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INTRODGCTION

Yhen i began to study the 3wedish forest soils several years
ago to obtain possible clues to their peculiarities and their pe-
culiar dependence on our silvicultursl methods of procedure, there
vas o special indication that wmy studies were tied up with the hunus
layers. Forest burning was of ouitstaniing importance not only for
the creation but also for the growih of the northern forests. For-
est fires have often, if not slweys, favored reproduction; slso the
growing stands started upon burned soil often showed an astonishingly
vigorous growth; vhich appegred The more noleworthy vhen compared
with the weak growth of stands on scils long protected from five, bub
otherwise — geologically and physically — alike. Phis phenomenon
was partially explained when the importance .of burning for anitrifica~
tion was demonsirvated, but the problem was not trereby solved. After

- the nitrification had stonped the good growth on the burned soils con-

tinued., - Therefore the quasiion broadened into.a nore general prob-
lem commected with the pecullarities of the various acid non-nitrify-
ing kinds of hunmus and their silvicultural significance. The kinds
of hwnus mentioned have usually the noteworbhy physical peculiarities
of a raw hwaus layer. The studies were thereby transferred into a
sphere which constitutes perhaps the most imporiant of the northern
forest soil invesiigations,; and established as a research on the
various forms of raw humus of ocur coniferous forests and the sig-

-nificance of their peculiarities for silviculiure.

In the course of the investigations it was soon shown thab
it is important to compare the conclusions obbtained in Sweden with
those in Middle Furope, especially in the regions with well-recog-
nized soll problems, such as certain districts in VWuritemberg and
Barenthoren in .nhalt, Pherefore in June, 1921, I made a Hrip sub-
sidized by the Forest Science Research Fund through Central Germany
and Czechoslovakia, The Calmbach and Langenbrand regions in the
Schwarzwald, the Prince Schwarzenberger forests near VUlnterberg {Vin-
perk} in Bohmerwald, the Rittergut Barenthoren in .nhalt, and the Ebers-
wald in Prussia were visited. It is a pleasure to record the friendli-
ness and accommodsating spirit which was my portion everyvwhere. I feel
myself especially indeblted ¢ Dr. Ramm (Calmbach), Dr. Eberhard {Langen-
brand}, Ir, XKarel Domin {Prag), Dr. Budinsky {Vinterberg), Forest
Director Venhard {Winterberg), Dr. von Kalitsch {.nhalt,. Barenthoren).
among those gentlemen~colleazues wvho 2ided me on my trip, my thanks
can no longer reach Prof. .lbers Moller in Zberswalde, with whom I
had an opportunity vo analyze mertinent questions. I visited him
on & late swmer!s day at his home in Bberswalde and discussed the
*hwnus question" and the "Dauerwald" with him in the Research Garden,
In the late fall of 1922 Prof. Loller, as the result of an operation
usuwally free fron danger, suddenly ended a noble research career. To
my mind he was one of the masterly students in the field of foresth
biology in Germany. :



In the fall of 1924 Prof. nLiedemamn of Tharandt corresponded
with me about my visit in Barenthoren. ~ Prof. iedemenn was at that
time busy with the problem of the "Daunerwald.'. My researches in the
suer of 1921 into the humus problem were .supplemented by those com—
pleted by Prof. Viedemana and sent to the Swedish Forest Iastitute.
Last swire¥ I published an article in Viedemannis ."The Practical Re-
sults of the Pine Daverwald."  The conclusions are_also givea in the
fqlioyiﬁgiééctions. '

section T = .

e ;@bgélmpdrtanCejcf iiddle Buropean Forest Soil Studies for our
own Forest Soil Science Problems. '

. Tt can be said without- conbradiction that the ‘Furopean for-
esterg! éariiest knowledge of the pecnliarities which good forest
soils'sﬁdw4is founﬂéd upon the classical and, so far unsurpassed
gtudies of P. B. Muller on the hwms and peat formations in the oak
and beech Forests and heaths of nemark, Mevertheless only to a
1limited degree con Mullerts studies bhrow 1ight upon the problems
which the northern coniferous forest soils offer. This is es-
pecially due’ bo the fact that the climate and its influence upon
the soil in Denmark is of a distinctly different sord® from that in
sweden, and especially porth Sweden. . In Dermark, with the excepiion
of Vlest Jutland, the climatically determined soil type is the Uprown
enrbh.” The same is also brué of the greater part of Germanye. In
Sweden, on the other -hand, the "podsol" is the prevalent soil type.
In bhe "brown soil" there mnaburally results & type of humus which
15 called "mull™ {mold}; just as in the podsol in a like mapmner
#Wpohhumus! (raw humus) results. - Recause. of the different soil con-
ditions determined by nature, silviculture has daifferent gffects in
Sweden than in Germeny OY Tenmark, the home of foresd soil,inveStif
- gations. The type of soil and humus which is normal for -the Sﬁedish
- forests presents to-the Danish and 11iddle Furopean foresters an ab-

normel apoearance, an indication of on unhealthy condition in the soil,
~and a reduced productivity. .

" Section II.

" The Soil Conditions in Middle and Horthern European Virgin
Foragts. : Co : :

There are 1ot many virgin forests left in ifiddle Furope— for
the most vart only in the eastern region, as in the Carpathians,
‘ELithuenia, and in northiestern Russia. The best known and at the.
same bime most accessible is uhe preserve monaged by Count Adolph
von Schwarzenberg on Mount Kubanl in Bohmerwald, not far from the
Bavarian boundaries, which was first and most thorouvghly described
by Goppert in 1868. I had the opporiunity, during a few days in
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June 1921, to study the Mubani virgin forest., The presence of deep

thick humus layer is associabed with the term virgin forest, a forest,

therefore, from which nothing is taken away, but everybthing that is
prodquced returns %o the soil."r One would think that sueh must have
taken hundreds or %houdands of yeors to .fom because of and thanks to
the canopy mbst rembin forever. . The Kubani virgin forest, however,
shows an entirely different picture., VUhers beech is admixed in the
stand the soil is covered with a thin layer of dried brown beech
leaves, which are mixed with the coniferous needles vhen they fall.
In June 1921 the litter was composed onily of ‘two-year beech leaves,
The lower leaves had been thoroughly rotied ianto a network {1lit. a

‘scaffolding) of dry leaf veins. Over this lay the following year's

leaves in an unbroken but aerated layer. This layer of litter, thin
and only a few cite thick, was only loosely laid upon the goily it was
not woven together by fungal hyphae op roectlets.. Under the litter
loyer was found az mull layer of 5-5 an. thieckness, which gradually
mersed into a browm earth layer 5lightly mixed with mull.,  0Of'bleached
earth there was not a visible tracé. Both the quick decomposition of
The dead leaves and the velatively thin layer of mull indicate, there-
fore, that in a virgin forest there is almost an equilibrium between
the production of tree destritus and,decompositipn of the same into
nutrients taken up by the vegetation: carbonic acid, water,.salts.
among” the decomposition produets is nitrate.. The rather rich weed

and grass flora shows as & rulé a high saltpeler content in the tissues.
Only where the tree trunks had azccunulated on the ground was there

found a larger dnantity of dead organic. remains, . On the other hand
the yearly leaf and needle fall was quickly rotted.. In this fact,

not in the presence of a great mull aboumulatiqn,_must be sought the

‘reason :for the good soil condition in the virgin forest.,

"Bul in Kubani is a smaller area of another sort. In an area
slightly less than a hectare (2.47 acres) beech is lacking in the
stand. The mull is here réplaced by a %ypical rav homvus. . The living
$0il cover is of mixed Holycomium proliferwm, Polytrichom commune, beds
of sphagnum, snd bilberry vushes {Vacoiniun Myrtillus). Under the
living ground cover there is a ratier thick. peat--like layer of daff
(Vermoderungsgeshicht, Formliningsskiktet, see. nomel, ) and under
this a more strongly decomposed humus layer (Humusstoffschicht,
Homasamneskiktet).. The vhole mass reminds one very sirikingly of
the raw humus loyer which we are sccustomed to find in our old north-
ern spruce forests, In the virgin forest of Hubani,therefore, the
formation of mull is associated with the occurrence of beech.. VWhere
this is lacking there is & raw hwivs layer of the northern type. . The
significance of tlhe beech in forming a favorable mull is definitely
recognized in the silviculture of %1% domains of Count von Schwarzenberg..
Beech equal o ten per cent of the sien cound, - is. looked upon as suffi-
cient in order %0 assure a good huwsus condi Hion.
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The Middle Buropeen forester has come Lo concelve the idea
that wnder the virgin forest is found an ideal soil condition, and
that it is therefore & furest tyove easy to reproduce, Compare T
Cermalk (1910, p. 368), Engler {1904}, Christ (1902}, Schotiler
(1919 p. 335} and also the descriptions 0% Cajender {1903, 1904}
of the vegetatiion of the virgin forests of the Lene River in Siberia.

In sharp contrast to these virgin forests in Iliddle Turope or
Bastern Siberis, with good soil conditicen, are. our Swedish virgin for-
ests of pine and soruce. The dominant vegetation is moss and dward &
weeds; which cen create g stroag raw hwaus layer, especially in the
c&imatically'poorer sechions, which hiaders the develooment of the
forest and nskes reproduction more difficult, Climatse and vegeta-
tion both contribute, so to speak, towards the formation of raw hunus.

In the virgin forest préserve Hamras, where the stand has never been
disturbed by the axe, and whrere for a long time no fire has influ-
enced the development, the raw humus‘layer is a decimeter (3.9 inches)
thick, and as” tough as in meny a northern spruce forest unwisely
handled on o selecﬁion,baéis. In - the lower vart of the Stor-Unan,
where the spruce torest has in many places the character of o vir-
gin forest, the rav humus leyer often reaches a depth of as much as

40 cma. {15.6 incheé) and renders difficult the reproduction of the
forest toc any great extent. {Compore Tig. 74, p. 489}).

in gensral 2 soil ¢rpe with o ravw humus - -layer and under it
a leached layer (Bleicherde) and under it o rust-brown layer {(Ros-
terde, Bural Siemna) is normal Ffor Swedish woeds, while in Middle
Burope this soil is regarded as a sign -of the begimaing of degenera-
tion. Only where the soil is especially rich in easily available
lime i® the soll tyoe different. The -rew humus can, however, be of
a very differsat choracter, Gepending not only upon +the changing tyve
of the mineral‘soil, but alse upon -the climate, wmixture, age and treat-
ment of the stand. ' '

§?ction I11.

The Influence of Silivicultural Treatment upon 3Scil Formation
sccording to Widdle Dverojesan Conceptions. | . . :

Starting with the geod soil condition which is believed to

have been ensured by the virgin' forest, CGernan forasters have above

all placed o the devit accowat of medevn silviculiure these factvss

that the managed foreet is often overcharged with raw humus formation,
that the ground condition is often less good, end that reproduction is
rendered morve difficult. e reason for The superiority of the virgin
“foresy over the planted forest is usuelly sought in the clear cutiting
systexn and in its - acivally or ostensibly - unprofitable effect upon
the soil. I @ opovosed to ahtrivuting the good condition of the virgin
forests of Middle urcope %o the fsot that they contain a larger nunber
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of tree specics, and among them hardwoods as a natural and constant
part of the stand. The virgin forests from which people have drawn
their observations as to the soil condition of the virgin forest have
been mostly mixed forests, in which the hardwoods have played an im-
vortant part; as the few remgins of wvirgin foresﬁs Ain Hasli-Tal and
Abwalden (Chrlst 1902) the virgin forest of Bialowics (in spite of
the incresse in the number of coniferons trees through the virgin
aree, of, Lautenschlager 1917, pp. 88, 89}, the Bosnian virgin for-
est (Cermak, 1910); there seem %o occur here to a greater extent
pure spruce forests with tall bilberry bushes. (Beck von ifannagetta
1901, p. 346]). If hardwoods are lacking, raw humus is formed where
climgte and soil are such that a raw huwwmus can exist, (Kubani, cf.
with above). The lack of raw hwms formaiion in the pure. pine for-
ests in Bialowics is %o be attrivubed to the special &limatic and
soil condivions, The grovnd vegetation of these pine ferests is
composed of an array of plants fond of warnth and limestone [(ex-
amples, p. 182 at the bottom and c¢f. also Graebmer, 1918, p. 233).

Therefore on a limestone soil and in a continental climate, the pure
coniferous virgin forest can be free of raw humus,

Of more questionable significance for the soil condition are
several other characteristics of the virgin forest: its uneven age,
the continuous shading of the spil, characteristics which are also
comraon tp the selection (Plenter) forest. For trese reasons selec—
tion cubting was considered by many German authors to insure a good
soil condition in contrast o the similarly-aged, planted clear—cutb
forest (Xulturwald Kahlschlagoetrieb}. In very few cases this con-
ception is supported by well considered investigations, as for ex-
ample, those of Bhrenberg (1922, pp: 74-92) and Burger {1922, pp-.
72-218}.  Vell lnown is the cessation of growth in Saxony, which in

“the last few years has occasioned tremendous discussion {cf. Deiche,

1912, Bernhard, 1014, Nartin, 1920, Vater, 1920 and especially Viede-
mann,'l925). 485 a remedy For the domage resulting from a one-sided
silvicultural system the iniroduction of hardwoods, especially beech,
is generally considered effective. The research-workers who look
upon the clear-—cutting system as detrimental to %he soil, consider

as the chief cause thereof the fact that it hardens the soil and causes
it to lose its penetrability for air and water. Thereupon -in the case
of heavy rainfall, especially in winter, the water becomes stagnant
and acids accumulate in the soil. This may result both in the de-
struetion of the mull layer, and the fommation of raw humus. With
the formation of raw hwmus there ensues an increased leaching of the

- uprer layers into the $oil, which can lead to the establishment of s

bleached layer (Bleicherde) and hardpan {Ortstein). Against this

idea many serious objections have been raised by the foresters, for
example, von Schwappach (1921} and Trebeljanhr {1920, 1921), and on

the botanicpl side by Hastner (1921) who conclusively argued that the
clear~cutting itself ceused ravw hurms formatbion. The opposite may be
true at first, because the ve-eisziion of the clear cut consists for the
most part of plants which Aastner, in conjunction with Ramann (1911, ».
49} and P. E, ¥umller {1887, p. 49), regard as direoct humus-destroyers.
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According to Kasiner, the formation of the raw hwaws might ralkher be
a vesult of the character of tJe statd.and of the.special cond;tlons
et tne plant detrltus."-: LI

To:sum ap, it may'be Sald that alohoubh rav hnmus sometlmes
exists the mull represents. the nomwal forest soil type cllmatlcally
determined in iliddie “urone. ~I%t is an open question to what extent,
through inexvedient silviculture, t Ie latter more favorable form of
hurins can be chmnged 1nt0 tha Larmero :

»
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Research_hethods.

1. DLSCBIBTIOﬁ 0F TUT LOCILITY. . Since. the whole experiment
has a ‘strongly ecological character, 1 have 00331iereu it expedient
to charactenize by s description of ids vegetétlon the: 1ocallty from
~which a given humus sauple was taken.  The plant detrltua s the chief
material from which humus is formed and for the most part determines
its characier. 4t the same time the humus layer influences the vege -~
tation. . There exists therefore bLetween the vegeiation and the plant
material layer an intimate reciprocal effect, the examination and
proper understanding of which is of great lmnoltance for rat10na1
~silviculbure. The clasaxcal example - of . such experinental work 1s
Pe B Iullerts studies of the natural foms of hunus in the oak and.
beech forests of Dcnmark

The descrintions of vegetation in Section AV foem therefore
an- important part of the presentation of this treatlse. To a great
extent the statistical wethod of Reunkiger has been used as.an anal-

- ybtical methods  The sample plots of 1/10 square neter were laid oub
by means. of a simplified Reunkiser (1918 p. 60} ‘instrument fastened
to a-staff., - In addition %o frequency percentape the covering was
alse determined by the prea,. percentage covered, which was dene bJ
dividing ‘the individual sample pliédss into tenths. The division was
made eosier by the fixed gradustions {co- ordinztes on the instru-
ment}.  In addition to this method that- of Hult—aernwnacrs was offen

“.used in order to save tlme._ '

2. COLLE CTTOH - .30 PRESHRV;”IOH OF ”HL SOEL S.MPLEb. -Phe soil
smnoles vere collecied in clesn linen sacks in which they verc kept as &
-Tar as possible at the somc moisture content as in nature. 45 o rule &
a month more or less elapsed before they were studied. This &ircun—
stance is however of but sli: zht importance, since the humus samples,
wWhile they were stored, changed their pecul1ar gualitics very little
or not at all. Thus, for cxample, the ac1d1ty changcd very siowly,
a8 the hunus smnplcs arc vory vich in buffer substances. Storage in
tin boxes for one ycar altored the resction value of the raw hwaus in-
appreciably. ' :



3. iHVESTLthLOT oF rﬁ” ACIJITY JHD ALIGALTINITY OF THE KGWS
LAYE - The agparatis wsed {cfe ¥ig. 2, Ds 194) is that of Sorensen,
vith tqp Liceﬂuloﬁ t;at in place of the 0.1 caloimel electrode of
Sorensen, qhe e was. uﬂed the saturauea calonel electrode of Michaelisy
Ia order to get “the actermlped E. A.-h. in millivolts converted into
pH valves, the uaole cf Ylo)oa (_017} vas used, To comnlete the °
electrlcai ciroult opt\een uhe hraroben electrode and the oalome1_ .
electro&e a sabuy ued,cwlc-ih ohloflde solubion was tsed,  The aoowrau'
tus was chechea non lﬂ& ahen Ultﬁ a known stanJard solution’ {aoreﬂs&n,
1909,. p. 38).

0ften on account of the lov content of electrolyte in the humiis
extract, it was necessary, in order {0 secure & sufficiecntly sharp de-
temmination, to raise the conivebtivity by the addition of a drop of a
1.0 il KC1 solution for each 10 ml. of hwnus extract. ~ Tablo 1, D.
195 shows that the »H was not changed to any abpreciable extent by
his addition. [(WN.B. Extract,referred,to helovi}.

In adaition to the actaal PH of the expressea extract the po-

tential acidity was also determined by elecirical $Hitration after
- Bjerruwm and Gjaldbeck (1919}. 4 quantity of the hunmus sanple‘eqvlvah
lent to 5.0 g. of the dried substance {at 98°C) was weighed out and @
puddled in 200 ml. 0.1 ¥ KCI sclution. This soluiion was allowed

to remsin siandiang for 24 hovrs and . the' titration was: then made with
0.1 ¥ NaDHE and 0.1 N HCL. The $itrating solution was added in por--
tions of 1 ml., thorovghly stirred vith a glass reod after cach addi-
-Fion. and the pH determined by. the.use of Hildebrand'?s electrode
(Michpells, 1914, p. 168}, 1In this wey, while. the KCl solution
‘reactea upon the wnole sample, it caused a lowering of the acldluy
(pH), whlch substantlated.uhe findings of Chrlstpnsen and Jensen f1923}

The electrlcal uluratlon ohwvs cne efféct of tlb content of
acid and alksline buffer substances in the humus sampla. IT the
acidity (thc degree of reaction, pH) changes very slowly with the in-
termittent ges+allt1cn = cqelon) ‘adiition of the titration solution,
the content af the corresvonding buffer subsuwnces is hlgh- wlth a
rapid change in the degree DI reaction {pH)}, ©he conteni of puffer
substunces is small, fhe titration with alhall shows. the content
of acid buffecr subsbtances, that with acid shows ihe content of alka-
line (basic) buffers,

4. HOISTURE Dﬁ”*HLITJﬁION, . The Aécess aTy m015uure determina-
tions were made on aﬁDrGXLmatemy 15 cubigc cm. swaples. They were dried
out at a temperature betvesn 6 and 9800. .

5. HUMUS VETERIINAT IOUQ; lne hmaua content \WERS mostly deter~,
mined by the ignition of samples dried ab. 48%¢, For tnese determina—
tions 5-20 g. samples were usdd. . Iall s0ils which were poor in humvs .
vere burned in anignition *Ube,'ohe Coz vhiech wgs foried was collected
by Vesterberg®s wmethod, the ahouni dbterm1gea, and from it the amount
oi humus dedermined by multiplying by the factor 0.471 (c¢f. Tazm, 1917,
pD. 2B2, 253},
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6, LIITE DETYRMINATION, The Lime determination is of especial
interest becawse of the relation between lime content and pH.  The
greatest importance is sitached to the easily dissol?ed,so~called ag=-
similable {assimilerbare] lime. In order to determine the.amount I
used the method of absorption displacenent with chlor—ammonéum solu-~
tion. In the tables are given the values determined as Ca’ass. For
these determinations were used 12.5 or 25.0 g. samples, which were ex-
tracted with 150 or 250 ml, samples of 10% chlor—ammonium solutiQn, in
some cases also with 350 ml., when — with raw humus samples — id va.s
necessary in order to secure an amount of solution which could be fil-
tered, The extract was placed in the waterbath and remained there
for three hours. The lime was precipitated as oxalate and either
gravimetrically determined as Cal or titrated.

The line content given as (aly,4 was obtained by extractions
of the ash with 107 HCl. | - '

. e NITROGEN DETERMINATION. The +total nitrogen determinatioun

{Nyp4 in the tables) was determined by Kjeldahl's method, reducing the
saltpeter with phenol (sée Svensk FortfabiningSsamling 1906, Bih. (vol.
37, Sec. 17hi). For each determination approzimately one giam of soil
was useda :

_ 8.  AMIONIA DETERMINATION. . The determination of ammonis in
the scil sample is difficult, since in the first place the amrmonia is
strongly absorbed and secondly destruvction products and NHz are evolved
from the albuains .or their destruction products by the stronger agencies
which are necessary for freeing the absorbed ammonia. Since the sug-
gested complicated methods of avolding these difficulties give, accord-
ing to the view of Barthel and Pengtsson (1918, p. 354-58), no better
results than the earlier and simpler methods, I have used only the meth-
ods of Boussingasult and Schlosing.

' ¥or the determination a 10 g. sample was used, The sample was
shaken for an hour with 100.ml. 0.1 ¥ JHCl, the filtrate boiled with
Mg0, the freed ammonia caught in an 0.1 ¥ sulphuric zcid ‘solution and
its anount determined by titration with 0.1 ¥ sodiuwm hydroxide., Dupli-
cate determinations in general gave me good checks,

The adaptability of the method of removing from the soil the
absorbed ammonia I attenpited %o investigate in the same manner as
Bartel and Bengtsson (1918, 1924) and others by adding to the soil an
anmiconia salt and then determining how mmich of the added ammonia could
be recovered by the analysis. Table 2, p. 202 shows that one must
always count upon & loss of amionia. In general this loss amounts
to seqyeral per cent; in one case it was greater than 10%. In spite of
this method appeared adeqiate for my purpose; since the method was
utilized in o similar investigation, and particularly in one dealing
with the possibilities of asmmonia formation. &In this experiment the

LB



cmmonis content before ond afbter the sterage {thres months in an
Arleamcycr flask at room tempzrature} was determined by this seme
method.  From the rosults of this method will be drawn conclusions
concerning .only lorgd differences in the possibilities of amonia
formation.. IR . : oo

»

. 9. SALTPETER DETER IHAMLOW.. The saltpetervcontentfof'the
s0il vas detéimifed colorimotrically after Gramval, TLajoux, and
Reitmnir (Consult Hesselmamn 1917, p. 323).  Fhe discoloration of
£he hus cxbract by soluble humtis metérial could alvays be’ owercome
through the aid of milk of lime. oF the same time severadl drops of
Win0, were added. a8 was the case with ammoniac nidrogen, these
Studies are slso Bf value for demonstrating bthe speed of formation
by salipeter deferminations made in the described mannar befpore and
after three months storage. For & description of the method see
Hesselman 1917, pep. 321-323. ) '

The lack of nitrifying ability may be accounted for by the ab-
sonce of nitrification organisms, lick of necessary materials for the
process or the organisms which accomplish 1%, or the uwnfavorable chew-
sonl consbitusion of the nitrogenecus raw materials. In order to test
thege difforent possibilities, studies werc made with The introduction
partly of aitrification organisms, partly of various materials, and
partly of both at the samc time. The nltrifying organisns wers not
only added as pure culiurcs, but also inocuvlation maberial was used
from a:strongly nitrifying humvs from & clear-cutting .in Jonakers
Wharadsallmamming’ in the province of Sodermanland.  The nitrifying
ability of the inoculation carth was determined individvally at the
beginning of cach series, so that the corresponding nitrifying veluc
could be subtracted from the velue found in the test with The inocu-
lated carth. The ratio vetwuecn ineculum and the inocnlsted carth
was in genersl 1:9, calculated by weight. ‘

10, . THE PIBSEUTLTION OF THE LHALYTIC.L RESULTS. The anzlytical
data are calculated partly on the dry weight {defined above] of the soil
sariple, vartly on the hweus content. The first values are called
tdirect,” the second Ycalculated."

The combeonts of ammoniacal zad nitrate nitrogen are given in
mg. nitrogen por kg. of the dry maberial of the soil sample, and per
“kgy of humis, respechivelys
- Mhe vorious pcoreenbages of the total nitrogen which are presented
as ammoniacal or nitrate nitrogen arc calicd the .apmoniacal or nitrate
coefficicents respoctively.
The following designations arc used in the tables giving the

anslyses,
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fotal Witrogen - . (ef. 7. sbove] Totalstickstoff  Wept

available Line .+ {ef. -8} assimilerberer Kalk Ca0, 44
Total Lime - - fef. 6} - Potaler Kalkgehalt = Cal ..
ammoniacal Nitrogen {ct. 8) anmoniakstickstoff 7 Jm-I
Mitrate Nltroucn ) ,.(gf,,Q) .. Saltpeterstickstioff SN
HO . after. lnoculutlon' {efs 9} - D0 nach Infekbtion’ 8-, o
Jmmoniacal Coefficient - . . Jrmoni akoefficisnt Am—I'TkOC
N0, Nitrogen Coefficient _ . Saltpetef koefficient S-iy
Inoculation carth o Infektionserde . Inf.
3 bionths Storage " {cf.8 and 9) 3 lionate aufbewahrd 3 mir. .
a ’ ' lego,
Loss by Ighition . ‘ Gluhverlust Glodf.
Per cent on Dry Vieight of soil oamgle N o - dir.
Per cenv on Humus VUesight of sample OIY »

Soobion V. onencisture.

3incc the uranslwtlon of tbnﬂlnalo gy 1is flcquontly dllecult
in the following review the Swedish ferm is given, and only occasionall;
the Cerman tronsiation in parenthosis. The nomenclature usced by me
accoirds for- the mos% part, dut not wholly, with the decisions of a com-
mitiee which deliberatdd on the occasion of the borthern Agr1cu1tural
Conorous in Gothenburg in 1923, :

Jord (Boqen} Boil o loose mpss of mixed organic or inorgenic
particies vhich has been formed on the carthis
surface.

{ sntonym (Gestein) Bloaks of stone,-bouldors],

Jordart _UGOLOchal bed with loose StrﬂCquu.
{antonyme  {Gestein) Rocks,

Jordm%n The part of the carth's crust which thru the
direct and indirccet operation of the elimate.
has been so altered that it can be disting- .
uished chemically ond physically from the
underi;in~ TOCkK. In the indirect opervation of
climabe thet of vegttation is fo be considered
pefore 21l othors. :

Tark The par®t of o rock or soil formation in the
carth's crust odjoining dircetly the atmos-—
phere or hydrosphere of which vegetation deoes

‘ or can form a constluuent,
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Forna Litter The unalicred total dead remwains or detritus
of the nlant or animal kingdom.

Humu s Humus The sum total of the organic remains of plants
and snimals which have become a part of the soil
and have been there subjected to alberation
DroCasses. .

Humus samnen Yellow to dark brown materials (of unknowm con-
oo . -+ stitution) which resuld from the breaking dovm -
{Humusstoffe) - of organic suvstances {in nature or in the lab~

oratory). = They have a great affinity with water
Humus materials and show a marked swelling if they are not dis-
’ : - splved or dispersed in the water: The water
absorbed can only be partly lost by evaporation.
(See cspecially Oden, 1319).

" Humussyror ' Humus manerlalo which 1109 ste hydrogen ions

L and with strong bases Form salts also giving
Humussauren rise to wabter.

Humic Jjcids

Humuslagret Humus level .The move or less loose layer in the upper part

s senicht of the soil profile which contains humus in such
guantities that tnis in the final analysis deter-
Humusstackes mincs its cheractor.

HUmusdeuﬁe

Fonnultnlngssxlk tet The lsyer in the humus-covering which consists
for the mest part of plant remeins in the process
Vermoderungschicht of decomposition.
Taff{nhorizon) '

Humusamne skiktet The loyer of the humus dovering in whioh bhe
' huntos consists pr1n01pa11y of completely dis-
integrated amorphous hwnus naterials. In dis~
{dumassoffschlcht)tlagulshlng nold (hull), moor {Mor), and. - rou
humus {Bohhwnus} profiles one is concerned with
the two horizons montioned {the duff (Formult-

 Humus ningskiktet) and the humms {(Hunusamncskiktet).
7 I have found no grownds for distinguishing be-
horizon tween rotting {Vervesung) and decomposition

{(Verfaulen} in 1full, Mor and Rohhumus. In the
‘ | tables the duff horison is designated by F, and
the hunus horlzon by H.

Rahumus The feltlike hwaus covering woven through with .
o Tungal hyphse, mycelial threads, or higher plants
{Rohhumus } - {e.g. dwarf bushes), which can be clearly dis-
tinguished from the mineral carths  The duff
Rew Humuns horizon is frequeantly thick, and always felt-like,.
the humus horigon is only to a small oxtent mixed
with the mincral carth.
11—



gy » {ufter the Danish iior, fraquently so
called in the text). Lighter huous
Hoxr layer only slightly interwoven hy funse.
. hyvhae. The duff horizon is thin and
Licor always of rather light structure, the
humus horizon is ordinarily thin and
only to a small extent mixed with min-
eral sarith. -

Full Humus layer of a definite crumb struc -
ture, duff hovizon mostly thin, alwey &
Bwll _ . light and often crumby, the humus hoi -
. ' ‘zon varying in thickness, always crumu
Hold , ) ‘snd more or less mixed with mineral
éarbh.

——— e

See the map, Figs 3, pe. 209, and the review p.p. 210-211.

Section Vil. The pH Reaction of the Humus Leyers of Different Forest
Types, end thecir Tependence upon the Composition of the Stand.

1, THE RELCTION OF THZ DIFFTREHT L.YDRS OF THZ SOLL PROFILE.

48 in all 821l science investigations, so here,; 'it is very
necessary to diffcrcnviabe butwecn the various laycrs that can be
distinguished in every natural soil. Characteristic divergences
in the reaction between different hHorizons in the soil profile haove
been shown to cxist, Thus in the hwmus covering the duff horizon
has usnally shown a higher recaction valuc {more alkaline, pH = larger)
than the hwnus horizon, {¢f. Table in text, p. 212)}. That is, the top
horizon in the humus layer of the coniferous woods is usvally less acid
than the lower. apparently this holds true in the mixed stands also,
altho the difference given in the %able cibted is.entirely untrusivworth:.
This rule holds good as well for the plantcd forest of the Schwarzwald
{spruce Picea excelsa) and(ioies alba) as for the spruce, pine, and
mixed forests of central Sweden and Noroland.

The mineral soil under the humus covering has a diffcrent ro-— 45
action valve from these {cf. Table, p. 213). The typical condition
in a nomal podsol profile is that the hwaus horizon is the most acid
of all horizons, and that it (the acidity) diminishes from this upwaras !
to the duff horizon, as well as downwards to the mineral carth. In the
mineral earth the acidity decrcasés downverds from layer to layer so
that the bottom has almost a newlral reaction. Teviations from bhese
rmules seem to be correlated with water seeping through from higher
levels and with $he admixturc of broad-leaf trces in the stand {by
ricans of which the pH value of Hhe huwuwus covering is raised.,) Re~
production arcas arc also ofien gxcentions.
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. THE RBACTION OF THE HUUS LAYER IN DIFFERENT FOREST TYPES.

: - The principal materisl svailable froi the PH determinations

of the huaus layers is sWmwarized in Table 3, p«p. 216-219, arrangcd
according to forest types. ' Each veirtical sbroke id a.tally indicat-
ing a-determination. The tablé also gives directly the frequency
distribution of the pH valves in theg?aridus,horizonS'foﬁnd_in;aj -
given forest type.  Determinations in reproduction sreas are de-

- nobed by a ster instead of a tally stroke. - The exverimentel limits
of the forest tyne agree with -those used by Melmsirom (1926}.  The
Swedish terms in the table are explsined in the tables on pages 332-
342, Since all the data is in the tables, a condensed abstract will
be ‘given of the Swedish text, more complete only where Middle FEuropean
localities are concerned. PINE HEATH. pH 3.5 - 4.3; characteristic
value about 4. Towest value 3.6-3.7 in Barenthoren, in some parts

of fairly produciive heaths of Vasierbotten {llorth Sweden) near Vin—
delny,, and a very poor heath with raw humus formed by Calluna in Al-
vadalen (Dalecarlia). IManuring with brushwood  {Barenthoren), {north-
‘ern hesths) appears to have a cerbain, though meagre influence, a high
percentage of birch can raise the pH to 4.4 without changing the soil
- vegetation appreciably {Fagerheden, Norrbotten.} SPRUCE FOREST OF
~VACCIBIUI TYPE.WITH LIUCH HOSS. This %ype Dorders upon the Hype rich
in herbs. Humus layer in Scandinavia generally of the raw humas type.
Variastion in acidity 3.6 to 4.4, generally 3.9 to '4.0. 1In a smaller
pure stand of spruce in the Kubsail forest (Bohmerwald) with a Pro-
nounced ravw hwwms & pH of 4,1 was found, in other vwords almost ex—
actly like the northern spruce stands found on soils poor in lime.

CORIFEROUS FORESTS WITH PURD IMOSS COVER OR WITHOUT LIVING GROUND COVER.

4 division of such ferests into iypes characterized by dwarf
bushes and one characterized by herbs, although these characteristic
Dlants are absent, appears to me o be ineorrect and impossible. The
planted forests of middle Hurope often belong to this type as well as
the well cultivated spruce forests in the region Calmach and Langon-
brand {Schwarzwvald). The hunus layer is loose, little or not at all
matied together by fungel hyphac (lcorlike) {refer above to secetion 5}.
Distinet duff and humus layers, the first with pH 3.8, the socond 3.5.
Like values (3.9 in both layers) in the so~called virgin foresi Fibvy
in Uppland (iiddle Sweden), considersbly higher in other Swedish for-
estd. The pure fir forests found on the New Red Sandstone in the
Schwarzwald approach the pure spruce stand, In %wo stands investi-
gated with loose huwus layers tre duff layers gave me pH values of
© 3.7 and 4.1 respectively, the hwawus laver 3.6 and 4,0 respectively,
COFIFEROUS FORESTS JITH .3UND.IIT M0SS COVER, OV iRF BUSHES, 4ND HERBS.
The boundary of this type is not distinct from that of the ahove types
rich in dwarf bushes, {the sprucé forcst with Vaceinimm?} and isg de-
termined by the freguency and porcentage ares covercd by the character-
istic plents. Several subtypes will be distinguished Yn-the follow-

K
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ing mobterials I. Fir and mixed conmferous forest rich in dwarf
bushcs with low herbs, as for ocxample, Oxalis acctseli, Dryonucrls
Linnaeansa, 0CMONE NCMOTESS. This subbype can ve comparcd best
To the Oxalis-type of Cajander. I haye distinguished two further
sub-typess La. The Dryopieris type characterized by plants such as
Oxalis acetoscllo, Jrvoaterls Linnaeana, ANCIONE NeNore sa s and an
. Zbundance of Msianthorum bifoliwa, Trientallis turopsa, €5C.  Ibs

The Hepatica, type characterized by ancmone heg@tlc@, and other plants 4
requiring mull such as Fragaria Ve 5Co,, Lavhryus vernus, Veronica
officinalis, Vicia sepium, 2, Fir and mixeG coniferous forest
rich in dwarf bushes with tall herbs, for exeample Geranium silvabicum, &

Mulgedium alpinum, sconitum sepirionsle. A4lso this type can oppropri-
ately be divided into tw&ugubtvpes- The one larger in ares and ap-
parently less cuacting cheracterized by Geranium silvaticum, ferns
such as athvyiwn Felix femina, Jrijueflo spinuloss, and oustriaca

“in the north, lulgedium alpinum; and the other more exacting type

with .aconitum sepbrionale and the above named plants in high, ele-
rated localitics. The 1lest bype reaches its hishest development in
Silurian Jomtlond. The humus layer is often mull-iike, the moss
layer loosc ond, in parts &% least, composed of mull-requiring species.
The types rich in herbs ave favored by the seepage of water, and fhis
fact determines the nature of the habitat. The enriching of the soil
cover by the incrcase of wecds is in the northern conifcrous forest
acecompenied by a change in acidity in on alkeline direciion. The
determinations for the Dryopteris bJDL lay around 4.4, those for the
Hepatbico type in Siljansfers sround 5.0,  In the regions rich in limc
still higher valugs were obtoined up o0 6,9i——-

THY PINE FORESTS WICH IY EER3S is, at lecst in Sweden, commonly found
principally on soils strougly enriched by linme., In Barenthoren on
ground manuroa by faggots years beforce appear such types, in which in
eddition %o the heath are met herbs such as Galium rotundifeolium,
Fragarie vesca, Dactylis glomerats, Filipendula hexapctala. The pH
valuesngbtﬁined 4.1 and 4.3, show & change of spproximately 0.6 in
the alkaline &1rcct10n a8 comparcd with those of adjacent pine stonds
influenced by the removal of the litter., in the Swedish pinc forosts
enriched by herbs which appeer uvoon soils rich in lime, pH valuves wp
0 7.9 were found.

PURE CORIFIROJS FORBSTS “ICH IN HERBS, WITHOUT LOW SHRUBS: were seldom

: . . . . &
the object of my investigationsy among These, was a highly productive
fir stand in the Schwarzwsld with = well-characterized mold (Iull)
humus layer end. o, ok of 4.0 sud therefore distinetly acid, but never- @

theless o less highly acid hweas than in the stends withoubd herbs-in
the Schwarszwalds - - - BRO.D LB.VED TREES LIHIKED WITH CONIFERCUS FOR-
BSTS generally influenee very distinctly the degrec of acidity of the
~humus layer; as hag aiready been said. Unéer. the crowva of o wind-
blown thowal .s3ill livingalder in Kulbacksliden (Vasterbotten} the
humus layer has o pH of 5.0, outside of the crown projection the pH

is 4.0, In the conifercus forests of middle Europce the admixture of
beech produces often, though not always, the formation of mold (Huwll)
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and is generally sccompanied by a change in the pH in an alkaline
direction. In the coniferous forests of Schwarzwald with a pH
3.6 to 3.8 a small @émixture of beech in the oldeyr stands may not
have a very distinct iufluence, as for exemple in a.mixed stand on
the Hengstberg ot Calithachs  Ofher coniferous forcsts with beech
nmixbures show, on the other hdﬂd ‘& distinet change in an aikaline

‘,.uerCuloa as for excmale on the Hirschkopf in the region Langenbrand
-..where the pH is 4.8, In the Kubani forest -the raw humus of the parts

“of the forest which aye pure coni ferous ‘have a pH of 4,1, the mull with
a part mixture of beech_has a pH of 4.2 to 4.6, . A mixture of larch
can hove a like influwence and result in o mull with pH 4.7. In Bur—
enthoren a mixturc of oak in a pine forest.leads o & "Mull" humus
with a pH of 4.7, instead of 3.6 found iri the purc pine forests. The
beech:hag had a transfoming influence; under the planted beeches
-thorc i8 sometimes found a mold (mull) of 4,3, sometimes a bevch-

-turf with pH 3.5 %o 3.8, - Hore s1gn1;10dnu is the. 1nfluence of an
“adinixture of harduoods inte the northern coniferons forests, ~--—
COP2ICE: HOLLOVS. Here the influcnce of the movement of water and
the aﬁm1x»urc of hardwoods are supplbmcntary, and ‘a charactcrlst1

v‘mull IS wluh continuwous nitrification results, which is less acid

tHan' the humus of the suriowiding stends, —-~ HARDLOOD FORESTS in the

: oxdlnary sense 1lie outside the: scope of the investigation, Only
random” dedeérminations Trom’ somc Swegdish alder and oak forests are
given, pH 449 10 7.9 =-e nuGEJLﬂafION AT The alterations in
the conditions in. uhC s0il produced in arcas opencd up for revroduc-

~tion have ‘olready been derlb with by me before {1917 b} - Génerally
there 158 a change in the pH in the slkaline dircction. = Compare
Scc. XIII and Table 38, P.p. ‘332—34‘5. : : .

Phe results can be ummarlzed a5 follows: - Upon SOllS bullt
from rocks. poor in lime (eneiss, granite; porphyry, and sendstones
deficient in lime.the huaes. layer of the coniferous forcsta has an
outstandingly acid. raaction. * Vhore water docs not sebg through a
-s0il from Tho suifoupdlnn country,. and where the soil cover is com-
posed largely of dwerf plants and moss the pH value of the Humus
.cover varies between the rather nariow limits of 3.6 and 4.3, The
upper horizon of the humus cover, the duff horizon, is slightly less
acid than tho lower, the humus horizon. & thin loose casily decom-:

, bose ed hwmus horizon can hove the -saie pH as, or in fact a lower pH
{i.e. be more acid) than & thick, tough loyer, unhealthful to- the
forest {Schwarzwald, Lappland.) Uhere /thé water seeps through the
s50il from the surrcunding counbry the living soil cover is more or
less rich in herbs, and the scidity is moved in on alkaline direc-
tion {Dryopteris-typo, approximately 4.4, Hepatbico=-type, approxi-
mately 5.0}, The admixivre of hardwoods in coniferous stands
{birch, aspen, alder, willow, moundzin ash, ocak, beech) generally
effect a change of the pH in the allksline directlon, the extont of
Uhlbh aegcndb among’ other things upon the amount of the L;a; Talls
In areas rich-ia lime the pH value is greater (nore alkKeline condi-
tionj, thounh “the rcactlon of the humus cover of the coniferous fore~
osts in such places is gcuormlly a01d Opening of the stand through
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cubbings for reproduction produces in the coniferous forests a change
in the pd in the alkaline direciion. The “Mull“ of hardwood forests
cant show & distinet acid reaction, wkereas in reglons righ in lime
the resction can be neunbral and even weakly.

%, REVIE! OF PREVIOUS IHVESTIGATIONS INTO THE ACIDITY OF
FOREST S0ILS. '

A review of the literature shows that my conclusions above
agree with those of other investigatorss the maximum acidity in the
hunus layer (Sallsoury)’ the corresponding determinations of the &
greater acidity in the coniferous forest humus as compared with that
found in the hardwood Foresth humuo{Raunklaer)- the lowering of the
acidity through the admixture of hardwoods {flemec and Kvapil); the
‘discovery of an acid reaction upon the lime soil {Chodat, Salisbury)
althovgh the lime content influences the acid reaction {,idamsonj,
slight variations in the pH of coniferous forest hunus on soils poor
in lime and not leached by water, in spite of large variations in the
stlucture of the humus covering; the chdnge of %tre acid reaction
through the opening of the stand (Olsen, 1921, p. 84, Reunkiamer, 1922,

Pop. DR-54, Nemec and Kvapil; by analogy - 50113 upon which grass
grows -are Jdess acid chan forest 80110 Chodat Raunklaer.}

The aoldlty of the forcst 50115 apnears uhefefore to be ‘an
imporiant factor, ncvertheless it is by no means always of outstand-

ing imporiance. "Hull" and raw huvmas can have +the same pH and a
good highly productive becch forest soll can be dlstlnctlj acld {pH
approximately 4,0). Such acldlty is consequently of itself no hin-

drance to good production or o a healthy condition of the soil; on
the contrary, for many highly productive soils it is characterlstlo.

4 change in acidity in an alkaline direction is. nevertheless in gen~
cral Favorable, although a markcd acid roactlon, 26 had been observed,
has a detrimental ¢ffeet, not in itself, but in conjunchion with other
factors.

_ Section VIiI, THE D PENDBENCE OF ACIDITY UPOH HUMUS 8D LIME CONTENT.

Phe correlations obbained from the material are casily seen
from Fige 4 — 12, Pep. 234242, The valucs which form the basis
of the figures are contained in tables 4-7, p.p., 243-246.

In assembling a large omount of material from various forest
~types and various }ooallulcs, as ihe Tigures show, thesc conclusions
follow, In gencrel, the acidity incrcases with decreasge in humus
content,  The rcletionship is nevertheless not marked, and with ro-
spect to the large variations, indetcrminate. The alkallnlty in-
creases also with the conbent of available lime. In contrast to the
previous conclusion, although here also the variations in the same
region are large, the relationship is strongly marked. :

'%16%,.
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Section EE. IHVLbTICAT?OJD ow nHE INITluﬁ MATERILLS OF HUNUD
FORIATION, {der Forna, Lititer}.

the rescarch material consists of the sumbumnal yellowed leaves,
about to fall, or even fallien, They had therefore undergone the wsnal
sutummal changos on the mother plant, although they had not been sub-
jected to any onc of tre decomposing processes taking place in the soil.
Only the moss material consisted of branches s#ill green, because in
natuxe -the mosses after withering are almost immediately taken posscssic.
of by fungi. The ash content, the lime {calcium oxide)} content, the’
acidity of a water exiracht of the pulverized suvbstance, the content of
and and basic buffer substances (obbained through electrical titration
of o -concoction of pulverized leaf in XC1 solubion} were deltermined,
In order to got comparable values from the pH determinabions and the
electrometric titrations, the same proportions were used between dry
substance and woter and dry substonce and KC1 solutlon respectively as
in the correspondlng hunus tesis,

1, - RBACTION .MD LIHE COWNTENT OF VARIOUS KINDS OF LITTER.

The annlytical resulis are assembled in table 8, p.p. 250-251,
The correlations between the available lime content and pH obtainable
from the matcerial arc given in the grouped Table 11, p. 263 and the
corrcgponding graphs Figures 13 and 14, p. 249, Table 8 shows that

"characteristic differcnces exist botween variocus planis and groups of

plants, Digtinetly acid is the litter (needles) of coniferous trees
and that of the dwarl shrubs; somewhat less acid were the moss materialc
examincd, while the litter of the broadleaf treces and the herbs had in
gencral a rcaction which lay significantly ncarer the noutral point,
Two kinds, mople and Geranivm silvaticum, were notable cxceptionss On
the other hand the rcaciion of "onc and the same litdcer from cven the
some collecting place can vary, in the case of birch between 5.3 and
Hely in the casc of bocch 5.3 o 6.6, The Yitter from a region. rich
in lime may be less acid than the corrospondlng litter from a region
poor in lime; nevertheless the acidity value of o litter material ap-
pears to be aspecific choratteristic of the plants concerncd, -

2- FHE COHTEN” OF ACTD BASIC BUFEERB QF VARIOU5 TYPBS O LITTﬁR
MATERT ALss

Phe onalyticel data are collected izi'fﬂables 12~15, P.Ds 263
266, and in Figures 15-20, p.p. 263-257. - For cemparison are given
in Table 16, p. 266 the results of an electrometric titration of a -
purc KC1 solution. The titration cuwrves corresponding to these values
are shown in Figs. 15-20 as smooth, gently-rounding curves without
special characteristics.. From the resulis we can profltably dis-
tinguish betwsen . five diffevent types;

1+ 4 high content of acid and a low combent of basic buffers, To
this belongs the litter of our conifers, also that of the juniper
forest as well cs of scveral dwarf weeds {Calluns, Empcbrum, Vaccéinium
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1dae& and the forest mosses (Hylocomia)* 2. A very high conbent of
acid ang a Fairly high content of bagic buffers. To this belongs .
the litter of most of our brosdleaf trees, birch, alder, aspen,
willow (Salix caprea), also beech and ash, as well as a mumber of
hervs, especially fhose whioch are characteristic of our coaiferous
forest; 3. With a very small contont of acid.and a-large -content

of basic buffers. To this belongs the hazel and especially the elm
litter, as well as that of Mulgedium alpinum and.Shachys silvatica;
4e Viith a high ‘content in acid end. et bthe ssme time a high content
in basic buffers, This is a heterogencous grovp -to which belong,
among the kirds of litter investigated, that of maple, Geranium
311vat1cum, aak ‘and larch: 6. Vith an cspecially low content of
buffers - Degchampsia flexuossa. The content of buffers, like acldlty,
varies with the locality (F:Lg.r 20, p. 257}; nevertheless the indi-
vidual pecullarlty of & litter may gencrally bo considered & specific
charactcr. :

Thus the inifial maferial for hwws formation in coniferous
forcsts has an acid character, The actual =acidity of the litter of
the coniferous forcsts (spruce and pine forests) the dwarf bushes and
also (approximately) the mosses in the coniferous Forcsts, has a value
approximating that of the humus. covering (around pH 4,) ‘In addition,
the content of acid buffers is large. The.litter from the hardwood
trecs ond the horbs differs thromgh a lower a01d1ty and a smaller
acid, but larger basic buffer content.

3. THE NATURE OF THE BUTTER SUTBSTJ&TCES'.

The method used for tho detcrmlnaulon of thc degrec: of humi-
fication (Humifizierungsgrades) of peat {leaching vith NaOH or NHQOH

and comparison of the color of the extracht with a standard solution
of "humic acids" or "synthetic humus" from pyragallol, cf, Oden 1919
Melin and Oden 1916 and 1920) showed experlmentally surprising %onu ‘
tent of "humus substances" (Humusstoffon) im the litter which arve ?%1—
tial matezials of humus formation (Table 9, P, 269, the determination
for peat may be compared, Table 10, p. 261). The contont of "humus
materials” so determined shows however no relation to the pH ‘value or
to tle content of acid buffers. Other acid subgtances must therefore
" be thought of. The nature. of these must romzin for the present un-
cevtain, Oxzlic acld, other organic acids, tanning meterials may be
considered. Among the basic buffer materials lime moy play an im-
poritant rolc,. apparently in-rotting leaves one must also reckon upon
the presence of ampholyies, vhlch accordlng to the condltlons can act
as acid or basic bulfersh

Section X, THE CONTENT OF ACID AMD- BASIG BUFFLRS IV THE HUMUS LAYER,
AND THEIR DEPEHDENCE UPON THE PECULTARITIES OF THE LI?TER oF THE L
DEGREE OF DECOE?OSITION AND OTHER FACTORS. : '

The extracts of hwmus, are wvery poor in buffcrs, as the t1tra~
tion curves stow, Figures 21 and Ry PePo 268-9, The extracts were
prepared by 1each1ng a 10g. sample with 100 ml. 1,0 N HCL. The extract,

as shown by the titration curve, consists of a weak solution of a 1ather

strongly dissociated acid. .
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tholly different titration curves were obtained when, instead
of a filtercd solubtion, an uafiltered concoction of the humus was in-
vestigated, - Such curves arce presented in Fig, 23-36, p«p. 270-284.
Phe data for the curves are found in Tables 13-28, Deps 289-295,

4 review of the aaterial shows next that the uiﬂratlon curves
of the humus layer of the coniferous forest on soils poor in lime,
especially that of the duff horizon, strongly resemble those of the
corresponding debris (spruce, pine, moss).

The differcncoes botween the various uamples which resulis have
provod to be as follows»

“The  duff horlzon of a raw humvs layer, when treated with a

,Kcl solution generslly shows a sagller change of the reaction (pH)

towsrd the acid direction than the huwmus horizon treated in tre same
way. -The firsi horizon is also gencrally or with few excepiions
richer-in -alkaline or basic buffer substances than the sccond horizoni

. Phe. conteht of acid bhuffer substances is variable (see below).

The kinds of raw humus which were collected are differentiafed
through characteristic contents of acid buffers. IHany are also rich
in alkaline buffer substances., - From the forestry vicwpoint the favor-
able kinds of raw humus ere disbtinguishced from the uwnfavorable by the
higher content of sllaline buffer subsionces. The contont of acid sub-

stances varlies in such an irregular manner that it is of less signifi-

conce from this vicwpoint,

Of great influence on the content of buffer substances is the
nature of the debris, s has zlroady becn shown by the similiarity
of the %itrotion curves of tre duif layer and the most important kinds
of debris of the coniferous forests, An admixiure of deciduous litter
in the raw huwmas lsyer hos 2t least in the majority of cases resulted
in an increase of nlkalince buffer substances, and a decrease in the con-
tont of acid buffers. :

Tistincet "Hwll" forms with small humus content {1ittle loss on
ienition} are indicated by insignificant content of acid buffers as
well as basic buffers, "Mull" forms with high houmuas content are often,

. though not aluays, {see below), rich in basic buffers.

The discussion therefore indicates that the process of humus
formation is esscntiolly a continuation and an intensification of the
process vhich is already taking place in the dead plant remains, though

it must also be conceded that the admixture of mineral carth can lcad

the process in other dircctions. A comparison of samples with the same
loss through ignition shows that while YHumification" increascs the don-
tent of acid buffers, the condent of basic buffer substances decrenses,
Generally however the ignition-loss of tho humus horizon ig smaller than
that of the duff horizon, as is its content of acid buffer substances.,

19~



“Thae deorease is grester then vould correspond to the-admixture of
‘mineral eabth. - In spite of this diminubtion in.zmcid substances,

-the hwaus horizon gives, a$ has already been indicated, an acid water
extract, and ¢specially wilh KC1. a more ocid solution than the. duflr
horizon, A more cxact anclysis of the chemical diffgrences which

swould expldain this lies oubsiae the scope of this work.. Table 17,

- D« 287 shows that the conbent.of acid substances.is nod parallel with @
the colorimetrically determined coatent. of alkali-soluble humus ma-
ferials {Humusstoffen). : Important, and one to be reckoncd with, is ,
the role played by basic buffer substances, the amount of which, as o

- hds already bheen pointed oul, -in rav humus paralleléd the good condi-
tion of the soil,  The 00u01usion is that they, among others, are
necessary to neutralize the simultancous acidification which accompa-
nies the. process, I is notewbrtny also that I never found a lower

CpH-value than.3,5. ° This appears to be the extreme limit below which
humification ceases. ~ The value of -the Timiting pH nevertheless veric:

- vory much according to the climate, ° Vith -a pH of dpproximately 4, in

“a favorable climdte,; -mull ¢an be formed, while in north Sweden such is
only met with in the true raw humu¢ (sce Section 7). 'The same ie alsc
true for the content of basic substonces. The humus samples colliceted

“'in .$he Schvierzwald and in Barcnthoren, in- comparlson wvith the betier
ndrth Swedish huvmes forms, ‘arc poor in bablc substanocs out show NG ver-
tholess o foirky rapld ucvunv031t10n.

-Strlhlng is the &mxll ooatont of buffer suvbstances in the "Euwll -
forms.. .-This is 'also chdracteristic of certain null-forms rich in humus,
like that from Hemson (angermonland, Forth Sweden, Tigs 33, Table 24},
with an ignition of approximately 907 “hls scems to 1ndlcate that
the chemistry of MMullY formavion -is in m&ny cases entlroly dlffcront
from raw hnmus bullalrg.-

The dis‘hinguishing poculiaritics of- 4Ye humus which have just
-been discussed apvear most markedly after changes in fhe soil tlimnte
throvgh the ovoning up of the siand, - Mierther dlSGﬂSSlon of thla point
follows in 1atcr scefions (Scctions 13 - 14}, '

SOGtiDE;EE. THE WITROGEN CONTENT ATD NITROGEN TRAﬁSFOBMLTION IN THE
UI‘TDECOI.-TPO‘ D TORE S'l‘ LIPTER - {PHE __T)L.‘I’RITUQ]

1, WITROGEN COWNIMBET . OF THu DE TRITUu. -‘de qualities of orgamic nitro-
gen containcd in The detritus probably play on 1mporuant role in the
nitregen balance in the hwmus layers, altnough it is hard to judge the &
relative importance. of. the se guantitics of nitrogen, asg: comparod with

She nitrogen fixation of nitrogen assinilating eroanlsms vhésé activity

was first clearly domonsbrzitsd by Henry (1897}, he toxt tables, p.p.
296-~297, which show the total contént of- alurog en in- verious iorms of
detritus, give an ideo of uhc amounts of "nitrogen introduced- into tke

seil by the detritus. For combaflson, $vro: analyses vere made of fres!
noedles of pine and sprice whieh vwere colleéted -in- the w1ntef.'ﬂ It isg
noteworthy that of tho various forms of - tree-litier the slder is richost

in nitrogen, possibly because of the ability of the alder to fix nitro-

£CH.
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2« TRAISFORLAIIONS OF NITROGEN 1M DHE DETRITUS. To investigate this
quesbion the litter samples obtainéd were air dried, pulvérized, mixed
with inoculation carth, moistencd and placed in Erlemmeyey flasks. TFor
one part of -the. imsculation earth humis from the clear-cutting at
Jonakex was uscd; for:a sccond, -a strongly nitrified mull from the
Dalby coppice in Schonen, tand- for a° third, & strongly ammonifying A
raw hunus from Kulbackslidden:in Vasterboften, The huwaus from- thé .
clear-cutting at Jonaker was used for the corresponding huwnus study
{see above Section IV¥)i : The mixbure of pulverized detritus and in-
oculation earih was in the pratio of 941, as was the case in the in-
vestigation of humus alrcady reforred to, but in another the ratio

wag 1:9. - The quantities of ammoninc and nitrate nitrogen obbained
after a threc months storage are' given in Toble 29, 5, 300. The first
column of the table conbains amounts of armonic nitrogen found in the
litter at the beginning before storage ;" this determination was not
made in all cases. The third colwmn shows the experimcntal rosults,

_using the ratio: nine parts of pulverizod detritus and one part in-

" oculation earth, the fourth colwmn, the experinmentol résults with.
nine parts of inoculation earth and one part of detritus material.
The bracketed figures in these columns give the amounts of nitrabe
nitrogen which must have becn formed, as calculated from controls
run on inoculotion carth alone in the absence of 'litter maberisly -

It follows accordingly that in general the smmoniac formation
as well as nitrate nitrogen formation arc depressed 4o o mininum by
the addition of detritus:material, - It appears that in addition tho
ammoniacal nitrogen. present in the material at the begirming is uscd
up either completely or wntil but a suzll quantity remains. Only cer-
tein forms of detritus rich in nitrogen {with about 2% nitrogen) are
exceptions to this rules 2 o o '

. The: lowering of the nitrification .can be caused by the achivity
of the denitrifying agents which live on the carbohydrates of the lLit-.
ter,  Filter paper has o similar-effect as liter material on the
nitrification when added to a nitrifying earth in ratio of 1:9 (Text
table p. 299). ‘The. absorption of- the ammoniac nitrogen canmot how-
cver be cleared up in this wiy,- 7 dgrée with an investigation of
liaksman (1924); that the amount of hitrogen Founid is fixed in the-
microorganisms which develop,: - S T o

Section XIT. THE WITROGEN CONTENT OF THE HUMUS COVERING., ~

In general the centent -lice ‘between rather narrow boundarics, -
1.5 to about 3.0%.- ~.The extreme limits found wore 0,64 snd 443%. Butb
the nitrogen content of the huwmus is on an average generally greater.
than that of the dotriftus, and im the various soil samples on the
average it is the greater, the smaller the’ ignition loss of the .sample,
{Table- 30, .p. 304, Fig. 37, D, 302}w - Both are foresecn as automatic
results of the progressive "humific&tion““p?dcehs}'in case this con-
sists first in the oxidation of the carbohydrates and other meterials



froe from nitrogen. In a comparison of the duff and the humus
horizons, there was found, however, only in the Mimll" humus pro-

file whose initial material consists to a larger extont of deciduous
leaves, an average higher content of nitrogen in the humus layer {the
average difference in eleyen cases was 0.47%). ~ TFor the raw hunus
tests was found an average difference in a diminished direction of .
0,007% {average of 27 cases); there exists then no aversge difference
in the same direction as in the cose of the "Mull) rather the opposite,
espacially in the pure coniferous forests. Besides a -relative resist-
ance of the nitrogerous materials to decomposition,. the nitrogen con-
tent of the "Mull" can be athributed to nitrogen fixation, which is.
lacking or wéak in the raw humus profile. : ‘

Because of the relations between PH and ignition loss on the
one hand, anitrogen content and ignition loss on-the other hand, there
was to be anticipated a relation between pi and nitrogen content, which
ag o matier of fact exisis (Fig, 38, p. 303, Table 31, p.pe 305-306) .
On theé wholc ®herefore, the nitrogen content of the humus rises with
a rising pH. T :

Section X111, TRANSFORIL\TION OF THE NITROGEN (.Jmmonia and nitrate
Formation} IN THE HUIIUS LAYER .ND THE F.CYORS INFLUTNCING IM..

In the raw humus layer of the coniferous forest, as I have pre-
viously shown (1917}, the destruction of %he nitrogen. groupings pro-
ceeds only as far as tho formation of ammonia, while in the "Mull"
s0ils in general a nitrification of the. cmmonia thus formed tiskes
place {comparc among obhers Gaarder and Hagem 1921, Carsten QOlsen,
1921).  The factors affccting the speed of dccomposition are of
many kinds, as pH, conient in buffer meterials, and available cal-
“cium, the nature of the nitrogenous material, climate,. soil tampe ra~
ture, and soil moisture. The composition and density of the shand,
and so on, also have an effect in a complicated wmanner, = .- .

1. HNITROGEN PRANSFORMLATTON .ND RELGTION (pH). . All:the material from
the tests Tor which the total nitrogen content was debermined -so that
from the storage cxperiments the ammonia and nitrate ‘cocfiicients (cof.
Sece Vi) could be caleulated, is nssembled in Table 32, P.p. 312-315,
arranged according to pH groups. The coefficierts obtained arve grouped
in the detailed summary in classcs separated by 0.1 of o pH unit, The
valucs within a pH group in the same horizontal row are. freom the same
sample 1% will be scen thaf,the.samples gre, arranged within the pH
groups according to the rising velues of the ammonia coefficicnt. In -
the -summarizing review, p, 315, of the botbom, the same material is
arranged in groups of 0,5 of a pH unit, the bracketed figures giving
the nunbver of determinations on which the eyerage valucs of the co-

efficients arc based, " The result of the. last sﬁmmary ig. also given

again graphicolly in @ig. 39, p. 399.
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Pable 33, p. 316 conbtoins the sameaary of the guantitics of -

ammoniacal and nitrate nitrogen per Kge of hwius respectively found

in the storage cxgeriments grouved according to pH, ond not therefore
given as in tre previous Hable, in total nitrogen, Here the whole
materisl can cosily be scen, also the samples for which total nitrogen
has been determined, The meterial was divided into iwo groups, namely
the samples vhich cmae Fron the Feseatrch Forest at Siljanfors {the
upper row of Tigures) wnd the others, The bracketcd figures arc the

-totals of the determinations in both groups; thoe figures above are the
averages, The valves in the table are slso represented grophically
in Pigs. 40 and 41, PePo 310-311.

The summarics show that in individual cases no definite rols--
tion exists between pH and nitrogen tronkformation, but that the total

‘material arrangod in rether ‘large pH groups shows s very beautiful ang

régﬁlar correlabion between the pH values and nitrogen transformation,

with an opbimum for ammonia formstion between 445 2nd 5.0, for nitrate

formation by inoculation between 5.5 ond 6.0, =nd for nitrate jomation
without innoculation cvove 6.0.

2¢  NITROGEN TRANSFORLLLTION .ifD COHYENT OF ; +ILABLE LILE., Oh account
of the relation between Celysg and pH on the one hond, -and on. accouns

of the relation betwecen nitrogzen tronsformation ond PH (the previous

subsection 1) on the other hand, a relation between Cal, .. and nitro-
. L9

. goen tronsformetion was cxpected, However, os Table 34, p. 317 shows,

it is week with the exception of the totel nitrogen formation afier
inoculation, which shows an optimum in the group with lime content of
between 2.0 and 2,57, ‘ : :

Ss  COMP.RISON OF THE NITROGEN TR.NSFORIATIONS IN THE DUFE 46D THE
HUMUS HORIZONS., The material is swamarized in %ables 35«37, DDy
320--324 (German explanation at the ond of Teble 37 p. 324). The
tables contain the ealeulsted volues for Hyo4 ond the transformation
cocfficients [m-n, S-¥ (compare cpove under Sects I, as well as Secct,
I¥ip)+  he two latter valucs ore caleulsted upon hwnus content,

Ag is socen, with fob excep®ions a muich stronger nitrogen
transforaation is to be’ found in the Auff loyer than in the hwmus

‘layer, a noteworthy result, omong otlors, on sccount of thc diminish-

ing content of detritus {Compare above).  Prowm this point of view an
explonation of the differcneces bedwecn the unaliered litter and thet

in the -early stoges of decomposition can only be obbained by further

invesbtigation. - Scveral possible exglonations offer thomselves,

The diffcrence between the duff horizon and the hwms horizon
is especially aarked in the hwuums laycers of 4 row humus character, lcss
$0 1n the "Imll" hemus layers, The diffevcnces oceur in the amnonis
coefficient as well o5 in the speed of nitrification with or without
inoculabion., It -oeppears as if during the "humifiecation” process,
espccially that of row humus building, the nitrogen become more Tirmly
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bound, becoming more difficult of access $o the rolbting organisms,
The transformation coefficient can foll to zerp-or nearly zero in
£he humus horizon of o well-marked rew humus,  The same is true for
the duff horizon of row humus-forms in old stands,  The lengbh of
the period of raw humus bulldlng appears aceordlngly to be of some

‘.1nf1uencc.

A exceptlon %o the rule of a markod,decre 8¢’ in the trans-
_formwtlon cocfficient during row humus formation is found in the
stands with mixed hardwoods, where the trensformetion docs not. seem
£0 be diminished in the humus hiorizon. The admixture of hardwood
leaves with the raw hwamus layer seems to be able to counteract the
unfavorable. changes which have been remarked. In coniferous for~
‘ests with dwarf shrubs and herbs,{Dryopieris-type) fhe humus layer
~ has a less strongly marked raw hwmus chorvacter and takes an inter- .
- mediate position between the raw humus and-"HMull" forms w1th,re—
,spect to the gquestion under dlSCUSSlOﬂe-

4, THE NITROGEN TRLNSFORI.TION IN THE DIFFEREN@ FOREST TYPES. A
summary of the material cccording to forest itypes is found in Teble
38, p«p. B52-343, .From the analysis of the dlffercnccs are oblained
the following general viewpointis, . : :

Independently”oflﬁhé ol the nitrogen {ransformaiions and the
nitrification of the humus nitrogen respectively are favored through;

a. Favorable Summer Pemperaturc. ~In middle Europe and south Sweden
is o be found nitrification in the coniferous forests at pH values
which in north Sweden are met with only in raw humus with little trans-
formotion, :

b, Favorable Veter Supply. Secping water conteining oxygen favors
nitrification very greatly; also oamonificotion is favored by good
wabter supply.

¢+ Favorable MNoture of the Initial Ovganic Materials of Hhe Process.
Deciduous lenves in the duff stage increase fthe transfomation and
fovor nitrification clso without changing the rcaction [pH). The

same 1§ also truc to o still greator degree of freshly rotding branches
of spruce and pine. - : ' o '

d. Viell-closcd Stand. In well-closed stands with a pure moss cover
or without living grouwnd-cover the -transfomation is often strikingly
- greont Witrificetion often occcurs when there is =n acid reaction.

The suoceptlbllltv to 1nocu1 vbion with nitrifying eorth is strikingly
great. . SRR : .

Cs 'Youﬁg Stands. . . The tro nsformetion 08 well o the susceptlblllty
to 1nocu1atlon is gcncrully gxeﬂter in younger stﬂnds.
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Changing the composition of the stand, by the intreduction of
hardwoods into the coniferous forests, which changes the acidity in
an alkaline direction, increascs the transformation, makes aitrifica-
tion cosier, and incrcascs the suscepbibility to inoculation with
nitrified earth. In opening reproduction areas an increase of trans-
formation accompanics the chenge in reaciion., Nitrificotion is never-
theless frequent at pH values which are found under stands showing
little nitrification, ond usually ammonia formation. The alterations
which are to be found in reproduction areas nevertheless vary accord«
ing $o tre kind of- humuu cover and climate.

In a compariéon of different forest tyoes under similar climatic
influences we find on the whole an increase in transformetion with
rising . pH {increcoesing alkelinity). Vith o pH of approximately 5,
nitrification in the northern coniferous forests is frequent; with
higher valucs it is alweys present.

It must be vemarked in discussing the values found for the
nitrogen transfommation ond their significance for higher vegetation,
that the ammonia wes determined by exbtraction with 0.1 ¥ HCL, os given
above, while the nitrate nitrogen was detcrmined by oxtraction with
water, It is apparent thot the amounts of ammonia so deternined arc
not go casily aveilable Tor the plant as ore the ameunts of nitrate
nitrogen determined. Ilorcover, therc ig cvery indication that ni-
trates are more favorable sources of nitrogen thon smmonium salts,
The greatest sbundance of vegoetation ond the highest forest produc-
tivity arc accordingly not found with pH values of 4.5 to 5.0, where
on the whole the largest amounts of nitrogen sre found in the storoge

xperimend, bub wiph greater pH values (worc alkaline conditions),
which arc bencficial to nitrification. On the other hand, our forgst
trees and other mycorrhizol develeping planks are o spceial case o8
regerds the nitrogen supply. The relstive nubrition volues for
nitrote nitrogen and cmmonioe nitrogen obteined from water or sond
culturcs are not zpplicable e vhe conditions in nature, a¢ hes been
contended by P. B, Lulicr {1924, p. 176} cgeinst Corsten Olsen, .Jamong
othor rcasens the mycerrhizal plants, owing to the fact thot their
roots are strongly venetrated by fungi, are cpporeatly ploced in o
betier position in the struggle for nitrogen in raw humus, as Stohl
and later lelin {1925) belicve.

5, THE INFLUSBHCE OF THINSINGS UPON THE TRLVSFORLATION OF NITBOGEN 1%
THE HUEWUS L..YIES,

Thinnings have an waguestionable significance because the subsc-
quent growth is laid uwpon o sizller number of larger stems, wiereby the
economic¢ volue of the stand can be increased, also it is belicved
that thinnings can incroasc the iotal subsequent growbth (per hectare)—
an idea which was entertained by Schotte {1917) eamong others, supporied
by the thinning exporiments of the Swedish Forest Rescarch Institute.
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The proof of such a foct would be also. of greatest interest from a
forest blologloal ‘stendpoint. .Jmong other factors it could depand
on a- llvgly nltrogen transfonnatloa nd c33001a11y on incrooscd
activity in the soil as a rcsult of hlgqer temperature. From this

. .point of view I made a comparative 1nveat1batlon of a thinning deries
- Which scemed. to corroboraﬁo Schotuo's conclusions. . There was found

for the sories in Delby in Seanica {a planteﬂ spruce forest, 49 years
-0ld) a definite correlation between the transforaation of the nitrogen
-and the increment, The teovily thimmed eond fastest growing Compart-

ment IIT (Text Table, py; 345, sce also the light values b breest height,

in @ of light velucs in the opeit, Sect. XV, Ds 394) had o definitely

- stronger nitrogen transformation in the s0il than the otler compari-
ments (Text Teble p. 345).  In a serics at Voxna {Holsinglond) in o
pine forest with abundant moss, of the Hyrtillus-type, the differences
between the-nitrogen transfornmetion were much less, bub wewe neverthe-
less in the smae direction, while the ammonia foznatlon in the thinned
compariment wes much stronger (Pext Teble, lower part of p. 346). In
the corresponding scries in Bispgarden {Jamtland) the transformation
wag on the conbrary stronger in the opposite direction in the section
which was not thinned (emmonia formation; Text Teble for the abvove,

D. 346), The difference in growth in both of the last two cases was
not marked, Horeover, the anount of current growbh, which in the
first place is 1o be comparced with o single nitrogen determinetion
(vhereas the veluss of nitrogon may well vary fron time to time) is
for & shorter period ond was unfortunatcly not determined with satis-
facbory accuracy. It avsears however that o thinning wnder ceptain
conditions can result in incresscd nitrogen transiormation and slso
groater general total production in the stand, while, conversely, un-
der other certain circumstances both can be decrcesed by thimning, The
varying results arc correlated with differences in soil or humus type.

6. THE POSSIBILITY OF NITROGEN TR.NSFORLATION IN V.RIOUS R4V HUNMUS
FORHS.

The various results of the thimings uwpen the nitrogen trans-
formation in a *mull" or moor {mor") soil on the one hand, and in =
ravw hamis soil on bthe other hand, signify that in the soil of the
formmcy the nitrogen is less st:dngly bound than in the raw humus pro-
file. Also within this last group big di ffercnces are wet with which,
it apzcars, are independeant of pH. A8 indicated, for example, in the

0ld nortlern spruce forests, the nitrogen in the humms profile is closely

held, or is inaccessible to the rotting organisms, Tne lovi. content of
alkaline buffer substances docs not anpear to cxplain fully thc condi-
tion of the hwaus layers, . In order to follow the metber up further,

I tricd to adjust the existing differcriccs in pil by tre addition of
CallOg, in the form of wvery Tine powdor, dnﬁ uﬁereoy 1ntroduced an ade~

quate gquantity of basic buffer substwnces,hp the . scme tlme. ‘For each
specimen BO g. of soll was used, to‘whithamqunt'respecti?elynOaa, 0.4,
0.8y or 4.0 g, GaCO was added, in several cases also 1.0 and 7.5 g.

vere added. These specimens were then, as was the case with the obther
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stored swmples, storcd at room temperaturc for three months in Erlen-
meyer flasks, In anotrer cose the sompla s, excluding thosc with in-
dvcased amounss of calcium, were treated with constent smount of in-
oculation carth (nitrifying hwmus from a clear-cutting), that is 5.0
g. of inoculation carth were pdded to 45 g. of raw hurus. In ithis

# discussion arc given the results for only five differcnt kinds of row
humus § 1. TFrom » completely closcd mixed forest of pinc and spruce
near Glindron {Sodermenlgnds consult locality descriptions p. 397,

“® Fig. B2}; 2, From an old, weakly~growing, 1ichcn-covered spruce stand
of the Vaccinium typc in the rescorch forest Kulbacksliden (Vasterbotie. ;
sec p. 465); 5. Same as No. 2, but from a difforont locality; 4. Fro
a younger, zbout 70-80 yoar old spruce stand of the Vaccinium~type, wi
good birch mixture, having arisen after o forest fire in the rescarch
forest Kulbockslidens  Be  Thel.seme stond as lo. 4 in o part of which
there was o weok birch mixturc, :

- The results oxe given in Teble 39, D.D. 255366 ond are graphic-
ally represcnted in Figs. 42-46, D.p. 349=3553, In the specimens 1,
4 and 5 nitrification rosulted with the simple addi tion of calcium, in
the obhers none or very Little;  addition of both celeium ond inocula~
tion corth produced nitrification in both the other semples; thet in
3 wns very week however {ncver once- becoming cg ~1 to inoculation-carth
control). Jmong other intcresting focts which this investigobion dis-
closcd may be stated:-- that difforences between the duff horizon and
hunns horizon were bo exist here alsog thet o1l saaples during thelr
gtorage hed changed their pH in an acid dircetion cxcept Ho. 1, where
ﬂwrmmmewmsﬂn<m%;am.mmttm'WOsm@hs,Mm.éamlB,mwhg
the some pH (5.1), coming from the some stond, {howcver onc was o TAV
humus heavily mixed with hardwood lcoves) show great diffcrcnces.

Phe aifforcnces between various raw humus forms vhich the study
hag shown con be oxplainced in pert through the hypothesis of soll micro-
biologienl diffexrcnccs, For oxemple, there mey be o suppressed nitri-
fication flora in the better humus forms which is lacking in the pooresd
{sece the ncw soil microbiological investigotions of tinogradsky). Pari-
1y however, thore moy " differences in the nitrogen-contoining mater-
ial or the amounts of toxins which are sebive in the poorer ssmples,
Regarding the Tirst possibility sce Suchting {1925); nccording 4o this
jinvestigetor the nitrogen is found in the row huwmus primerily in the
form of pyridine, chinoline, acridine, and similar compounds, vhich ooe
. poor nitrogen sources Tor the orgonisms. In the duff horizon must

necessnrily be present lorger quantitics of more essily brokcn—down
(chemicnlly unstoble) groupings.  Farther investigntions with a view
o throwing moxre light on tresc mattcrs, are in progress.

Section XIV, DISCUSSION OF THE RESULTS OF THE INVESTIGATION.*

* fPhese scebions in the Germen texd ore direct translations of the
corregponding Swedish scctions.
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1. INFLUEHCE OF s OETRITUS ILAERILL, CLITIATE, 4ND GEOLOGICAL STRA™
UPOX HUMUS FORFATION IN THE CONIFEBROUS FOREST. '

An exhsustive treatment of the aborve subject is not possible ot
the present dime.  Jmong other things this is becowse of our all too
meagre and uncertain knowledge of the nature of humus materisls, Ve
find ourselives hWore in one of the most difficult and complicobed plisses
of organic¢ chemistry. Phe obove-mentioned materinl gobhercd through
observation neverthelcss gives on. opportunity for the discussion of
certein rosulids of some considerable importence. '

Above all it apoears important to point out the large part
played in the humus layer by the characteristics of the debritus.
The acidity ond the content of the detritus in basic and scid buffer
substoances clearly exercise a very greot influence upon the quality
of the humvs layor. Most strongly does this influence show itself in
the northern coniferous forcst, where the humus builds a laycr or
horizon on the soil which only %o an insignificant extent is inter-
mixed with $he'underlying mineral earth through activity of insccets
and worns. Besides, the dircet chemicel influence of the soil in
these forests is decressced becanse in the podosol soil the upper
horizon of the mineral certh has through the influence of o wenthor-
ing process become cspecially peor in soluble alkalis., In fact o
mineral soil, rich in elkalis, egspeciolly in soluble calciwm, con
otherwisge act os o vuffer in thob the acid humus materials formed
through tre decomposition of the detritus are neviralized. In his
worlk om the influcence of the sub-soil upon forests, Pomm {1921)
clagsifics the various kinds of soil on $the basis of their lime of-
fect, and pointed oubt beyond doubt thet this is o chorccteristic of
the sub-soil which is of the greotest significance in the formation
of forest soils in o humid climabe. The greater the lime content
the greater the possibility thot the decomposition products of the
ecid detritus materiels of the coniferous forcsts will more or less
be neutralized, Here however topography plays an important port,
The dissolved calcivm ig carried downward to the base of the slowe s
and the ‘caleium content of the soil influences more especially the
soily with moving ground woter, Hoturclly this phenomenon is most
striking in the choarascteristic lime regions, or where Hhe moraing is
mixced with limcstone, In'Oastcrn_Jamtland, in the Paristes of Bodsjo,
Brocke ond Revsund, the humus layer in the pure coniferous forest int
the neutral point (see p.p. 445, 447, 448). In these regions humus
loyers which, bocausc of their consistency, are of a somowhat row
humus type, show o proportionately high pH {clkaline ), This foact
con be exploined by on unusdally high content of assimilable coleium,
in the humus laycr {compore Tor cxemple the pine forest ncar Bracke,
the forests on the heights surrounding Bodsjol, The woter which
lecches Through this forest soil often shows, cspecially in the dee p-
cr hollows, o lerge ocontent of soluble caleium. In the autumn of
1921 during o visit in this region several woter samples were token
from dug holes or small hollows and their lime content subscquently
defemmined ot the Institute by Me. X, Lundbled, Onc weter semple
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taken near Skurun, in Bodsjo, contained per liter 16.7 mg. of QaO; a
sample neor Stayre, in Revsund, 45.4 mg. and another in the same region

93,9 mg, These are very high values, compared with the lime confent
~of water in regions poor in -lime. According to the invesbigations of
Malmstrom {1923, p. 68) -the -lime content of the spring-wabter -in the Re-

search Forest of Kulbacksliden varies between 2.8 and 5.0 mg, Cal per
liter, and that of the water in ‘streams from 2.0 to 3.0 mg. per liter,
Lecording to the investigation: of Lundblad {1926) the spring-water in
the Research Forest-Siljanfors has a lime content of 2.9 - 6.1 mg., per
liter, the stream-water -a content between 2,4 - 6.8 mg, per liter and
the water of the lakes 2.0 + 2.4 mg. per liter. - But even when the lime

“content -is .so low as in Siljanfors, the conditions of a favorable topo-—

graphy can promote a pronounced calciophil vegetation in certain charac-
teristics, that is, forests of the Anemone hepatica-type.  TFhe areas in
siljenfors where this forest type is Tound are so situated. that the up-
per layers, or the uppermost horizons of the soil are wet by the percola-
tion from higher levels when the-water  content is high. The humus layeyr
betomes "muli“ﬁiike, the- acidity rather high, pH 5.0, and the content of
assimilable lime reaches an average as high as 1.467% of the ignition loss
or humus content. The nitrification is often lively and the forest
highly productive,  The forests which are infiluenced by the water of

the streams.zlso have a hwnus rich in lime; in the region of Stickos-
alsbacken this amounts -to 2.74% of the ignition loss. The pH is ap-
proximately 5.5, the saltpetre formation reaches very high, Other
forest stands in Siljanfors which are influenced by running water are

the spruce swamp forests rich in herbs, which appear in regions where

the spring water comes to the surface. The pH of the humus layer is

4,9 -~ 5,5, the content of assinilable lime 1,77 = 3;06%5 and the nitri-
fication in the humus horizon considerables , :

one of the areas influenced by running water is the most produc-

Ativg in the research forest at Siljanfors, and is the so~called selec-

tion area (Plentergebiet) south of the railroad (see p. 426). The
neidities 1lie between pH 4.6 and 4.8, :On areas cut for reproduction
the nitrification increases strongly, and naturally reproduction is
oasily obbtained, The soil moisture and the actiye nitrogen changes

 make good preliminary-.conditions for the success of the selection method.

A vegetation map of the Research Forest at Siljanfors. affords a
good illustration of the influence of topography ou the humus formetion.
1t is seen that a p;ant such as Anemone nemorosa follows definite lines
or directions which just coincide with the path of the water in the for-
est soil, Similarly, though not so well, the Research Forest at Kul=:

© packsliden shows the influence of the topography on humus formation.

Areas that are somewhat humid produce forests of the Dryopteris-type;
depressions or hollows well percolated by water have foresis of CGeranium
itself-more strongly felt'in:northern than in southern or central Sweden,
Such species ag dre important as indicator plants.for judging the char-

acteristics of the forest 'soil, such as Anemone nemorosa, Anemone
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hepaticn, and Oxolis acetosella, are somewhat independent of topogra-
phy for their oxistance in southern and central Swedeny indeed they

- eppear even on comparatively dry soils., In northern Sweden; perhaps

. with the exception of areas very rich in lime, these plants limi$ them-
~ 8elves to soils moistened by flowing water; this applies especially to
~ the anemone species. Here one finds what from a plont geographical

: viewpoint is an interesting and notewo rthy difference between the vege-~
: tation'of‘northern_SwedénAon the one hand ond that of the southern and
cenbtral part of the country on the other. The difference may in gen-
eral depend upon the stronger. podsolization of the sbil and the costly,
. marked. leaching out of the upper soil layers in northern Sweden., The
flowing water,with its content of electrolyte, thoush it be especially
lime salts, produbes,favofgble“conditiohé_in the humus layer and results

. in the north in local forest 'soil types of southers cheracter,

The role which elimate plays in humus formation appears most
marked therefore on soils poor in lime; which are not.influenced by

- waler percolating along or near the upper layers of ‘the s0il; but where
the water movement is mostly vertical, there climate and not topography
determine the leaching. If the localities of o like character from =
topographical viewpoint are compared for these qualities studied in this
investigation,'for example the forest soils in the Schwarzwald, in Baren-
thoran, in southern, central, and northern Sweden, there is a remarkable
agreement in thé case of the acidity of the himus leyer; as well as in

~ the content of acid and basic buffer substances, but in respect to the

vigor of the nitrogen decomposition thereé are differences, With regard
to acidity and buffer substances, these are 'dependent upon the nature
of the detrifus materials, while the nitrogen transformation depends
‘mostly upon the climate, above all +the temperature. . In the strong,
tough, raw hwmus layers of thé old spruce forests of Norpland, and the
thin, porous humus layers of the coniferous forests in the Schwarawald
or those of cenbral Sweden, the agreement in the case of acidity and
- buffer substances is striking; here the peculiarities of the detritus
. materials are well kdown, At the beginning of the decomposition the
more fragile, loose groupings of nitrogen are broken up, and changed
. into ammonia or to some extent, saltpeter, Vhen the decomposition has
reached a certain stage, as for example in the humus layer, there re-
main only the more inaccessible nitrogen combinations. {See Section
XIII:E.)! : M S
The whole process gives the impression that Yumus Tomation in
such humus layers is chiefly a’ continusbion of %ho alteration process
‘which began in the yellowing leaves, and that the difference betweeon
the thin loose humas layers, and the thick, matted, raw hunus lies more
in the speed with which %he decomposition proceeds and less in the chem-
ical divergences, It is naturally impossible to advence a more defi-
nite opinion on this question in view of these observations and our
present knowledge of the nature of humus. - If one believes — ws is
quite possible and probable = that the detritus materials are acidoids
in nature (compere Micheelis, 1922, p, 206-209:; Pagc, 1926.a) one can

30—




regard the entire humus-formation in & humus-cover uninfluenced by
minersl carth as consisting of the gradunl replacement by hydrogen
ions of the metallic rotions absorbed by the acidoid, a reaction
which can ocecur through water only. Such a theory of the nniure of
the humus naterial slso 2llows, as Puge (see above) points out, for
5 consistent explanation of the different forms of seil qcidity ey~
tablished by Keppen {1917, 1920). This theory of the nature of hwnus
moberials may be opplied, according o our conceptlon, in determining
the peculiarities of the humus extracts.  In the scme proportion as
the metallic kations absorbed on the complex humus moterial are re-
placed by hydrogen ions, they arc leached oub, and the podsolization
-of the mineral earth is accelerated. Such = theory does not exelude
~ the belief that the formation of truc .acids simultaneously occurs dur
ing - the decomp031tlon. Phe detritus material is not homogenous frem
a chemical viewpoint; its component parts have various gunlities and
- can be broken down by chemical action in various ways. In this con-
nection this quostion connot be further cloborateds  Consult the above-
quoted works of IMichaelis, Page, and the works of the Russian forester
Gedroiz referred to by the 1ﬂtter. I hope soon to hove the opportuni-
ty to return to this question otner experlnents.

Meanvhile my own studles as well as those of Kappen (1917) show
that the acid humus floor of the coniferous forest finds its most nat-
ural explanation in the character of the detritus moterial., The theory
of a rotting which produces acids, occasioned by lack of air in the raw
hunus layer; in contrast to the decompesition occasioned by cxposure to
the air, is to my mind practically unnccessary ond not cstablished thru
‘observation.  The exact air analyses of Remell (1922) show that gener-
ally the raw huwaus layers in bhe northern conifercus forests, thick and
of great depth ag they are, are as well acrated gs the "mull" soils, end
80 also are the soils underncath these raw hwmus layers. . Romell could
not demonstrate a lack of oxygen in normal, unswomped raw humus soils,
Yhat therefore determines the character of the rew humus soils is, above
all, the speed with which decomposibtion follows organic breakdown {micro-
biological attack and assimilation follows the. first stnges of mechanic-
al ond chemical disintegration}., Here thHe climate pldys its great role,
In the dense spruce snd fir forests of the Schwerzwald, the humus layer
is thin and loose {sce Fig. 48), the decomposition of organic remains is
aptive. In earelessly thinned stands there is formed =n unfavorable raw
humus exactly as in our northern coniferous forests {see Fig. 47) = and
in the open ¢lear-cuttings, bilberry (Voccinium Myrillus) or heath bushes
~make vigorous growth. As far as the bilberry is concerned there is o
noteworthy difference between the Schwarzwald ond the northern port of
Sweden., One of the best mezns to alter the raw humus under the old
selection spruce forest of the north is clear cut; the bilberries and
the whortleberries {Vaccinium Vitis Idaea) disappecr, the moss dies, and
the thick row humus begins %o chonge, ¥rom the appearance of the lux-
uriently growing bilberries on the c¢lear cuttings in the Schwarsmwald it
is easily understood why the foresters in south Germany view the clear-
cutting as o raw hawmus builder, Between the Schwarzwsld and the north
there ig indeed a great difference in climate, Phe Schworzwald hos 2

=31~



climatc of an ati~ntie varicty. o this the vegoeboticon olse bonreo
witness {scc for cxomple Oltmons, 19223 Troll, 1925). The preeipi-
tetion is significant=-1,000 to 1,200 n.a. {39 %o 47 inches).  The
climate of the norvh is more continentel, the swmcr temperature oo
be rathcr high, while ot the some time the precipitntion is sufficient
to promote o vigorous decompesition in the cubt areos,. On necrthern
slones, espceinlly ot sonc zlevotion over the sce level, ns 300 - 400
ile {1,000, 1300 fcct) in upper .ngermenlond, the temps relure docs not
rise sufficiently to.nccelernte the decompositicon of the rew humus 1oy
in the clear cutting. In such places other measurcs nre reguired for
the tronsfornotion of the hwws, for exomple, dburning or working the
.soil, If en the one hend o very reiny ¢limabce eon conbribute to row
humus formation, sco on the other hend a very dry olimntc can hove ihe
~seme effect.”  The humus layer drics out too much en the surfocce. Ir
fmull” is so treated the soil frune disappear or docrcasce, whoreby onc
of the most volunble requisites for the formetion of "anll® is lest. 1T
or when the closed stmad nlreody hes o row humus loyar, the cut-over
oren (Hicbfloche) con dry out so much. thot the dccomposition drocess ig
checked, It is in such ccses that the view advenced by Viedenenn {1924)
ond Bhrenberg (1982) is justified. The rencdion of the hwms layer of
o given silviculdural methed must, in the n~ture of things, assume o
different form under diffcrent clinntic conditions according to their
nabure, This freot connot be too sirongly cmphesized. - 3

Between the thianer ond looser bwmis loyers, os for ezomple in
the demse spruce cad fir stonds of the Schwerawald, or in the forests &
cmiddle ‘Sweden on the one hond onn theso cqunlly or locss reid, yot with
thicker raw humus lnyers of the north, on the other there is o differenco
with respeect fo its renction on the soil. Te podsoligzntion process ia
the latter is menifestly stronger.. Lccording o Tram (1920} the thick-
ness of the lenched lnyer has o definite relotion to thot of the hums
loayer, The humus-forming ploat metericls of the middle European ond
central’ Sweden coniferous forcsts nre ns sbundnnt in the north, if not
HIOYC S0 The humus layer in both coascs is approximebely equelly ocid,
with on equel percentnge by weight of buffer substonces,  The afores~ii
dgifference in the influences upen the soil must thercfore be sought in
the further fate of the ~cid buffer substonces.  Under o favorsblc oli-
ante these noaterials con more ensily be oxidized o crrbonic seid nnd
wnker while wader the influence of o cooler celimndc o lerger oort goes
“into sblution. The neid humus nntericls cre slso oxidizeble, It is
~kaovm thet they are able to comsume morc or less sompleicly the oxygen
28 in stegnent woter. (Hesselnnn, 1910)., Lundegordh (1921) and Ronell
{1922} hove observed - Lively corbonic ncid formafionrin beech row hug,
and according to unpudblished investigntions shey Intely found in the rooy
humus of pine forecsts of the Vecciniwm-tyoe o very lively carbonic ncid
production, Vith higher tempceature trere wns found ~a incresge of cox-
bonic peld production pnd & snnller cmount of the soluble acid humus no-
teriels fomed in the sdil, ' -

Iv is sclf»ovident'nlsq‘thnt'1c;ch;ng §1xys ~» definite role. The

greater the precipiintion which percolates through the soil tovwnrd the
ground water regloas the groonter is the lenching. I% is here $hnat the
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humidity of the climnte is importont. . .n examination of the factors
which ere generally used to cxplain the humidity of the clinate shows,
howcver, that in our country there arc no-lerge areas with a strongly
marked humid climate, (Hesselmeh, 1924), - Therefore the temperatuye
must have a direct influenée upon podsolization.. Beenuse of the rela-
tively low swmmer tempernture in the coniferous forests in the nortlern
pert of Sweden, only a smell part of the acid buffer substonces arc OxXi-
dized, and therefore o greater.quantity of them.are.left to work on the
soil than in warmer counbries-with the same hoamidity. In view of all
this the temperaturc plays a direct port in the podsolization of the
soils of Swedén (Hesselmon, 1924).

The acid reaction and. the large content of acld buffer substance!
in the acid humus layer of the coniferous forests are, according to the
view here expressed, a natural result of the detritus materials.  The
acid quality of the humus layer is not produced by an abnomal Process.
Vhefher the Humus layer becomes.thin, light ond more like Ymall," or
thick ‘and matted, helping or impeding +the reproduction or -the subsequent
growth -of the forest, depends upon the speced of decomposition of the
detritus material. The podsolization process of, the humus laycr depends
upon the water.content mass which percolates through it and sinks into
the soil, and the.speed with which the. acid buffer substances are oxi-
dized inko carbonic scid ond water,. The greater- the mass of water which
passes through the humus layer the greater the podseolization. The oxi-
dization of the ncid moterinls, on the other: hend, hinders pedsoli zation.
Yet probably not 2ll acid recctions in the soil ore of a similar charnc-
ter. A detritus material 4hat is less-ocid in nature con produce 2 raw
humus e e shall discuss this gquestion further in the following section.

2. THE INFLUENCE OF THE COMPOSITION OF THE STAND UPON THE HUMUS
LiYER, S ‘ o ' e
, From the cbove it is to be expected thet changing the compo si tiorf
of the stond produced & chonge in the humus layer. © My investigations
have indeed shown thot this is the case to & high degreé in the northern
coniferous forests containing an. admixture of virch, aspéﬁ, willow or
other hardweoods. The reidity os well as the content of acid and alke-
1ine buffer substances in the more or less raw-humus-like humus layers
is strongly influenced. R o S :

~ ilso in the more light tmull"Zlike humus forms one sees the in-
fluences of the detritus material.,  lemec and Kvapil {1926) have indi.- -
coted in & recently publisted work the relationship between the physical
charncterists of the forest soil and the acidity; thab vhen its alr copa-
city increascs, the pH increases, that is, %he goil becomes less acid.
48 to how this relationship is %o be explained ‘these authors say nothine;
they apperently seek %o ascribe it to the foct that through diminished '
access of air more acids result in the decomposition of the organic debris,
Howcver, there are obher coudes o be faken into considerdfion. 4 greatb-
er sir capncity is created by o more pronounced mixbture of the humus me~

G



_terinl with the carth whereby wholly mechonically the content of acid
substances: is decreased, = Also it may be thot the soils richlin line,
therefore those which arc in themselves less acid, become loosest, that
is, become greatest in-air capacity. lio matter what the cause vfythis
- relotionship wmay be it is interesting to know that in soils.of equal

© capacity for air, that is bebween 20 and 25%, the soil under spruce has
o pH of 4.8 - 5.2,similar soils bencath pine approxlmqtely 5,0, under
‘beech approximately 5.8, under ash about 6. 0, and under oak about 5.0,

" The reacbion numbers of the soil under the rospootlvo litters ore in
their relation to. one anothér approximately the same ordcér as the re-
action Mimbers of the detritus materidls. The conifers have the most
acid soil, the osk, whose debris i§ more acid than that of the beech
end ash, olso has a stronger acid soil than these hardwoods.

. is is known, a Sllghtly acid dodritus m‘terlzl can also form an
.acid husmus laycr. Phe beech row humus can serve as an example of this.
Rome¢ll (1922) has. 1nvest1gated the aeration of a beech ravw humug layer
2 cmy thick in Hollendsas and found it very good.  From this it can be
concluded thaet such o row humus layer can evenbually result exclusively
from slow decomposition. The slower the decomposition, the greater the
leaching, and the wore completely thé hydrogen icns can replace-the
‘metallic ions in the huruas herizon. The alkaline buffer subsionces be-
come smalier, the acid buffers increase, The samplcs of bcech raw
humus from Borenthoren which I investigated were rich in acid buffer

' substances but poor in alksline buffers, In order to form an acid humus

laycer in this way from detritus material slightly acid and proportionate-
1y rich in alkaline substances, it is necessary that thcre shounld be 2o
strong leaching or slow decomposition or voth,

it is however not improbable that impedcd aeration con influence
the aeidity and the content of acid substances., Through impeded acrp-
tion acids or other ancid materials can result which are diffcrent from
$hose produced in the normal decomposition of acid detritus, When the
‘sgil is rich in buffer substances such an acid production need not noces-
sarily have as a consequence an abnommal or wnusunl acid reaction., Hovi-
ever, the anions producod can be esgsentially differont from those which
are-produced in o normal decomposition,

in the thickly-matted needle mass which one secs coverlng the soil
in dense, cultivated forests of spruce, there, are formed acids or other
materials with on acid reaction. This is the result of an air defici-
eney which is not ch%racteristic of noxmal spruce-necdle decomposition.

An example of such acid formaulon s to be had in the nbnornally
thick raw humus lsdor in Suodasholmen in Hornavan (see_p.,&SS) - The
seid reaction is 3.5 or 3.6. and therefore not abnormal, while the contend
of acid buffor substances is very high.a In the titration curves the
HOLl line lies to the left of the KC1 llne- therefore .in the humus layer
free hydrogen—lons are added to those- of the. HCl.-
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In order to goin true insight into the nature of the various
ravw humus foms eond their inflvenees upon the stond, - soil, and re-

© production, it scems to me that it is nccessnvy to dibw a sharp line

between thé varigué forms of . the acid humus layer, A hwmas layer
‘whose" u01d1ty is %he result of the cheracter of the debtritus material
Tgan” certainly hnvn entlrelg dlllcrent uhnrﬂcterlstlcs from onc whose
peid substanced result from incomplete or strongly rcbtarded decomposi-
tion. The natural Sc.ndlnuv1pn coniferous forests found upon seils
'LW1thout 11me have, for the most pmrt o -huvmus .leoyer of the first typey
-on the- othﬂr hind' the acid. humu.s. 11ycrs of many plaﬁted forests can be
-of the lattor type. - Te differences between thé se various kinds of
“humus },Jers hny prove of very great importonce fér the clearer under-
stending of the ehtire humus problem in $he forests. - . 4A.complete ox-
¢ planation of these questlons hoviever- demqnds & morte’ Tundomental and
" thorough knowledge of the nature of humus than is at present available,
But- only through ccreful studics in_ the field.and through o comparison
“of ‘the influence of the detritus ¢ and the humus layer in veriocus stonds
can- any definite result be - &CthVde’ an especially dinteresting piece
- of work and well worbh while would also’ be. to got a-clearer ides of the
“nature of the strongly acid mull" foms. . They riay often be differ-
entiated by strong nitrification (see for cxzmple Veis)s It would
also be of grest 1ntvrest to know -the dependence of the entire process
of "Hull" formation, upon the detritus material. . .Because these re-
seprches. were principally. concerned with the conifarous forcsts of
northern types. I have regalded this question rether os a SubSldlar“
one. The "mulli" form1ng detritus of, the bebter hardwoeds con be truly
acid, {for example, oak 10aves) but they are nevertheless rich in alka-~
line buffer substances. In addition it would also ‘be worbh vhile to
know in what woy the chﬂnges brought about.by worms {coprification,
~ Koprofiketion) influence the buffer substonces of the detritus mater-
~inls. The "mull" 1s, as has already bcen snown, gener 11y pooy in
buffer substances, ;

-3, .""'Hh SILVICULTURLL IMPOBTLECE OF lHE FOREST TYPES

In tho qbove acoount - $he quallﬁy of tho 3011 vegetatlon was give:n

A—_ln great detail in order o’ describe the ferosts. investigated dnd to 4if.

ferentiate betweeh the various types._ In deing this I have followed the
0ld tradition of Swedish- forest blologlcal inyvestigetion, braces of which
. are to be foudd as early as 1880, 4n: Ortenblad’s studice, and which were
enlarged and dévcloped by’ Lundstren, Sornender, Hogbom, Alb. Nilsson and
others; and were from the very beglnnlnﬂ & guldlng viewpoint for the work
of the borest ‘Researeh’ Institute,  In the year 1909 Cajender published
“his well-known work on- Forest Types Wﬂlch he recommends as norams for
. forest site quality.: “He was of’ the opinien that toking. forest.types as
8 common foundabion for the site guality of nll tree specics, natural
gtandgrds for &ite. qualth would,be esta bllshed and o qomparlson of yicld
for different. specics on vqxlous goils would the1ebJ-bccome chgicr. Vith-
out & doubt. this was o flne goal tao ﬂzn “at, ngander’s Pproposal, ‘however,
could not for many YCAS0oNSs be dopted by thc Resoarch Institute or by the
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rest of the Swedish foresters, As finely scparated as were the forest
types in Cajander's first work there was found in one and the same for-
est type in a limiteq forest region {for exemple the state forest Evois)
& strong variation in respect to the growths of the stands, and the
various types overlapped each other considerably as regards these varia-
tions, The same conclusion also followed in the taxation of the forest-
of Varmland in 1914, when separate forest types were differcntiated and
at the same time a site quality was established according to the height
growth of the trees, In prineiple this was the same ags the conclusion
1aid down by Cajander in his first work; large variations in the case of
the growth in one and the same type, yet differences in the case of the
average lncrement. Thercfore site quélitios_established on forest types
must give uncertain results because of changes in a certain forest or a
certain smaller region, There moy indeed be expected in the same dig-
trict an overwhelming of plus or minus variations in a given type. If
we know the average possible yield of the foregt types common to 4 cor-
tain region we can naturally,,therefore; with such a site method, give the
average value for the region, though for the single stands on the othep
“hand less certain conclusions arc obbained then when using the site de-
femined by the height-growth of the trees, If a site quality founded
upen Cajander's principles is to have any practical significance, the
régions must necessarily be smalil, Poke, for instance, such common
types as Cajanderts Myrtillus or Oxalis-Myrtillus type, to which belong
the predominating number of Sweden's spruce forests, These types vary
extensively in such o country as Sweden, where ‘the climate varies with
the height obove sen level, the latitude, and the distance from sea and
lakes, . Average values foyr the yield capacity of these types good for
the whole country can therefore have only & general statistical volue.

It also seems to me that in Finland, where under Cajonderts ener-
getic lead the forest types have been adopted as noms for site quality,
" thot the intricacies which such o method entails do not disappear. is
indicated by the investigations of Ilvessalo {1922) even in the way in
which the PFinnish foresters linit their types, the variation in yield i
large, and the types merge into each other without sharp boundaries.
Cajander (1923 p. 8) must himself admit that naming the forecst types
affer the vegetation can be deceptive, since in forests of the Myrtilius
type the ground cover may deviate strongly from that of the Myrtillus
type; or for example in the Oxalis-Myrtillus type, the plant charactor-
istic of such a type, Oxalis acetosells ney be lacking. When, besides,
it is recommended {see Cajander & Ilvessalo'1921, page 70) that the site
quality named after the vegetation be determincd according t6 the growth
of the trees agnd the opinion is even cxpressed that the taxation points
of view will in future be the deciding factor in typefclassification,
based upon the vegetation, such o view leads to what for clear scien-
tific thinking can only be a vicious circles  If there is a poor cor-
relation between the increment of stonds and the soil vegetation the
Procedure is unnecessary; if such g correlation does not exist, then
the procedure is wor thless, In view of our present knowledge there
appears to be but one right method, which is to distinguish the site
classes by figures corresponding to a certain productivity, and to sep-
arate the site classes in Practice with reference to the increment of
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the trees, and with such guiding features as. the vegebation can aunply.
Po my nind the designation of site according to ground.vegctation sives
a false 1de that there 'is .o more intimate .relationship between living
ground cover and ftrec growth than is at. present uccepued by forestry _
bloleglcwl rese«rch o the developmnnt of which this" 1dea 1é“ﬂangerous.

- Another reason th C Junder s use of forest type ag site qnality tyves”

is unsa tlsfactory is thls, that uhe sites or the forést: types,'zs the
caseé may be, appear to be independent of tree . spoeigs, - - Phis brings in
the question of the influence of the stand on +he ground cover. Cajamer,
ags is known, advanced the. theory that this influence is very s ll or of
only secondﬂry importance., When the- forest type is determined on ground
cover. alonc, there is the OOSolblllty that on such a besis one will start
argiing in & cirelec. ~ The differences vwhich arise with respect to the
vegetbation in stands with various: tree species should not be: attrloutod

" %o the influcnc& of the trees bub-are to be explaincd on the basis of
various forest types.. In order to settle the question it is necessary
‘b0 examine the ground cover in sberids of various tree speeics but on soils
as much alike as possible with respoet to exposure, geological qualities,
water supply, et cetera. Ailthough our three northern species of pine,
spruce and birch, huvo, at any rate in northcrn Sweden, no striking in-
fluence upon the ground cover which has so few specles, Ilvessalo?s(l922}
-investigations at least show that the. spruce keeps oul other species ‘
through its dense shading,  Vith regerd to the valuable hardwoods, oshk,
becch, linden, ond elm, the situabion is scmewhat different. Even if
the idea be abandoned, ss it must be, that certain plants are slways
associated with certain species of troes, the results are confusing, .
Linkola (1924) who has studicd the forest types in Switzerlond and woulcd
- 2pply Cajender's ideas to them has, as far as I can see, shown hothing
else but that the influence of the stands on the ground cover manifests
itgelf dlffercntly on different 80113, which is.in itself nothing dston-
ishing. 'The studies of Rubner in the virgin forest of Bimlowics are g
strong argunent in fovor of the fa ct that the stand sas: such influences
the ground cover (Rubner, 1925 p. 293} and the. Finnish forestery Widar
Brenncr {1922) who 'is both o botanist and a soilinvestigator has shown

in the casc -of Finish forests the influcnce of the kind of trees on the
ground vegetation, But even if the. ground cover is not .influenced by
the different kinds of trces, yet the productivity of the soil nay be
affected by the ‘specics, This, which the followers bof the Fimmish school
alsd admit, is corroborated by the interesfing studics of Yrgo Ilvessalo,
(1923} & pupil of CwJﬂnder, on the corrclation botween the - increment of

o stand and the characier of the seil,  In this work he se ys- {ppe B3-4)
that” the more luxuriant the. grawth of the stand the more favorable is i:s
influence on the 3011, 51nce it oblains minern L~bearing spring water from
“the deeper levels, I% thus builds up a ground litter by the destructicn
of which the nlurogen~8551m11wt1ng orgenisms raise the nitrogen content
of the soil, This is o clear asserdtion of the rclation betwoon stnad’
and soil pecullarltles whlch entlrely agrees -with my own vicv, SlnCO‘
the-roots of the different - kinds of trecs pehetrate the svil'to various

" depths and their detritus has. dlfferont charqcterlstlcs, thoir Influence
‘upon the soil must alse be varicd. The soil cerinot Hhe rofore be con-
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sidered as a factor independent of the tree species for the purpose of
dlassifying the site quality of forest types, with the exception of the
regions where no change in tree speeies has token place, and where the
development has not been hindered by 2 decrecased decomposition of the
"humus layer. . Bu} in Sweden there are few such territories, Cutting
cend forest burning hove had greal influence in the distribution of tree-
Species, vhile uader enbirely natural conditions the decomposition of
the humus layer may cease,

The stond ond its care have o manifold cffect upon the soil

“bhrough the character of the detritus by influencing the s0il’s ¢vap-

" oration, tenpe rature, and fauno. Stand and soil are in o definite re-
Aetion to one snother, decording to geolegical quelity, availability

of water, clinate, etc., the influence of the stand can Change, making
“itself folt sunetimes stronger and sometines weaker, For a rationsl
forest management it is therefore very important to clarify this relatioun
ship. .

.. Cajander's expesition of forest types, which has boen highly rc-
garded in foreign silvicultural iiterature, has howcver won no adhe rents
where there is .o question of using the forest types a8 site quality stand-
ards, Kabner {1925), who hes nade an_interesting_stu@y of this question
cannot aoccept Cajandorig theories for Gemmany, mainly because in that
country a change has.taken place in the various tree species on the some
so0il, He showis that, so0 for as he is concerned, they are misleading
for 21l forests whose g0il has fomierly grown hardwoods, Cajander({192y
pe 7) cerininly speaks of modifications of forest type as the result of
the influence of ceriain tree -species, for eXaiple the spruce. But
since these modifications moy take hundreds of years one has not very
ruch use for site malities bosed upon forest types, epart from the dif-
.ficulty and uncerteinty of reconsiructing an uwmiodified forest type in
praciice, . Here the objective standpoint should prevail at the cost of
the subjective. Similar points of view are held by Leinigen fl922),
Hartmenn (1923), Krauss (1924), Viedemann. (1924) declares himself in
favor of Cajander's forest types, but his investigations concerning the
tronsformations in the hwaus layer, which tgree entirely with my ovn,
point fo a change in the stond quality due to the result of verious tree
species. Here in Sweden Tamm and Pedrini (1922) are opvosed 4o site
¢lassification by forest types alone, and behing them stoand practicelly
without exception a1l the Swedish foresters. In Denmerk Bornebusch
(1925, p. 207) has been interested in Cajender's studies. He does not
however agree with Cajonder's site classifieation metho@s, but he adds

to the ground types certain quality iypves detemined by the influence of
the tree species ang the core of the stand upon the hwaus layer. This
corresponds closely with the stendpoint which I had already discussed in
1914 and which T also advocated in ny lectures on s0il science in the
Forestry .codeny. The difficulty lies not only in referring the verious
forest types %o predetermined "eround cover types" but also in estimating
the influence of the stand which is more ov less long-lived, on the Dos~
5ible yield of the soil,
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The study of forest types at the Forestry Research Institute of
Sweden -has Trom the beginning had in view a different goal from the es-
toblishment of verious site quality.classes. The forest types are to '
serve for the classification of ocur stands, vhich vary in ?egard to their
composition, into types biologically of the some value, which, as a re-
sult of their various geographical locations (height above sea level,
latitude, etc.), the varied'congitions_of their humus layers gn@'the
history of their various developments, show a varying productivity but
which nevertheless on the whole react to forestry measures somewhat
similarly.’ . From the Swedish point of view, one night better call the
forest types a treatnent type instead of quality types. 1In so far as
Cajander®s theories enphasize that certoin forest types demond in gen-
eral the gane kind of $reatnent, the Fimnish stondpoint is in agreenient
with the Swedish. 4t the Forest Resecrch Institute in Sweden in the
classification of forest types the vegetation is the first thing to ob-

. serve, and the growth of the trees should not determine the type. In

a forest of the Myrtillus type the Myrtillus ond other conspicuously
choracteristic plants tmst be present, and & forest of the Oxalis~
Hyrtillus type rnust include Oxalis acetosella and other plants deter-
mining the type. The forest types, as we distinguish them, correspond
“to the "associations" of plant geographers, and noturally there is nobh-
ing to prevent some other association-definition being used than those
deternined by certain plant geographers. 4t the Research Institute the
study of forest types is conducted principally with a view to caudal re .
lations, and its aim is to investigate the foctors which influence the
growth of the stand.and the influence of forestry measures on these fac-
tors, It will be unconditionally admitted that as a resuls of these
investigations we con explain only certain of the factors. Even if we
only learn to control certain factors, much will have been gained,

The new and different forn which Liebig's 0ld Law of the Minimun
has gradually assuned provides a good working principle.. According to
this law the various foctors work together in such a woy:that the growth
factors in the dynamic systen con have a reciprocal effeet, as Romell
(1924, 1926) enong others has shown. Bven if the minirmm factor cannos
be influenced when certnin growth factors ere controlied, the growth of
plants can be influenced in that the liniting factor will be the bette:
ubilized the 1wore favorable are the renaining factors. Fron this stan..-
point on attenpt will be made o enalyze the poesibilities of influencing
the yield of g site by forest managenent,

4. THE POSSIBILITY OF IMCRE.LSING THE YIELD CAPACITY OF 4
S0IL BY RATIORAL (ARE OF THE STAND.

A The factors or, more correctly, the groups of factors which con--
trol or deternine the productivity of a forest soil are the clinake, the
quantity of water in the soil, the quality of the huras-layer and the
rineral earth, Through rational forest nanagement it is possibdle in the
first place to influence the condition of the hurms; this nevertheless
is under the influence of other factors; the climate, the nteess of water
end the chenical conditions of the nimeral earbh,  Insofsy as arbificinl
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fertlllzln is nob adopted and this for HOot cases*cannot for econonic
reasons, be copsidered in forestry the growth factors which are gonbnin-
ed in the -mineral esyth con be altered only 1ndlrectly. Ulth the ex-~
pendlture of . comparatlvely Tittle money superfluouS‘uater cdan be drained
from the 3011,.1ess often 1§ it fems;ble to 1rr1gmte where the water is

N 1nsufflcxent. ‘Hoviever, . these reasures; for the care of the soil are

qulte ou$51de the -5COpe, of these studles. By thinnings “the 'temperature
-4n the upper: 8011_1dyers 1s influenced; the tenperature can be raised

" end the trensformations. 1n ‘the uppey hunus layer sccelerated. The char-

acterlsulcs of this hwmus. layer are:however most influenced by the compo-
“sition of the stand.” By the sdmixture of brondleaf trees the pH of the

_hunus layer in coniferous Férests cer be changed in an alkaline direction.

By which condltlons more faverable Tor the jransforiation of nitrogen can
be crented. - 4lso the grovith. conditiong are improved fo? the fungi which
forn the nycorrhiza, 80, 1nportwnt for the absorption of nutrient materi-
als of the coniferous. trees. . “According to Melin's (1925) investigotionrs
the pH which’ is hmost favors sble for the mycorrhizal- fungi liles between 4
and 5, and the absolute optinwa lies a ‘1ittle below 6. The’ most lively
-araonin fonwutlon uithouteﬁcconpqnylng strongey nitrification takes place
between ‘4.4 and 45 9 {see figures 39-41). The adnixture .of berh oY DO
lor in the No:thern conlferuus -forests easily brings about . chonge of
* p-in thé humus 1ayer toword this valug, vhile the hurms 12 yer of the
pure conlferous forest under conditions otherwise the same Has o lower

pH value, that is, o more. acid Humus. A very imporbant part of the nusi
beautiful- and productlve of Swaden's coniferous forest was-devéloped from

'stonds with a birch adhixture ond this has undoubtedly played an inport-
ant part. - Nordfors {1923) hao'shown the” hiologlcal 1nportwnce of the
birch for the develonment of spruce in- the -forests high up in the nouwni-
ains. = Especially boattiful exenples of this I myself have secn in the
nountain regions of Jantland (Dunnervatinet) and Lapplond {Stensele).
Viith the incréasing oge- of -the stond the birch dlsupoears ngre and ROLC g
flrst of 2ll goes the Botula pubescens, whith in’ the Norih a@es not be-—

“eome very old. 4 wesker adnixture of this kind of blrch as it ocours

in older spruce foresis seens 40 be withoub 81gn1f100nce e regards “the
.yield of the-soll. (CGF. Fig, 74}.: Even.vhen the birch influences only
‘the coniferous stand in-its early stwges of. develonnent its-inportante
nust not be underestlnaied. < \hether. the fevorable 1nfluence of birch
ugon. the hurnis layer ceases: w1th its disappearance” fron the stqnd ~ by
“pxe or by age -- is still an open guestion. I incline to the opinion
~that this is not the cese. The cnouwnts. of slkeline buffer substaonces

" inbroduced imto the soil by the Tallen: birch leaves may be able favorabl,
to influence the deoonposltlon fo'r a long time. Since it is procticall
pluays found $hat o hwws layer exceptlonally rich in- alkaliné vuffer
substances produces a course of" decon9081tlon noré fa .worable to the ster
than a hunus poor in such gubstencea one_is terpted to ascribe great
ulnportdnce for ~sound hunus devclopnent to the adnixture of:birch, aspen,

- and other trees which forn s chara acteristic feature in tha northern cont.

ferous foreésts, - Most: of ~the Swedlsh wrltcrs on’ forestry, guch ‘as Holn~
gren (1914}, Uwhlgren (1917, 1922} gl1no. and Ortenblnd,.ﬂre also in

favor of & birch: adnlxture in the conlfcxou forest. "The ‘birch however
plays k: dlfferent role under dlfferent externﬂl coﬁaltlons.' In regions

B
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rich in lime, as in eastern Jamtland, where the hurus of the pure comi-
ferous forest is rich in alkaline naterial, the birch may play a less
important role in the conifeious forest. - But where -the moraine con-
sists almost entirely of granites and gneisses, the result is quite
different. Bub even in such regions the significance of the birch
-apparently varies; the leayes rot'thg_best'where thg soil is sorewhat
. damp. Here the birch is probably of the greatest importance, as_g.g.
. in such forest types: as the spruce forests of Dryopteris and Geraniunm
silvyaticam types. " Bub-in the spruce forests of the Vaceiniun Type
a1lso the Dirch clearly exercises a favorable iﬁfluend?TETWEE?¥umus.
layer. This is shown by my investigotions, among others, on the nitro-
gen transformations in various raw hunms layers (see p. 354). On pine
heaths with a2 mixture of birch one often gets & strong impression that
_here the birch is of real significence. This is probably the case,
although in ny investigations the hwwus layers of the pine woods with
the birch mixture have not Shown a very lively nitrogen transformation,

. A guesbion: which hos been discussed very heatedly, at least by
our practical foresters, is that of the influence of dimension selection
in the development of raw humus in old coniferous forests, It seems to
be the, cormon opinion that by such cutting the stand is opened to light
unwisely and .thot as a result the bilberry increases and the raw humus
fornation is accelerated. Hbow thick such a raw humus can become will
- be seen from Flgure 66. The forests pilctured in Figures 74 and 75
have a raw hwmus layer still thicker. Is the formation of such a raw

humus to be ascribed to the bilberry or does the latter only indicate-
the gquality of the raw hwaus layer? I have previously expressed myself
in favor of the first view (Hesselman, 1917, pp. 946-948) but now I am
not so sure. Judging from the condition of the detritus one has no
reason to regard the bilberry as a dangerous builder of raw hwws. The
leaf of the bilberry is rich in alkaline buffer substances and from this
point of view more favorable than the needles of the pine and spruce.

It is possible, 'as I have previously suggested, that the bilberry by

its dense root systen and its lorge leaf surface dries out the humus
layer in such a way that rotting censes. - I believe however that the
explanation is to be sousht elsevhere. In the 0ld raw humus layers
_there are present either ne -alkaline buffer substances at oll or only
small amounts, while in younger stands the hunus layer is rich in such
substances, especially in the duff horizon. In the huwwus layer these
~ substances are conswied or leached out and so new alkaline substances
have "to be brought in continually. For these the addition of detritus
is the most imporiant source. Indications would show that the fall of
. the needles from the old, weak, poorly-growing spruce trees is unimport-
ant, among other reasons, becouse of the thinness {low. density) of the
. stand, The detritus of the ground-cover cannot replace the decreased
supply from the trees. The hurmus layer therefore becomes poor in alka-
line buffers, and since the stond is“88nse for the sun adequately to
warn up the soil, deconposition ceases. 4t the same tine, as my in-
vestigations show (Sect. XIII, part &), the nitrogen is closely bound,-
ond rendered unavailable to the organisms, a Phenomenon, however, which
requires & special explanation, In the raw humus layer there is col-
lected again and again a nutrition capitol that brings in no interest,
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forests has pointed out that they influence the huwws lwycr in 8 very
advaniogeous nanncr.

In the preceding I have discussed principally the usual condi-
tions in Nerrland, where the'gléater part of this investigation was con-
ducted.  Equelly inportant may be thé role of the birch and sinilar
hardwoods .in the developrniental history of the coni ferous forests in
central and southern Sweden.  Perhaps it moy be that the role of the
birch is even greater, since 1t appears that the birch produces an herb -
ond grass vegebabtion which is of beneficiel influence on the soil and
_ huwras fornntions. The good growth of spruce in the old birch pasture
forests is well known.,  Vith regord to this point I have not yet start-
ed an 1nvest1gwtlon of Ty own, bul the Research Instltute w1ll soon take .
up thls questlon.

Another gque stion which, ot lezst for the present, concerns rathexr
sourthern ond central Sweden and the southern part of Norrland as far as
Ledelprd, is “that of the soil condibion in the well~closcd conifcrous
forests where *the soil cover is exclusively or for the greater part of
Hyloconia,. Our foresters are cormonly of the opinion that these stonis
conform o gocd silviculture with respect 4o high yield and good soil
condition. 1y studies are in sgreement with the views of proctical
foresters a¢ ffor, o5 soil condition is concerned; the acidity is ofton,
though not always, sorewhdt less than in the stunds rich in shrubs;
the content of olkaline buffer substances is often considerable; the
nitrogen trensformation is often lively, and the nitrogen after inoculo-
tion is easily nitrified. The cormon idea that the cppearonce of
whortleberries ond bilberries indicotes the déterioration of the soil is
corroborated by certain obscrvations in the rese~rch forest of Siljans-
fors, while on the other hond observotions from Jonaker rnd the forests
of .illkvettorn point in cnother direction. Becouse of this faet I will
leove this question-open for the present. - o

48 regords the soubhermiost parts of Sweden, we have o consider
not only the birch, aspen, etc., as soil-improvers, but here also the
beech plays o port,. ‘In connection with this region the ‘well-known ond
besubiful studies of Vibeck [1909) should be recalled, which show how
gradually in the southern part of Sualand the beech has had to give woyr
to the spruce. For neny of these soils.the suceession of spruce is cer-:

tainly followed by deterioration. A5 Lundblad has just showm the suc- '
cession of spruce in this region nay chonge the soil; the "Mull" is
ch nged indo a more or less proncunced raw hunus lwyer and the brown

arth profile which is bound up with the "IMull" for is changed into 2
distincﬁly podsol profile, Such o developnent in this region nust
signify a degeneration of the soil. The path of the change is never-
- the~less easily expleined with reference: to the various choracteristics
~ of the spruce needles and-the hoardwood leoaves, It is s$ill an open
guestion whether this prooess can be reversed to null carth with a browm
soil profile and-how this ean be donea -
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T osecis. -

The influence of silviculture upon the soil only affects the
top layers: the hwms layer and those paris worked.by worm? and.1n~
The principal part of the seil concerned is that in which
. the nitrogen is +tronsforned oand where an assinilation of the_fre§

- nitrogen of the nir takes place. To influence these processes in
= direction -favorable for the stond ig a problem which would highly
repoy the attention of foresters. I -

. My investigations sshow that the nitrogen trensformation or the
“sbundsnce of available nitrogen is one of the factors which most strong-
1y influence the growth of stands. ~In an investigation into the re-
lationship ‘bebween .the choracteristics of the soil and the growth of
trecs, Ilvessalo (1923} came to the some conclusions,. A stotistical
treatnent of the studies of Volmari {1921} shows that there is a very
-good correlation between the growlh, the lime.and nitrogen content of
‘the soils in the pine stands investigated. . However, the factors line
~ and nitrogen in combination signify a good niitrogen transfornation.

But neasures which are %o-be -taken to give. these. factors o
chance to better the conditions riust be chosen according to the en-
viromment circunistonces in each case. - The inworionce of the various
hardwoods as soil-improvers varies with the climate. . The birch which
plays such =n important port in the coniferous forests of Sweden is,
according te Gernan foresters, of less inporteonde in niddle Burope.
- While in Sweden it is often the function of -the birch o improve the
conposition of the detritus, the Germian foresters on the other hand
desire & more abundant leaf-foll than thet of the bireh in-order to
Turther "Mull" formations - In o warner climote,; where the  deconposi-
tion proceeds- very rapidly, an abundont riount of leaf fall is necessary.
It appears to me also that those hardwoods which naturally bvelong to the
plant cormunity of forest type are the best soilwinprovers. To produce
the result artificially by the introduction of elenents foreign to the
whole developnent is less valuable. The beech, which in certain for-
est types is of outstending importonce as a soil improver, is of little
velue in others. ~For every soil-improving silvicultural reasure the
‘biclogically deternined forest type is important. Vhet is good for one
forest type is not good for another. - Also it should not be forgotten
that there are factors in the prinary geological peculiarities of the
soll whioh linit the ingortance of our silvicultural reasures. Recentbly
this has been brought out host distinetly by Alvert in Eberswalde {1925);
hbs has shown important differences in “the mechanical composition of the
fine sands -of Eberswalde. ~The content of finé noterinl determines its
water-retaining copacily, and this again affects its forest qualitics.
- The planting of becch in pine forests in-order 1o improve %he soils is
~ successful on certain soils, 'and contrzrily is not so on others., Hany
-o keen Geman forester has béen betrayed-into exaggerating the inport-
ance of certain forestry rcasures beemuse he did not pay -sufficient at-
tention %o the primary cheracteristics of the soil, Among these, jude-
ing by later experiments, is to be counted Wicbecks, o proninent forest-
er keen on soil-treatuent on silvicultural practicea In recent years
Barenthoren in .nhalt has becone well known for the silvicultural goil-
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“breatienit of ‘its -owner Dr. von Kalitsch who has done splendid wgrg n
LS ppder b0 inprove ¥he $0il. This silviculture ha? been designate tby
. Holler (1920) as the well krown "perpetual forest (D;ugrwald) systen.
o iHedenann (1926) of Tharsndlt has lately nade =z ggntrastlng_cr}tlcal
,fétudy of the forests of Borenthoren. He cane t0 the conclusion that
the original condition of the foresgihad been undgrvalued and thug ‘
the influence of. the treatnment of th¢ stand upon its p¥esentVQOnd1t10n
had been exaggerated. He ascribes the good ;eproduptlo?;ﬁg the o?ig?~
nal charocteristics of the goil, as, for exanple, its ability to retnin
suitable quantitics of woter, From sinilar investigationg.énto ther
height growth and reproduction. in neighboring regions of s%gl}nr geo~
logical choracter it is shown thab the treéationt chorscteristic of the
M"Daverwald” systen hod not inproved the soil, It must be confessed
that through Viedemann's investigntions the high hopes which had begn.
placed on the resulis of o caraful soil-trectient in silviculture have-_
been in no small degree frustrateéd, The first corrunications conterie
ing the noteworthy results of the "Doverwald” systen were of o sort which
appeared %o the eritical reader to Ve improbable. Since I nyself had
the opportunity of seeing Barenthoren and-of investigating a mumber of
the charactertstic hwms samples found there, and also since I wrote a
short chapter in Wiedenonn's book, I venture to make o few renarks on
the subject, , - - 1

From ny investigations it is evident, I think, that fthe soil-
inproving measures erployed.- by von Kalitsch, the faggot-thinnings and
planting of hardwoods have had different effects on different parts of
the forest, and the best results in the choracteristics of the humus
layer are to be found in those  places which are most favorable fron o

- geological .viewpoint., To this ‘belong for example Sections 1, 4, 42,

43. Within these regions the faggot<thinning and the  planting of oak
have had a favorable influence. - In other sections, for exerple 10 and

16, the results are poorer; here, however, the fundamental. conditions
are fron a geologiceal viewpoint not sb-good.. Such results cen to my
riind be regarded as neither unexpected nor discouraging, = It is only
natural that in forest areas nisnanaged by the removal of the 1litter or
in other ways, that the soil improving-treatment will produce good ye-
sults first of all where the best fundamental conditions are to be found
for the fornation of a good hurus -laye r. I'wes particularly struck by
the fact $hat in the areas of Sections 1 and 4, which before von Kalitsch'
tine were well-knowr for the rich obundence of hegth herbs and where be-
Cauge of this the beehives of the epiarists were brought in the gpring,

- there now grow "Mull" plants, for exenple, Fragaria vesca, Violas rivini-

" ona, Dactylis glonerats, hexapetala, Galiun rotundifoliut. Here it
aplears v. Kalitsch haos strong evidence in proof of his assertion of g
change in the florgfthroughAmanuring with brushwood. -The. influence of
the oak appears‘to rie to be very striking, although limited locally oe

' the good rmll is fowad wnder the crowns of the omk but not outside of

" Bhem. 43 I hope t0 revisit Barenthoren agcin shortly,.I will content
nyself for the présent_with,emphasizing thet, according to ny own in-
pression, the uejhbd of v. Kalitsch nanuring with brushwood and plenting
of hardwooda 'in ceriain parts of Borenthoren have shown tangible and
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good results, whereas 'in other places they have nof.‘ For an obge;u,
Judgment it is necessary to compare gevlogically sinilar rgglonsé b?r-
which purpose’ the. investigotion must extend t? ar?as.gore favore 1g
logicnlly. ~ Only upon such o detarled'investlgatlon'qan the value o
¥+ Kolitsch'as methods be bbjectively judged.

The beeéh.is highly piizea by the foresters of Middle Furope as

'qz}f' a soil-improver and has even been given the name “the mother of the f?rj .
T esh,n Undoubtedly under certsin climatic ¢onditions it has grect aplllw
77ty to create o good soil condition., This is especially well shown in

';*3.-f'my opinion, in the Bohmerwsld, not-only in the managed forest, but also. g

~in the virgin forest ot Kubani, where in o region without beegh the hurms
- layer has e marked raw humus nature but is otherwise "MMull-like. In $he
cultivated spruce forests at Eleonorenhain the hurms layer was like raw
_ huns but in the larch forest was distinctly "Mull"-like {Table 42:5}.
7 * The larch needles ore, it is true, acid and rich in acid buffers (Sect,
"'t9:2) but they arce richer in basic buffers than the spruce and pine need-
les. Their fitration curve reminds one of that of the onk léaves. In
Sweden also larch needles have a better effect on the hurms layer than
pine and spruce needles. I have seen exonples of this as far noth as
Loppland, for example at Husbondliden in the parish of Lycksele in rather
young plonted stonds of Siberion lorch., - In their studies in the Schwar:s. -
land, Rann {(1911). ond Harsch (1912) have arrived at the conclusion that
the soil has becone poorer singe they staried to grow pure coniferous
.8tands, and thet previously, when the stands vere nixed with beech, re-
production was easier, In this connection it is nlso of interest %o
note. thot those ports of the forest in the district of Longenbrand in
‘which Dr. Eberhard did not have to erploy soil measures in order to bring
" obout reproduction the .stonds were mixed with beech, Vith o moderate
onount of thinning out for the purpose bf Lighting, lively change took

‘place “in “the hwius loyer,  Seattered nitrophilous plants appeared and
. ‘on the ground fine plants of silver spruce were abundant. '

But not only are climatic and geological factors deterninants for
the degree of so0il inprovements which the broad-leaf trees can produce,
Purely biological conditions ploy o large part, The quick deconposi-
tionh of the beech lecves on the ground in the virgin forest ‘Kubeni in o
rather cold and raw clinate enphasizes the great importance of the or-
goanisns in the soil ~- fungi, bocteria; worms, and insects -- Top the
favorable decomposition of the detritus. The balince existing in this
virgin forest between the production and destruction of detritus.is-
probably best explcined by the conception of o rich fauna and flora of
detritus-destroying orgnnisns suited to the forest type. Vhen manifold’
life has been disturbed by thoughtless neamsures on the part ofmen it is
sore time before the soil-inproving kinds of trees which one introduces
begin to show. their favorable influence, fThis rust be - tokon in! ¥,
Junction with the fact that the very kinds of broad-leaf trded Which bed
long to the nornal development of a forest type seeis t0. hiave the greont-
€st inmportonce from a soil biologicsl point of viewi R



The question of the influence of the differenp kinds of silvi-
cultural systens upon the soil is closely bound up with provlens of an
econonic as well as o biological nature. In order to get clear results
investigntions must be carried on over a long period of years cnd under
accurately known conditions. For such investigations the research for-—
ests belonging to the Research Institute are well cdapbed. Tonnersjohe-
den in Halland is on ares preeninently suited for the investigations in
soubhern Sweden. The Kulbocksliden -- Svartberget is snited for the
study of the importont question as to how the soil moy bes?_be trons-
formed in the old Norrland forests which have stood too.long,.. Siljons- .
fors affords a good excmple of how forestry developed in comnection with
our iron industry hes been able to influence the hwws layer and life in
the soil. If the Institute is granted the proposed'1argeriexperimental
forest ih centrol ond upper Norrland, this area will involve nost of the
s0il problens that are of interest to forestry in Sweden.

The investigotions referred to in this work cen to o certain ex-
tent be regerded as.on orientation in the complex of problens which of-
fer thenselves for study at the Research Institute.

For forestry production the condition of the humws loyer plays
on obvious and indisputable role. The nore easily the nitrogen troans-
fornction is influenced the nore favorably does the hunus layer reactd
to treatnent for the purpose of securing reproduction, As, hovever,
the question of the condition of the hurms layer and reproduction is of
riore linited scope 1 will treat it by itself in the succeeding publice-
tion, Volune 23, entitled: "The Inportance of Nitrogen Transfornation
in the Hurms Layer for the Barliest Development of Pine. and Spruce Re-
production.” ' ' '

Section XV.

. Special Descriptions. (Swedish Text pp. 381-500)
In this section sre swmarized the geographical, geologicol,

s0il and plant dote for the loealities investigated, -and there are alsc

given the results of the laboratory investigotions arranged geographicall, -

The material is arranged according to rather large geogrophical units,

(states, and in Sweden according to districts) generally proceeding fron

south to north. ' '

Ve necd not repect these special descriptions, A Gernman btrans-
1ntion with titles of tle tobies makes it intelligible for foreign road-
ers who nay be interested in some debtails, For the rest, it nay be
noted that o1l of the enslysis doto relating to the hunus layer, which
are given in the tables with the special descriptions, noy also be foun *
in table 38, Sect. XIII, arranged according to forest types, (Reference
figures in the second coluwm of this teble indicate the page ond nunber
where they are found in the special description}. The symbols znd ab-
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~blés ard.cxplained ot the beginning of

~ abbrevietions in the ennlysis be _ s of
Seec. IV:10. The vegetotlon descriptions are treated partly accofding

to Rounkiner.(cf..above Sect. IV:1) and partly according to Hult-Sern-
ander. - In a single oase (Tob. 44) was used the nmethod of Rounkiaer
ad nodificd according to Lagerbe}g'applicd to 0.5 square meter plots,
In the tovles "F % neans frequency percentage, undf”h=%’_the percent-
‘cge of arda occupied. B o ' '

* The synbols for the degree of abund- =~ of synbols previously net with
onée oftér Hult-Sernonder ares = in the vegetation enalysis:
e = solitary - _ S £l. = spotted
t = sporse . . o : inspr. = sprinkled .
s = frequent e 0 h B high,‘ '
r = abundont o , gall. = seldort .
¥y = covering entirely = ° - rotvolve ToOn roots of felled

trees
stubb, = on trec stunps

) The'syﬂbols'fbllowing‘the lotin nome of the plant on D. 387 ind:l-
cate the strength of the nitrate reoction of the plants (tested with
diphenylonin and sulfuric acid) ond thus signify: '

{Sohe of the results are referred to by the full
(Phrose on pp. 385, 389 & 4067

s = strong S . = “starK reaktion!
t = rather sirong .

or gsignificant = "hydlig reaktion®
sy = weak = "evag reaktion”
0 = no reaction .. "ingen reaktion"

With respect to the plant nanes.used see Nonenklature D. 1?2.

The numerals ab the top in the annlysis or vegetation tebles
indicote the vorious localities nentioned in the acconpenying text.
Phe Lotin plont nonmes are printed in italics throughout and so aore
easily found in the textd ' P ' '

The Swedish teminology for describing the hwmus layer is fully
cexpleined in Sect. 5 above, in order to make the rest of the text sonx
whot intelligible to foreign readers, the following list may be given.

al {-bestend, -skog), Erle.{nbestand - nwald) alder, (older stond, for
forest} : - o ' '

alder, Alter — age
~ aldre, alter(er, e) older, carlier

allnan (no), ellgenein {e}, heufig, general, frequent, conmon
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élvsand, Alluvialsand, alluvial sand

antydan till, Aﬂdéuméng3an; indic@tiqn'df
apsskott;'Jahr {estrieb], year's growth, shoot, sprout
asp, Lspe, aspén-

a¥brand, abgebrannt, burned dovn -

svdiked, entwesserty; - drained-

avvergning {~syta}, Ahholéung (~sflgche), .clearing
avverka, -d, abholzen, abgeholét,— to clear, cleared
back, Bach, brock

barr {-skog, -trad), Hadel {wald, holzer], treedle {coniferous)
(forest, tree)

barrbland {bestand, skog), Nadelnischwald, - nixed coniférous forest
varris Vaccinia, {einschliesslich, .including, Myrtillus and Oxycoccus)
begynnande, begimmend, - beginning =~ = -

berg {-grund, -topp}, Gestein {sgrund}, RBerg, (gipfel), - rock stratun
' nountain peak

bestand,-Bés£aﬁd - stand

bevoxen, bewachsen, - grown

bjork, Birke, ~ birch

Blabar (sris), Heidelbeer {(kraut}, biibe;yy (plapfd _1'

blandad ized, wit....genischt, - mixe@ withu |

blekjord, Bleicherde, Bleidherdé{ ﬁleiéand, - iégéﬁed éértﬁ bérizén, vhite sand
bok {-blad, -lov), Buchen (—blafter, —laﬁbi ﬁéech léa%és -

branna,- brand, brenncn, - burn (burned places) burned

brunjord {styp}, Braunerde {typus)

— brown earth {type)

dsld, Talchen, - litsle valley, dale

dod, tot, - dead
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ek, Biche, - oak
enbuskar, Vacholder, - juniper bushes -

faladsnark, alte Vieide {'Schonen}, - .0ld pasture, {Scania, So. Ve So.
Swed. Prov.)

finkornig, feinkornig, - fine grained

i

forbrand, verbrannt, - burned up

forharskande , vorherrschepd,'(pre) - dqminant .
foryngring (stya), VErjungung'{éflaches; - répfoduétion (aré§} 
frodig {t), uppig, - 1uxu¥iant - | |
fro (tallar, ~trsd), Samen {baune) - seed (tree)

fuktig, feucht, -~ danp..

gallring (syta, - sforsok}, Sur¢hforstung: (sflache, ~-sversuch), - -
thinning, (area, exgeriment)

genonarbetad, durchgewahlt., ~ rooted up, prepared by ploughing
genonsipprande vatien, durchsicherndes Vlasser - seeping water
genomvavd, -t, durchwoben, - woven through

+

graal, ~ Alnus incana

gran (=barr, -skog), Fichto {~nnadeln, -nwald), spruce {necedles, forest)
groddplantor, Keinpflanzen, - gerninating plants
grynstruktor, Krunelstruktor, - crumb structure

hall, - stones with flat tops

hygge ; Kahlschlaglache, - clearcub area
illa behandlad, ubel ‘mitgefshiren, - badly tréated-(mgnagéd) Lo A
inblandning, Eimischung, - intrdduction, nixture

ingen, kein, - none

Jemforelseyta, Vergleichsflache, - check plof; control aresy

kal (yta), Kohl (flache), clear-cutting, clear-cut ares
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kalk (-glskende, -herb,:—sten ) Kalk { llebend —berg,—«steln)
Line (—loving, nountain, stone)

kalliknande floden, quellenartige Grundwasserlaufe; spriﬁg;liéeiﬁét;fsr

(i) kant (en av), (am). Rand (voﬁ),~(bn) the edge {of} i |

klunpstruktur, Krumelstruktuf,:—véruﬁb sfrﬁbture -

krakris, - Eapetruna nigrum

krongallring, Hochdurchforstungs, - high-cut, German nethod.,

Kvave, Stickstoff, - nitrogen |

lav{at, -behahigd, -flaok, ~rik, =-tacke, ﬁlechté («n,'nbehangen, Fleck nit,
sn, =reich, -ndecke}. Lichen (-covered, spot with -, lichen

abundant, =~cover).

lag, niedrig, - low |

laga, uagefsllener Stamh, ~ felled (ﬁrunk)

laggallring, niederdurchforstung, - low-cut, French nethod

lark, Larche, - larch

lera, Lehn, - joan

- 1lid, sanfter Abhang, -~ gentle slope

lingon, Preiselbesere, - red whortleberries {Vacciniun vitié idaea}

linnee, ~ Linnsea borcalis

ljung(hed}, Heidekraut (Heide), - heath herbs, heath.

ljusgron, hellgrun, - light or bright green

los(t), locker, wenig zusamnienhaltend, - loose, lightly held'together
lopande arlig tillvaxt, jahriicher laufender Zuwachs,-cprren§ amnual grovwth
lov, Laub, - lecaf B o
lucka, Llchtung, Lucke,- clearlné, opening (throuéhrcanopy, glade)

lucker, locker - loose, llght | |

lund, Hain, - grove

naktig(t}, machtig, - thick, heavy



mor (~-granar, ~tallar) uwavuchsige kleine (Fichte, Kiefern)
poorly growing {spruce, pineg)

massvis, massenhaft, - nassed together, in masses
matta, {-or), Matte(n), Teppich {e}, - meadow, carpet
markbetackning; Bodendecke, ~ ground cover (vegetation)
nagkar, trner, - woms

nattligt, massig, - noderate

nedelalders, nittelalirig, -~ niddle-aged

metreskar, Regenwurimer, - earth- or (dev-) worns, (Lumbricus terrestr)
moran, lorane, - noraine

morkgron (a), dunkelgrun, - dark green

moss(~flack, -rik, -itacke), Moos (~flecken, -reich, -decke) = moss
multna, vermodern, - decompose

tiyr {en}, (das) door, (%he) Moor

nagot, ein wenig, - a little

nastan, - fast, almost, nearly

norsluttning, Nordsbhang, - northern slope

o{ar}, Insel (n} - island{s)

oppen, offen,-open

obrand, -%, nicht gebrannt, - unburned

odon, - Vaccinium uliginosun

oritbunkar, Farne, - fern

orord, ungerth2t, - untouched, unchanged

ort (-er, rik, -vegetation}, Kraut' (~er, ~erreich, ~ervegetation)
hWrb, {herbs, rich in herbs, herbaceous vegetation)

prov(ytal), Probve (flache), - test, sarple {spot) area

-52~

&




reni{t), - rein, ~ pure
renldv;:ﬁenﬁtierfieéhté';.réindéer;mdss'.

rensa, -d, reinigen, gereinigt, - cleansea‘guriféedlr‘
riklig (are), reichlich(er]), =~ richly,

rig, Zwergstrauch, auch Reisig, - dwarf bush, also faggots

rorlig{t}, beweglich, - mobile, lively
rostjord, Orberde, - {reddish collored-rich layer)
rotter, wurzeln, - rools
sandblandad, nit Sand véemischt, - nixed (blended) with sand
sanka, Vertiefung, - hollow
gidlant {mayk} nacs{er Boden), low-lying, marshy, (sqil,ﬁg;qund)"
silvergran, fame, - fir
skikt, schieht, - borizon, layer
skog, Wald, - férest
skott, Tried, - sprout, shoot
- Skreva, Kluft, Riss, - pleft, crack, fissure
Siotténhdrk, Mahwiese, - hay-field, cropped ground.
sluten, geschlossen,\— closed .
giuttande, geneiget, - inclined, sloping .
sorlendsk, sudschwedisch, - south Swedish = . L

sme., kieine, - small

smarre, kleinere, - smaller
sparsamt, sparlich, - infreguent, sparing
stubbe, -ar, Stwmel, - stuap, stub

svag {t}, schwach, - weak
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svart, schvarz, - black

sved, ~ja, abgebramnte Flache, abbrennen, = burned area, (fire clearancel},
. burn up

svedning, abbrennen - clearing by fire

svedjebestand, Bestand aul abgeﬁranntem Boden, - stand on purned ground
tackanle, deckend, - covering

tall (hed}, Kiefer (nheide}, pine {heath) -

tat, dicht, - thick, dense

tillvaxt, ZuWachs,'- growth

toryr (t}, trocken, - dry

torvdy, starkt huﬁifér {hunifizierte) - Torf, strongly hunified peat
torwmark, Torfboden, - peat soil ‘

tunn, -t, dunn, - thin

under, unter, - under

ungplantor, Jungpilazen, - young plants

upptorka (de), vertrocknet, - dried {up)

ur (berg), -skog}, Ur {~gestein, —wald), ~prinitive, virgin (gaeiss, prinsevel
forest)

nthuggen, ausgehauven, - cut oub

utned vagkanter, zn Vegrainen entlang, - plong the sides of the road

utpraglad, -t, ausgepragt, - narkedly

a1l (sluten), gut [geschlossen), well closed .

vanlig, haufig, gewohnlich, - frequently, usuzl

vaxtiig, gutwachsig, - growing well

vittring (sjord), Verwitterung (svoden), disintegration,:weathefed soil

yngre, junger (e}, ~ younger
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