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ABSTRACT

When fertilizing forest trees with nitrogen a great quantity is bound in
organic humus compounds and cannot be utilized by the trees. Extensive
reserves of bound nitrogen also exist in comparatively poor forest soils.
However, it has been found that it is possible to release these reserves by
inoculation with certain soil fungi of the litter-decomposing type. It does
not seem improbable that such measures can represent a biological alter-
native to chemical fertilization. In the present paper it is shown how Bolefus
subfomentosus, that normally is a mycorrhiza forming fungus, can stimulate
the development of pine plants. A physiological strain of this fungus is used
which has the ability to decompose litter. The typical mycorrhiza fungus
Boletus bovinus also stimulated the plant growth to a certain extent. How-
ever, the stimulating effect ceased when strong fertilization was used or
when the light intensity was reduced. Constant illumination resulted in the
plants developing well and with good mycorrhiza formation. When the
period of illumination was reduced to 16 hours a day the plants developed
less vigorously and the mycorrhiza formation was reduced.
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1. Introduction

Even though the chemical ferlilization of forest soil in Sweden is
still percentually modesl (approximalely 1 % of the forest area, cf.
Holmen, 1969), it is regionally of great importance. Much experience
has been gained about the strong development of the annual ring after
the fertilization of forest stands. It is another question, however, as
to whether the one-sided use of plant nutrients can entail disadvantages
in the long term for the nalural nutrient balance and gradually bring
about a fall in production capacity. Does the change in the nutrient
balance, which fertilization can be assumed to cause, have any negative
consequences? Cannot the one-sided use of nutrients in the long term
upset the natural nutrient balance and gradually have a deleterious
effect on production?

To answer these questions one must differentiate between those
cases where nutrients are used once only and those where repeated
fertilization takes place. In the first inslance, where it is chiefly a
question of fertilizing older stands 5 to 10 years before the final cut,
it is hardly likely that any long-term damage will occur if the dose is
suitable. In the latter instance, however, as is the case when fertilizing
younger stands—a measure which is becoming ever more common—
the one-sided use chiefly of nitrogen can be feared to result in disloca-
tions not least in the composilion of forest microflora and microfauna,
which to a great extent affects the growth of trees. Intensified research
has recently been started in this field, for which reason more extensive
material is still not available. However, several observations indicate
that the repeated one-sided use of nitlrogen can even result in a
deficiency of some other nutrient, e.g. magnesium or phosphorous.

Available material has shown that the fertilization of pine or spruce
with nitrogen results in a more or less strong growth reaction in the
tree. This growth increase in the annual ring often declines in pine
after 3 to 4 years and in spruce after 5 to 6 years, after which in certain
cases a poorer growth than in corresponding non-fertilized trees can be
noted. To maintain the improved growth after fertilization, further
fertilization is therefore necessary. Such a measure has more than an
economic aspect, it undoubtedly entails biological consequences, nol
least on the soil’s microorganisms.



Another recent experience in the field of forest fertilization is that
the nitrogen introduced to the soil is not as hitherto thought leached
in the soil, but is instead to a great extent bound in the complex com-
pounds of the humus (Bjérkman, Lundeberg & Nommik, 1967). Later
experiments also establish that the tree utilizes only 10—15 % of the
added nitrogen (Némmik & Popovic, not published). As this is a very
low degree of utilization it seems that efforts should be concentrated
on discovering whether a more effeclive way of utilizing the nutrients
can be found, which in turn should lead to an improvement in the
growth of the tree.

As forest trees ingest a considerable part of their nourishment via
certain soil fungi, which live in symbiosis with the roots and form
mycorrhiza with them, this nutrient uptaking mechanism should be
studied more closely if it is intended to improve the ability of the tree
to ingest nutrition. It cannot be precluded for instance that different
species of mycorrhiza fungi can be more or less efficient nutrient
assimilators, and that the introducing of particulariy active species
can be possible if special measures are taken, e.g. the temporary
sterilization of soil, lo enable such beneficial fungi to establish them-
selves free from the compelition of other soil organisms.

There is much proof from tropical areas that mycorrhiza fungi can
have a very favourable effect on the growth of conifer plants. By
introducing soil infected with such fungi, so that the formalion of
mycorrhiza occurs, such planls have grown many times bigger than
corresponding plants without mycorrhiza (Cromer, 1935; Hatch, 1937;
Rosendahl, 1942; Bjérkman, 1964; Hacskaylo & Vozzo, 1967; Mikola,
1969 a.o.). It has also been possible to demonstrate that it is chiefly
phosphorous that the mycorrhiza fungi can make more available; this
is of particular importance in the tropics, where there is often a defi-
ciency of phosphorous. A real lack of phosphorous seldom occurs in
forest soils in the Scandinavian countries, the common growth limiting
nufrient factor there being mineralised and readily accessible nifrogen.

It has consequently been considered of importance to try to find
mycorrhiza fungi which, eilther alone or in combination with other
fungi, chiefly the so-called litter decomposers, can release and make
available to trees and plants the relatively rich reserves of nitrogen
which occur in the majority of forest soils. This problem is particularly
important in such soils where the humus layer is thin, or where because
of certain silvicultural precautions, such as burning or extensive clear-
felling, a so-called heath degeneration of the mieroflora and the micro-
fauna can have taken place.



In the Scandinavian countries, for example, where most of the land
has been forested for a long period of time, a fungus flora has had time
lo establish itself practically everywhere; this flora also includes
species which form mycorrhiza with the forest trees. It is therefore
unlikely that there—as distinct from the tropics, which for the most
part have never sustained conifers—it will be possible to achieve any
considerable improvement in tree growth by introducing mycorrhiza
fungi. The experiments which have been made by adding mycorrhiza
fungi to young spruce plants in the period of stagnated development
following planting have not been very positive. Even less positive effect
has been obtained by adding pure cultures of mycorrhiza fungi because
of the difficulty these fungi have in establishing themselves in the new
habitat in fierce competition with other microorganisms. An alter-
native that has been tried and found to be practicable under certain
conditions is at the nursery stage—using soil which has been tem-
porarily sterilised—io infecl the plants with certain species of mycor-
rhiza fungi. When mycorrhiza formation has occurred and the plants
have reached a suitable age, they are planted on their final sites. In
this way Moser (1956) has found in Awustria that plants of Pinus
cembra raised in a lowland nursery and infected with Boletus plorans
after planting out on a site at an altitude of about 2500 m, where trees
had previously not grown, developed more strongly than correspond-
ing plants without mycorrhiza or with mycorrhiza formed by other
species of fungi. Similar positive resulls were achieved in Puerto Rico
when introducing Pinus species by adding fertile soil from Maryland
pine stands or by adding pure cultures of certain mycorrhiza fungi
(cf. Bjorkman, 1964; Vozzo, 1968; Hacskaylo, 1970).

In an attempt to ascertain the possibility of using certain species of
fungi in a similar way under Swedish condilions, a number of nursery
and laboratory experiments were carried out in 1968 and 1969 at the
Department of Forest Botany, and a series of field experiments was
also conducted. The following is an account of the former.



2. Experiment 1. Fertilized and non-fertilized pine
plants with mycorrhiza fungi added (1968)
2.1. Materials and methods

In a so-called Moller greenhouse (with a glass roof and walls of
netting), pine plants were set in 250 ml plastic pots containing low-
nutritional peat to which had been added a similar volume of perlite.
This peat—from Héllmyren in northern Sweden (cf. Bjérkman, 1942,
pp. 61—64)—was taken from a depth of about 1 m, where the occur-
rence of microorganisms was negligible but where mycorrhiza fungi
were however present. Each pot contained 5 plants. In general 10—15
pots were used in each test combination with the exception of the series
where shading was used; here, for reasons of accommodation, some-
whal fewer pots were used. The experiment started with the sowing on
256 May.

Approximately 5 weeks after sowing, pure barley cultures of two
fungi which normally promote the formation of mycorrhiza were
added. These were Boletus bovinus and Boletus subtomentosus (“C 30~
according to Lundeberg, 1970). The former is known to promote
mycorrhiza in several Pinus species (Masui, 1927; Hatch & Hatch,
1933; Eglite, 1954 ; cf. Melin, 1925), the latter in Pinus mugo (Modess,
1941) and Pinus silvesiris (Lundeberg, 1970). However, Lundeberg
has demonstrated that Bolelus sublomenlosus occurs in a number of
races, of which some do not form mycorrhiza. Thus C 30, the strain
used in the present experiment, lacked this ability under the conditions
in which Boletus bovinus formed mycorrhiza. Because of the initially
poor occurrence of microorganisms in the substrate the fungi in-
troduced into it were able to develop. This is not normally possible in
unsterilized soil.

After a further 2 weeks various kinds of nulritional substances in
water solution were added twice weekly (10 ml each time) during the
period 13 June to 9 September 1968. The solutions had the following
composition:

O = distilled water

N = NHg-tartrate 1.0 g per litre water
P = H,PO, 14 g ., »
NP = NHg-tartrate 1.0 v ' .

+ H;PO, 1.4
NPK = NH;-tartrate 1.0
+ H,PO, 1.4
+ KCl 1.0



The total amounlt per pot during the test period was therefore 240 mg
NH;-tartrate, 336 mg HsPO. and 240 mg KCI respectively. Distilled
water was given to the plants as required.

In a special test series using the same fertilization an admixture of
4.3 g CaCOs per litre (= totalling 1.032 mg per pot) was used to test
the effect of calcium on the ingestion of nitrogen, phosphorous and
potassium.

In addition to the above test series, where light conditions were
optimal—hereafter called full daylight (1/1 light), although the light
intensity was somewhat reduced by the greenhouse roof—a further
two test series using one-half (1/2 light) and one-quarter (1/4 light)
of the light in the main series were arranged. The shading was arranged
with the help of lattice boxes of wood of the same construction as
those described by Bjorkman (1942, p. 68).

When the test was terminaled 9 September the height of the plants
was measured, as also the length of the needles and roots. The roots
were examined with regard to the frequency of mycorrhiza, which was
expressed in relation to the number of mycorrhizal root points as a
percentage of the total number of root points. Samples of needles and
roots were prepared for chemical analysis. In this connection great
care was taken with the samples intended for carbohydrate analysis
in that the samples were taken simullaneously and tested immediately.
This precaution was necessary because the content of soluble carbo-
hydrates varies during different times of the day. For determining the
“reducing substance” the method described by Meyer (1962 pp. 10—
11) was employed, in which 0.1 ¥ HCI is used for the hydrolysis. In
addition to those on “reducing substance”, tolal nitrogen and phos-
phorous analyses were made on needles. At the end of the experiment
also the soil in the pots was analysed with regard to pH, total nitrogen,
total phosphorous (Pyq), total potassium (Kyq) and soluble phos-
phorous, potassium and calcium (P-Al, K-Al and Ca-Al respectively).
All these analyses were carried out by the National Agricultural
Chemistry Laboratory employing the standard methods in use at that
laboratory.

2.2. Results

The measurement data of the plants in the various test series have
been collocated in Table 1. From this table and Fig. 1 it can be seen
that the plants in the unshaded test series (1/1 light) grew much bigger
if they were inoculated with Boletus subtomentosus (C 30). In the



Table 1. Development of fertilized and unfertilized 1 year-old pine plants raised in pots
with low-nutrient peat in full daylight (1/1) and shaded (1/2 and 1/4) summer

1968.
Fertilization Fungus added Length, mm Dry weight, mg Short roots
transformed to
Shoots Need- Roots Shoots Roots mycorrhiza,
les % of total

Full light (1/1)

— (control) — 45 21 70 52,142, 44 6

5

Boletus bovinus 42 24 86 58.3+2.1 45 16
— B. subtomentosus 65 34 94 156.4 +3.1 67 46
N — 46 26 69 96.6 4.2 48 0
P — 40 20 96 50.3+2.4 39 10
P Boletus bovinus 44 24 102 61.3+1.8 46 18
P B. subtomentosus 56 32 98 117.8 £4.3 82 61
N +P — 60 35 76 204.4+6.2 74 0
N+P+K — 76 34 58 2027457 91 0
N+P+K Boletus bovinus 75 35 64 281.3+6.1 88 0
N+FP+K B. subfomentosus 75 36 71 306.14+7.5 96 0
Ca — 43 21 72 51.0+-2.2 43 0
Ca Boletus bovinus 44 24 70 53.242.3 45 0
Ca B. subtomentosus 44 24 81 54.14+2.1 39 0
Ca +N — 43 21 70 49.74+1.9 37 0
Ca+N+P — 47 22 67 53.4+2.4 35 0
Half light (1/2)
— (control) — 46 21 52 42.3-+1.2 27 0
— Boletus bovinus 38 23 64 50.5+24 31 0
— B. subtomenfosus 59 29 87 112.345.3 32 0
N — 48 28 47 83.6--4.2 24 0
P — 39 20 81 37.1+2.0 29 0
P Boletus bovinus 44 25 75 65.5--4.3 25 0
P B. subtomentosus 58 29 76 93.443.9 24 0
NP — 54 30 60 101.245.6 22 0
Quarter light (1/4)
-— (control) — 41 18 30 19.6 +0.8 3 0
— Boletus bovinus 40 18 33 20.4 1.3 3 0
— B. subtomentosus 39 16 36 18.5+1.0 2.5 0
N — 40 17 28 19.5+0.9 2.5 0
P — 40 17 36 18.242.1 3 0
P Boletus bovinus 39 13 37 22.4+1.7 3 0
P B. subtomentosus 40 18 32 23.6 1.3 2 0
N +P — 40 18 26 23.14+1.8 2 0

unfertilized series the plants infected with Boletus subtomentosus
were even considerably bigger than when only the N-additive was used.
If phosphorous was added, the plants grew approximately as big as
in unfertilized pots without added fungus, no doubt because the
nitrogen supply conslituted the restricting factor in the subsoil.
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Fig.1. One-year-old pine plants raised in full daylight in low-nutrient peat fertilized with
N, P, K and Ca and to which the soil fungi Bolefus bovinus and Boletus subtom-
entosus had been added.
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Fig.2. One-year-old pine plants raised in 1/2 light in low-nutrient peat fertilized with N
and P and to which the soil fungi Boletus bovinus and Boletus subfomentosus had
been added.

If finally the full fertilizer was introduced in the form of NPK, all
differences were levelled out, and the plants with added fungus and
the control plants attained the same size.

In the calcium series the same tendencies could be seen as in the
main series, although they were by no means as clear. Moreover, all
the plants developed considerably less than the plants without caleium,
an observation thal has also been made in other experiments. The
reason for this is not entirely clear and will not be discussed here.

In the 1/2 light series the plants were less well-developed than those
in the 1/1 light series but just as tall (Fig. 2). The tendency towards
better developed plants in the unfertilized and phosphorous fertilized
test series after infection with Boletus subtomeniosus was consequently
the same. In the 1/4 light series, however, no difference at all could be
noted between the plants after the various forms of treatment (Fig. 3).
The lack of light was the predominant restricting factor affecting the
growth of the plants.
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Fig.3. One-year-old pine plants raised in 1/4 light in low-nutrient peat fertilized with N
and P and to which the soil fungi Bolefus bovinus and Boletus subtomentosus had
been added.

The mycorrhiza analyses of the plants showed that mycorrhiza
formation in the unfertilized test series in full light occurred in 16 %
of the plants afler infeclion with Boletus bovinus and in 46 ¢ when
Boletus subtomentosus was added. In the phosphorous series the cor-
responding frequencies were 18 % and 61 %. In the shaded tests using
1/2 and 1/4 light no mycorrhiza formation occurred. Neither was this
the case when the nitrogen ferlilizer was used. In these test series the
dose was so strong that both the short root and long root points were
frequently swollen and club-like (cf. e.g. Bjorkman, 1940).

The fungus which conslituted the mycorrhiza could not be deter-
mined. There is much to suggest, however, that the two added fungi
both helped to stimulate the “natural” mycorrhiza formation of the
fungi already present in the substrate, rather than that they themselves
formed mycorrhiza (cf. Experiment 2).

From Table 2, in which the results of chemical analyses of the



12

Table 2. Chemical analyses of the substrate (low-nutrient peat) after cultivation for one
summer of pine plants fertilized in various ways and treated with different fungi.
During the experiment the pots were stored in varying degrees of illumination.
1968.

Fertilization Fungus added pH  P-Al K-Al ca-Al  Prer Kuer Mot

Full light (1/1)

— (control) — 4.2 9.4 24.5 210 22 105 0.38
—_ Boletus bovinus 4.0 2.4 27.0 200 12 60 0.30
— B. subtomentosus 4.1 4.0 31.0 210 14 60 0.40
N — 3.9 1.8 23.0 220 8 50 0.61
P — 3.7 242 20.0 238 230 50 0.37
P Boletus bovinus 3.5 278 29.5 200 266 50 0.39
P B. subtomentosus 3.6 198 21.5 190 190 40 0.41
N+P — 3.7 151 15.0 160 184 40 0.47
N+P+K — 4.3 190 280 320 230 355 0.34
N~+P+K Boletus bovinus 3.9 150 315 220 172 345 0.50
N+P+K B. subtomentosus 3.8 172 360 240 188 350 0.54
Ca — 7.3 5.7 11.5 6080 14 40 0.30
Ca Boletus bovinus 7.3 8.2 14.0 6420 16 45 0.34
Ca B. sublomeniosus 7.2 10.0 15.0 6320 16 45 0.35
Ca+N — 7.0 3.6 10.0 7600 10 40 0.43
Ca+N+P — 6.8 . 220 10.5 6240 190 45 0.43
Hualf light (1/2)

— (control) — 4.1 3.6 21.5 240 14 65 0.36
— Boletus bovinus 4.1 3.8 24.0 196 12 60 0.32
— B. subtomeniosus 4.2 3.6 21.0 210 12 55 0.32
N — 4.2 2.4 19.0 200 8 50 0.45
P — 3.5 198 22.0 150 216 55 0.32
P Boletus bovinus 3.6 218 29.0 230 200 50 0.35
P B. subtomentosus 3.7 227 34.0 180 108 635 0.33
N+P — 3.6 165 22.0 190 168 50 0.49

substrate performed after the termination of the experiment are
collated, it can be seen that the pH-value was approximately the same
in all test combinations, namely 8.5—4.2, except when calcium was
added, in which case it rose to 6.8—7.3. No changes resulted from the
addition of other plant nutrients. For the rest the analyses quite
naturally showed considerably higher P-contents after the addition
of H;PO, and much higher K-conients and Ca-conlents after the addi-
tion of KCl and CaCOj; respeclively. On the other hand it was not
possible to see any strong increase in the N-content in the substrate
after the addition of NH,-tartrate. Infection with the two fungi had
hardly affected the nourishment constellalion at the end of the experi-
ment in comparison with that of non-infected subsirate.

The chemical analyses of the needles (Table 3), admiltedly in-
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Table 3. Total nitrogen and phosphorous in needles of l-year-old pine plants raised in
low-nutrient peat and fertilized in various ways and treated with different
fungi. During the experiment the pots were stered in varying degrees of illu-
mination. 1968.

Percentage of air-dry sample

Fertilization Fungus added Niot Piot

Full light (1/1)

— (control) — 1.21 0.20
— Boletus bovinus 1.68 —
— b. subtomentosus 2.02 0.59
N — 3.04 0.14
P — 1.96 0.38
P Boletus bovinus 1.69 —
P B. subtomentosus 2.07 —
N-+P — 2.89 —
N+P+K — 2.69 0.31
N+P+K Boletus bovinus 2.83 —
N+P+K B. subtomentosus 2.82 —
Ca — 1.62 0.09
Ca Boletus bovinus 1.82 —
Ca B. subtomenlosus 2.47 —
Ca+N — 2.25 —
Ca+N+P — 2.77 —
Hualf light (1/2)

— (control) — 1.32 0.09
— Boleltus bovinus 2.45 —
— B. subtomentosus 2.34 0.17
N — 2.94 —
P — 1.51 —
P Boletus bovinus 2.23 —_
P B. subtomentosus 2.64 —
N+P — 2.67 —

complete because of the lack of material, showed that at the end of
the experiment the needles had a total average nitrogen content of
1.21 % in ihe case of the plants in the unfertilized control pots in full
light, while in the case of the plants fertilized with nitrogen the values
represented 3.04 %. On adding Boletus bovinus to the unfertilized test
series the needles had reached a content of 1.68 %, while plants in-
fected with Boletus subtomentosus had an average content of 2.02 %.
In the pots fertilized with NPK the addition of fungus had not led to
any appreciable further ingestion of nitrogen. Phosphorous had been
ingested from the substrate in considerable quantities after inoculation
with Boletus subtomentosus, as an analysis from the unfertilized test
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Fig.4. “Reducing substance’ in shoots and roots of fertilized and unfertilized 1-year-old
pine plants raised in low-nutrient peat and infected with Boletus sublomentosus
(**C 30"). Experiment conducted partly in full daylight (*‘1/1 light”), and partly
shaded to half and quarter light respectively (‘“1/2 light”, <1/4 light’). Analysis
values the average of at least 4 double samples.

series in full light and from the same series in half light showed
(0.20 9% P without fungus and 0.59 % with fungus in full light, and
0.09 % and 0.17 % in half light respectively).

The carbohydrate analyses of the test material showed (Fig. 4) that
the “reducing substance” in the needles was approximately the same
at the end of the experiment for the plants in the various test com-
binations. However, the contents were uniformly lower in the case of
the most shaded plants. In the same way a noticeably lower content
could be established in the roots of the shaded plants. Another tendency
was seen in the lower contents in the plants that had been fertilized
with nitrogen, both in the full light and half light series. In the 1/4
light series, however, the values were the same. A corresponding in-
clination towards higher values was noticed after P-fertilization. It is
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uncertain whether the addition of Boletus subtomentosus affected the
sugar content of the roots.

The established incidence of mycorrhiza in the different test series
(cf. Table 1) is of inlerest against lhe background of these analyses.
Thus mycorrhiza occurred only in plants under full ilumination, and
particularly abundantly if fertilization with phosphorous had taken
place. Only a slight tendency towards a higher content of “reducing
substance” in the roots of plants to which mycorrhiza fungi had
been added could be determined. The experiments did not support the
theory propounded by Meyer (1962) that the mycorrhiza fungi caused
the higher sugar content in the rools of mycorrhiza carrying plants as
established by him.

3. Experiment 2. Fertilized and unfertilized pine plants
in pots with added mycorrhiza fungi (1969)

In order to further verify the conclusions, the 1968 experiment was
repeated in the same way the following year. The experiment started
as late as 16 June 1969 but was terminated at the same time as the
previous year’s experiment, i.e. mid-September. No calcium series was
included in the 1969 experiment. The addition of nutrients commenced
15 July, i.e. a month later than in the previous year’s experiment.

Because of the short test period, the differences between the various
phases of the experiment were not so great as in the 1968 experiment.
This time, however, a distinel difference could also be established
between the development of plants with and without added test soil
fungi. As in the previous year, it was seen that Boletus subtomenitosus
had a stimulating effect on the growlh of the plants.

In principle, analyses of the “reducing substance” in needles and
roots gave the same result as in the previous year’s experiment. The
lower content in the roots of the shaded plants was particularly notice-
able. Other differences that had been established in the 1968 experiment
were not so clear, probably because of the shorter duration of the
experiment and the limited time for mycorrhiza formation.

These circumstances show the great degree of care that must be
taken when drawing conclusions in this particular branch of research.
Comparisons between experiments started early in the spring using
natural forest soil and those started late in the summer using an arti-
ficial substrate, as was done by Handley & Sanders (1962), can easily
lead to misleading conclusions.
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4. Experiment 3. Mycorrhiza-inoculated fertilized and
unfertilized pine plants in unsterilized raw humus raised
in cultivation boxes during varying periods of

illumination (1969)

4.1. Materials and methods

In the winter of 1969 an experiment was arranged using pine plants
raised in pots in low nutrient raw humus and perlite, which had been
sterilized by heating to -+ 60°C for 60 hours. Unsterilized low nutrient
raw humus was also used.

Five plants were raised in each pot. About one month after germina-
tion a peal cullure of Boletus bovinus or Boletus subtomentosus was
added to the pots in the slerilized series (cf. Moser, 1956).

Fertilization of the pots was carried out as in Experiment 1 with
NH,-tartrate (N) and H;PO, (P) at 1.0 g and 1.4 g per I respectively.
Fertilization took place twice a week and the dose per pot was 10 ml
each time. During the experiment each pot received a total of 300 mg
NH,-tartrate and 420 mg H;PO,.

The experiment was a pure laboratory experiment and the pots were
kept in small climate chambers (“Thalloiron” of ASSAB’s eonstruc-
tion) with a volume of approximately 0.25 ms. Illumination was by
means of a ramp of strip lights—Sylvania Electric F48T12/GRO/VHO
—with a light intensity at plant level of about 6.000 lux. The tem-
perature was kept at approximately 18°C during the illuminated
period and was slightly less at night. Three different types of illumina-
tion were used in three different chambers, namely constant illumina-
tion, i.e. 24 hours a day, and 16 and 8 hours’ illumination a day. The
length of the experiment represented a normal summer period but was
extended to exceed that of Experiment 1 by about 3 weeks.

At the end of the experiment a record was made of the length of
shoots, needles and roots, as also of the average dry weight of needles
and roots from a minimum of 30 plants in each and the same experi-
ment combination. In addilion, orientating analyses were made of the
content of “reducing substance™ in needles and roots.

4.2. Results

Table 4 and Fig. 5 and 6 show that the plants reacted very strongly
to fertilization in the 24-hour series but negligibly in the 16-hour series.
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Tabell 4. Development of fertilized and non-fertilized 1-year-old pine plants raised in
pots partly vith sterilized, low-nutrient raw humus partly with unsterilized raw
humus in constant light (6000 lux, 24 hours) and in 16 hours and 8 hours illu-
mination per day. Two different fungi added to the sterile substrate, 1969.

Light and
fertilization

Fungus added

Length, mm

Dry weight, mg

Shoots Need- Roots Shoots

les

Roots

Short roots
transformed
tomycorrhiza,
% of total

24 hours light
Non-fertilized soil

Sterile —
Boletus bovinus
B. subtomentosus
Unsterilized

Fertilized soil

Sterile —
Boletus bovinus
B. subtomentosus
Unsterilized —

16 hours light
Non-fertilized soil

Sterile —
Boletus bovinus
B. subtomentosus
Unsterilized —

Fertilized soil

Sterile -—
Boletus bovinus
B, subfomentosus
Unsterilized —

8 hours light
Non-fertilized soil
Sterile —
Boletus bovinus
B. subtomentosus
Unsterilized —

Fertilized soil
Sterile —
Boletus bovinus
B. subtomentosus
Unsterilized —

41 37 108
54 44 128
58 51 138
50 39 120

65 56 49
76 102 76
82 92 64
62 107 54

32 26 68
36 27 72
51 39 101
46 32 78

42 40 64
46 41 70

32 10 13
32 10 15

31 7 14
32 7 6
32 8 15
31 9 10
32 8 21

176.2+2.1 156
162.5+1.9 129
228.1+4.0 159
206.1£2.4 142
535.24+8.3 177
548.6 4-6.6 124
514.5+6.5 117
316.7+4.8 108

49.4 +2.6 59
67.5 £2.1 70
61.4+-2.8 53
81.54+3.0 87

+4.2 82
88.5+4.1 61
+2.8 49
+5.1 98

12.04+1.0 4

9.040.5 5
11.340.9 4

8.7+0.2 16
10.440.6 4
12.04+0.9 7
18.3+£0.8 6
42.8+3.1 14

|

OO

1

| o
OO0 oo

OOO[

cool

In the 8-hour series the plants grew equally, irrespective of fertiliza-
tion. The low degree of illumination was the growth limiting factor in

this series.

In the sterilized raw humus there was no mycorrhiza after artificial
inoculation with Boletus bovinus and Boletus sublomeniosus. On the
other hand, the plants in the unsterilized and unfertilized humus dis-
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Fig.5. One-year-old pine plants raised in climate chamber in sterilized, unfertilized
low-nutrient raw humus, to which was added two different soil fungi, and in
unsterilized raw humus (pot on extreme right) in 24-hour illumination (6000 lux)
a day (upper row), partly in 16-hour illumination a day (lower row). From left to
right: 1) plants in raw humus without added fungus, 2) plants with added pure
culture of Boletus subtomentosus, 3) ditto of Boletus bovinus and 4) plants in un-
sterilized, fertile raw humus.

played abundant mycorrhiza formation in the 24-hour series, which
showed that the illuminalion in the climate chamber was sufficient
for the constitution of mycorrhiza.

The roots in the 16-hour series were usually quile different in
appearance from those in the 24-hour series. Thus the roots in the
former plants were considerably “thinner”, and also had a different
morphological inner structure, the reasons for which will be dealt with
later.

The orientating analyses of “reducing substance” showed clearly
lower contents in the roots of the 8-hour series, but in other respects
the values were fairly similar.
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Fig.6. Same conditions as in Fig.

5 but with fertilized plants.
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5 Summary and discussion

Judging from the above experiments it is possible to influence the
development of pine plants by the addition of suitable soil fungi. How-
ever, the way in which these fungi contribute towards the better devel-
opment of the plants is not yel fully clear. It is known from earlier
experiments that typical mycorrhiza fungi do not produce laccase or
proteinase. On the other hand the so-called litter decomposing fungi
or white rot fungi have an enzyme system which makes it possible to
break down the complex humus compounds of the soil (cf. Lindeberg,
1948) thereby releésing nitrogen which can be-ingested by the trees.
It has also been demonstrated recently (Lundeberg, 1970) that one of
the fungi tested in these experiments, Boletus subtomentosus, can occur
in several physiological races with varying ability to break down com-
plex humus compounds. The most likely course in natural conditions
would seem to be an interaction between soil organisms with an ability
of litter-decomposition and mycorrhiza fungi, which normally lack
this ability, but which are able to assume symbijosis with iree roots
and enable them effectively to conduct the ingestion of soluble soil
nutrients.

The fact that the pine plants used in the above experiments grew
stronger in sterilized soil to which pure cultures of Boletus subfomen-
tosus had been added showed that this fungus was in some way able
to bring about the formation of soluble nitrogen in forest soil. It is of
great interest to note that this ability did not manifest itself when the
plants were shaded and when illumination constituted the growth
limiting factor (cf. Bjorkman, 1942). Thus the mycorrhiza formation
which occurred during full illuminalion ceased entirely in 1/4 light.

Mycorrhiza formation failed completely to occur also in the heavily
fertilized pots (cf. Bjérkman, 1942), which is probably partially due
to the energy problem, even though the effect can in this respect be
assumed to be of a more complex nature. The fransformation of energy-
rich assimilates into substances which are more or less toxic to the
fungi, e.g. of phenol type, can in this respect play a part, as also mor-
phologic changes in the roots caused by changes in the nutritional
balance of the soil or other influences (cf. Slankis, 1958; Foster &
Marks, 1967; von Hofsten, 1969). Thus when calcium was added all
mycorrhiza formation was completely suppressed and the plants grew
to about the same size.
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In the third series of experiments (Experiment 3) it was possible
to show that the plants grew much sironger if they were raised in
constant light (24 hours a day) than if the light was limited to 16 or
8 hours a day. In the latter case the plants, and more particularly
their roots, were very poorly developed and there was no sign of
myecorrhiza formation. In the 16-hour illumination series mycorrhiza
occurred only in non-fertilized plants which had been raised in un-
sterilized soil. Table 4 shows that such non-fertilized plants were con-
sistently bigger in shorter periods of daylight than corresponding plants
in sterilized soil. Whether this has to do with the fact that a formation
of mycorrhiza was possible in this soil but not in the sterilized soil to
which only one particular fungus had been added—which is not with
certainty the most “cffective” nourishment assimilator in this sub-
strate—cannot be ascertained with the help of the above experiments,
but it does not seem entirely improbable.

However, as it has been seen lhat fully-developed mycorrhiza does
not necessarily always occur when a clearly stimulating effect of a

certain strain of a normally mycorrhiza forming fungus or of a litter-
decomposing fungus (cf. Lundeberg, 1970) has taken place. It there-
fore seems probable that such an inoculation can result in good plant
development already without real inycorrhiza formation (ef. Levisohn,
1956). This characteristic has also been observed in earlier experiments
and been attributed to a certain antagonistic effect on parasitical root
fungi (Marx, 1966; Sasek, 1967; Hyppel, 1968). In the present inocula-
tion experiment with sterilized substrate, where the actual structure
of the soil itself can be assumed to have undergone rather insignificant
changes, it has, however, been possible lo establish a directly stimulat-
ing influence on the growth of the plants (cf. Wilde, 1968).

Even though generalisations should be avoided, and the results of
nursery and laboratory tests not be indiscriminately transferred to
natural conditions, it should be possible to assume that certain fungi
can have a favourable influence also in natural conditions where there
is a cerlain lack of nitrogen and where light conditions are good. 1t
therefore seems justifiable to proceed along this biological path of
utilizing nitrogen which is bound in the soil. If a suitable method or
partial sterilization and the introduction of cerlain mycorrhiza fungi
or other soil fungi can be devised for praclical application, this would
constitute a biological alternative lo chemical fertilization, as rich
stores of nitrogen which are inaccessible to Ilrees are also present in
so-called low-nutrient forest soil.

Orientating field tests along these lines are at present in progress.
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Sammanfattning
Mykorrhiza och niiringsupptagning hos skogstriid i mager skogsjord

Det #r kiint att barrtradsplantor som uppdrages i nédringsfattig skogsjord.
kan stimuleras i sin tillvéix{ genom tillférsel av ldmpliga marksvampar,
mykorrhizasvampar eller férnasvampar. De {orra forfogar i princip ej Over
laccas eller proteinas, som gor det mojligt att nedbryta komplexa humus-
foreningar i marken, Gridnsen #r emellertid oskarp mellan mykorrhiza-
svampar och férnasvampar. En 1 den foreliggande undersékningen provad
stam av Boletus subtomenfosus, som ofta utgor en typisk mykorrhizabildare,
har visat sig kunna nedbryta komplexa organiska humusféreningar och
frigéra for triden upptagbart kvive samt stimulera mykorrhizabildningen
genom andra svampar. :

Vid en beskuggning av plantorna till hilften av fullt Jjus férefanns dnnu
ett stimulerande inflytande genom den ndmnda svampen, men vid beskugg-
ning till 1/4 av fullt ljus blev alla plantorna lika. En utjimning skedde
dven vid tillsats av NPK och CaCOj;, d& svampens inflytande eliminerades
och ingen mykorrhiza bildades. En tillsats av fosfor medférde en viss 6kning
av mykorrhizabildningen.

Vid 24 timmars belysningstid blev plantorna i ett annat férsék betydligt
kraftigare dn vid kortare belysningstid. I krukor med osteriliserad och
ogddslad rédhumus forekom mykorrhizabildning vid 24 och 16 timmars ljus
men ej vid kortare belysningstid.

Det konstaterade gynnsamma inflytande som fornanedbrytande svampar
kan utdva genom att frigéra bundet kviive och férmedla upptagningen av
sdlunda for skogstrad tillgdnglig néring, som kan forsiggh genom typiska
mykorrhizasvampar, borde i sjilva verket kunna utnyttjas som ett alternativ
till kemisk gédsling. De stora foérrdd av for tridden i allménhet odtkomligt
kvive, som dven finnes i nédringsfattiga skogsmarker, skulle s&dlunda kunna
utnyttjas pa biologisk viig i praktisk skala., Forstk hiarmed péagar.
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