurs from the end of the molecule
rather than by splitting the chain in a statistical manner by
endo-enzymes. The latter mechanism should result in a much
higher decrease in viscosity as was observed in our experiments.
Therefore we concentrated on the glycosidases, which
had the additional advantage that they could be measured rather
simply by the chromogenic substrates. We measured B-glucosi-
dase and xylosidase and found that these two enzymatic activities
were present in the mycelium and the culture medium after
growth of Tricholoma aurantium on all substrates which

were tested, however in different absolute and relative
activities.

Xylane, methylcellulose, pectin and cellobiose
induced rather high intra- and extracellular activities,
with more than 80%of the total activity per culture
being secreted into the medium. The other substrates shown
in fig. 6 induced rather weak and mainly intracellular
activities. Compared to glucose as reference cellobiose

induces total activity of xvlosidase and glucosidase by
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a factor of 3, xylane by one of about 60 and carboxymethyl-
cellulose as substrate resulted in a twelvefold increase
of these two enzymatic activities.
To get more information about the molecular

basis of this observed induction, isoenzyme spectra of
these two enzymatic activities were measured by isoelectric
focussing in sucrose-gradients. The results of these
studies are given in fig. 7-9. They indicate a rather
sophisticated "tuning" of the two enzymatic activities in
response to the different substrates studied, which is
well comparable to the results observed for typical
white rot fungi (c. f. Ahlgren and Eriksson, 1967, Hitter-
mann and Volger, 1973 b).

The results reported in this study unequivocally
show that all tested mycorrhizal fungi are indeed well
able to degrade the main components of the litter: complex
macromolecular carbohydrates and even lignin. The one
mechanism of regulation which was studied in more details
revealed an induction of hydrolytic enzymes degrading
carbohydrates which is essentially the same as was observed
for the white rot fungus Fomes annosus. In addition, even
the increase in mycelial yield in response to the macro-
molecular carbohydrates compared to the growth with glucose
was observed with this fungus, too. Thus there cannot be
any doubt any more that these fungi can utilize the organic
material present in the litter. This would explain why they
are able to survive in the organic layer of the soil or
decayed wood without the host (c. f. Kropp, 1982).

It is difficult, however, to make an estimate on
the eco-physiological role of mycorrhizal fungi in the
sequence of litter degradation and formation of humus in
the organic top layer of the forest floor. Many more
experiments have to be employed to shed more light on the
quantitative fluxes of mutrients which are pertinent to
the activity of mycorrhizal fungi. It may well be that in
the outcome of these experiments the theory of Falck, which
was at that time without any experimental foundation may
be proved to describe at least part of the function mycorrhizal

fungi have in the conversion of nutrients in the cycling of
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carbon in the forest ecosystem. This would mean that once
more the foresight of this great scientist was far ahead of

his time.
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Fitting of Nutritional Needs of Phytophagic Insects

in the Massflux of a Forest Ecosystem
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Among ecosystems the forest holds a special place. It resembles
other ecosystems in being a combination of different system
elements (ULRICH 1981), it differs from other ecosystems mainly
in respect to its time - and space parameters. They are deter-
mined by the qualities of the trees which are the most important
system-elements because of their individual life span, their
dimensions, and in consequence because of the degree to which

they reach into the atmosphere.

The abiotic system elements air, water, soil and the biotic
elements plants and animals are summed up in a systemic inven-
tory. Seen physically, they represent mass elements interconnec-
ted in a regulated flow of matter which is characterized by
steady-state-equilibria (LUNDERSTADT 1981 a).

The sequence of mass flows can be described in pure physical

2 and H20 with

the aid of radiation energy in plant mass, their transformation

terms. We deal with the sequence fixation of CO

in body mass when absorbed by phytophagous insects, and the
remineralization after their death. This process gets a physio-
logical dimension when the view-point of information is included
(LUNDERSTADT 1981 b). Information must be obtained before mass-
flow can be formed. The transfer of information in connection with
the formation of mass by plants is probably less complex than
when mass is formed by animals. It seems that with plants the
information content is codified only on a biochemical level and
the process of reading it is determined only by the laws of enzy-
me specifity and enzyme kinetics. In contrast to that the infor-
mation supplied by the plant regarding biochemical processes and

examination of this information by the animal are preceded by an
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information control on a physiological level when plant mass
is transformed into animal mass. This is mainly explored in a

special branch of science, namely ethology.

We concentrate on the biochemical aspect and discuss it in
respect to spruce as a prominent representative of the northern
coniferous forest ecosystem and the phytophagous insects feeding
on it. A section of the swvtemic inventory which has been examined
from a forest entomological point of view shows one characteristic
trait of systemic bonds, i .e. the connection in time and space
between producer and primary consumer. If one limits the inven-
tory in space for example to the crown and follows only the time
parameter of this system one finds an accumulation of insect
species at certain times of the year, preferably from April to
July. This again is very clear with older needles of trees of

10 to 50 years of age. The great number of known chemical com-
pounds in the spruce needle are separated from each other in the
uninjured plant tissue. They are released only when the tissue

is broken down, as for example by insects, whereby a great number
of chemical processes like esterification reactions, formations
of chemical complexes, and hydrogen bond formations change their
chemical nature. It is in this form that they contribute to the
increase of mass, act as information filter, or a block for
information within the flow cf mass in direction to the animal.
Here they function as nutrients, as interference-filter, or as
ballast. Thus they are functionally connected to a feed-back
mechanism which controls whether, to what degree and at what speed
plant mass is transformed into animal mass. The dynamics of this
process are contrclled to a large degree by the occurrence and

life span of these compounds in the plant.

For the exploration of the occurrence of spruce-born compounds
during the course of a year the following ones were chosen:
soluble carbohydrates as universal nutrients, phenolics which can
disturb the formation of animal mass and proteins which are
essential but can be assimilated only to a limited degree due to
their species-specific conformation. The following pattern was
found (LUNDERSTADT and AHLERS 1982): The sum of soluble carbo-
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hydrates increases with the progressing year whereas the sum of
protein amino acids decreases at the middle of the summer to
about 75 % of its maximal value. In contrast to the proteins
but concomitantly with the carbohydrates the concentrations of
phenols are increased after the middle of the summer. Special
attention is due to the favourable constellation for nutritional
physiology in the time between April and June where also the
greatest number of insect species is noted on spruce: High
amounts of proteins and soluble carbohydrates are found embedded
between two concentration maxima of the polyphenols and procyani-
dins. Probably the abrupt collapse of phytophagous populations
despite favourable climatic conditions in summer is due to the
strong increase of phenolics in the plant which begins at that
time (FEENY 1970).

The role of phenolics is -of great physiological importance since
they apparently induce changes within the steric structure of the
plant proteins (VAN SUMERE et al. 1975) which we have nct as yet
been able to explain satisfactorily in physiological terms.
However, we note that two different insect species in a physio-
logically comparable stage of development each feeding under iden-
tical conditions at one half of a twin branch-exhibited similar
effects: A qualitatively similar course of the curves is found
which represent their individual rates of intake of proteins and
procyanidins, respectively, despite quantitatively different le-
vels of these curves (KULCKE 1982). From this we conclude that

the differentiation of plant species and plant clones as a useable
food plant for an insect is determined by a species-specific need
for the same nutrient and a changed level of tolerance against
disturbing chemicals on the side of the animal.

With the example of the utilization of proteins from spruce
needles by Gilpinia hercyniae we tried to find out how the trans-
fer of mass is bound to the preceding decoding of information.

As long as genetically identical plant material (origin of mass)
and genetically identical insect populations (receiver of mass)

are used it is assumed that changing environmental conditions do
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not fundamentally alter the exchange of information. This infor-
mation is supposed to be bound to the physical structure of the
mass to be transferred. To find out how this process works, two
subpopulations of one stem population of Gilpinia hercyneae are
selected at random and put simultaneously each on one half of

a twin branch of spruce. One branch is kept under laboratory con-
ditions, the other one under field conditions on the living tree.
The rates of intake of protein amino acids as a function of the
developing time of the larvae are determined. From the similari-
ty of the resulting diagrams is concluded that the ecological
bond between the plant as the information sender and the insect
as the information receiver determines the quality of the protein
transfer, and that the environmental conditions determine the
velocity of the mass flow (MULLER et al. 1981),

We summarize: The feeding activity of phytophagous insects is
understood as a mass flow within an ecosystem, Climatic and stand
conditions determine the speed and the locality of the mass flow,
Within this frame, the kind of feeding and amount of feeding
become effective as quality and vector parameters of the system.
They are subjected to a feed-back mechanism between plant (mass
source) and animal (destination of mass) which determines the
steady-state equilibrium between both, Its control depends on
information.
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