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NUTRIENT CYCLE IN TREE STANDS — NORDIC SYMPOSIUM

Saapunut toimitukselle 1977-09-20

The Nordic working group for forest fertilization is a group of research workers from the Nor-
dic countries Denmark, Finland, Norway and Sweden, which has been working on plant nutrition
questions ard forest amelioration problems. The group has met annually to discuss current prob-
lems, hitherto mostly concerning forest fertilization. In 1976 the question of future working forms
came up; the group decided to arrange a symposium on the subject Nutrient cycle 1n tree stands
in 1977.

This symposium took place in Harjavalta and Ikalis in Finland from the 29tk of August to
15t of September 1977. During the symposium 12 papers were presented, which are published in
the following, either in full or as summaries of a given lecture.

The compilation was made by C. J. Westman.

A BIOELEMENT BUDGET OF AN OLD SCOTS PINE FOREST IN CENTRAL
SWEDEN

LAGE BRINGMARK

Swedish Coniferous Forest Project, Swedish University of Agricultural Sciences

1. Introduction m above sea level. The average annual

An annual budget of the macroelements
in an old Scots pine forest is presented. It is
intended to provide data for nutrient models
and to be a tool in the identification of
interesting problem areas. The aim has been
to make the budget as complete as possible.
In some parts, especially below-ground,
questionable assumptions and data had to
be used. The litter and soil are only treated
superlicially as they are dealt with by
StaarF & BErg (1977).

2. Site description

The investigated stand is situated at
Jidraas in Central Sweden 60°N, 16°E, 185

precipitation is 607 mm of which 326 mm
falls during the growing season (day tem-
perature > 6° C). The soil is an iron podsol
on sandy sediment with a poor nutrient
status. The forest is an old Scots pine stand
with a well-developed field and bottom layer
consisting mainly of Calluna vulgaris, Vac-
cinium vitis-idaea, Pleurczium schreberi and
Cladonia sp. There are 393 stems per ha
and the stand age is 120 —150 years.

3. Data background
Biolement fluxes of all the investigated
compartments of the ecosystem as well as

increments of branches and stemwood are
derived from dry weights and concentrations.
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Table 1. Dry weights and bioelements in compartments of the ecosystem (g m—2).

Dry

Compartment weight Na K Ca Mg N P S
SCOTS PINE
BIOMASS
Current needles ...... 126.21 006 671 184 100 1.46
¥ % ) ‘ i .149 d
Current shoots ...... 25.71 .001 133 .038 .021 .26 .036 8%
Older needles ....... 267.51 .016 1.214 .827 .161 3.61 334 155
Older shoots ......... 56.01 .003 .265 158 044 .39 .048 .025
Branches ............. 810,5t .024 1.013 1.600 324 2.19 211 .243
Stemwood ............ 4519.41 .045 1.401 2.440 .633 2.44 181 452
Stembark TIPS 304.91 .015 287 1.067 125 .95 101 067
Stump & big roots .| 1424.21 .010 926 .555 A71 1.05 128 128
Roots 10—50 mm .| 289.62 .006 .330 .191 .070 .35 .058 2064
Roots < 10 mm ....| 295.02 .021 490 .307 .136 53 112 118
HEATHER
BIOMASS
Capsules ............... 1.23 000 005 004 001
. J . , J .01 .001 J
Current shoots ...... 38.73 003 .139 133 .049 .34 .028 ggé
C + 1 shoots ......... 37.23 .004 107 109 036 31 .022 .036
Older stems .......... 55.8% .004 .088 .075 .022 .27 .022 .036
Roots > 2 mm ...... 127.32 011 157 .160 .051 .64 .073 .097
Roots < 2mm ...... 57.12 .003 .058 .052 .017 .26 .027 .050
COWBERRY
BIOMASS
Current shoots .... 3.13 00C 013 015 004
. . d k d .03 .003 .0
C + 1, C + 2 shoots 42.03 .003 .139 .245 .045 35 .033 0(';1.
Oldpr stems .......... 19.13 .001 .048 .103 .015 .13 011 .027
Rhizomes ............. 143.32 .019 .239 233 .058 .89 A1 171
BOTTOM LAYER
Mossed .1 onv..0L 128.33 022 560 310 078 1.23
! .022 X . . : 117 .087
Lichens ............... 123.33 .010 .216 .080 .031 74 .057 .047
BIOMASS TOTALS
Needles ............... 022 1.885 1.011 261
d .88 . . 5.07 483 222
Tree above-ground . 120
e o 5.9G6 6.869 1.579 12.35 1.188 1.149
ground ....ccoeeees 011 .339 i
e 321 .108 .93 .073 .109
ground ............ .023 .200 .363 .064 51 .047 .105
Tree below-ground . .027 .82
e b 820 .498 .206 .88 .170 182
BIMRDG o1 0onsnvons .014 .215 .
b e 212 .068 .90 .100 147
ground ............ .019 .239 .233 .058 .89 JA11 171
Brée ok alawi. 147 6.726 7.314 1.785 13
5 ’ g : .23 1.358 1.331
éleat)her ............. .025 554 .533 176 1.83 173 .256
l\ow eITY +.oonnnnee 042 439 .596 122 1.40 158 .276
TIosses & lichens .... .032 .776 .390 .109 1.97 174 134
otal biomass ...... .246 8.495 8.833 2.192 18.43 1.863 1.863
STANDING DEAD
Tree branches .... 57.21 003 055 150 019
.2 .00 . . J 2L .015 .022
é—Ieather ............. 7.58 .000 .007 017 .003 .05 .003 .005
owberry ............. 1.238 .000 .000 .003 .000 .01 .000 .000
SOIL
Total surface litter 4794 043 846 2.140 25
C A ; F . .257 6.91 414 521
Total root litter 2162 014 264 1
s gl . .306 .097 1.30 127 157
bIoMase* 5. .U 19904 20 1.85 4.57 1.12
: ; . . 16.2 1.07 1.54
Adsor}:)ed CRRCTITIE .83 4.58 9.06 1.77 - - -
Organic N in the
mineral soil ....... - - — — 78

1) J. Flower-Ellis (pers. comm.)

%) H. Persson (1975)

2) H. Persson (pers. comm.)

%) H. Staaf (pers. comm.)

Table 2. Bioelement increments in some biomass fractions. Bioelement fluxes in the litter fall and the

water flow (g-m—2 year—1

Fraction ;
weight

Dry Na K

Ca Mg N P S Cl

INCREMENTS
1 Branches & shoots

LITTER FALL

5 anpEBTuEs 43.41 .001 .054 085 .017 12 .011 013
| Stemwood «.v.ievsmissvssenseses 106.1*  .001  .033

Needles ...cccccceieercncennnnens 92.0t .007 071 .330 .035 .38 .025 041
CONBS :.ssucssnissssassansssoswoses 2.5 .000 .003 .001 .001 .01 .001  .001
TWIES wansevsssasomanorsasesussen 10.6* .000 .003 .016 .001 .05 .002 .005
Other ...ivvviiiiiiiiiinennnnnnn. 29.21 .001 027 .102 .012 .09 .010 .006
Total ..cevvvvinivninnininnnnnnn. .008 .104 449 .049 .53 .038  .053
Water Na K Ca Mg N P S Cl
(mm)
WATER FLOW 1976
Incident rain .............eeeel 392 .053 .045 .067 .014 .310 - .568 .129
Snow fall ....iicusisisnsioseoons 1172 .024 .013 .019 .004 .048 - - -
Throughfall .......cccevvennnenn. 333 .098 .184 .158 .044 227 — .627 254
At 2 CMY)  wooonsinesws i sws oo 3114 .676 .500 .356 195 .020 - .798 967
b 2050HP) civsioecanesnnamsaio 2204 .648 .136 230 .079 .013 — 521 547

.057  .015 .06 .004 .011

1) J. Flower-Ellis (pers. comm.)

2) Dec. 1975 — April 1976. H. Grip (pers. comm.).
3) The zero level is the border between the humus layer and the mineral soil.

4) P.-E. Jansson (pers. comm.).

Similarly, the fluxes in water flow and litter
fall are determined by combining concentra-
tions with quantities of carrier substance.
This data basis, which is the origin of all
the other derivations except uptake into
fine roots, is presented in Tables 1 and 2.
The general method for further calculations
of fluxes has been to make balances for
compartments. To this end a compartment
model of the ecosystem has been set up
(Figure 1).

The dry weights and water flows of the
data basis are contributions from many
workers in the Swedish Coniferous Forest
Project (cf. Tables 1 and 2). The concentra-
tions used for bioelement contents of bio-
mass and litter fractions are autumn values.
Adsorbed cations in the soil are extracted
with IM NH,Cl. The ecosystem has been
delimitcd at the soil depth of 20 cm from
the top of the mineral soil.

Rain and soil water for chemical analysis
has been collected every two weeks during
the snow-free period i 1976. Incident rain
was collected on an open area and through-
fall in the 120-year-old stand. The percolat-
ing water at 2 cm and 20 cm from the top
of the mineral soil was collected in tension
lysimeters. Snow on the ground was col-
lected in late March 1976. The quantities
of incident rain and throughfall were deter-
mined in the above samplings, while quan-
tities of snowfall and percolate in the mineral
soil were supplied by hydrologists. The
percolation in the soil is estimated from
water potential gradients and the unsaturat-
ed water conductivity.

The Dbioelement fluxes in water were
determined during one year (1976) while
the litter fall is the mean of a four-year
period (1973—197€). During the year 1
December 1975 —1 December 1976 precipita-
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Fig. 1. Compartment model of the forest ecosystem

tion was 501 mm, i.e. less than the mean
annual precipitation.

4. Element distribution

Needles have a seasonal variation and fine
roots a more irregular variation with time
(H. PerssoN 1977). Some fractions of tree
biomass have increments. All other com-
parlments of the ecosystem model are re-
garded as constant during one year.

Roughly 80 % of K, Ca and Mg in the

204

total biomass are present in the trees. Cor-
responding figures for N, P and S are 70 %
and for Na 60 9,. Within the trees an
especially high proportion of N and Ca is
aboveground (94 %), while the other ele-
ments apart from Na are up to 87 % above-
ground. The pattern in the dwarf shrubs
differs from that in the trees.

The amounts of nitrogen and sulphur in
the surface and root litter are roughly
40 9% of the content in the biomass. Ca and
P in the litter are roughly one-third of the
biomass and K, Mg one-sixth.

The other stores in the soil are large in
relation to the plant biomass. The adsorbed
amounts of Ca and Mg correspond approxi-
mately to 100 % of the biomass content.
The corresponding figure for K is 54 9.
The difference can be explained in terms of
adsorption and diffusion properties of the
cations. The biological activity does not
necessarily have to be the reason. Even if
the adsorbed amount of Na is small, it is
equal to 340 9 of the Na in the plants.
In this case plant selectlivity is probably
decisive.

A very large quantity of nitrogen is
present in non-available form in organic
material in the humus layer and especially
in the mineral soil. This amounts to 500 %
of the content in the plant biomass. A large
proportion of the sulphur out of its eco-
system total is in the FH layer, phosphorus
somewhat less. P and S have not been
measured in the mineral soil,

5. Input to the ecosystem

The deposition of bioelements with snow-
fall has been calculated from precipitation
guantities for the winter 1975/76 and the
concentrations in snow on the ground in
late March 1976. At this date a considerable
infiltration into the L layer had already
laken place. As most of the chemicals in
snow are to be found in the first melting
water, the concentrations in snowfall have
been underestimated.

The input of metals and chloride in the
annual precipitation in Cenfral Sweden and
Finland is generally reported to be 2—4
times greater than the rain and snow deposi-
tion measured in Jidrass during 1976

e ————

(SteiNHARDT 1973). On the other hand,
the 1976 deposition of N and S was twice
the common figures for other stations in
the region.

It has not been possible to include dry
deposition in this bioelement budget. The
quantities in dry depositicn could well be
of the same magnitude as the ones in rain
and snow. 1f dry depositicn is added to
the ecosystem input, it would affect many
of the calculations in the budget, for example
the total input-output analysis and the
uptake by above-ground components from
soil.

6. Uptake from soil by vegetation

Bioelement balances on above-ground frac-
tions of the plant biomass have the general
form:

Increment = uptake from soil — litter
production — leaching to rain water

The uptake from soil can be calculated if
the other terms are known or assumed to
be zero. ln the case of nitrogen there is
uptake from rain water instead of leaching
(Table 2). The uptake into the above-ground
parts of trees from soil is determined by
the following expression:

Uptake incre- increment increment litter inci- through-
above- = ment of + of + of + fall — dent + fall
ground branches stemwood stumps rain

All these terms have been determined ex-
cept the increment of stumps, which is
assumed to be proportional to stemwood

increment. The uptake resulting from the
calculations is as follows:

Na K Ca Mg N P S g - m2year!
Uptake in above-
ground tree bio-
mass from soil .06 .35 .69 A1 .65 .055 .14

These figures are 5—10 times less than
those commonly reported from coniferous
stands (KHANNA 1975), which is due to
poor soil and old age.

__ needle __ incident

needle uptake  _
litter fall rain

from soil

Furthermore, the difference between the
contents of the current needles and the up-

The fraction of the uptake that goes into
needles is determinable under the assump-
tions of zero needle increment and that
all interactions between rainwater and the
trees take place ecn the needle surfaces.

through-
# fall

take into needles is an estimate of the annual
translocation from the old needles.

Na K Ca Mg N P S g+ m2year!
Needle uptake
from soil ............ .05 21 42 .07 .30 .025 .10
Content in
current needles ... .01 .67 .18 .10 1.46 149 .07
Translocation to
current needles... —.05 46 —.24 .03 1.16 124 —.03

The major part of above-ground uptake is
uptake into needles. The translocation values
reflect the well-known fact that potassium,

nitrogen and phosphorus are withdrawn from
aging needles, while Ca, Na and S are not
and Mg only to a small extent.
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The determinations of uptake into the
below-ground parts of the trees are much
more uncertain because necessary data is
lacking. This deficiency is compensated by
assumptions and calculations, which shouid
be interpreted with caution. The wuptake
fraction of the large roots (i —5 cm) is set
proportional to the uptake into branches,
which is the sum of branch increment and
twig litter fall. The nutrients for fine roct
formation are probably taken directly from
the soil rather than translocated from dying
roots. This statement is supported by the
concentrations in root litter, which are
similar to concentrations of living roots.
The fractional uptake of the fine roots is
calculated as the dry weight production
multiplied by the concentrations. In the
calculations from root production no con-
sideration need to be taken of whether there
is an increment in this fluctuating biomass
fraction.

There is no data on root production from
the 120-year-old stand, but an estimation
has been made in a nearby 15-year-old stand
by repeated samplings of the root biomass
(H. PERrssoN, in prep.). This root produc-
tion has been transferred to the old stand
by the following procedure. The biomass ot
roots < 2 mm has been calculated as the
mean of three sampling dates represented
in the dry weight records of both stand,
the idea being that the seasonal variations
should be simultaneous (dry weights supp-
lied by H. Persson). The biomass of the
2—10 mm roots was determined as the
mean of all the samplingtime available. The
ratio between the biomass and production
in the young stand was applied to the old
stand, resulting in an estimate of the pro-
duction and uptake of fine roots in the old
stand.

Na K Ca Mg N P S g - m2year!
Uptake into pine
roots from soil
1—5cmroots .... .00 .02 .012 .004 .03 .004 .005
< 1cmroots ...... .04 .90 .56 .25 97 .20 22
Total uptake by pine .10 1.27 1.26 .36 1.65 .26 .37

It is evident that a very large part of the
annual uptake is used for fine root produc-
tion. However, the turnover of fine roots
is very fast and the nutrients are rapidly
returned to the soil. This bioelement turn-
over could be regarded as a very local
circulation in the soil. which might be
overlooked in a large-scale ecosystem bud-
get. However, the internal circulation in the
so1l is of great interest in nutrient models,
which describe processes in a functional
way.

To be able to arrive at figures for the

above-ground uptake into dwarf shrubs it
has been necessary to assume that there is
no increment and no leaching by rainwater
in this part of the vegetation. The uptake
has been set equal to litter production,
which has been estimated by Staaf using
information in the literature (STaAAF & BERG
1977). The uptake into the fine roots of
Calluna and the rhizomes of Vaccinium
vitis-idaea is calculated from dry weight
production in the 15-year-old stand using
the same procedure as for pine roots (data
from H. PERSsON).

Na K Ca Mg N P S g - m%year!

Uptake into heather

SHOOtS ..cvvivsnevnins .00 .02 .04 .006 A2 .007 .006
Uptake into cow-

berry above-

grtfhd L .00 .003 .02 .001 .05 .002 .005
Uptake into heather

POOEF eyl i oins v .002 .04 .04 .01 17 .02 .03
Uptake into cow-

berry rhizomes .... .03 .35 .35 .09 1.31 17 25
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The most striking of these figures are the
ones for uptake into cowberry rhizomes.
The combination of concentrations and rhi-
zome production is made under the assump-
tion of no translocation from old rhizomes.
The high concentrations in rhizome Utter
justify this assumption.

Incident 4 Snow dry deposi-
rain fall tion

In this case dry dcposition i1s unknown
and therefore ignored. The input-output
balance of the tree stratum above-ground is
the sum of increments in branches, stem-
wood and stumps.

7. Input/output analysis

For the total forest system an input-out-
put analysis should have the form:

percolation

at 20 cm = increment

For the system [soil + L layer 4 field
vegetation] the following balance has been
used:

. . take above :
snow pine lit- _ percola- ug incre-
Throughfall  + ) ter fall tion 20 cm - fround by ~ ment
rees

The sum of the tree stratum and the
latter stratum should equal the ecosystem
balance, which is a check that the calcula-
tions of above-ground uptake have been

correctly performed. A further separation
into litter layer and humus layer has been
made by STaAF & BERG (1977) in budgets
emanating from the mineralisation process.

Na K Ca Mg N P S Cl g-m2year!
Total ecosystem ...... —.57 —.08 —.14 —.06 .35 - 05 —.42
Tree stratum .......... .002 11 .16 .04 .21 02 .03 -—
Soil 4 L layer +
field vegetation .... —.57 —.19 —.30 —.10 15 —.01 02 -

The negative metal balances on the [soil 4-
L layer 4 field vegetation] are due to weat-
hering in the mineral soil. The order of the
decrease is Na > Ca > K > Mg. The order
of occurrence in the minerals of the local
soil is K > Na > Ca > Mg. The different
position of K in the two sequences is prob-
ably due to withholding in the intensive
internal circulation of the soil (Table 3,
ralio b) rather than a difference in the
weathering rates. The negative balance of
chloride points to a Cl source inside the
ecosystem which is difficult to explain, while
sulphur has an input which almost aquals
the output in the tree stratum and the soil.

Nitrogen has positive increment in the
stratum of [soil 4+ L layer + field vegeta-
tion]. The accumulation takes place in dead
and living organic material. The nitrogen

fixation in the 129-yearold stand has been
estimated to be 0.0347 g N-m~—2-yr—1 (GrAN-
HALL & LINDBERG 1977), which should be
added to the soil balance for nitrogen.

8. Features of the bioelement circulation

The variables that will be discussed under
this heading are all ratios between quantities
of one bioelement. This means that they
are suitable for comparisons between the
different elements.

The first ratios (Table 3, ratio a) are
intended to compare the internal circulation
in the tree stratum with effluxes from the
ecosystem. The uptake is considered a better
estimate of the internal cycle than [litter
fall 4+ throughfall] as tree increments are
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Table 3. Some bioelement flux ratios.

Ratio Na K Ca Mg N P S
a. (uptake above ground by
trees)/(percolation at 20
CI)| Fswassss e vas sawssmgosio swmos .084 2.6 3.0 1.4 50 .27
b. (total uptake by trees and
dwarf shrubs)/(percolation
at 20 cm) .ieesesissesviinnes .19 12 7.4 6.0 254 1.3
c. (tree litter fall)/(through-
fall), < coiespueaiensinen g ses .092 .56 2.8 1.1 2.3 .084
d. (total heather wuptake)/
(total pine uptake) ......... .0z .043 .057 .047 .18 .096 a1
e. (total cowberry uptake)/
(total pine uptake) ......... .30 .28 29 .25 .82 .64 71
f. (moss uptake)/(total pine
uptake) .....ocooiiiiiiiniinnn, .05 077 .064 .047 18 .096 .086

included and incident rain excluded. The
ratios show that nitrogen has a very closed
cycle in the forest, while those of K, Ca,
Mg and S are more open. Phosphorus has a
very closed internal cycle, although there
are no measurements of efflux in this case.
Na has very littie cycling in the ecosystem.
The features described become even more
evident when cycling in the belowground
portions of the plant biomass is taken into
account (ratio b). Still further internal
circulation occurs in the form of uptake
and release by microorganisms. The causes
of tightness in a cycle in the forest are the
uptake efficiency of the wvegetation, the
holding capacity of the soil and the resistance
to breakdown in the litter.

Downward transport through the forest
are divided into two main pathways in the
above-ground stratum, i.e. water through-
fall and litter fall. In the upper part of the
soil there is a similar division on water
and organic material being the carrier sub-
stance (Staar & BErc 1977). The divalent
calions are more associated with the litter
fall than the monovalent cations and sulphur
(Table 3, ratio c¢). For Na, K and N there
is a connection between the proportions in
litter fall and the tightness of the cycles.

The ratios between the uptakes into
different plant species (ratios d, e and f)
show that the dwarf shrubs are taking a
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large share of especially N, P and S. The
unexpected figures for cowberry should be
treated with caution. The uptake into mosses,
which has been set equal to moss litter
production estimated by Staar & BERG
(1977), is rather large for N and P. The
moss carpet is drawing its nutrients almost
entirely from rain water (G. O. Tamm 1953)
and is not competing with the trees below-
ground. The elements in the throughfall are
withheld for some time on their way into
the soil.

The turnover time is the time for com-
plete renewal of a bioclement in a com-
partment. It is estimated by dividing the
compartment size with the flux through the
compartment Of course, this does not ne-
cessarily mean that all the compartment
content has actually been renewed during
the turnover time calculated in this way as
there may be more or less convertible frac-
tions inside the compartment. Compart-
mentalisation should be performed 1n a way
whereby the turnover concept makes sense.
For example, the turncver time in the
above-ground tree biomass is an obscure
mean value between the turnover times in
needles and in boles, the latter having
infinite turnover time as long as tree death
is not taken into account.

The turnover times in needles are in the
order P> N> K > Mg > Ca> S> Na

Table 4. Turnover times for bioelements in biomass fractions (years).

Bioelement Na K Ca Mg N P S
(needle biomass)/(needle litter
fall 4 throughfall) ............ 21, 7.4 2.1 3.3 8.3 19 .33
(live shoots and branches)/
(twig litter fall) ............... 90 500 110 400 50 150 60
(pine biomass below ground)/
(pine uptake below ground) 14 1.1 1.2 1.2 1.1 1.2 1.2
(live dwarf shrubs below
ground)/(dwarf shrub uptake
below ground) ................ 1.1 1.2 1.2 1.3 1.2 1.2 1.1

(Table 4). There is a connection between
the tightness of the internal cycle above-
ground, except for Ca and S. The turnover
times for N, P and K are longer than the
age of the oldest needles as a result of
translocation.

The turnover times in shoots and branches
are very approximate because of the small
fluxes in twig litter fall and the increment
in the compartment. The application of the
above calculation method on an increasing
compartment is not quite correct. The time
for complete renewal is underestimated.
However, the figures reveal very long turn-
over times, in some cases longer than the
entire age of the stand. The relative order
of the elements is K > Mg > P > Ca > Na
> S > N. In comparison with the situaticn
in needles, N and to some extent P have
faster turnover times in relation to the
metals.

The turnover times for the belew-ground
parts of pine and dwarf shrubs are all about
one year. 1f pine roots <1 cm had been
considered separately the turnover would
have been even faster. The uptake into
below-ground parts has been determined as
certain proportions of the root dry weights,
hence the similarities between the different
bioelements. However, the turnover times

for pine roots and dwarf shrub roots are
independently determined.
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MOBILIZATION OF PLANT NUTRIENTS IN A SCOTS PINE FOREST MOR IN
CENTRAL SWEDEN

HAKAN STAAF and BJORN BERG

Swedish Coniferous Forest Project, Swedish University of Agricultural Sciences

1. Introduction

The release of nutrients from litter and
humus is a fundamental process in the
internal biogeochemical cycle of an eco-
system. Forests are known to recycle plant
nutrients very efficiently (SPURR & BARNES
1973). The mechanism for mobilization of
nutrients from dead organic matter in soil
and itter are at present by no means fully

understood. Three main processes appear to
be:

— Mineralization by soil organisms, i.e.
enzymatic breakage of covalent bonds in
organic molecules resulting in inorganic
forms.

— Biological or physical breakdown of or-
ganic matter liberating structurally en-
closed but not covalently bound elements
to a water-dissolved or exchangeable
form.

— Ion exchange of adsorbed inorganic
nutrients.

The mobilized elements can be tran-
sported in the water phase by mass flow
(leaching) or diffusion out of the studied
system or be absorbed onto soil particles,
fixed in minerals, precipitated as salts, or
immobilized by microorganisms or plant
roots. In general it is possible Lo study only
net results of many such processes during a
certain period of time with different non-
continuous measurements. The problems con-
nected with the practical studies are several;
one, for example, is the difficulty in deter-
mining the chemical status of bioelements in
different soil fractions and to evaluate their
availability to microorganisms and plants,
another is to define structural boundaries of
the system suitable from both a practical
and relevant point of view.

The present paper reports on work in
progress on decomposition and minerali-
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zation within the Swedish Coniferous Forest

Rroject (SWECON) and has the following
aims:

— To describe changes in amounts of nit-
rogen, phosphorus, potassium calcium
ard magnesium in decomposing needle
htter in a mature Scots pine forest in
Central Sweden.

— To present a nutrient budget for the
mor with emphasis on the amounts of
nitrogen, phosphorus, potassium, calcium
and magnesium mobilized annually from
the L and FH layers.

2. Site description

The 120—130-year-old Scots pine stand
studied is located at the SWECON research
site, Ivantjdrnsheden, Central Sweden
(60° 49'N, 16°30’E) at an altitude of 185
m on a flat area of deep glacifluvial sand
§ediments. The mean annual precipitation
In a nearby village is 609 mm (1931 —60j,
and the mean annual temperature +3.8° (.
The length of the vegetation period is about
160 days.

The tree layer is exclusively composed of
Pinus silvestris and has a density of 393
trees per ha and a height of 17—19 m.
Calluna vulgaris and Vaccinium vitis-idaea
form a well-developed field layer, and the
bottom layer, completely covering the
ground, is maily composed of the mosses
Pleurozium schreberi and Dicranum rugosum
together with Cladonia lichens.

The most recent direct effect of forestry
practices is a slight thinning in 1960. Further
details on vegetation and stand history are
given by BRAKENHIELM (1975). )

The soil profile is an iron podsol with a
weakly developed bleached horizon (2—7 cm)
and the humus type is a typical mor. A
very loose litter layer (Agg), Wwith living

mosses and lichens interwoven in it, covers
a humus layer (Ay; —Ag,) of 5—16 cm. The
Agp (F) and Ay, (H) horizons are almost
indistinguishable from each other. The pH
range is 3.9—4.2 in the humus layer and
4.6 —4.8 in the upper mineral soil. The
parent mineral material as well as the
whole soil is considered as very poor in
essential nutrients (BRINGMARK & PETERs-
soN 1975).

3. General assumptions

The following assumptions were consider-
ed to have an approximate validity in the
mor of the stand studied. They were used
in calculations and in the construction of
the nutrient budget:

— The mor layer is in a dynamic steady
state condition, seen on a oneyear basis,
as regards amounts of organic matter
and nutrients in the whole layer as well
as in its major components.

— Nutrients are transported out of the FH
layer exclusively in an inorganic form
in the soil water phase.

— Nutrnient uptake by roots occurs only
in the FH layer.

4. Materials and methods

4.1, Static chemiecal description of the mor

On 4 September 1975 quantitative samp-
ling of the L and FH and FH layers took
place on 24 circular plots, each of 700 cm?,
in a randomized block of 200 x 100 m
within the stand. The litter samples were
sorted into needles, bark, cones, pine twigs <
5 mm ¢ and > 5 mm o, heather litter,
moss litter, cowberry leaves and a miscella-
neous fraction. The FH samples were not
subdivided in different structural compo-
nents, but roots and stem parts and attached
dead parts were remowed.

All samples were weighed individually
after drying at 85° C and pooled to form
five composite samples. They were analyzed
for total content of carbon, nitrogen, phos-
phorus, potassium, calcium, magnesium and
ash. Areal amounts of nutrients in the dif-
ferent litter and svil components were sub-
sequently calculated. The concentrations of

nutrients in the humus layer were expressed
on an ashfree basis. '

4. 2. Mobilization of nutrients from litter

4.2.1 Needle litter

In October 1973 needles of the oldest
generation were collected at litter fall from
the branches of about 15-year — old trees
just outside the stand. Their chemical com-
position was almost identical with litter fall
needles in the stand. The needles were dried
at room temperature to a moisture content
of 5—6 9, put into nylon bags with a mesh
size of 1 mm, and placed in the field in
early May 1974.

Three times a year a set of twenty litter
bags was sampled; in May, August-Sep-
tember and October. The weight loss was
determined after drying to constant weight
at 85° C and composite samples from each
sampling were analyzed for total carbon,
nitrogen, phosphorus, potassium, calcium
and magnesium. Net changes of e'ements
in the decomposing needle litter were then
calculated.

The mean annual decomposition rate was
taken as a mean value for the three years
of study, and used together with data of
litter input and soil litter amounts to cal-
culate the mean residence time of needles
in the litter components as defined here.
Litter fall was generalized to occur in April
(10 g/m?) and in September (83 g/m?) and
the remaining weights of such litter falls
in September of a certain year were calcu-
lated, in a time sequence, and accumulated
until the litter box was filled up.

All needles of one I'tter fall were considered
to leave the litter box instantaneously at a
certain degree of decomposition and turn
into humus. The age of the oldest unit wi'l
then represent the mean age of needles
leaving the litter component. The remaining
amounts of elements 1n the litter after that
period of decomposition were read from the
results of the litter bag measurements and
used to calculate annual amounts leaving

needle litter in mobilized and non-mobilized
form.

4. 2.2 Other litter
Other L layer litter types than needles
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were treated together as one functional unit.
The same relation as for needles between
mobilized and non-mobilized nutrients leav-
ing the litter was used. The amounts trans-
ferred out of this unit litter were quantified
on the basis of the steady state concept.

4. 3. Mobilization of nutrients from humus

The miscellaneous fraction of the L layer
was classified as humus with regard to its
structural appearance. Its chemical com-
position was found to be more similar to
that of the FH layer humus than to that
of the litter (StaAF & BEre 1977). No
decomposition studies were carried out on
this component and its function in the
model is only to store nutrients, and no
net mobilization of elements is assumed to
occur from it.

Additions to the FH layer humus will
thus comprise input from the L layer and
root litter formation; losses are transport
into the mineral soil and net immobilization
in living roots. Due to the practical diffi-
culties in separating root litter from humus,
the root litter formed is treated as humus
in the budget.

The amounts of plant nutrients mobilized
oun a yearly basis and the amounts taken
up by plant roots were taken from a static
influx — outflux budget where these two
quantities were obtained as differences.

4. 4. Gains and losses of the system

Data on annual influxes of elements by
wet deposition, litter fall from pines, and
water transport out from the L and FH
layers was taken from BRINGMARK (1977).

Table 1. Amounts of elements in soil structures and measured fluxes of nutrients in the mor of the mature

pine stand. For further details see the text.

Soil I. COMPONENTS Weight Amounts of nutrients (mg/m?)

layer (g/m?2) N P K Ca Mg

i Needle litter ..........ccceuneen. 150 1290 80 130 510 50
Other HHterl) oo i, 310 2500 150 420 920 98
EIOTINS o6 voiesiicnincio swn sas sios s s 210 3120 180 290 710 110

FH B 155111 R ORI AT S 1540 16200 1070 1850 4510 1120

II. INFLUXES (g/m?/yr) (mg/m?/yr)

L Ngetle Jter: iy pvssics saupsitanivs 93 380 25 70 330 35
Other litter ..........ccueeuvnee. 98 240 46 150 250 40
Through fall ......ccccuvueunenen. 280 <10 200 8 48

FH ROt LLer . . ol g s 250 1470 190 430 820 140
SOB WaALer . . (oneolsivyibabiomsdis 190 ~5 680 710 160

III. OUTFLUXES (g/m2/yr) (mg/m?/yr)
L ol watersi G, izi i .. 190 ~5 680 710 160
FH Soil -watet - .kl e 20 <3 500 360 200

1) Includes bark, pine twigs, cones, heather litter, cowberry leaves, and moss litter.
%) Total layer except living roots and attached dead.

3) Includes snow.
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Above-ground litter formation from
heather was calculated from the relation
litter production/biomass as determined in
heather stands of the same development
phase (Cormack & GIMINGHAM 1964) and
biomass figures from the present stand
(PErssoN 1975). The litter input was mul-
liplied by element concentration figures for
attached dead material. The corresponding
data for cowberry leaves were calculated
from biomass data (Persscn 1975) and
ccncentrations of nutrients in attached dead
material.

Inputs from moss litter formation were
obtained from the assumption of an annual
turnover of 1,4 of the biomass (STIERNQUIST
pers. comm.) and nutrients concentration in
attached dead material from the stand.

Input to humus by root litter formation
was given by PErssoN (pers. comm.). and
based on the relationship between litter
formation and biomass from heather covered
parts of an 18-year-old pine stand situated
close to the old one. This data was then
transformed to the corresponding soil layer
in the old stand with biomass data avail-
able from three samnlings in 1974 — 75 (PERs-
SON pers. comm.), and multiplied by values
on nutrient concentrations in root litter.

5. Results and discussion

§.1. Mobilization of nutrients from litter
5.1.1 Needle litter

The mean annual weight loss value of
26 9, gave a mean residence time for the
needle litter component in the L layer of
2.8 years. The litter component determina-
tion had an accuracy of + 15 9, 95 9, CL)
which gave an interval between 2.4 and 3.4
vears. A probable systematic underestima-
tion in the assortment procedure makes a
figure of three years reasonable for the
mean residence time of needles in the litter
component. After a period of this length
the needle litter contained 103, 89, 19, 25
and 22 9% of their initial amounts of nit-
rogen, phosphorus, potassium, calcium and
magnesium respectively.

Two types of nutrient loss regimes in
decomposing needle litter were found (Figure
1). The absolute amounts of nitrogen and
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| ot
3
754 4
b2
50 4 0
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1July 1Jan 1 July 1Jan 1 July 1Jan 1 July
7% 1975 976 w77
0 1 2 3 years

Figure 1. Amounts of nutrients in decomposing
needle litter. The dashed line showing organic
matter weight loss in litter bags is the same in
both graphs. The measurement was started in May
1974.

phosphorus increased during the first 1.5
years and then turned into a slow loss,
about parallel with the organic matter weght
loss while the decrease in the amounts of
calcium, magnesium and potassium was al-
most parallel with decomposition from the
start.

The nitrogen and phosphorus contents in
the needle litter unit increased to a maximum
of about 130 9% of the inital amounts, rep-
resenting net import of 370 mg N/m? and
20 mg P/m? during the approximately 1.5
years of accumulation. The simultaneous
and equal effect on nitrogen and phosphorus
makes a biological mechanism probable —
such as translocation by fungal hyphae. The
first year requirement of 250 mg N/m?2 and
20 mg P/m? can be explained for nitrogen
but not for phosphorus by the amounts
added in the throughfall. A potential source
of these elements is mineralized nutrients
from older litter generations that, together
with wet deposited amounts, would fill the
needs of all types of litter except for a small
shortage of nitrogen. This recycle mechanism
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Figure 2 A-E. Budgets for N, P, K, Ca and Mg in
the L and FH layers of the mor layer in a 120 —
130-year-old Scots pine stand in Central Sweden.
The budgets are constructed with both measured
and calculated flux data. For details see the text.
All values are in mg/m?/year.

is proposed to be operating within the
present mor layer. The total effect for the
I. layer is a small net immobilization of
nitrogen but a mobilization of phosphorus
(Figure 2A —B).

The C/N and C/P ratios of the decomposing
needle litter changed from initially 134 and
2560 to relatively constant values of about
60 and 1200 respectively (Table 2). This
threshold point coincided in both cases with
the change from a net gain to a net loss

Table 2. Weight loss of decomposing needle litter and carbon/element ratios in a mature Scots pine stand,

Central Sweden.

Days of Weight loss (%, of
Date decomposition initial weight) C/N C/P C/K C/Ca C/Mg
b SD

740502 0 0 134 2560 824 929 1140
740902 123 10.4 1.0 140 2180 1090 105 1490
741103 185 17.8 3.9 129 n.d.l) n.d.l) n.d.l) n.d.l)
750411 344 24.4 4.4 85 1520 1120 116 2396
750513 376 27.3 5.0 85 1690 950 128 2620
750904 490 35.7 4.0 68 1380 1150 126 2600
751029 545 43.2 4.6 60 1120 870 155 2710
760428 726 44.4 3.6 66 1330 1130 135 3250
760825 845 51.2 5.4 57 1130 930 146 2480
761110 922 55.8 5.2 53 1210 1530 146 1530
770601 1125 58.8 7.2 57 1210 1860 164 2170
1) n.d. = not determined

of these elements from the structure. This
behaviour indicates that either nitrogen cr
phosphorus or both were limiting for de-
composition during the initial phase.

For potassium and magnesium the heavy
losses occurred during the first four months,
which might be mainly due to leaching as
both elements are relatively easily leached
from plant litter (TURKEY 1970). Potassium
is present in plant residues as water soluble
salts (ALEXANDER 1961) and can thus be
mobilized without microbial activity, while
magnesium is partly bound in organic com-
ponents by covalent bonds and consequently
this organiz part must be mineralized before
being leached cut in ion form. Gosz et al.
(1973) report a critical C/Mg ratio of 200—
1350 above which no net release from leaf
litter occurred. This cbservation does not
appear valid in this case as the ratio, starting
from 1140, passed 1500 already after four
months and then steadily rose to 2200
(Table 2).

Calcium is present in ion form in living
and dead plant parts but is firmly enclosed
in cell wall structures swhich makes it rather
immobile (Gosz et al. 1973). The fact that
cell wall constituents make up a major part
of coniferous litter (MiLLAR 1974) explains
why calcium is lost from needle litter at a

rate more related to organic matter weight
loss than potassium and magnesium. Cal-
cium is not mineralized, and as also in the
cases of potassium and magnesium, the
microorganisms only have an indirect role
in its mobilization.

5.1. 2 Other litter

No data from direct measurements is
available and the conclusions drawn are
thus founded on estimated wvalues. The
vother litter» appears to have a lower de-
composition rate than needles as judged
from its apparent turnover time (stored
litter/litter input) — 3.2 years compared {o
1.6 for needle litter. This is reasonable as
the annual decomposition rates for e.g. moss,
bark and twig litter were found to be only
18, 11 and § 9, respectively but 26 9, for
needles. Still, its contribution to the input
of elements to the litter layer is considerable
— especially for phosphorus and potassium.

5.2. Mobilizetion of nutrients from humus

Apart from living roots with attached
dead material, and occasional cones and
twigs, a structural division of the FH layer
humus was very difficult to perform. De-
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composition and humification are continuous
processes and any attempt to compartmenta-
lize them must be more or less arbitrary. It
is therefore impossible to state how much of
the nutrients has been mobilized from the
humus component of the FII layer: it depends
on how strict a definition is used.

The identifiable root litter in the FH layver
is about 150 g/m? (PERSsoON pers. comm.)
and the yearly weight loss for pine roots
(1—2 mm diamcter) was about 26 9. The
fact that the yearly root litter input was
250 g/m? means that they stayed in this
compartment for about one year and after
that they could be considered as humus.

The C/N and C/P quotients of the humus
and its sources give rise to the following
discussion: If the two inputs to the FH
layer humus, namely root litter and L
layer humus, were mixed according to their
relative inputs to the FH layer (that is
8:3) a (/N ratio of 74 would be achieved
which indicates a considerable incorporation
of nitrogen into the humus during decomposi-
tion. The change in nitrogen content in
decomposing litter made it appear unreason-
able that a major part of the 1470 mg N/m?
which is brought into the root litter com-
partment (Fig. 2A) should be mineralized
in one year. Thus it seems safe to conclude
that the main part of the 2112 mg N/m?
annually mineralized from root litter and
humus (Fig. 2A) would come from humus
as defined here. From the C/P ratio of humus
it is clear that, on average, the humus had
a higher loss rate for phosphorus than for
weight. This means that with a calculated
mean annual turnover of 16 9%, of the humus
a minimum amount of 171 mg of phosphorus
was mineralized annually, which should be
compared with the figure of 217 mg for the
total humus and root litter component.
Therefore practically all of the phosphorus
mineralized must come from humus.

In a structurally fragmented humus most
of ils potassium, calcium and magnesium is
in an adsorbed form (BRINGMARK & Pr-
TERSSON 1975) which has the potential for
removal by ion exchange or chelate forma-
tion (Ca Mg) mechanisms. These must be
the most important mokilizing processes for
these elements in humus (cf. e.g. pp. 211 —
213 in ScHEFFER & ULrricn 1960) and will
not be dealt with further here.
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5. 8. Nutrient budget and conclusions

Annual net fluxes of nutrients in the mor
layer are given in figures 2A —E. In several
cases no statistical calculation of errors has
been possible, and the resulting estimates of
aquantities are accordingly uncertain. Despite
this it should be feasible to set up some
features of general behaviour of the nutrients
in the system. A comparison of estimated
nutrient uptake by roots in the FH layer
calculated from our nutrient budget and
that in the total soil horizon, the latter
figures taken from BrRINGVARK (1977 gives:

N P K Ca Mg
Total root uptake
(mg/m?yr) ............ 3300 460 1700 1300 460
Root uptake in FH
layer (mg/m?2/yr) ...2400 270 350 1000 70

Nitrogen and phosphorus are both mainly
recycled to plants in the FH layer. The
elements are strongly retained in the organic
material of the L iayer, and mineralized
mainly from humus in the FH layer. For
nitrogen, canopy drip is an important source
for the L layer, and net immobilization might
occur here.

Calcium is taken up by plants mainly in
the I'H layer, but the mobilizing processes
take place in both layers — preferably
from litter. Transport to the mineral soil
are much more extensive than for nitrogen
and phosphorus. )

Potassium and magnesium fluxes appear
to be very similar; these nutrients tend to
be more easily mobilized from litter than
the other elements and thus more coupled
to the water phase. A large part of the
annual influxes leave the mor for the mineral
soil, and only a minor part of the total up-
take in plants occurs in the mor.
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ACCUMULATION OF ORGANIC MATTER AND NITROGEN ON SAND DUNES
FOLLOWING SAND FIXATION AND PLANTING OF DWARF MOUNTAIN PINE

( Pinus mugo var. mughus (Scop.) Zenari).

JORGEN NECKELMAN

The Danish Forest Experiment Station

Summary of given lecture:

The primary purpose of the work presented
was to investigate the ability of a single tree
species (Pinus mugo var. mughus) to accu-
mulate, in the course of time, organic matter
and nitrogen in the soil under unthinned,
closed stands, planted in soils extremely poor
in humus and nutrients (dune sand).

Concurrently, a number of characteristic
stand and soil factors have been investigated
and put in relation to the stand age.

Calculations of the accumulated organic
matter and nitrogen in the mountain pine
stands have been used in working out esti-
mates of the accumulation of these factors
in the total vegetation/soil system.

The research material consists of stand
data and soil samples collected in 1966 —67
from 18 sample plots located in unplanted
and mountain pine planted dunes (Stand

ages from 21 to 112 years) about 1—7 km
from the west coast of Jutland. The sample
plots are situated within an area covering
a distance from north to south of about
75 km, from 55° 46’ to 55°06° northern
latitude.

The present investigation proves that after
planting white dunes with mountain pine,
accumulation of organic matter and nitrogen
in the total vegetation/soil system takes
place as a result of individual accumulation
processes in the stand and soil.

Thus, in the stand annual accumulation
is calculated to culminate already before the
age of 10 years with about 1360 kg organic
matter and 4.6 kg N per hectare. Thereafter
the annual accumulation falls, 100 —110 years
after planting amounting to 170 kg organic
matter and 0.4 kg N per hectare.

In the total soil layer a maximum accu-
mulation of well over 900 kg organic matter
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and about 12 kg N per hectare per year
seems to be reached, respectively, 25—30
and 15—20 years after planting, but as a
result of continued reduction in the reserves
of the mineral soil starting from about the
same time, a fall in the total annual accu-
mulation then commences. For the organic
matter and N, 60 and 80 years respectively
after planting, this fall changes into a direct
reduction of the so-far accumulated reserves,
resulting in an annual loss of the order of
870 kg organic matter and 11 kg N per
hectare 100 —110 years after planting.

The total result of these sub-processes is
the accumulation and reduction processes
for the total vegetation/soil system shown
in Figure 1.

As might be expected from a tree species
of so low a productivity as mountain pine
planted in an initial substratum so poor in
nutrients as the west-Jutland dune sand,
total accumulation in the vegetation/soil
system of max.14 kg N/hectare/year is nearly
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Fig. 1. Average annual accumulation of organic
matter (y) and total N (z) in soil + stand as a
function of stand age (t).
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the minimum of what has been recorded for
more productive tree species planted in more
fertile soils. Thus, RICHARDS (1964) reports
from England average accumulations in and
below about 20-year-old conifer stands of,
for the majority, between 22 and 85 kg
N/hectar/year. A few larger (136 and 153
kg N) and smaller (3.6 kg N) accumula-
tions have been, possibly defectively, re-
corded. Early build-up of organic matter
and N in the soil under pioneer stands on
an originally raw mineral soil, followed by
a fall in the built-up reserves, has earlier
been demonstrated in melted glacier areas
in Alaska (CRockER and MAJoRr 1955). Here
the reduction of the N-reserves were howe-
ver, associated with the natural replacement
of an N-binding alder stand (Alnus crispa)
by a non N-binding spruce stand. The ab-
sence of investigations of accumulation in
the stands prevented an estimate of whether
the N that had disappeared from the soil
could be found there.

The present investigation shows, however,
that reduction of early accumulated reserves
of organic matter and N in the soil may
also take place without any such special
change in tree species, and this therefore is
perhaps a more general feature in the soil
formation which takes place under pioneer
stands as a function of the vegetation devel-
opment and the time.

Losses from a total vegetation/soil system,
dominated by a single tree species, corre-
sponding to a reduction of the quantities of
organic matter and N accumulated in the
system during the first 50—75 9, of the
normal life time of the stand, plus the
current supply of these factors from the
surroundings of the ecosystem, especially
the atmosphere, do not seem to have been
earlier rendered probable or recorded.
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SAMBANDET MELLAN TORVMARKSTYP OCH YTTORVENS NARINGSHALTER

C. J. WESTMAN

University of Helsinki, Department of silviculture, Finland

Abstrakt

Torvmarksforskningen i Finland har som
vidl kdnt dr, uppnatt vordnadsvirda pro-
portioner. Merparten av denna forskning har
inriktats dels pa en reglering av torvmarker-
nas vattenhushallning, vilket dr av primirt
intresse da en vattendrinkt torvmark tas i
bruk for skogliga dndamal och dels pa att
klarligga de mera eller mindre triddbevuxna
torvmarkernas potentiella virkesproduktions-
formiga. Jamfort med de nidmnda forsk-
ningsriktningarna har torvmarkernas nér-
ingsbalans relativt sett erhallit ett mindre
intresse pa sin del. Talrika och omfattande
godslingsforsok har anstéllts (PEATLAND . . .),
men av nagon anledning har grundforsk-
ningen inom detta omrade blivit asidosatt.
Eventuellt har tron pa den Cajanderska
torvmarksklassificeringens fortrafflighet till-
sammans med de lovade resultaten av tri-
askegoOdslingsforsok i savidl i Finland som
Sverige haft en bidragande orsak till ut-
vecklingen. Sa sent som ar 1974 borjade
man i Finland allmint dryfta frdgan om
tillvixtstorningar i lovande plantskogsbes-
tand, vilka abnormiteter antogs beroa av
ett niringsimnesunderskott i torven (Hui-
KARI 1974). Diskussionen gillde d& nidrmast
brister pa4 mikronédringsimnen, men vissa
forskningar tyder pa avvikelser dven efter
godslingar med makronidringsimnen. Det
finns salunda ett klart behov av en forsk-
ningssatsning for att klarligga torvmarker-
nas niringsstatus. Det finldndska skogs-
bruket indelar torvmarkerna enligt ett fyto-
sociologiskt system i torvmarkstyper (Ca-
JANDER 1913, LukkaLA 1929, LukkaLA och
KoTILAINEN 1945 samt HEIKURAINEN 1968),
vilka pa ett tillfredsstidllande sédtt anger de
olika viixtplatsernas potentiella formaga till
virkesproduktion efter en skogsdikning (LUk-
KALA och KoTILAINEN l.c., HEIKURAINEN
1959 samt SeppALA 1969). I praktiken fun-
gerar Klassificeringssystemet pa ett tillfreds-
stillande sitt. Teoretiskt blir dock fragan

om vilka faktorer i torven som avspeglas
i ytvegetationen av avsevirt intresse. Det
ar klart att en méngd olika faktorer i sam-
spel bestimmer sammanséittningen av torv-
markernas vixtsamhéllen. HEIKURAINEN
(1972) har dock ansett, att det i huvudsak
ar tva gradienter som styr utvecklingen, en
hydrologisk och en markkemisk gradient.
Detta granskningssitt ger till resultat, att
den markkemiska gradienten efter en skogs-
dikning i mycket hog grad bér inverka pa
bestandstillvixten da, atminstone teoretiskt
sett, den hydrologiska gradienten har opti-
merats. Foljaktligen blir yttorvens nirings-
halter av speciellt intresse om man strivar
till en total optimering av virkesproduktio-
nen pa dikade torvmarker. Yttorvens bety-
delse understryks av att merparten av tri-
dens rotter savil fore som efter en skogs-
dikning befinner sig i det allra dversta torv-
skiktet (HEIKURAINEN 1955 och PAAVILAI-
NEN 1968).

VAHTERA (1955) har undersokt yttorvens
kemiska egenskaper pa 50 ar gamla och
yngre skogsdikade torvmarksomraden. Det
framgar, att det rader ett nigorlunda gott
samband mellan skogsdikningsbonitet, d.v.s.
torvmarkens virkeproduktions formaga, och
yttorvens surhetsgrad, halt av totalkvive
samt halt av kalcium. En Kklassificering av
torvmarkerna med hjdlp av markkemiska
variabler visade sig dock forenad med svarig-
heter och resulterade i avvikelser fran det
boniteringssystem som foreslagits av Luxk-
kKALA och KorTiLAINEN (l.c.). Senare har
HoLMEN (1964) och HAVERAEEN (1969)
rapporterat i stort sett jamférbara resultat
angdende sambandet mellan ytvegetation
och markkemiska variabler. VarLx (1973)
konstaterar att yttorvens niringshalt inte
ir nagon tillforlitlig faktor da det giller
sambandet mellan yttorv och ytvegetation.
Niringshalterna kan variera avseviirt under
likartade vixtsamhillen. De ovanndmnda
resultaten har avsett totala vixtnérings-
imnen; om man undersoker 18sliga nérings-
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dmnesfraktioner i torven blir bilden sannolikt
mera komplicerad. HoLMEN (l.c.) noterar en
tendens till negativ korrelation mellan bes-
tandskarakteristika och ammoniumlaktatlés-
lig fosfor och kalium. MANNERKOSKI (1973)
kunde & andra sidan pdavisa en positiv
korrelation mellan torvens halt av ammo-
niumacetatlosligt kalium och kunde iven
med hjilp av markanalyser fastsla behovet
av en kaliumtillférsel. PAARLAHTI m.fl. (1971)
konstaterar att markanalyser, savil ex-
traktion med surt ammoniumacetat som
het 2-n saltsyra, forklarar féga av bestands-
tillvixten efter en skogsdikning. Diskrepan-
serna mellan resultat av markanalyser och
bestandsdata far forklaras med flera olika
teorier. For det forsta bér man notera att
det taxonomiska begreppet torvmarkstyp
ar ett uttryck for samspelet mellan ett flertal
olika vixtfaktorer och att den tidigare
ndmnda uppdelningen pi tva gradienter i
detta hinseende far anses som synnerligen
generaliserande. Samspelet mellan botten-
vegetationen och ett s.a.s. pa konstlad vig
skapat trddbestand #r eventuellt inte det
bidsta; bottenvegetationen kan i vissa fall
vara den starkare parten i kampen om
niringsdmnena, vilket kan antas vara fallet
pa t.ex. risdominerade torvmarker (j.fr. Sa-
RASTO och SEPPALA 1977). Ocksa vid skogs-
godsling binds en betydande del av de till-
forda néringsimnena i bottenvegetationen
(HAVERAAEN 1967 och PaAvILAINEN 1973).
Vidare bér man isynnerhet om man arbetar
med 10sliga néringsdmnesfraktioner beakta
att sambandet mellan vad man kan kalla
6gonblickliga analysvirden och bestandstill-
vixten under en lang utvecklingsperiod inte
behéver vara det bista. En interaktion
mellan metallkationerna i torven far dess-
utom antas forekomma da dessa till en hog
grad foreligger i mera eller mindre utbyt-
bart tillstand. Salunda sjunker t.ex. torvens
kaliumhalt med stigande kalsiumhalt da
kalsium som en tvavird kation har en stérre
bindningsenergi.

Forsoksupplidggning och material

De forskningsresultat som har citerats
tyder pa svarigheter d4 man séker anviinda
markkemiska variabler foér en optimering av
virkesproduktion pa dikade torvmarker.
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Trots att det finns en mingd uppgifter om
ett flertal olika torvmarkers niringsstatus
dr bilden inte enhetlig. Eventuellt ir det
just denna forskningsobjektens stora sprid-
ning som resulterat i denna heterogenitet. En
mdojlighet att 6vervinna denna heterogenitet
erbjuds mahinda av teorin om de kontinuma
vixtsamhillesserierna vilka pa ett forenklat
sitt framstillts av HEIKURAINEN (1972) mot
bakgrunden av det tidigare nimnda tva-
gradientsystemet. Genom att vilja en av-
griansad serie nirbesliktade vixtsamhéllen,
vilkas genomsnittliga potentiella virkespro-
duktion dr kind, kan man eventuellt finna
ett samband mellan yttorvens niiringshalter,
ytvegetationen och dédrmed virkesproduk-
tionsformagan. En sidan for idndamalet
lamplig serie dr de tallmyrar vilka karakteti-
seras av en bottenvegetation bestiende av
halvgrids och grds med inslag av antingen
ris eller orter. Enligt finlindska begrepp
skulle i denna serie ingd féljande torvmarks-
typer (vixtsamhillen): lagstarrmyr, egent-
lig starrmyr och 6rtrik starrmyr samt nagra
undervarianter av desamma. Dessa vixt-
samhillen uppvisar en synnerligen prydlig
stigande potentiell virkesproduktionsfor-
maga.

I det foljande kommer i korthet att
redogoras for endel preliminiira resultat av
en undersokning, vilkens mélsittning dr att
utréna om det rdder ett samband mellan
yttorvens niringshalter och ytvegetationen
och dérmed den potentiella virkesproduk-
tionsférmagan pa de ndmnda starrmyrarna.
Undersokningen &r uppdelad pa dels en
studie av néringstillstindet i ett antal éver
hela landet spridda starrmyrar i naturtill-
stdnd och dels en systematisk undersokning
av niringshalterna i yttorven fran tva nagor-
lund homogena torvmarksomraden.

Materialet till den forra delen av under-
sokningen grundar sig pa ett antal torv-
prov, som slumpméssigt insamlats fran starr-
myrar i naturtillstind. Huvuddelen av ma-
terialet hiarstammar fran norra och mellersta
delarna av landet dir torvmarksfrekvensen
ar storst. Torvproven har analyserats for
totala och 1ldsliga makroniringsimnen och
som bést forbereds en serie mikronirings-
dmnesanalyser. Materialets fordelning pa de
olika torvmarkstyperna samt dess allminna
kemiska egenskaper framgar av tabell 1.
Tyviérr dr de olika torvmarkstyperna nagot

Tabell 1. Det undersékta materialet och dess allminna kemiska egenskaper (horisonten 10—20 cm).

Katjonbyteskapacitet
Vol.vikt pH Aska
EpErnigtksiyg n g/dm3 H,0 o totalt utbytbara
m.e./100 g baser
%
Ortrik starrmyr ................... 26 91.7 4.6 7.6 29.6 51
Egentlig starrmyr ................ 86 54.8 4.3 5.1 36.1 44
LAgstarrmyT .v.cous s seosvss vosessa 43 59.5 4.1 3.7 33.5 35

ojamnt representerade, det visade sig speciellt
svart att finna ortrika varianter i naturtill-
stand. Det bor dock beaktas att med torv-
markstyp hir avses ett storre nagorlunda
enhetligt vixtsamhille; vegetationsticket vid
provtagningspunkten kan avvika avsevirt
fran det genomsnittliga pa omradet. Salunda
har till de egentliga starrmyrarna hinforts
ett flertal provtagningspunkter med ortarted
vegetation, vilka efter en faktorering av
materialet kommer att hénforas till de
ortrika varianterna.

Resultat och resultatgranskning

Av tabell 1 framgar provens naturliga
volymvikt, surhetsgrad, askhalt och effek-
tiva katjonbyteskapacitet samt basmitt-
ningsgrad. Intressant é&r, att den totala
katjonbyteskapaciteten tenderar att oka
med avtagande trofi medan basmittnings-
graden, som vintat, okar med okad trofi.
I ovrigt far tabell 1 anses innehdlla helt
viantade virden, skillnaderna mellan de
olika vegetationstyperna ér i de flesta fallen
statistiskt tédmligen signifikanta. I tabell 2

har sammanstillts resultaten av analyserna
for totala nédringsdmnen. Virdena repre-
senterar torvskiktet frAn 10—20 cm djup,
vilket skikt enligt bl.a. VAHTERA (1955) far
anses vara av synnerlig betydelse for triadens
niringsupptagning efter en skogsdikning.
Virdena i sig sjdlv uppvisar inga anméirk-
ningsvirda avvikelser fran de mingder tor-
ven enligt gidngse uppfattning innehaller.
Det kan dock noteras, ett fosfor och kalium-
halterna &r lidgre dn de som rapporterats
av VAHTERA (l.c.) for motsvarande torv-
markstyper. Detta kan eventuellt bero av
att de sistndmnda vidrdena avser dikade
torvmarker dédr torvens volymvikt till en
f6ljd av dikningen 6kat medan trdden under
omstéllningsprocessens begynnelseskede @nnu
inte forbrukat torvens forrad av fosfor och
kalium. Vad som i detta sammanhang é&r
av intresse dr, att halten av samtliga nérings-
dmnen forutom kalium okar med tilltagande
trofi. Skillnaderna mellan de olika grupperna
ar trots en avsevird spridning inom gruppen
statistiskt tdmlingen signifikanta. Detta
giller dock inte kalium dir de egentliga
starrmyrarna uppvisar det maximala vérdet.
De ortrika starrmyrarnas laga kaliumhalt

Tabell 2. Yttorvens (horisonten 10 —20 cm) innehall av totala vixtndringsimnen.

N P K Ca Mg
Torvmarkstyp
% av torrvikt
Ortrik starrmyr ........ccceueeee.. 2.25 0.103 0.054 0.542 0.094
Egentlig starrmyr ................ 1.60 0.077 0.079 0.338 0.072
LAGSLATTINYY -ilvociiive smomidisd dium st 1.34 0.049 0.052 0.230 0.054
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Tabell 3. Yttorvens (horisonten 10—20 cm) innehall av i 0.05-n svavelsyra 19sliga vixtniringsimnen

{Starr och Westman 1977).

N P K Ca Mg
Torvmarkstyp
mg/100 g torv
Ortrik starrmyr ................... 99.1 5.8 53.4 373.2 62.8
Egentlig starrmyr ................ 103.7 7.2 65.4 232.3 49.8
Lagstarrmyr .....c.coccvviiiininnn 88.9 53 294 143.2 35.9

far forklaras med deras i genomsnitt hoga
vattenhalt och torvens stora innehall av
kalcium, vilket gynnat en utlakning av den
relativt svagt bundna kaliumjonen.

Samstdmmigheten mellan torvens nirings-
halt och bottenvegetation — virkesproduk-
tion idr salunda, som véntat, tdmligen god
niar man granskar de totala vixtnirings-
amnena. Analyserar man diaremot for 16sliga
niringsdmnesfraktioner blir bilden mera for-
virrande (tabell 3 enligt STARR och WEsT-
MAN 1977). Samstdmmighet mellan ytvegeta-
tion och yttorvens niringshalter ridder nu
enbart for kalcium och magnesium, vilka
vardera uppvisar statistikt tdmligen signi-
fikanta skillnader. Detta giller for nirings-
amneshalter uttryckta i koncentrationer
(mg/100 g); rdknar man om dessa till totala
mingder (kg/ha) fir man ett nigot biittre
samband. Jamfoér man de 16sliga nirings-
dmnesfraktionerna med torvens totalhalter
av niringsdmnen framgar endel intressanta
detaljer. Kvidvet och fosforn foreligger till
en mycket liten del i tillgéinglig form, endast
5—10 9% av den totala mingden ir extra-
herbar, vilket noterats tidigare av bl.a.
KAmLa (1956). Metallkatjonerna diremot
foreligger i riatt hog grad i 16slig form kal-
cium och magnesium till 60—70 9% medan
kalium uppvisar en intressant glidning sa-
lunda, att néstan all kalium ir lidtt utbytbar
i torven fran de ortrika typerna medan bara
till drygt 50 9 i torven frian de svagaste
vixtplatserna. De egentliga starrmyrarna
intar en intermedidr position.

En geografisk uppdelning av materialet
pé sédra och norra Finland visar en tendens
till stérre kvidvemineralisering inom samma
viaxtsamhille i sodra Finland dn i norra
Finland. Detta tyder pa ett storre behov
av kvive dven pa bittre vixtplatser i
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norra Finland, vilket i godslingsforso:: dven
pavisats av SEPPALA och WEsTMAN (1976).
I 6vrigt synes inte foreligga nagra «ystema-
tiska skillnader i geografiskt hinsecnde.

De ovan presenterade viardena ger salunda
for handen att det finns en viss mdajlighet
att precisera niringsimnesbehovet for tall pa
dikade torvmarker. Hir har dock lidmnats
en central fraga 6ppen d.v.s. analysresulta-
tens tillforlitlighet. Fragan om markens he-
terogenitet #r pa inget sitt ny (bl. a. GJEmMs
m.fl. 1969, TroEDpssoN och Tamm 1961,
TroEDssoN och Lyrorp 1973 samt FALck
1973), men nagra systematiskt utforda un-
dersokningar fran torvmarker torde inte fore-
ligga. For att belysa denna problematik har
hdar som exemple framtagits nagra serier
systematiskt insamlade torvprov, vilka i
detta fall analyserats for totalkvive (tabell
4).

Dessa systematiska provserier represen-
terar tva nagorlund enhetliga torvmarks-
omraden av vilka det ena ér en ortrik starr-
myr och det andra en relativt torr egentlig
starrmyr med ett betydande inslag av ris-
vixter och tuvdun. Vardera omradena ér
jamfért med motsvarande genomsnittliga
vixtplatser vil bestockade. Pa den ortrika
starrmyren har det systematiska provet
uttagits med 10 m avstand medan proven
fran den egentliga starrmyren tagits med
olika avstand (1.0 samt 10 m). Resultatet,
som framgar av tabell 4 visar, mot all
formodan, att den torrare egentliga starr-
myrens ytskikt uppvisar en storre hetero-
genitet i hinseende till kvdvehalten dn den
vatare ortrika typen. Den okuldra uppskatt-
ningen av de badda omradena gav intrycket
av en avsevirt storre ojamnhet i yttorven
pa den sistndmnda vixtplatsen. Eventuellt
blirresultatet ett annat da det hela materialet

-

Tabell 4. Ett exempel pd de markkemiska variablernas variationer i yttorven.

Torvprov
1 2 3 4 5 6 7 8 9 10| x | sx | n?
Totalkvive, mg N/g torv %

10 m Avstand

10 m avstand

1 m avstand

Forsoksfalt Al)
Horisont 0—10 cm | 18 16 16 26 23
Forsoksfalt B2)
Horisont 0—10 cm 8 9 13 11 14
Horisont 10—20cm | 14 12 15 14 15

Horisont 20—30cm | 15 12 17 17 19

Horisont 0—10 cm | 12 10 14 12 11

24 19 19 17 23 | 20.0 5.5 3¢

9 9 15 11 13 | 11.0 7.2 82
13 14 16 16 20 | 15,1 41 29
17 19 18 22 20 | 17.4 5.3 45

13 15 12 22 10 | 12.2 3.4 26

1) Ortrik starrmyr.

2) Egentlig starrmyr med ett betydande inslag av risvixter samt tuvdun.
%) Antalet erforderliga delprov for att pavisa en 10 %, stor skillnad med 95 9, sikerhet pa 5 9, riskniva.

analyseras for samtliga niringsimnen. Pro-
ven insamlade med kortare avstand dn 10 m
uppvisade en klart mindre heterogenitet,
men dven hir var variationerna betydande.

Jamfor man prov fran olika torvskikt
med varandra framgar, att heterogeniteten
verkar avta djupare ner i torven. Detta
forutsitter givetvis att det inte sker nagon
forandring torvavlagringens stratigrafi, vilket
troligen skett mellan horisonterna 10 —20 cm
och 20—30 cm pa forsoksfdlt B (tabell 4).
Allmént taget visar resultaten, att det med
tanke pa en praktisk tillimpning erfordras
ett avsevirt antal delprov for att pa ett
tillfredsstillande sédtt karaktisera nirings-
tillstdndet i en storre torvmarksareal. En-
ligt de, pa basen av det hidr presenterade
materialet, framridknade virdena fordras
det for att med 95 9, sidkerhet pa 5 9
riskniva pavisa en 10 9, stor skillnad mellan
generalprov fran hela filtet B hela 82 del-
prov (horisonten 0—10 cm). Motsvarande
virde for filtet A dr 30 delprov.
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CHANGES IN THE AMOUNTS OF INORGANIC NUTRIENTS IN THE SOIL AFTER
CLEAR-FELLING

NILS NYKVIST

Svedish University of Agricultural Sciences, Department of Forest Soil Science

Investigations of the water quality of the
streams flowing through forested areas have
shown that the amounts of inorganic nut-
rients in the stream water increase after
clear felling (L1kENs, G. E., BormMaNN, F. H.
et al. 1970, FREDRIKSEN, A. L. 1971, Wik-
LANDER, G. 1974). Taking into consideration
the great amounts of inorganic nutrients
added to the soil with the slash, it is not
surprising that part of these are leached out
from the soil. A corresponding loss ought
to be found in the clear-felled area. What
possibilities do we have of finding such a

loss by soil investigations and how much of
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the added inorganic nutrients are taken up
by the field- and ground vegetation?

In order to get an answer to these ques-
tions, some figures from two investigations
of clear-felled areas have been brought
together.') One area is situated in the sout-
hern part of the province of Dalecarlia
(Garpenberg) and the other in the province
of Visterbotten, about 100 km WNW of
Umeda (Flakatridsk) (Tab. 1).

1) Parts of this investigation have been pub-
lished in 1974a, 1974b and 1977 but most of it
is still unpublished.

—————_

Tab. 1. Descriptions of sites and stands before clear felling.

Forest vegetation type

Stand age
Height of tree of mean basal area
Number of trees per hectare

22.6 m

Mean volume
Site quality class

Characteristic Garpenberg Flakatrask
Location lat. N60° 167, long. E16° 13" | lat. N64° 15/, long. E18° 30"
Altitude 200—220 m above sea level | 420—450 m above sea level
Exposition ENE 4 9, SSE 7 %
The size of the experimental area 3.7 ha 2.9 ha
Rock type Granite Granite
Textural soil type Sandy till Sandy till
Soil profile type Podzol Podzol
Humus layer type Mor Mor

Mesic dwarf-shrub
100 (45—

544 (spruce 493, pine 40,
deciduous trees 11)

Basal area (breast height) 29.8 m?/ha 33.5 m?/ha
Basal area weighted mean diameter 26.4 cm 20.6 cm
Form factor (spruce, breast height) 0.464 0.486

331 m3 sk/ha
4.9 m3 sk/ha, year

Mesic dwarf-shrub

132) 139 (128—160)

17.0 m

1002 (spruce 988, pine 9
deciduous trees 5)

278 m3 sk/ha
2.6 m? sk/ha, year

Results

The amounts of nitrogen, phosphorus
potassium, calcium and magnesium in the
slash, field and ground layer vegetation and
the humus layer are shown in Figs. 1—5.
The amount of nitrogen found in the field
and ground layer vegetation after clear-
felling is 6 —13 9, of the amount of nitrogen
in the slash added to the soil. Corresponding

kg Nitrogen [] Slash
/h" ] Field and ground layer vegetation

1448 || Humus layer

e a Slosh left
1000 b Slash removed
600
200
Treatment:
Years after
clear felling: O 1 4 0 1 4
Locality: Garpenberg Flakatrask

Fig. 1. The amount of nitrogen in the slash, field
and ground layer vegetation and humus layer.
In kg per ha.

figures are for phosphorus 5—11 9, potas-
sium 20—41 9%, calcium 1—2 9% and for
magnesium 3 —9 9. The uptake of inorganic
nutrients by the vegetation decreases the
leaching losses from the soil. Therefore the
grasses and herbs usually invading a clear

Phosphorus [ ] Slash
] Field and ground layer vegetation
“Q/ha (=] Humus layer
1933 a Slash left
90 b Slash removed
i 70 M9
701 b4 675 :
= =t 229
EQR== .
i=R== =
= =
301 E == 5
1§ B8 3
=Z=8== =
w5 EE =
=EM== =
Treatment: ab
Years after .
clear felling: 0 1 4 0 1 4
Locality: Garpenberg Flakatrask

Fig. 2. The amount of phosphorus in the slash,
field and ground layer vegetation and humus layer.
In kg per ha.
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kg/ Potassium [ Slash

ha 9 5
2207 207 (] Field and ground layer vegetation
=] Humus layer

a Slash left

b Slash removed

121

60

20

o [l

Treatment:

Years after
clear felling: O 1 4 0 1 4

Locality: Garpenberg Flakatrask

Fig. 3. The amount of potassium in the slash,
field and ground layer vegetation and humus
layer. In kg per ha.

felled area are of great importance in retain-
ing the inorganic nutrients, especially po-
tassium, within the ecosystem.

When the amounts of inorganic nutrients
in the slash are added to those of field and
ground layer vegetation and humus layer
of the old spruce forest, the figures are in
most cases higher than those for the clear-
felled areas with the slash left after clear
felling (see figs 1 —25). This is more pronoun-
ced at Garpenberg than at Flakatriask where
even an increase in calcium and nitrogen
has been noticed one year after clear felling.

Calcium | | Slash
[l] Field and ground layer vegetation

kg/ ha (=] Humus layer
600+ a Slash left 562
b Slash removed =
5004 ss
400+
300
200+
100+
Treatment: a ab ab a
Years after
clear felling: O 1 4 0 1 4
Locality: Garpenberg Flakatrask

Fig. 4. The amount of calcium in the slash, field
and ground layer vegetation and humus layer.
In kg per ha.
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Field and ground layer vegetation
Humus layer

a Slash left

b Slash removed

kg :
no/hum Magnesium Slash
] L]
L]

90

70

51

30
10
Treatment:
Years after
clear felling: O 1 4 0 1 4
Locality: Garpenberg Flakatrask

Fig. 5. The amount of magnesium in the slash,
field and ground layer vegetation and humus layer.
In kg per ha.

The amounts of inorganic nutrients are
also greater for »slash left» than for »slash
removed» after clear-felling, with the ex-
ception of the figures for nitrogen and phos-
phorus four years after clear felling at
Garpenberg. These exceptions are due to
the high amounts of humus found when
sampling the plots with »slash removed»
from the clear-felled area (Fig 6). For
potassium a somewhat higher figure has
been found at Flakatridsk four years after
clear-felling in plots with »slash removed»
compared to »slash leftr. The reason for this
is a higher biomass of the field layer vegeta-
tion in the plots with »slash removed» than
in plots with »slash left».

Discussion

Even if there is a general decreasing trend
in the amounts of inorganic nutrients in the
humus layer after clear-felling, the trend is
weak from a statistical point of view. The
same is also true for a comparison between
the two treatments »slash left» and »slash
removed». Some figures of the amounts of
inorganic nutrients for »slash removed» are
even higher than those for »slash left» in
spite of the amounts of inorganic nutrients
added to the soil with the slash. The main
reason for this is the heterogenity of the
soil which gave high standard deviations
for the means, especially for the amounts
of humus.

10° kg F+H |

+
Au Amounts of F-layer e
56,

; a- Slash left
48 b - Slash removed !

1 i c - Burnt i
40 | i
32 : ! | |

| 1ot KT
240 00 ] Sl
16 | bl
i i
8
e bc abc "o bc abc
1966 1968 1971 1967 1969 1972

Forest Clear-felled area
Flakatrask

Forest Clear-felled area

Garpenberg

Fig. 6. Amounts of humus per hectare. F-layer.
Dry weight 105° C. Each mean is based on 15—
20 samples (50 X 50 cm) from the clear felled areas
and 44 and 31 samples (50 X 50 cm) from the old
spruce forest at Garpenberg and Flakatrisk res-
pectively. The vertical bars indicate 4+ one stan-
dard deviation of the mean. The standard deviation
is calculated according to

[Z(Xi—i)z] 3}
N-1

The vertical dotted bard indicate the 95 9, con-
fidence intervals.

The figures for the amounts of humus and
inorganic nutrients in the humus layer have
been obtained by adding the corresponding

figures for the S-, F- and H-layer together.
To give an idea of the reliability of the
figures, the means, standard deviations,
standard errors and 95 9, confidence inter-
vals for the concentration of nitrogen,
amounts of humus layer and amounts of
nitrogen are shown in Table 2.

The figures are from the old spruce forest
at Garpenberg where the greates number
of samples have been taken. The 44 samples
were arranged in 8 composite samples and
analyzed. The large number of samples gave
comparatively low figures for standard devia-
tions and 95 9, confidence intervals. The
figures are much higher for the clear-felled
areas where smaller numbers of samples
have been taken and the sampling was
more difficult due to a change in the humus
layer after clear-felling. (Fig. 6).

TrRoEDssON & Tamm (1969) have investi-
gated sampling procedures and the number
of samples needed to achieve satisfactory
results. One of the two investigated areas
was the old forest at Garpenberg, i.e. the
same area as that described in this report.
The sampling plot, with a size of 9 X 11 m,
was selected as uniformly as possible. One
sample was taken from each square meter
of the plot with a cylindrical core sampler
having a cross sectional area of about 1 dm?,
which means that about one percent of the
area was investigated. The number of samples
was 98.

The mean and relative standard deviation

Tab. 2. Concentration of nitrogen and amounts humus and nitrogen in the F-layer of the old spruce forest
at Garpenberg. The figures are based on 44 samples arranged in 8 composite samples.

/
. Standard Standard 9:;“
Variable Mean deviation A4 C(.)n idence
interval
Concentration
IO, ot sos sunenme shisnemsng b so5ines 15 + 0.20 + 0.07 + 0.17
(£13 %) (£ 5%) (£11 %)
Amount of humus .ccsecasinsessossonss 25.8 + 3.2 + 11 + 26
108 kgfha (£12 %) (+ 4 %) (+10 %)
Amount of
NKZIDA: o oviss svorvnsvasnesinsvuionnes 435 +87 +31 +73
(420 %) (£ 7 %) (£17 %)
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Tab. 3. Concentration and amounts of nitrogen in the humus layer of the old spruce forest at Garpenberg

(Troedsson and Tamm 1969) and in the humus layer of a pine forest in Halsingland. (Falck 1973).

. Number of Standard Standard 95. %
Variable Mean o confidence
samples deviation error )
interval
TROEDSSON & TAMM
1969
Amount of N in the
humus layer kg/ha 98 945 +278 + 28 + 56
subsamples (+ 29 %) (£ 3%) (£ 6%)
20 1149 +506 +113 +236
subsamples (+ 44 %) (+ 10 %) (+ 20 %)
FarLk 1973
Concentration 6
] N eeeereeeeeen, composite 0.63 +  0.04 + 0.015 + 0.04
samples (£ 6 %) (£ 24 %) (£ 6 %)
(each 25
Amount of N ......... subsamples) 376 + 23 9.4 + 24
kg/ha (£ 6%) (£ 2.5%) (= 6 %)

of the amount of nitrogen per ha in the
humus layer were 945 kg N+ 29 9, (Table
3). When 20 samples, each about 4 dm?,
were cut out with a knife from the same
selected area, the corresponding figures were
1149 kg N+ 44 9. The means coincide with
the amount of nitrogen in the humus layer
of the old spruce forest given in this report
viz. 1181 kg N per ha (cf. Fig 1).

The relative standard deviations obtained
by TroEDssoN & Tamm (1969) were com-
paratively high in spite of the small size
of the selected areas. Such a high relative
standard deviation for the amount of nit-
rogen in the humus layer was obtained also
by Farck (1973) when calculated on sub-
samples, but only 4—9 percent when based
on 6 composite samples, each consisting of
25 subsamples, i.e. in all 150 subsamples
per plot (Table 3).

Comparatively large humus samples (50 X
50 cm) have been used in the present investi-
gation and the sampled areas were 11 m?
and 8 m? for the old spruce forests of Gar-
penberg and Flakatrisk respectively. In the
clearfelled areas the sampled areas were
about 2—2.5 m? for each plot 50 x 50 m.
The size of the samples is, however, not so
important compared to the number of
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samples (FarLck 1973). Except for the
importance of having many samples ran-
domly distributed over the area, one reason
is probably the more or less decomposed logs
and small depressions containing large
amounts of humus which are common in
temperate forest soils. If the irregularities
in the humus layer should be smaller, the
variations within a sample would be levelled
out and a large sample could represent a
composite sample.

TroeEDpssoN & TamMm (1969) have investi-
gated small selected plots of about 100 m?
and Farck (1973) trial plots of 20 x 30 m.
In the present investigation the plots in the
clear-felled areas were 50 X 50 m. The
standard devaition for the same number of
samples increases with the size of the in-
vestigated area. Thus, Farck (1973) has
found differences in the amounts of inor-
ganic nutrients between 6 adjacent plots.

The relative standard deviation of the
amount of humus in the F-layer from the
clear-felled areas was very high in most
cases. The highest figures obtained were 94
and 74 9% (cf. Fig. 6). The main reason is
probably the drastic change in the vegeta-
tion after clear-felling which also causes a
change in the uppermost soil layer. The

original rather distinct mor layer is being
more mixed with the mineral soil, mainly
as a result of the roots of grasses and herbs
penetrating deeper into the mineral soil than
the roots of the original vegetation. Thus,
the boundary between humus and mineral
soil levelled out to a certain extent after
clear-felling. Such a change made the samp-
ling of the humus layer more difficult in the
clear-felled area than in the old spruce
forest.

The difficulties involved in drawing distinct
boundaries between humus layer and mineral
soil suggest that the mineral soil is also
included when making comparisons between
different treatments of the clear-felled areas.
However, the mineral soils are mostly so
heterogenous and the amounts of inorganic
nutrients so great, that it is not possible
to refind such small amounts of inorganic
nutrients as those of slash added to the
soil after clear-felling. Figures for the
amounts of some inorganic nutrients in the
mineral soil are given in Nykvist (1977).

Forest soils are usually very heterogenous
and this investigation has shown the diffi-
culties involved in getting reliable results
about the amounts of inorganic nutrients
from soil investigations. The investigation
deals with inorganic nutrients in the slash
added to the soil when clearfelling, but it
is certainly wvalid also for the supply of
inorganic nutrients by fertilization.

It is of prime importance to forestry to
get more information about the loss of
inorganic nutrients after clear-felling or ferti-
lization. However, it does not seem possible
to get that information only by soil investiga-
tions, at least not if the forest stands are
comparatively large. The reason for this is
the great heterogenity of forest soils and the
small amounts of inorganic nutrients added
to the soil compared with the great amounts
in the soil, especially in the mineral soil.
The best method of obtaining such informa-
tion is by the small water-shed approach.

This method has been used, e.g. at the
Hubbard Brook Experimental Forest by
LikeENs, BorRMANN et al. (1977) and in western
Canada by Kimmins & FELLER (1976) with
very good results.
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PLANT

NUTRIENT BALANCE IN

H. HOLSTENER-JYRGENSEN

The Danish Forst Experiment Station

DECORATION GREENERY CULTIVATION

Introduction

In the normal high forest system a con-
siderable amount of the plant nutrients are
re-circulated through the litter. This re-
circulation is essential for the preservation
of the fertility of the soil. Localities which
have long been forested have a stable and
comparatively high degree of fertility. It is
characteristic that in the so-called old
forest areas of Denmark the application
of plant nutrients usually produces no visible
effect.

‘Where re-circulation is broken, the soil
will rather soon be come exhausted. The
results of »Streunutzung» and »Reisignut-
zung» are well-known. Thus, vAN GooRr and
TieEMENSs (1963) measured a fall in increment
of 25 per cent during a 7-year period after
a single experimental Streunutzung in Scots
pine stands. It is worth mentioning that
BENEs (1961) has suggested that the forests
of Bohemia-Moravia should be divided into
zones for the purpose of regulating brush-
wood utilization. It is said about the most
fertile localities that »Der Verfasser empfiehlt,
in diesem Gebiet den Reisig voll zu nutzen.

If some means of protecting the ecosystem
is introduced, the time it will take to re-
build the fertility of the system will vary.
This has been known through the centuries
and is still utilized today in the farming
system that is termed shifting cultivation
(see for instance WATTERS, 1971).

Cultivation of decoration greenery

The production of decoration greenery
and, for that matter, also the production
of Christmas trees break the re-circulation.
The marketed product consists of needles
on a small framework of branches and
twigs. Where cultivation is very intensive,
in theory neither needles nor small twigs
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etc. will fall to the ground. There is a con-
siderable degree of nutrient export from the
area, and this must be counteracted by
applying plant nutrients (replacement fertili-
zation). The amount of plant material remov-
ed totals from 5 to 10 tons per hectare per
annum.

Methods of investigation

The obvious solution is to base a replace-
ment fertilization program on the chemical
composition of the produce. In the autumn
of 1967 a three-year study was commenced.
A three year period was chosen as that the
effect of climatic factors would be evened
off. Four representative Abies nobilis stands
which had been cut for a number of years
were chosen. In each stand 3—5 typical
trees were selected, which were placed in
3 groups (A —C), consisting of 5 trees each
(nos. 1—3). The treatments were as follows —

A. Whorl no. 4 counted from the top was
cut every year. In 1967 all lower whorls
were removed.

B. Whorl no. 5 counted from the top was cut
every year. In 1967 all lower whorls were
removed.

C. Whorl no. 6 counted from the top was cut
every year. In 1967 all lower whorls were
removed.

Harvesting was carried out at the normal
time, that is November. After trimming to
normal marketable commodity specifica-
tions, representative samples of parts of
this commodity were selected, and the
samples weighed, dried, weighed (dry matter
determination), pulverized and analysed for
the plant nutrients shown in Table 1. For
further details, see HOLSTENER-JORGENSEN
1972).

Table 1. Average nutrient concentrations (% or ppm of dry matter) in Abies nobilis of cuttings in various
whorls, and amounts of nutrients (kg or g) per 1000 kg marketable commodity. The calculation is based
on the general dry matter ratio: 404 kg/1000 kg marketable commodity.

Nutrient Average concentrations and total amounts of nutrients
Cutting at the 4th whorl Cutting at the 5th whorl Cutting at the 6th whorl
% kg % kg % kg
N 1.33 5.4 1.21 4.9 1.13 4.6
P 0.145 0.59 0.117 0.47 0.110 0.44
K 0.54 2.2 0.47 1.9 0.47 1.9
Mg 0.107 0.43 0.097 0.39 0.092 0.37
Average for the whole material
% kg
Ca 0.49 2.0
Na 0.026 0.11
Average for the whole material
ppm g
Mn 506 204
Zn 75 30
B 22 9.0
Mo 0.66 0.30
Cu 9.1 4.0
Results in the natural nutrient concentrations of the

Table 1 shows some average results from
the investigation. Nutrient concentrations
are included, and the amounts of nutrients
expressed in kilos which have been removed
with each ton of marketable decoration
greenery have been calculated. It appears
that the amount of nutrients removed per
1000 kg decoration greenery is greatest when
the youngest branches (4th whorl) are har-
vested. This is due to the fact that the
needle weight | total weight ratio is greatest
in these branches.

INGgEsTAD (1974) has published internal
nutrient weight proportions required for
maximum growth of young seedlings of?)
cowberry and bilberry,?) birch and 3) cucum-
ber. Fig. 1 has been drawn on the basis of
INGEsSTAD’s figure showing the four species,
and average values for Abies nobilis have
been added. Differences between the Abies
nobilis values and the values charted by
INGEsTAD may be explained by differences

analysed material. The Abies nobilis samples
contain relatively high proportions of wood
and bark, the nutrient ratios of which must
presumably be different to those of the

Weight proportion

ECucumber DNobilis

zCowberry m Birch

and bilberry

Figure 1. Internal nutrient weight proportions
required for maximum growth of young seedlings
ofl) cowberry and bilberry, 2) birch, and 3) cu-
cumber (after INGESTAD, 1974), a well as values
for Abies nobilis according to chemical analysis
of produce (HOLSTENER-JORGENSEN, 1972).
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Table 2. Nutrient ratios of commercial fertilizers
which are marketed in Denmark. (After Superfos
1974/75).

Nutrient ratios
Fertilizer

N P K Mg
14-4-17
with Mg + Cu ...... 100 27.2 1228 7.4
18-5-12
with Mg + Cu ...... 100 27.2 65.0 10.0
16-5-12
with Mg ...........e. 100 313 750 7.5
21-4-10
with Mg ....cceenenee 100 17.8 46.2 4.8
23-3-7
with Mg 4 Cu ...... 100 128 292 7.1
24-3-7 v, 100 11.0 27.8
25589 «senivnenson s 100 11.8 36.6
Nitrophoska ......... 100 43.0 117.4 10.7
According to pro-
duct analyses (Tab-
le 1 average) ....... 100 10.1 403 8.1

growing parts of shoots. Otherwise, the
differences are relatively small.
Replacement fertilization based on the
knowledge of how great amounts of nutrients
are removed in the sale of decoration greenery
will be easiest to carry out if a mixed ferti-
lizer suitable for this purpose can be found.
Table 2 shows nutrient ratios of commerciale
fertilizers that are marketed in Denmark.

The last line indicates the nutrient ratios
as determined by yield analyses. It appears
that none of the marketed commercial ferti-
lizers have an ideal composition. We have
ended up by recommending the use in
practice of 23—3—7 including Mg and Cu
and occasionally storage-fertilizer with K.
The Cu-content of this fertilizer is stated
to be 0.1 per cent.

The effect of replacement fertilization

In conclusion an account shall be given
of the effects of replacement fertilization
based on yield-analysis results. 15 pairs of
plots consisting of 1 non-fertilized and 1
replacement-fertilized plot of Abies nobilis
were set up throughout the country. The
15 pairs of plots are of different age and
structure, and the cutting intensity varies
from pair to pair. The fertilization of the
fertilized plots has consisted of an initial
fertilization with 1500 kg Nitrophoska per
hectare and then replacement fertilization
after each harvest with 7.6 kg N per 1000
kg cutting + the other nutrients correspond-
ing to the application of 23-3-7 with Mg
and Cu. It can be seen that the amounts,
7.6 kg N, is somewhat greater than what
the figures in Table 1 would suggest is
necessary. The larger dose has been fixed
in accordance with the highest analysis
values that form the basis of Table 1, since
the stands used for the yield analyses had
not been fertilized.

Table 3. Regression values for non-fertilized and fertilized plots. Kg marketable greenery per hectare and

year.
Non-fertilized Fertilized
Diameter .
cm e Stem number Stem number
low medium high low medium high
2 kg 8190 9182 10173 10816 12695 14575
rel. 100 100 100 132 138 143
10 kg 5480 7030 8581 6277 9217 12156
rel. 100 100 100 115 131 142
19 kg 2795 4892 6989 1787 5763 9738
rel. 100 100 100 64 118 139
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Table 3 shows the results from the years
1967 —1971. It appears that the central
values in the table show effects of the
order of 30 per cent. For further details,
see HOLSTENER-JORGENSEN 1973.

These experiments are now being re-
adjusted, so that the plots that have so
far been non-fertilized will subsequently be
replacement-fertilized with doses correspond-
ing to those which the fertilized plots have
had up till now, whereas the doses are
doubled in the plots so far fertilized.

Concluding remarks

The program that has been outlined above
has borne fruit in the shape of a practically
applicable fertilization program, as it ap-
pears, inter alia, from Table 3. In fact,
as far as the author is informed, also today,
10 years after the start, the program is
used practically everywhere in Denmark.

In principle it is an attractive idea to
replacement-fertilize with a balanced amount
of nutrients. As suggested by INGESTAD
(1974), it should be possible to avoid »waste-
ful fertilizing practices» both as regards
economical points of view, resource con-
siderations, quality of produce, and pollution
problems. It should be pointed out, however,
that the program reviewed above should be
considered only a first approach. For one
thing, the analyses are based on non-ferti-
lized, cut stands, which may have and an
unbalanced nutrient status, and for another,

there are so many problems not yet elucidat-
ed which may render the interpretation of
the analysis results difficult. HOLSTENER-
JORGENSEN (1972) has noticed the effect
that lopping of green twigs may have on
the nutrient relations; for instance, a relative
increase in the N-content. Attention may
also be drawn to the fact that, under given
ecological conditions, an excess of certain
ions may occur, so that the yield analyses
do not reflect optimum nutrient relations.
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THE EFFECT OF FOREST FERTILISATION ON PRIMARY PRODUCTION AND
NUTRIENT CYCLING IN THE FOREST ECOSYSTEM

ARNE ALBREKTSON, ARON ARONSSON and CARL OLOF TAMM

Swedish University of Agricultural Sciences, Department of Forest Ecology

The changes brought about in primary
production and nutrient cycling by forest
fertilisation must be considered in the con-
text of the basic properties of the ecosystem
and its components. This paper will con-
centrate, however, on changes in biomass
and associated changes in primary produc-

tion and nutrient circulation between soil
and vegetation.

In its undisturbed condition the forest
ecosystem has a relatively closed nutrient
cycle. External supply to the system, and
losses from it, are small both absolutely
and in comparison with the amounts cycling
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within the system (cf. BRINGMARK). It should
be noted, however, that the wet and dry
deposition of some elements, nitrogen and
sulphur in particular, is increasing with in-
creasing industrialization.

Practical forest fertilisation is based on
the fact that forest growth is often limited
by lack of available nutrients, in the boreal
forest most often nitrogen. This does not
exclude the possibility that other factors
(temperature, water supply, etc.) may also
limit growth, regularly or on certain occas-
ions. It is also possible that part of a fertiliser
effect may be indirect, by stimulation of
organisms other than the trees, or soil
processes.

The ability of different plant species to
react to change in the nutrient supply
depends on several factors. One of the
most important is the genetically determined
potential for growth, which affects both the
timing of the growth response and its size.
In Norway spruce and Scots pine the number
of shoots, the growth of each shoot and its
number of needles is largely already deter-
mined at the time when the bud is formed.
This implies a time lag of at least a year
in the growth response. The diameter growth
of the tree stem is probably less directly
predetermined, but on the other hand it
depends on the size of the green crown
(BECKWITH & SHACKELFORD 1976; cf. also
FAGERSTROM & Lonm 1977), which results
in a time lag in this reaction, too. Larch
and hardwoods usually have a smaller
degree of predetermination, which means a
faster reaction to fertilisation. An extreme
case is represented by weeds, and herbs
such as Chamaenerion angustifolium, which
rapidly increase their biomass if conditions
are favourable.

There are also genetically conditioned
differences in the mechanism of photo-
synthesis. Such differences may have a bio-
chemical background or may depend on
anatomical properties which cause differences
in diffusion resistance for carbon dioxide in
the needles. Other possible causes may
concern the sensitivity of the stomata to
changes in water supply. LINDER & IN-
GESTAD (to be published) show that fertilisa-
tion may change the efficiency of photo-
synthesis in pine needles by about fifteen
per cent. This is probably the order of mag-
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Fig. 1. Current volume increment on sample plots
as a function of the nitrogen content in exposed
current needles.

nitude to be expected for the response in
production, if a biologically closed stand is
fertilised. MILLER & MILLER (1976) have
measured a greater increase in »net assimila-
tion rate» in fertilised Corsican pine, but
their stand was said to suffer from severe
deficiency in nitrogen.

Boreal forests are often not very densely
stocked, and it takes a long time before
young trees form a closed canopy on a
cleared area. In this case the excess of
photosynthetic products may be used for
increasing leaf biomass. The response in
production may then in extreme cases be
several hundred per cent (Fig. 1).

As mentioned above, the primary effect
of supplying a production — limiting nut-

Table 1. Needle dry weight (kg - ha—!) of a young
pine stand (E40 Lisselbo) fertilised w.th ammonium
nitrate annually from 1969 onwards. Sampling
in early spring, 1975.

Treatment
Needle age

0 N1 N2 N3 N2P2K2

Current (C) | 1191 2298 2495 2415 2531

C+1 1169 2454 2774 2464 2648
C+ 2 935 1962 1725 1146 1322
C+3+4 318 604 278 188 131
Total 3613 7318 7272 6213 6632

Table 2. Responses to fertilisation (N1, N2, N3 and N2P2K2) in branch and needle characteristics. Ex-
periment E40 Lisselbo, fertilised from 1969 onwards. All figures in per cent of controls.

Arithmetic means from lateral branches
Branch number*  diameter length number of needles single needle weight
whorl c C+1 ¢ C+1
0 107 — — - — — —
1 111 104 99 95 124
2 114 96 92
3 113 100 94
4 105 135 104 158 139 135 141
5 103 119 113
6 84 150 127
7 100 116 114 127 132 133 143
8 98 130 114
9 95 112 109
10 93 101 102
11 107 100 106 138 151 128 154

* Living + dead branches and for whorl »0», lateral buds. Whorl 0 corresponds to the year 1975 and
whorl 5 is the first whorl wich could have been affected by the treatment already from budsetting.

rient is an increase in photosynthetic tissues
and, usually to a lesser degree, in photo-
synthetic efficiency. Table 1 shows how
needle biomass increases after fertilisation
in a young pine stand. Table 2 shows how
the reaction can be explained by changes
in different crown components. There seems

to be a slight increase in the number of
first-order lateral branches (and most pro-
bably also in second and third-order bran-
ches), while the length of branches formed
after the start of fertilisation is approxi-
mately the same as on control plots. Branch
diameter, number of needles and weight of

Table 3. Nutrient content in spruce needle litter collected Nov. 1968 —Nov. 1969. Hokaberg, Remnings-
torp. All values in per cent dry weight. (From Tamm 1971).

Treatment Flog N P K Ca Mg Mn
No.

Control 8 0.90 0.09 0.30 1.96 0.10 0.25
14 0.94 0.10 0.33 1.77 0.10 0.25

PK 6 0.96 0.12 0.42 2.12 0.10 0.27

7 0.86 0.12 0.33 2.18 0.10 0.28

N2PK 4 1.39 0.10 0.33 1.81 0.10 0.26
13 1.61 0.11 0.35 1.62 0.09 0.26
N4PK 9 2.03 0.08 0.26 1.44 0.08 0.42
11 2.11 0.09 0.29 1.19 0.07 0.43
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Fig. 2. Dry weight production above ground as
a function of leaf area index (projected area).
A: the spruce stand in the experiment Strisan.
B: the pine stand in the experiment Lisselbo.
Each symbol represents one plot. The calculation
of production values involves certain assumptions,
for the Strasan data described by Tamm (1974)
and for the Lisselbo data by Albrektson (manus-
cript).

individual needles increase markedly on
fertilised trees.

There is also a possibility that an increase
in efficiency of other organs, e.g. root sys-
tems, may occur if phosphorus is supplied,
but even in this case it is probable that the
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leaf area eventually increases, leading to an
increased level of productivity.

The increase in leaf biomass will only
increase plant production as long as self-
shading is not too great (Fig. 2 A and B).
The positive relation between leaf area and
the production of stems and branches is
well known (Tamm 1974, BECKWITH & SHAC-
KELFORD 1976), but less well documented
in the case of root production. The increased
plant biomass contains more plant nutrients,
even if the concentrations of nutrients not
supplied will sometimes decrease (»false
antagonismy).

The increased plant production leads to
increased litterfall in pine, with a time lag
of two to four years, in spruce with a time
lag of six to eight years (Table 4). There
will also be an immobilisation of plant
nutrients in the more persistent parts of
the tree stem and in the coarse branches.
While the amounts immobilised may not
usually make up a large part of the nut-
rients added, it should be mentioned that
in extreme cases, on drained, unfertilised
peatlands deficient in potassium, HoLMEN
(1964) found that the stand contained about
half of the total store of potassium in the
ecosystem.

The quality of the litter may also be
changed (Tab. 3, 4 cf. Tamm 1971, MILLER
et al. 1976). When tissues die, the redistri-
bution of plant nutrients seems to be less
efficient in fertilised than in unfertilised
trees. There is also a possibility that the
proportions of different components in the
litter may be changed, even if there is no
direct evidence for this. Fertilised young
pines often develop the characteristics of
»wolf trees», which may lead to an increased
proportion of branch wood and branch bark,
which will be returned to the ground after
a long period. As a rule only a small pro-
portion of added plant nutrients can be
accounted for in the trees (Tamm 1963,
HeiLMaN & GESSEL, 1963, BJORKMAN et al.
1967). It is therefore not very likely that
the changes in the amounts of litter and in
the quality of the litter should play a deci-
sive, direct part in nutrient cycling. On the
other hand, it is quite possible that an in-
crease in the litter supply, caused by ferti-
lisation, may result in an improvement in
soil-biological conditions on some soils, be-

AT\ e —— e ——— T

Table 4. Nutrient concentrations in pine needle litter from experiment E42 Lisselbo, collected May 1971 —
Sept. 1973. All element concentrations in per cent dry weight. Average from 80 littertraps on unfertilised
plots (—) (treatments: control, irrigation, »acid 1», and »acid 2») and 80 littertraps on fertilised plots (4)
(the same treatments 4+ N2P2K2, see TamMm et al. 1974). Monthly samples bulked for analysis. Values

from a few plots missing in the first column.

P - 0.045 0.021 0.028 0.042
+ 0.059 0.025 0.031 0.051

K — 0.136 0.067 0.072 0.139
+ 0.167 0.070 0.056 0.172

Ca — 0.38 0.47 0.44 0.40
+ 0.48 0.50 0.50 0.40

Mg — 0.056 0.052 0.049 0.058
+ 0.066 0.054 0.042 0.054

Mn - 0.100 0.117 0.110 0.093
+ 0.114 0.126 0.108 0.088

Dry
weight — 44 162 24 20
(kg/ha) + 66 99 52 38

1971 1972 1973 197173
D. M.
Lrsgtmpnt Summer Autumn Winter | Summer Autumn Winter | Summer Autumn | weighted
averages
N - 0.77 0.48 0.56 0.72 0.41 0.44 0.54 0.46 0.45
+ 1.18 0.75 0.80 1.21 0.64 0.68 0.84 0.68 0.72

0.021 0.019 0.028 0.024 0.023
0.022 0.022 0.032 0.022 0.025

0.085 0.048 0.092 0.094 0.074
0.094 0.061 0.094 0.098 0.086

0.50 0.54 0.47 0.56 0.50
0.47 0.48 0.48 0.50 0.49

0.050 0.043 0.052 0.048 0.048
0.050 0.043 0.052 0.052 0.050

0.117 0.117 0.099 0.123 0.118
0.104 0.095 0.092 0.105 0.104

221 289 46 208
453 564 159 374

cause the decomposers will have more orga-
nic matter (more subtrate). In the case
of practical forest fertilisation, this is pro-
bably more important than the changes in
the amount of nutrients in the substrate.

There is also a possibility that the qualita-
tive changes in the litter from the field
layer will be of importance. On fertilised
plots there is often more grass litter with
the same or less litter from dwarf shrubs
(Fig. 3 B). However, the field layer vegeta-
tion is usually a small proportion of the
litter-producing vegetation, except in very
young or very open stands (Fig. 3 A and
B).

Fertiliser application may cause »burning»
effects on the lesser vegetation, field layer
and bottom layer (both mosses and lichens).
The occurrence of such effects is rather

irregular, and may depend both on the
type of formulation used and on the weather
conditions at fertilisation and during the
period after application. In practical ferti-
lisation these effects will usually have a
rather temporary effect. However, some
decrease in reindeer carrying capacity can
be expected, if areas with reindeer lichens
are fertilised, with an increase in tree canopy
cover as a consequence.

A serious disturbance of the nutrient
cycling was first observed in Finland (Hur-
KARI 1974, 1977), on soils supplied with
Jarge amounts of fertiliser. It has been
related to deficiency in micro nutrients,
boron in particular. In Sweden we have
studied damage observed on young pine
trees in the optimum nutrition experiment
Lisselbo. The damage began after severe
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treatments in the Strasan experiment. Each column
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late frosts in 1971 and it has been shown
that pines damaged in that year have frost
rings in the xylem (ARoNssoN, manuscript).
The needle tissues are also susceptible to
frost damage in freezing experiments, more
susceptible the higher is the nitrogen con-
centration (above about 1.7 per cent nit-
rogen of dry weight). However, analyses of
the boron content also show a good rela-
tionship between damage recorded in the
field and the average boron content within
the experimental plots. The worst damage
and the lowest boron concentrations were
found on plots receiving NPK -+ lime (cf.
Table 5). It is known that liming aggravates
a deficiency in boron. Thus it seems that
intensive fertilisation without boron may
induce deficiency damage (or damage due
to climatic conditions, but depending on
lower frost resistance in trees suffering from
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Table 5. Concentrations of boron (mg/kg air
dried sample) in exposed current pine needles
from optimum nutrition experiments. Fertilising
annually from 1969 (Lisselbo) and 1971 (Norrliden
and Aheden). Samples from 1975 and 1976 res-
pectively. Averages for the number of plots in
brackets. For further information on the experi-
mental areas Norrliden and Aheden, see HoLMEN
et al. 1976. (Elements in brackets added to some
but not all plots)

Experiment
Treatment
Lisselbo Norrliden Aheden

Control 11.6(4) 10.8(2) 5.9(2)
N2P2K2 (Mg, S) 3.2(6)* 2.9(4) 3.4(2)
Lime 4.2(2) 8.0(2)

N2P2K2 + Lime 1.9(2) 3.0(2)

N2P2K2 (Mg, S)

-+ micronutrients | 46.8(4)*  37.2(2)

* One plot without P2.

deficiency in boron). Damage of this kind
appears to be common in Finland and has
been observed on several occasions in Sweden
without, however, the causal relationships’
being revealed. There are not many indi-
cations that forest fertilisation induces other
deficiencies in macro or micro nutrients on
forest land in Scandinavia. However, deli-
berately unbalanced fertilisation will lead to
deficiencies and both potassium and mag-
nesium deficiency have been observed in
forest nurseries.

As the vegetation usually takes up a minor
part only of the nutrients added with
fertilisers, the remainder will in most cases
stay in the soil for a longer or shorter period,
subject to both physical chemical, and bio-
logical processes, such as ion exchange,
immobilisation, leaching, as described by
Nommik (1977).
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FORANDRINGAR I HUMUSLAGRET EFTER SKOGSGODSLING

HANS NOMMIK

Svedish University of Agricultural Science, Department of Forest Soil Science

Skogsgodslingen paverkar inte enbart ve-
getationstidcket, inkl. triddbestandet, utan
den ldmnar i manga fall patagliga spar
efter sig d4ven i marken. Detta géller i forsta
hand den 6vre delen av markprofilen, dvs
forna- och humushorisonterna.

Vad betriffar fordndringarna i marken,

kan det rora sig om antingen humuskolloi-
dernas kemisk-fysikaliska egenskaper (agg-
regering, mingden och arten av funktionella
grupper, katjon- och anjonbyteskapacitet,
viateméittnadsgrad, elementidrsammansétt-
ning, resistens mot mikrobiell nedbrytning
m m), eller mikrobflorans och markfaunans
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sammansittning och aktivitet. Ur skogs-
produktionssynpunkt kan godslingens rest-
verkan vara bade positiv och negativ. En
visentlig viarderingsgrund i sistndmnda hin-
seende dr godslingens inverkan pa humusens
forméaga att savil binda som leverera vixt-
nédring.

Nir det giller engangsgodsling med givor,
som anvidndes inom det praktiska skogs-
bruket idag, torde det oftast vara forknippat
med betydande mittekniska svarigheter att
registrera de relativt sma effekter pa humu-
sens mingd och egenskaper, som det i regel
ar fragan om. Icke minst stills det hirvid
mycket hoga krav pa provtagningsmetodiken
i falt. Den skogsekologiska forskningen har
av det skilet varit tvungen att tillgripa
forsoksmodeller, dir niringsdmnena tillfors
antingen i hoga engangsgivor, eller ocksa i
mattliga doser, som upprepas efter korta
tidsintervaller. D4 en sadan applicerings-
teknik hogst avsevirt avviker fran den, som
tilldimpas i praktiken, bor naturligtvis viss
forsiktighet iakttagas vid tolkning av re-
sultaten fran dylika forsok.

I foreliggande rapport kommer det rubri-
cerade fragekomplexet att belysas med re-
sultat fran pagaende svenska, framfor allt
forfattarens egna undersokningar. Huvud-
vikten skall hérvid ldggas pa markprocesser,
vilka ingar i kvivecykeln.

Inverkan av kvivegodselmedel

I den fortsatta framstillningen kommer
det i olika sammanhang att hédnvisas till ett
kvivedoseringsforsok, som utlagts i ett av-
verkningsmoget tallbestidnd i Vistmanland
(Kroksbo, 7404, Heby). Jordartsmaterialet
pa denna standort bestar av vattensediment,
huvudsakligen sand, och jordméanen utgores
av jarn-humuspodsol. Marlagrets miktighet
dr 3—5 cm, pH-virdet 3,9 och C/N-kvoten
39. Forsoksplanen omfattar tva kvivekillor
(ammoniumnitrat och urea), tre kvivegivor
(150, 300 och 600 kg N/ha), samt kont-
rolledet. Undersokning av marken har ut-
forts vid tre olika tidpunkter: 3 ménader,
1 &r och 2 ar efter godslingens utfoérande.
Forsoket avser att belysa godselkvivets om-
sdttningar i marken samt eventuella for-
dndringar i markens kemiska och biologiska
egenskaper.
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pH och basmiéttnadsgrad.

Enligt gidngse uppfattning dr korttidseffek-
ten av ureagddsling en pH-hojning, bade i
forna och humuslagret. Initialeffekten av
ammoniumnitratgddsling dr ddremot en pH-
sdnkning. Vid langtidsobservation finner man
att markens pH ej paverkas signifikant av
ureatillforsel, medan ammoniumnitratet kan
ha en svagt acidifierande restverkan. Rent
generellt tycks gélla att anvédndningen av
ammoniumhaltiga godselmedel sdnker bas-
mittnadsgraden i humusticket, medan nit-
ratgodselmedel hojer den.

Forhallandet illustreras med resultat fran
Kroksbo-forsoket, och avser lidget ett ar efter
godslingens utforande (fig. 1). Som synes
har urean, men #dven de hogsta givorna av
ammoniumnitrat, héjt pH i humuslagret.
Denna effekt hade starkt reducerats, nir
markundersokningen utfordes ett ar senare.
Med stor sannolikhet kommer den att for-
svinna helt, och eventuellt 6verga till en
svag pH-sdnkning, i och med att marken
témts pa restmingder av utbytbart NH,.
Ammoniumgdédselmedlens och ureans acidi-
fierande verkan forstdrks salunda med gra-
den av kvivets tillgodogorande av vegeta-
tionen, inkl. mikrobfloran. Vad betriffar
nitratbildningen torde &dven den forstirka
amoniumkvévets acidifierande verkan pa
marken, speciellt under férhallanden, da en
del av det bildade nitratet utlakas. Denitrifi-
kationen uppvisar en motsatt verkan.
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Fig. 1. Kroksbo, 7404. pH-virden i olika mark-
horisonter ett ar efter goédselutspridningen.

Tabell 1. Utbytkart K i humuslagret Kroksbo,
7404. Markundersékningen genomférd ett ar efter
godslingen.

Forsoksled Utbytbart K,
me/100 g humus*)

Kontroll ....covvvvvvieiennnnnnns 1.96%*)
Ammoniumnitrat 150 ...... 1.82
Ammoniumnitrat 360 ...... 1.62
Ammoniumnitrat 600 ...... 1.44

Urea 150 siccivisssssoniamsanss 1.81

Urea 300 ..oovvvviiiiiiiiiinnnn 1.99

Urea 6C0 ..ovvreveenninnnnns 1.95
Standardavvikelse .......... 0.14

*) -korrigerat for mineraljordblandning.
*#) motsvarande 31.9 kg K per hektar och
skikt.

Utoéver inverkan pa pH och vitemitt-
nadsgrad, kan man ofta spara en viss verkan
av kvivegodslingen pa baskatjonsamman-
sidttningen hos utbyteskomplexet. P4 grund
av ammoniumjonernas fortriangande effekt
leder godslingen med ammoniumnitrat, i
mindre grad dven med urea, till ett visst
utarmande av humuslagret pa baskatjoner.
Utlakningen drabbar i forsta hand katjoner
som uppvisar en svag bindningsenergi pa
humuskolloiderna, dvs Na, K och i viss man
Mg. Forhallandet illustreras med data fran
Kroksboforsoket, som anger relationen mel-
lan kvivedosering och forekomsten av ut-
bytkart K i humuslagret (tabell 1).

Parentetiskt ma ndmnas att en hég am-
moniummaéttnad, som kan bli féljden av
kraftig ureagodsling, okar humuskolloider-
nas benigenhet till dispergering och vertikal
transport i markprofilen.

Upplagring av kvdve i maikprofilen.

Med anlitande av 1*N-tekniken har man
kunnat faststilla att en betydande del av
godselkvivet immobiliseras i marken och star
salunda att aterfinna i markprofilens olika
skikt i organiskt bunden form (BJORKMAN
et al. 1967, Nommik och Porovic, 1971,
Porovic och NomMmik, 1972). Vad betriiffar
godselmedel som innehdller kvivet i form

av ammonium eller urea, kompliceras tolk-
ningen av immobiliseringsvirdena av kvi-
vets mikrobiologiska turnovercykel i mar-
ken. En del av den uppmitta immobilise-
ringen torde silunda vara apparent, dvs en
produkt av undersokningsmetodiken. Den
klassiska differensmetoden ger systematiskt
ligre immobiliseringsvirden.

Med stod av uppgifterna pa totalkvivein-
nehall och kvoten C/N har man pa forsoks-
filtet Kroksbo forsokt att uppskatta om-
fattningen av godselkvivets immobilisering
i de olika markskikten (fig. 2). En sadan
berikning, som baserats pa analysdata er-
hallna ett ar efter godslingens utfoérande,
gav vid handen att av den ligsta ureagivan
(150 kg N/ha) aterfanns i den undersdkta
delen av markprofilen inte mindre 4n 60 %
av kvivet i organiskt bunden form. Mot-
svarande siffra for ammoniumnitratet 14g pa
26 9. Noteras bor den héga immobiliserin-
gen av ureakvidve i humushorisonten, samt
den med stigande kvivegivor avtagande
procentuella immobiliseringen.

I detta sammanhang bér man ha det klart
for sig att den undersokningsmetod, som hér
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Humus
0-5
5-15
15-25
Né61 11348 N13.0 [090.2
v

TR S K S,
20 40 60 80 100 20 40 60 80 100 120 kgN/ha
N 300 AN Urea

Litter
Humus

0-5
5-15
15-25
N301 0547 N434 01214
2‘0 4'0 é'0 8‘0 160 2‘0 4;) bz) Bb I(‘)O lIZO kgN/ha
N600 AN Urea
Litter N Y
i NN\ E—
o N\ —
-3 N T
5-15
1902 767 00975 §139.5 001310
0. 80 100 120 140 160
20 40 60 80 100 20 40 ¢ koxy/ e
Nmin Nig = Nrot {c/z;:‘/m) N
ONerg ¢

¢ = control plot
f = fertilized plot

NX= nitrogen originating from
the added fertilizer

Fig. 2. Mingden godselkvive aterfunnen i mark-

profilen ett ar efter godslingens utférande. Kroksbo,
7404.
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anvints, ej mojliggor att skilja mellan kvivet
i humus och avdéda viixtrester, mikrobflora
och mikrofauna och i vixtrotter. Godsel-
kvévet, som ansamlats i vixtrotterna, ingar
salunda till en del i de uppmitta immobili-
seringsvirdena.

Vad betriffar immobiliseringskapaciteten
for marker som tidigare godslats med kvive,
dvs vid en eventuell omgédsling, ér infor-
mationen mycket knapphindig. Korttids-
observationer i lagringsforsok tycks tyda
pa att immobiliseringen av tillfért kvive
blir nigot ligre i humusen som uttagits fran
ytor som tidigare behandlats med ammo-
niumnitrat eller urea (se fig. 4).

Mineralisering av humuskvive och kel.

Som ovan antytts resulterar kviivegodslingen
i en viss anrikning av organiskt N i marken.
Beroende pa kvivekillan och humustickets
art och miktighet synes engangsgédslingen
med 150 kg N/ha kunna héja halten av
organiskt bundet kvive i bade férna- och
humuslagret med upp till 10 9. Vilken
restverkan detta har pa mineraliseringsut-
flédet i marken #r emellertid knappast ut-
rett. Att restverkan kan vara positiv, an-
syds av resultaten fran ett inkubationsfor-
tok, som utféorts med jordar fran ovan
refererade Kroksboforsok (tabell 2). Utslagen
ar dock i de flesta fall statistiskt insigni-
fikanta. Betydligt kraftigare utslag, vad be-

N kg/hc
humuslager
40 Ammoniumnitrat Urea 40
O NH,-N
30{ O NOsN k30
falt
efter 9 _|
veckors
20 lagring (20
10 M [ HFwo
| §
| \
0_1 =1 TN N o
0 260 520 7801 O 260 520 780

Tillférd mangd kvave
kg/ha

Fig. 3. Oorganiskt kvive (fére och efter 9 veckors
lagring) i humuslager efter tillférsel av olika total
mingd kvive. Medeltal av 3 forsoksparceller.

Norrliden, Visterbotten. (Popovic, 1977, omarb.
Wiklander, 1976).

tréaffar mineraliseringsutflodet for kviive, har
registrerats med jordar, som i filt arligen
godslats med stigande mingder kviive (se
fig. 3).

Vad betriffar kvivegodslingens inverkan
P4 mineraliseringen av humuskol, kan viss

Tabell 2. Procent av Norg mineraliserad under 4, 8 resp. 16-veckors inkubation. Markprovtagningen
utférd tva ar efter kvivegddselns utspridning. Block IT. Krosbo, 7404.

Forsbiaded Foérna Humus Mineraljorde—S cm

4v 8v 16v 4v 8v 16v 4v 8v 16v

Kontroll ............. 0.0 0.0 0.1 0.1 0.9 2.2 0.0 1.0 29
IS0 .o i 0.0 0.0 0.0 0.1 0.3 0.9 0.0 0.7 3.1
AN-300 .5 iiaisns 0.0 0.0 0.0 0.0 0.4 2.0 0.3 1.3 5.0
ENSOOG: .. Ll —0.5 —0.5 —0.2 —0.2 —0.3 —0.3 0.5 1.9 4.6
Urear 1501:..... .55 0.0 0.0 0.3 1.6 3.2 3.0 0.0 0.4 1.6
Uren. 300:. 0o —(.5 —0.5 —0.5 0.4 3.6 3.9 0.3 2.1 51
Utea 600,006, —2.2 —4.1 —4.0 —-0.3 0.1 3.5 0.7 1.7 6.0

Standardavvikelse 1.2
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Tabell 3. Mineralisering av kol under inkubation, promille av Cy,; per dygn. Kroksbo, 7404. Markprover
uttagna tva ar efter kvivegodselns utspridning. Inkubationstemperatur 20° C. CO, avgivandet mitt

under inkubationsperiodens 54—56 dygn.

) Ammoniumnitrat Urea
Horisont Kontroll
150 300 600 150 300 600
BOLNA «sss3550s0essossnsnsesnssatine 1.55 1.66 1.61 1.36 1.56 1.24 1.29
Humus ..c.eusemscss snsines sws svssns 0.89 0.76 0.65 0.51 0.77 0.58 0.55
Mineraljord 0—5 cm ......... 0.86 0.80 0.74 0.74 0.80 0.94 0.80

Standardavvikelse 0.08

information hidmtas fran inkubationsforsok,
som citerats ovan. Mitvirden pa CO,-av-
givande uppvisade i detta fall en trend att
avtaga med stigande kvivegivor (tabell 3).
Det kan formodas att en dylik himmande
verkan idr kortvarig och upptrdder signi-
fikativt enbart vid hoga kvivedoseringar.

Nitrifikation.

Vara skogsmarker, med uteslutande av
vissa brunjordar, kdnnetecknas av en my-
cket svag kapacitet att bilda nitrat. Efter
vissa ingrepp i bestands- eller markvardande
syfte kan emellertid en del av dessa marker
bli nitrifierande. Bl a har detta konstaterats
pa marker, som har varit féremal for uppre-
pad godsling med urea fem ar i foljd (fig. 3,
Porovic 1977). Liknande observationer har
gjorts i humusprover, som uttagits fran for-
soksytor, som tidigare behandlats med 600
kg N/ha och sedan omgddslats med en kraftig
dos av urea (Kroksbo, 7404). Likasa har
kalkningen av godartade marhumusmarker
inducerat, ofta pa ett dramatiskt sitt, nitrat-
blandningen i humuslagret.

Huruvida den godslingsregim, som till-
ampas inom det praktiska skogsbruket (om-
godsling efter vart 5—10 ar), kan framdriva
nitratbildning pa vara marker, vet vi ingen-
ting med sidkerhet idag (cf. EHLERT et al.
1974). Skulle detta ske blir det i forsta hand
pa marker med brunjordskaraktir.

»Priming effecty.

Atskilliga observationer tyder pa att till-
forseln av handelsgodselkvive har en positiv

inverkan pa mineraliseringen av markens
eget kvive. Mekanismen bakom en sadan
reaktion dr inte helt klarlagd. En del forfat-
tare, som studerat fragan med hjidlp av
15N-tekniken anser att fenomenet bara ir en
chimir, och beror pa en feltolkning av den
uppmitta isotoputspiddningen, som foranletts.
av det biokemiska utbytet mellan mirkt
godselkvave och omirkt humuskvive. Andra
forfattare ddremot har funnit att denna
»priming effect» dr reell, och en konsekvens.
av den hoga saltkoncentrationen pa mik-
ro-organismerna (partiell sterilisering) eller
ocksd pa humusens kolloidkemiska egen-
skaper.

Vara egna undersokningar synes stodja
den sistndmnda uppfattningen, dven om
reaktionens praktiska betydelse far betecknas
som oklar. Effekten kommer tydligast fram
vid godsling av marhumusmark med nitrat,.
och den yttrar sig i en excessiv ansamling
av ammoniumkvive (NommIk, 1968, NoMm-
MiK och Porovic, 1971, Porovic och Nom-
MIK, 1972).

En uppfattning av storleken och arten
av denna »priming effect» kan man fi av
resultat, som framkommit i ett inkubations-
forsok, och som askadliggors i fig. 4. Skill-
naden mellan aterfunna och tilliorda méng-
der godselkvdve i oorganisk form har i
detta fall tagits som matt pa storleken av
spriming effects. Ett negativt tecken pa
»priming effect» anger att immobiliseringen
av godselkvive har varit storre é@n den av
godslingen inducerade mineraliseringen av
markens eget kvive.

En tydlig positiv »priming effect» obser-
veras for ammoniumnitrattillsatser, vilken
for en godselgiva av 150 kg N/ha, kan upp-
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Fig. 4. »Priming effect» for tilliért ammonium-
nitrat resp. urea Dosering: 132 mg N/100 g humus
(Kroksbo, 7404).

skattas till 40—60 mg NH,-N per 100 g
humus. Réknat per hektar och skikt (50
ton humus) skulle detta motsvara till 20—
30 kg N.

Vid ureagodsling overskuggas minerali-
seringstillskottet av en kraftig immobiliser-
ing, varfér »priming effect» blir negativ.

Godsling med fosfor och kalium.

Fordndringar i humuslagret efter fosfor-
och kaliumgoédsling har ej varit foremal
for lika omfattande studier som efter kvive-
tillférsel. Man kan forutsitta att en viss
paverkan sker, och da i férsta hand betriif-
fande jonsammansittningen hos markens
utbyteskomplex. Surhetsgraden torde knap-
past paverkas av en mattlig tillférsel av
superfosfat eller kalisalt. Anvindning av
rafosfat torde didremot medféra en forskjut-
ning av markens pH i riktning mot neutral-
punkten. Dessutom kan man forvinta sig
en viss biologisk fastliggning av tillford
fosfor i marken, med konsekvensen att
halten P, okar. Denna synes kunna for-
stidrkas genom ureagédsling med foljden att
markens férméga att leverera littassimiler-
bar fosfor forsdmrades.
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I likhet med kvivegddselmedel synes till-
forseln av littlosliga fosfor- och kalium-
salter medfora vissa osmotiska effekter, vilka
vttrar sig bl a i nedsatt hastighet fér bade
kolmineralisering, kviiveimmobilisering och
denitrifikation. Betriffande mineraliseringen
av markens kvidve tycks effekten dire-
mot bli positiv. Det extra tillskottet for
mineraliseringsutflédet, som dirvid uppstar,
torde dock bli ganska litet och knappast
overstiga 10 kg N per hektar. Denna indi-
rekta kviveverkan av fosfor- och kalium-
haltiga godselmedel kan dock i vissa fall
vara av sddan storleksordning att en miitbar
tillvixtreaktion ej kan uteslutas.

Hogst dramatiska foridndringar i mér-
humusens egenskaper kan astadkommas med
kalkning. Effekterna av en dylik mark-
forbittrande atgérd star dock utanfér ramen
av denna framstillning.

Sammanfattning

Skogsgodsling pa fastmarker, speciellt vid
hog néringsdmnesdosering eller vid omgods-
ling efter korta tidsintervaller, synes kunna
leda till mitbara féridndringar i humus-
tiacket. Paverkan kan gilla bade humusens
sammanséttning och kolloidkemiska egen-
skaper, och mikrobflorans och mikrofaunans
aktivitet i humuslagret. Ur produktions-
synpunkt kan dessa fordndringar vara bade
positiva och negativa.

Vad betriffar humusens pH och viitemiitt-
nadsgrad paverkas de ej signifikant av en
konventionell kvivegddsling. Upprepad an-
vindning av ammoniumnitrat kan dock
bidraga till markens acidifiering och till
dennas utarmning pa utbytbara baskatjoner,
i forsta hand kalium och magnesium. Kvive-
godslingen, i synnerhet med urea, resulterar
i en upplagring av organiskt bundet kvive
i marken. Detta synes héja mineraliserings-
utflodet for kvive under adren nirmast efter
godslingens utférande. Ureagodsling synes
dven hoja markens forméaga att bilda nitrat.
Godsling med savidl ammoniumnitrat som
med ldttlosliga kalium- och fosforgddselme-
del tycks kortvarigt kunna 6ka minerali-
seringen av markens eget kvive. Minerali-
seringshastigheten fér humuskol kan dire-
mot bli nagot nedsatt.
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BALANSERAD NARINGSUPPTAGNING OCH BEHOVET AV GODSLING
I TRADBESTAND PA NARINGSFATTIGA TORVMARKER

FINN. H. BREKKE

Norwegian Forest Research Institute

Sammandrag av anforande*

I anfoérandet behandlas behovet av gods-
lingsatgidrder vid virkesproduktion pa ni-
ringsfattiga torvmarker varmed avses sadana
torvmarker dir bestandstillvixten efter en
tillfredsstédllande drédnering kan dkas genom
tillférsel av ett eller flera ndringsdmnen.

Utgaende fran att de hogre vixterna, for
att utvecklas normalt, enligt idag gillande
uppfattning, fordrar sexton olika grund-
dmnen konstaterades, att dess grunddmnen
vid balanserad niringsupptagning bor finnas
tillgidngliga i vixtunderlaget i bestdmda pro-
portioner. Salunda boér vixten for wvarje
molybdenatom uppta 100 kopparatomer,
300 sinkatomer osv. Denna sakallade balan-
serade niringsupptagningen kan dock icke
anses som en statisk process utan mera som
ett dynamiskt skeende, vilket &dr beroende
av savil genetiska faktorer som vixtart och
dess utvecklingsskede.

Behovet att tillfora ett eller flera nirings-
dmnen vid virkesproduktion pa torvmarker

* The compleat paper will published in the jour-
nal Suo vol. 28,3.

kan bestimmas genom att underséka ming-
den niringsdmnen som fastlagts i biomassan
och tillgdngen till motsvarande néiringsdm-
nen i vixtunderlaget. Ett dylikt gransk-
ningssitt, vilket ur ekologisk synvikel &r
ofullstindigt, ger for handen, att fosfor
och kalium &r minimumfaktorer da det
giller tallbestdnd p& néringsfattiga torv-
marker av savil ombrogen som soligen typ.
Dessutom #r kvive en tillvixtbegridnsande
faktor pa de kvivefattigare soligena torv-
markerna och pa samtliga ombrogena torv-
marker. Det far vidare hallas for sannolikt,
att bor tillgdngen redan under ett tidigt
skede av bestandutvecklingen &r underopti-
mal. Eventuellt kommer ocksa koppar och
mangan att utgora tillvixtbegridnsande fak-
torer i ett senare skede av bestdndsutveck-
lingen. Dessa forhdllanden géiller givetvis
under forutsidttningen, att mikronérings-
Amnenas loslighet i torven inte foridndras
genom t.ex. en pH forskjutning.

De hir presenterade sambanden har i
Norge experimentiellt kunnat verifieras i
plantbestand for omloppstidens forsta tjugo
ar. De pa torvmarker utforda forséken har
varit minusforsok med ett sammansatt god-
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selmedel fran vilket i tur och ordning ute-
lamnats nagot av de for plantornas utveck-
ling nodvindiga niringsdmnena.

I anforandet diskuterades vidare tillvixt-
storningar i de undersokta plantbestadnden.
Omfattande toppskottsskador hade obser-
verats i de forsoksled fran vilka uteldmnats
koppar och bor. Skadan yttrade sig salunda
att terminalskotten hos isynnerhet tall och
gran torkade innan de natt full utvecklings-
grad. Ett karakteristiskt drag &r ocksa, att
bildningen av adventivknoppar vid basen
av de skadade skotten sker langsamt, vilket
medfor att lang tid atgar innan skadan
reparerats. Toppskottet hos trdd utan syn-

liga skador uppvisar en karakteristisk spiral-
vaxt.

Den utlosande orsaken till dessa obser-
verade omfattande skador antogs vara en
i torven sent liggande tjile, som resulterat
i ett vattenunderskott i de vegeterande
plantorna. Detta skeende idr forenligt med
verkningsmekanismen for borbrist.

Analyser av barrmaterial fran de skadade
tridden visade entydigt pa ett lagt bor inne-
hall i barren. Det konstaterades dock, att
ett lagt innehall av bor i och for sig inte
behover vara skadligt, men att ett siddant
tillstand kan nedsitta plantans motstands-
kraft mot t.ex. just vattenbrist.

EFFECT OF FERTILIZATION ON NUTRIENT CONTENTS IN NEEDLES AND LITTER
FALL OF SCOTS PINE ON DWARF SHRUB PINE SWAMP.

EERO PAAVILAINEN

The Finnish Forest Research Institute, Helsinki

Introduction

Until quite recently fertilization investi-
gations on peat soils have focused on how
the volume growth of forests, i.e. the yield
of wood, is affected by fertilization. Alt-
hough important for practical fertilization
activities, such information alone create an
incomplete notion of the fertilization effect
on the entire ecosystem. Consequently, ad-
ditional factors related to nutrient cycle
either directly or indirectly have to be
investigated as well as the changes brought
about by fertilization.

In the spring of 1974 the Department of
Peatland Forestry at the Finnish Forest

Research Institute set up a series of experi-
mental plots at Jaakkoinsuo in Vilppula
(62° 04°’N, 24° 34’E) to investigate the effect
of fertilization on nutrient cycle on a dwarf
shrub pine swamp. As this peatland type is
known for its usually short fertilization
effect (e.g. HUIKARI & PAAVILAINEN 1972,
Karsisto 1972, 1974, PAAVILAINEN 1972,
1974), the investigation included experi-
mental plots with both basic fertilization
and refertilization. Several factors related
to nutrient cycle were measured. This re-
port is concerned with the results acquired
so far of the effect of fertilization on the
nutrient contents in needles and litter fall
of pine.

Table 1. Tree stands on experimental plots in May, 1974.

Fertilization No refertilization NPK fertilization in 1974
in 1965
m?/ha m?/ha Stems/ha m?/ha m?/ha Stems/ha
O B, o 116,3 16,6 688 99,0 13,7 592
L SRR R 78,6 13,1 800 91,8 14,0 757
NPR e o 114,9 16,1 784 95,1 14,3 784
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Table 2. Peat pH and nutrient content in November, 1976.

Fertili-
zation

No refertilization

NPK fertilization in 1974

in 1965 | pH |N, % | P, mg/l

K, mg/l | Ca,mg/l| pH |N, % | P, mg/l

K, mg/l | Ca, mg/l

O 3,3 1,32 202 85 641 3,3 1,34 178 87 682
PK 3.3 1,20 175 84 593 31 | 1,15 195 78 779
NPK 32 1,26 168 77 467 33 | 1,15 130 68 486

Layout of the experiment

There are six experimental plots, four of
which measure 25 X 25 m and two 25 x 28
m. Information pertaining to tree stands are
presented in Table 1 and the pH and nutrient
content of peat in Table 2.

Ground vegetation was largely formed of
dwarf shrubs, as can be seen in Table 3.

Eight measuring funnels with a mouth
area of 0.5 m? were placed on each experi-
mental plot for collecting litter. Litter
samples were gathered once a week June
through November in 1974 and afterwards

at least once a month excluding February —
March in 1976, when litter fallen during the
first part of the year was collected in April.

The following fertilization treatments were
included:

Number of plot Fertilization Fertilization
June 2, 1965 June 5, 1974
1 — -
2 — NPK
3 NPK -
4 NPK NPK
5 PK —
6 PK NPK

Table 3. Dominance and biomass of the most important species in ground and field layers on two plots

in August, 1974 (see KosoNEN 1976).

Sample plot 1 Sample plot 3
Unfertilized NPK fertilization in 1965
Plant species
 Dominance Biomass Dominance Biomass
% g/m? % g/m?
Field layer
Andromeda polifolia ............... — — 1 2,5
Calluna vulgaris ............c......... - — 1 351
Empetrum nigrum .................. 13 24,6 5 6,2
Ledum palustre ...................... 39 167,6 43 246,3
Vaccinium myrtillus ............... 12 20,9 7 13,1
Vaccinium uliginosum ............ 3 5,5 4 7,4
Vaccinium vitis-idaea ............. 24 62,8 11 28,6
Eriophorum vaginatum ............ 5 2,0 3 1,5
Rubus chamemorus ................ 1 1,0 17 7,3
Ground layer
Dicranum spp. ....cceevvinninnn.. 3 10,0 + =
Pleurozium Schreberi ............... 56 13,9 61 17,0
Sphagnum angustifolium ......... 28 8,6 23 20,6
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Table 4. Nutrient content of needles in percentage from dry matter in March, 1977.

Fertili- No refertilization NPK fertilization in 1974

zation in
1965 N P K Ca Mg N P K Ca Mg
0 1,60 0,145 0,549 0,261 0,115 1,60 0,169 0,538 0,293 0,132
PK 1,48 0,164 0,577 0,261 0,125 1,46 0,169 0,554 0,293 0,134
NPK 1,57 0,163 0,571 0,235 0,114 1,57 0,176 0,527 0,242 0,132

Tn 1965 PK = 600 kg/ha PK fertilizer (16,5 %,
P,0; — 16,5 % K,0)
: NPK = 550 kg/ha NPK fertilizer (14 9,
N —-18°9% P,0,—109% K,O).
In 1974: NPK = 400 kg/ha Oulu saltpetre (26 %
N) 4+ 500 kg/ha PK fertilizer
(24 9% P,0; — 15 % K,0).

Growth and nutritional status of tree
stand

The effect of the first fertilization in 1965
on the growth of the tree stand was almost
completely terminated. Without refertili-
zation the growth of the basal area of the
tree stand was only slightly better on NPK
fertilized than on unfertilized control plot
(Fig. 1).

NPK refertilization in 1974 clearly in-
creased the growth of the tree stand. In
1974 —1976 the effect of refertilization was
the most prominent on the experimental
plot with PK fertilization in 1965.

Needle samples taken in March, 1977,
were analysed for the main nutrients and
certain micronutrients. As to the main
nutrients, the effect of the first fertilization
was still apparent in the phosphorus and

w/ha
10+
07
7 7
% 7
osf 77
Z
7
7 A9 0
/ %
70787
1 |7
1/ 24 37 4 24 37
4 YAV
P NPK
1=1914 Fertilization in 1965
2=115 [l Mo refertilization
3=19 P2 MKP fertilization in 1974

Fig. 1. Growth of basal area of tree stand.

potassium contents of needles (Table 4).
These contents were higher on fertilized
than unfertilized plots. The 1974 refertili-
zation seems to have increased the phos-
phorus, calcium und magnesium contents
of needles.

Table 5. Nutrient content of needles at different ages in percentage from dry matter June 5—6, 1977.

Fertilization Nitrogen (N)

Phosphorus (P)

Potassium (K) Calcium (Ca)

in the year
1965 1974 | 1974 | 1975 | 1976 | 1974 | 1975

1976 | 1974 | 1975 | 1976 | 1974 | 1975 | 1976

0 0 1,43 | 1,48 | 1,73 | 0,10 | 0,11
PK 0 1,06 | 1,12 | 1,06 | 0,09 | 0,10
PK NPK| 1,32 | 1,34 | 1,12 | 0,11 | 0,12

0,11 | 0,33 | 0,34 | 0,36 | 0,32 | 0,30 | 0,23
0,10 | 0,28 | 0,33 | 0,33 | 0,65 | 0,50 | 0,33
0,11 | 0,33 | 0,37 | 0,47 | 0,61 | 0,56 | 0,37
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Table 6. Micronutrient content of needles (ppm) in March, 1977.

Fertilization No refertilization NPK fertilization in 1974
in 1965
Mn B Cu Zn Mn ‘B Cu Zn
0 243 18,4 1,42 37,6 290 18,4 1,25 57,5
PK 225 12,8 1,33 50,9 275 13,6 1,07 46,5
NPK 225 13,6 1,25 44,2 240 16,0 0,89 48,7

At the beginning of June in 1977 still
three additional plots were sampled and the
contents of the main nutrients determined
of needles with different ages (Table 5).
When comparing the results of 1976 needles
to those presented in Table 4, it is seen
that the nitrogen, phosphorus and potas-
sium contents of needles had decreased
between March and June (cf. e.g. Tamm
1955). The nutrient contents of needles taken
in June, during a vigorous growth season,
show that there was less nitrogen and phos-
phorus on plots fertilized with PK in 1965
than on control plots, almost equal amounts
of potassium but more calcium especially
in the 1974 needles. NPK refertilization in-
creased somewhat the P and K contents of
needles, although the N content was still
lower than on unfertilized control plots.
The needle analysis in June indicated better
than the one carried out in March the need
for refertilization on previously PK fertilized
plots.

Difference between various treatments are
not great as regards micronutrients (Table 6).
The most distinct tendency is observed in
the copper content of needles, which appears
to diminish under the influence of both
basic and refertilization.

The 1974 refertilized had a prominent
effect both on parts above ground and on
the amount of nutrient-taking roots of pine.
The following table shows how the amount
of thin pine roots increased after refertiliza-
tion, while the amount of roots of ground
vegetation remained the same.

No refer- NPK refer-
tilization tilization
in 1974
Pine roots, m/m? ....... 1692 2551
Roots of ground vegeta-
tion, m/m? ............ 1302 1263

Thus fertilization intensified the nutrient
uptake of pine as compared to that of ground
vegetation.

Litter and its nutrient content

Difficulties in comparing various fertiliza-
tion treatments arise, because there are
differences in the amount of pine litter due
to e.g. differences in the wood volume of
the stand and number of trees in various
plots. It is, however, obvious that NPK
fertilization carried out in 1974 considerably
increased litter fall as early as the summer
and autumn of the following year (Fig. 2).
The largest increase, i.e. about 1300 kg/ha/y.,
occurred on plots fertilized with PK in 1965.
Increase in litter fall caused by fertilization

kg/ha
3000

2500

T

1500

1000

1=56.1974-16.41975  Fertilization in 1365

2 = 164.1975-13.4.1976 [l Mo refertilization
3 = 13.4.1976- 2041877 FA NPK-fertilization in 1974

Fig. 2. Amount of litter fall.
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is clearly perceptible in the results received
between April 13, 1976, and April 29, 1977.
The nitrogen, phosphorus and potassium

contents weighted with the dry weight of
litter were free from the 1965 fertilization
effect (Fig. 3). Refertilization in 1974 in-
creased nutrient contents. NPK refertiliza-
tion seems, however, to have diminished
the nitrogen, phosphorus and especially
potassium contents of litter between April
16, 1975, and April 13, 1976, on the plot
which received NPK- treatment also at the
first fertilization, although a corresponding
difference cannot be seen in the results
from the period of April 13, 1976 — April
29, 1977.

Owing to a larger amount and higher
nutrient content, pine litter contained more
nutrients on plots refertilized in 1974 than
on unrefertilized plots. The differences in
nutrient amounts were, however, slight
(Table 7). During one year of investigation
(October 15, 1975 — October 14, 1976) litter
fall had provided the refertilized plots with
about 2,2 kg of nitrogen, 128 g of phos-
phorus, 379 g of potassium, a. 1,5 kg of
calcium and 219 g of magnesium more than
unrefertilized plots.

Final review

According to the results the effect of both
PK and NPK fertilization on the growth
of pine on a dwarf shrub pine bog has termi-
nated in 9 years almost entirely. NPK
fertilization at this point produced an in-
crease in the nutrient contents of needles
and improved the growth of the stand.

Table 7. Amount and nutrient content of litter between October 15, 1975 and October 14, 1976, as mean

values on unfertilized and NPK refertilized plots.

Characteriotic Fertilization in 1974 Difference
0 NPK (NPK—0)
TreerHEter, (Kg/BA ivcciriiviniiinininiiisrioinennnnnees 1658 1847 189
I;, BIDANE. s B S8t i enabie duis Baicvioms wios s s s s 11126 13320 -2194
K, BT i R ey S ST Ut S ol 764 892 128
C, R T T S R N 1308 1705 397
Ma, T [ o S e SR S R 7335 8824 1489
Mi, b 4t e AT RO I8 - S SN 850 1069 219
- s RIS B B o s oo SEBRR I v B 640 w50 600 nemmm 602 745 143
C, B g b vn s Bon NS e s b 5 v K o e pimiamsie sl s s 5 8 15,6 16,1 0,5
D IRE) B o e T L L 9,3 10,1 0,8
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Similarly, the amount and nutrient content
of litter increased. Yet, a very small part
of the nutrients applied at refertilization
returned among litter to the cycle during
the first three years. Growth in nitrogen
content of litter brought about by refertili-
zation corresponded to a. 3,5 9%, that of
phosphorus to 0,3 9% and that of potassium
to 0,6 9 of the applied nutrient amounts.

The results, although only the first preli-
minary ones, imply that the nutrients of
tree litter returning to the ground are of
slight importance as regards the utilization
of nutrients by pine after refertilization on
a dwarf shrub pine swamp. This applies
particularly to phosphorus and potassium,
the most important nutrients in connection
with forest fertilization of peat soils.
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MICRO-NUTRIENT DEFICIENCIES CAUSE GROWTH-DISTURBANCES IN TREES

OLAVI HUIKARI

The Finnish Forest Research Institute, Helsinki

Already at the beginning of this century
the results of experimental forest-drainage
and fertilization showed, that such activities
should be concentrated on nutrient-rich peat-
land sites with shallow peat and natural tree
cover. Limed and sanded fields, which are
later manured, treated with Thomasphos-
phate or wood-ash proved to be productive
sites, too. The experiences were parallel to
those gained in Denmark, Norway, Sweden
and Finland.

In Finland rather extensive experiments
were also established on originally woodless
peatlands. Afforestation developed well for
the first 10 —20 years after sowing or plant-
ing but subsequently the trees started to
become stunted or even to die off. Fertiliza-
tion with phosphorus and potassium caused

the stunted stands to regain their initial
vigour (Huikarr 1973).

In 1950 a draining experiment which
included macro- and micronutrient fertiliza-
tion was carried out by RoMELL in West-
Bothnia, Sweden. The experiment showed,
that application of phosphorus and boron,
in particular, gave a clear positive response.

In Finland rather extensive series of
fertilization experiments with micro-nut-
rients were established in 1950 by HUIKARI
(1973) on three sites situated in different
parts of the country. The experiments were
based on the following idea: when tree-
growth is stimulated by draining and by
applying macro-nutrients to sites originally
poor in nutrients, it is probable that sooner
or later a shortage of micronutrients will
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become a factor limiting tree-growth, too.

As a results of mechanisation forest drai-
nage activities were expanded already in the
late 1950’s and especially in 1960’s. At the
same time fertilization of the drained areas
with nitrogen, phosphorus and potassium
was begun. Consequently, treeless sites ori-
ginally poor in nutrients became objects
of forest drainage. At the end of the 1950’s
ploughing of mineral soils in forestry came
into use instead of prescribed burning. One
further characteristic of this development
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Fig. 1. Height of the pine stand and occurrence
of growth-disturbances in 1974 at exp. I and V.
Kivisuo (Veijalainen 1975).
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should be pointed out: the production of
planting material was carried out more
and more using growth-peat substrates (so
called agricultural peat), which is physically
favourable but extremely poor in nutrients.
Thus, during the last decades a lot of planta-
tions and young forests have grown up in
which micro-nutrient deficiencies in the form
of growth-disturbances will inevitably ap-
pear. A tendency toward the harvesting of
total tree-biomass nowadays makes the
problem more severe.

Growth-disturbances

For a long time certain abnormalities
have occurred in the leader-growth of pines
on drained sedge-rich open swamps with
rimpis (wet depressions). As such growth-
disturbances have become more common
during the last few years even on very usual
drainage, fertilization and melioration areas,
systematic description and classification, as
well as causal analysis concerning the pheno-
menon was started.

The name »reskimosis» was casually given
to the syndrome in question. A typical
feature of the symptom sequence seems to
be the destruction of apical buds and shoots.
The phenomenon is most evident in well-
growing stands. Usually the pattern has
clear boundaries, which follow, for example,
the depressions of the peat surface (rimpis).
Such phenomena have been found both on
mineral and peat soils with or without
fertilization. The emergence of the distur-
bances seems to be dependent on the amount
of cell material (plant-biomass) produced on
the site in question (see fig. 1). The results
from experimental strip width — series
support this conclusion (fig. 2). The figure
shows that the disturbances first appear in
fast-growing trees on narrow strips and
later on broader strips because the trees
reach the definitive cell material limit at a
later stage. It is clear that the phenomenon
can be a source of systematic error in pro-
ductivity studies, and when conclusions, for
instance, about the effectiveness of drainage,
are made on the basis of material collected
from older ditching areas. The syndrome
occurs in rather a similar way in Scots pine,
Norway spruce, birch, aspen, alder-species

Height , m
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Fig. 2. Height development of Scots pine at Sot-
kamo. Drained in 1954.

and willow-species, i.e. probably in all tree-
species.

Many problems have come up in the
research work. It is clear that the field
experiments are not able to give visual or
measurable answers to this question if the
micro-nutrients are an ultimate minimum
factor before the stand has exhausted the
micro-nutrient reserves of the site. This
process can take several decades. At the
same time some other growth factor can
change and become the minimum factor,
and thus, prevent information about the
micro-nutrients being obtained.

Since the phenomenon is horizontally
sharply restricted within the site, mixed
samples cannot be used in chemical soil
analyses, but each sub-sample must be
analysed separately or the density of samples
must be adapted according to the site figures.
This concerns plant-tissue analyses, too.

‘When needle or leaf analyses are carried
out it must be taken into account that a
phenomenon called dilution of nutrients
(»Verdiinnungseffekt») makes the interpreta-
tion of analyses more diffcult and, in the
worst case, surely leads to erroneous con-
clusions. This is due to the fact that a
sample cannot be taken of the cells and
plants which are not produced owing to
micro-nutrient deficiency.

Research activities started in Finland

During the last few years research work
with a definite aim has been started. The
goal is to clarify the possibilities of identify-
ing, analysing and preventing such growth-
disturbances. The research work has in-
volved seven scientists working under the
leadership of the author. The working plan
is very many-sided and exactly defined. In
1977 the project will use mk 400 000, —
but the finances even in the near future
are still quite open.

The most important results of the research
project are as follows:

1. The phenomenon is defined so that identi-
fication can be carried out without con-
fusion with diseases or damage caused
by fungi or animals, macro-nutrient de-
ficiencies, unfavourable water conditions
or mechanical factors.

2. The occurrence and distribution of the
phenomenon is mapped; there are about
300 severe cases with a total area of
nearly 3000 ha. The disturbances are
distributed on peat and mineral soils
both on fertilized and unfertilized sites.
Treatment with macro-nutrients increases
the risk of the syndrome appearing both
as a result of the growth increase and the
reduction in micro-nutrient concentra-
tions.

3. The phenomenon is known to occur in
many tree species but not in monocoty-
ledons.

4. There are also hidden disturbances, i.e.
anatomical cellanomalies (cavities in the
parenchyma etc.) are found in trees which
are otherwise apparently normal. These
are found in the buds, leaves (needles)
and roots.

5. Some micro-nutrient concentrations in the
needles and roots of the disturbed trees
are lower than those in healthy trees
(fig. 3). Boron deficiency seems to be
most common. In the growing points
and young shoots of disturbed trees the
acidity of the cell-sap is higher than
that of normal trees.

6. The growth-disturbances can be corrected
and growth will return to normal 2—3
years after fertilization with woodash.
Positive responses with micro-nutrient
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Fig. 3. Height growth of Scot pine and boron,
copper and manganese concentration in needles
nine growing periods after fertilization on a top
sedge pine swamp at Rautavaara. White pillars:
apical shoots normal, striped pillars: growth-
disturbances in apical shoots.

fertilizers are obtained, too, although
practical instructions for the use of micro-
nutrient fertilizers have not yet been
developed. It is possible that the best
responses will be obtained by giving
micro-fertilization together with liming.

254

7. It is obvious, that micro-nutrient deficien-
cies in forests are more common and more
widely distributed than has been imagin-
ed.
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TALLARNAS VAXTSTORNINGAR, MARKENS NARINGSBALANS OCH
MIKRONARINGSBRIST

HANNU RAITIO

The Finnish Forest Research Institute, Parkano

Inledning

Tradens morfologiska och anatomiska
struktur pa torv- och fastmarker i naturtill-
stand dr nidstan alltid normal — frisk, efter-
som de har anpassat sig till de dir radande,
vilbalanserade véxtforhallandena. Produk-
tionen idr dnda inte alltid maximal, efter-
som en eller flera av de ekologiska fakrorerna
kan vara minimumfaktorer. Férutom vatten-
hushallningen dr markens néringstillstand
ofta minimunfaktor pa torvmarker i natur-
tillstand. S& gott som utan undantag &r
det da fraga om lag tillgang till mikroni-
ringsimnen. Genom att godsla med makro-
niaringsimnen — oftast NPK — far man
en storre produktion. Det ir sjdlvklart, att
da man godslar endast med ett eller flera
makroniringsiémnen, rubbar man mer eller
mindre markens niringsbalans beroende pa
utgangstillstandet. I praktisk skogsgodsling
sprider man inte med avsikt sa mycket
godsel, att godseln skulle verka menligt, som
gift, pa trdden. I praktiken har det dock
visat sig, att en ensidig godsling kan for-
orsaka tillvixtstorningen. Salunda har en
ensidig godsling, eftersom det inte dr fraga
om giftverkan, fororsakat brist pa nagot
eller nagra viaxtnidrinsdémnen. Enligt Huika-
RI (1974) édr orsaken till tridens vixtstor-
ningar en mikronéringsbrist.

Bristen pa nagot eller nagra niringsdmnen
kan uppsta pa tre olika sitt: 1) den absoluta
mingden av nagot dmne dr for liten, 2) till-
forseln av ett dmne kan verka antagonistiskt
pa ett annat, som det sedan blir brist pa och
3) tillforseln av ett dmne kan astadkomma
en okning i produktionen och hérav foljer,

att det blir brist pa ett annat (t ex. Buss-
LER 1974).

Niringsbrist i vixter kan upptridda péa
tre olika nivaer: 1) pa den fysiologiska nivan,
da bristsymptom kan observeras som ke-
miska och fysiologiska férdndringar, 2) pa
den anatomiska nivan, da symptom obser-
veras som anatomiska férdndringar och
3) pa den morfologiska nivan, da bristsymp-
tom obseveras bdde som morfologiska och
anatomiska fordndringar (t ex. BUSSLER
1974).

En stord niringsbalans i marken kan
verka bade indirekt och direkt. Det dr sjilv-
klart, att en vixt, som vixer pa ett vixt-
underlag med stord nidringsbalans, ocksa &r
omtalig for manga yttre faktorer, t ex. frost,
skadeinsekter o.s.v. Yttre faktorer fororsakar
ofta redan under storningens fysiologiska
niva yttre symptom. Diremot kan direkta
symptom pa stord nidringsbalans observears
forst pA den morfologiska nivan. D4 stor-
ningstillstandet, som fororsakas av den rub-
bade niringsbalansen, forvirras, blir de
storda vixterna omtaligare for de indirekta
— yttre — faktorernas verkan.

Tallarnas véaxtstorningssymptom

Morfologiska symptom

Om varen — med andra ord som forsta
symptom — kan man se storningar i tallens
knoppbalans. Friska tallar priglas av. sk.
apikaldominans, d.v.s. tallarna har en do-
minerande (ledande) terminalknopp och flere
axillirknoppar. Sjuka trdd har ofta stord
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knoppbalans. Terminalknoppen kan vara
mindre &n en eller flere axillairknoppar
(»sidoknoppar»), och i sadana fall blir
terminalskottet kortare #n axillir (»sido-»)
skotten. Hojdskillnaden mellan ledande axil-
larskott och terminalskott kan, beroende pa
den rddande knoppbalansen #dven bli mycket
liten. Om knopparna éar likvirdiga, far
tridet i regel flere likvirdiga toppar. Om
varen kan triddet dven ha tva dominerande
terminalknoppar; resultatet blir tvadelade
toppar. Toppskottet kan ocksa bli helt utan
knoppar; dven kan nistan alla knoppar ha
dott.

En av de forsta vixtstorningssymptomen
ar ocksa att terminalskottet forgrenas i tva
eller flera delar. Forgreningsstéllet kan vara
var som helst pa skottet.

Knopparnas dod, och stord knoppbalans i
allménhet, fororsakar stark knoppbildning
ibl.a. kortskottens meristematiska spets, som
vid normal utveckling dor. Den starka
knoppbildningen fororsakar ett gytter; triadet
har méanga toppar.

Storningar i knoppbalansen &r alltsa en
symptomgrupp. Den andra gruppen ir skott-
ets utvecklingsstorningar. Knopparnas till-
vixt och pa sa sidtt utvecklingen av skott
och barr borjar som vanligt — normalt —
pa varen, men plotsligt stannar utvecklingen
under vegetationsperioden. Pa sa sitt upp-
star olika grader av utvecklingstorning i
skotten och barren.

Den tredje morfologiska symptomgruppen
ar olika tofsbildningar. En tofs bildas, nir
avstanden mellan Kkortskotten blir kortare
adn vanligt. Tofsbildningar kan férekomma
var som helst i skottet, t.o.m. kan hela
skottet bilda en tofs.

Ganska ofta kan man se fasciation, mindre
ofta att skotten riamnar. Kraftigt kadflode
i knopparna ér ocksa typiskt for storda trad.

Barrformen kan variera starkt; i allmédnhet
ar de vid storningar i forhallande till sin
lingd oproportionerligt tjocka; krokiga; spi-
ralformade; (t ex. Raitio & Rantala 1977).

Anatomiska symptom

Stord cellordning i vidvnaderna och
ihalig méirg och knoppar ir typiskt for ett
sjukt skott. Det sjuka skottets doda knoppar
ser bruna ut i ett lingdsnitt. Ofta har miirgen
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bruna flidckar, hela mirgen kan t.o.m. vara
brun och doéd.

I det friska barret dr sklerenkymviggarna
tiocka och lumen mycket liten. Ett av
vixtstorningens forsta anatomiska symptom
ar just att sklerenkymviiggarna blir tunnare
och lumen blir storre. Nér storningen for-
virras, bildas en halighet i barrets mitt.
Storsta delen av transfusionvivnaden kan
vara ihalig, d.v.s. transporten av olika &mnen
fran ledningsstridngen till mesofyllen och
omvint har delvis forhindrats. Hypertrofi
i cellerna samt storningar 1 lednings-
stringarna ir ocksa vanligt (t ex. Raitio &
RANTALA 1977).

Rotterna har man undersékt mycket litet.
Om morfologiska symptom kan man é&nnu
inte sdga nagonting. Man har gjort nagra
tvirsnitt av ettariga langrotter.

I langrotter har man ocksa funnit ett av
de forsta anatomiska symptomen: cellernas
hypertrofi, sirskilt i primérfloemet. Da stor-
ningen forvirras, uppstar dven ihaligheter i
primirfloemet och -xylemet fore bildning av
sekundirfloem och -xylem; d.v.s. transporten
av olika @mnen har atminstone delvis fors-
varats dven i rotterna (t ex. KovLARri, Paavi-
LAINEN & Rarrio 1977).

Diskussion

Pa grund av de morfologiska och anato-
miska symptomen kan man dela triden i tre
klasser:

I  Friska tridd

II Trdd med friskt utseende, men med
anatomiska symptom

IIT Triad med sjukt utseende (stérnings-
trad).

Barranalyser av dessa tre klasser har
visat, att halterna av makroniringsimnen i
regel var hogre hos de sjuka tridden (klas-
serna II och III) &n hos de friska (klass I).
Betriffande mikronédringsidmnen var situa-
tionen omvind (Rartio och RANTALA 1977).
Hirmed stodde alltsa barranalyserna hypo-
tesen om mikronédringsbristen.

Motsvarande symptom hos en hel del
andra vixter (dven tallarter) har beskrivits
som symptom pa brist av mikronérings-
dmnen (t ex. ANDERSSEN 1932, HoAGLAND

et. al. 1935, KesseL och StoaTE 1936,
CHANDLER 1937, PipER 1942, BENZzIAN och
WARREN 1956, VaiL et. al. 1957, 1961,
BussLER 1964, StoNE och WiLL 1965, de
LaNvuza 1966, OLDERcAMP och SMILDE 1966,
StoNE 1968, Rauim1i och BussLEr 1973).
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