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THERMAL DECOMPOSITION CHARACTERISTICS OF HUMUS
HORIZONS FROM CULBIN FOREST

J. M. BRACEWELL and G. W. ROBERTSON
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(Received March 10, 1974)

Differential thermal analysis in an oxygen atmosphere and pyrolysis in vacuo com-
bined with mass spectrometry have been used to follow the transformations occurring
during the humification of vegetation. Two processes are indicated, one, apparently
enhanced by liming consisting of oxidative degradation and the other corresponding
to degradation of organic components with high thermal dissociation energies. At the
base of some profiles the humus has characteristics close to those of translocated humus
in freely drained soils.

At Culbin (Laigh of Moray) Forest, Morayshire, planting of trees directly on
dune sand began in 1922. Since the sand itself contains only about 0.06 %, carbon,
the soil profiles that have developed are detived from a known and well-defined
vegetation type and complications arising from changes in vegetation and land use
are absent. These soils are therefore suitable for thermoanalytical study of the
transformations occurring during the change from freshly deposited vegetation
to humified material.

In a differential thermal analysis (DTA) study of pine needles, using an oxygen
atmosphere, Mitchell and Birnie [1] have noted marked changes in the exothermic
peak pattern after leaf fall. The same DTA technique has been employed in the
present study and supplementary evidence 1s provided by rapid vacuum pyrolysis
followed by mass spectrometric examination of the volatile products [2].

Experimental
Materials and methods

The typical soil profile is still essentially as described by Ovington [3] in 1950,
consisting of a continuous organic layer up to 7 cm thick overlying the dune
sand. In the organic layer, beneath the surface covering of recently fallen litter,
two layers can usually be distinguished: an upper L layer of relatively undecom-
posed litter and a lower more darkly coloured F or F/H layer of decomposing
plant remains. In places the underlying sand is stained by organic matter for some
2—3cm below the base of the organic layer and at its base there is a sharp bound-
ary to the aeolian sand.
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118 BRACEWELL, ROBERTSON: THERMAL DECOMPOSITION OF HUMUS HORIZONS

In the autumn of 1972 four profiles were selected and sampled for study:

Profile 1: Under Scots pine (Pinus sylvestris), the litter consisting entirely of
pine needles. Freshly picked needles, newly fallen needles, the L layer and the F
laver were sampled.

Profile 2: Under Birch (Betula alba) on the top of a knoll, the litter consisting
almost entirely of birch leaves. Fresh leaves, recently fallen leaves, the L layer and
the F layer were sampled.
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Fig. 1. DTA curves for samples from Profiles 1 (a—d), and 2 (e—h): (a) — fresh pine

needles (7 mg); (b) — recent litter (3 mg); (¢) — L horizon (3 mg); (d) — F horizon (3 mg);

(e) — fresh birch leaves (5 mg); (f) — recent litter (3 mg); (g8) — L horizon (3 mg); (h) —
F horizon (3 mg)

Profile 3: Under Scots pine where there was a predominant ground cover of
moss, mainly Hypnum cupressiforme var. ericetorum. The moss, a very dark
“brown (10YR3/2.5) fibrous L/F layer with abundant decaying pine needles, and
the underlying organic-stained sand were sampled.

Profile 4: Similar to Profile 3, but treated in 1968 with ground limestone at
the rate of 2500 kg/ha as part of a study on nitrogen mineralization [4]. The sur-
face moss, a very dark greyish brown (10YR3/2) fibrous F layer, a very dark grey
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(10YR3/1) more humified F/H layer, a second very dark greyish brown (10YR3/2)
fibrous F layer and the underlying organic-stained sand were sampled.

Samples were passed through a 5 mm sieve to remove twigs and stones, dried
at 100° and ground in an agate ball mill to approximately 30 ym diameter. For
DTA a sample of a few mg (actual weights are indicated in connection with the
curves in Figs 1 and 2) was placed in a shallow aluminium pan in the differential
scanning calorimeter cell of a Du Pont 900 Differential Thermal Analyzer, an empty
pan being used as reference. The heating rate was 10°/min and the oxygen flow-rate
was 200 ml/min.
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Fig. 2. DTA curves for samples from profiles 3 (a—c) and 4 (d—h): (a) — fresh moss

(3 mg); (b) — L/F, horizon (3 mg); (¢) — stained sand (60 mg); (d) — fresh moss (3 mg);

(¢) — upper F horizon (3 mg); (f) — F/H horizon (3 mg); (g) — Lower F horizon (3 mg);
(h) — stained sand (52 mg)

Samples of | mg were used for pyrolysis combined with mass spectrometry.
The samples were pyrolysed at 770° in vacuo (10—? torr.) in a Curie-point pyro-
lyser, the volatile products being examined on an AEI MS10c2 mass spectro-
meter as already described [2].
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Results and discussion

In addition to a small endothermic peak below 100°, the DTA curves (Figs 1
and 2) for freshly picked or newly fallen vegetation show three well-defined exo-
thermic peaks — in agreement with previous observations [1, 5]. For purposes
of discussion these will be termed peaks I, II and III, peak I being in the range
200—380° with peak temperatures at 300—320°, peak Il in the range 370—455°
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Fig. 3. Mass spectra of pyrolysis products from samples of profile 3: (a) — fresh moss;

(b) — L/F horizon; (c¢) — stained sand
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with peaks at about 410° and peak I1I in the region 450 — 550° with peak temper-
atures at 465— 505°.

Two changes in the DTA curve occur with depth: (a) peak I1I tends to decrease
in size, eventually disappearing (cf. [1]); (b) peaks I and II tend to broaden and
merge. These features are particularly clear for Profiles 1 and 2 (Fig. 1) where
peak 111 is poorly developed for the L layer and is absent on the curve for the F
layer whilst peaks I and II broaden and partially superpose in the F layer. The
surface vegetation of profiles 3 and 4 yields three clear peaks (Fig. 2). In the L/F
layer of profile 3 peak 111 is absent and peaks I and II are broader; the stained sand
yields no separate peak II but the tailing towards high temperatures suggests that
it has merged with peak 1. The curves for both the stained sand and the lower F
layer of profile 4 are similar to those for the stained sand and L/F layer of profile 3,
respectively. The F/H and upper F layers of this profile, however, whilst showing
pronounced merging of peaks I and II reveal no marked decrease in size of peak
1. This less common pattern presumably reflects the effects of liming some four
and a half years earlier, since below the F/H layer the normal trend is observed.

As an example the mass spectra of pyrolysis products of samples from profile
3 are reproduced in Fig. 3, relative peak heights at the various mass numbers
(m/e) indicating relative amounts of CO, CO,, various hydrocarbon groups,
etc. [2]. The amounts of hydrocarbons and other organic molecules decrease down
the profile and the underlying stained sand yields a pyrolysis pattern character-
istic of the translocated humus found in the B horizons of freely drained soils [6]
— i.e. alow CO : CO, (m/e 28 : m/e 44) ratio and very small amounts of hydro-
carbons and minor volatile products, except for benzene at m/e 78. The pattern
from other layers with a high CO : CO, ratio and a large amount of hydrocarbons
resembles that for more humus [2].

In some instances variations in peak heights parallel changes on the DTA curves.
For example, from the selected information in Table 1, the m/e 28 : m/e 44 ratio
varies in the same manner as peak I, both showing similar step-wise decreases
in size with depth in profiles 1, 2 and 3 and a more complex behaviour in profile 4
where they decrease for the upper F and F/H layers, increase in the lower F layer,
and subsequently decrease for the stained sand. The values for m/e 15 and m/e 30
also show some correlation with the size of peak IL. Of the many peaks that
decrease in size down the profile only those at the m/e values 29, 31, 42, 43, 58,
60, 74 and 86 - which are those mass numbers likely to arise from oxygen-
containing products such as alcohols, aldehydes and ketones - do so in steps
approximately parallel to the decrease in size of peak IIL

Since the increasing degree of humification with depth that is visible in these
profiles is accompanied by the decrease in the amounts of almost all the minor
volatile products of pyrolysis, it could be assessed from the decrease in abundance
of any of these. On the other hand, DTA curves show two kinds of change namely,
the decrease in size of peak 1II and the decrease in resolution of peaks I and IL
The decrease in size of peak III and concomitantly of certain mass peaks suggests
the degradation of materials that are present in the undecomposed litter. Although
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no specific plant component could be associated with peak Il in earlier studies,
humic acid from peat yields a third peak in the region of 500°, which is chiefly
associated with the fraction soluble in alcohol-benzene [1, 7]. From the high tem-
perature of decomposition the materials yielding this peak must have strong bonds
and high dissociation energies.

Earlier studies [1] on peaks I and II have suggested that the latter results from
the oxidative decomposition of compounds containing relatively non-volatile or
strongly bound carbon atoms whereas peak I results from the oxidation of more
readily volatile materials with oxygen-containing groups. Thus, oxygen-rich mate-
rials such as cellulose, holocellulose and simple sugars yield a curve with a large
peak I and a small peak Il whilst materials with higher carbon contents, such as
humic acids, lignin and p-aminohippuric acid yield a curve with a small peak I and
a large peak II [1]. The present study has shown the size of peak Il to be associated
with that of the CO : CO, ratio in the volatile products, which is itself related
to the degree of oxidation of the organic matter. This is in agreement with previous
observations from DTA and DTG which have shown an association between
degree of humification and the proportion of oxygen-containing functional
groups [1, 8]. The beginning of such a process is therefore indicated here by the
changes in peaks I and II, particularly in those horizons that show the influence
of liming in profile 4.

From the results for profile 4 it is also apparent that the two processes envisaged
— i.e. decrease in amount of strongly-bonded compounds with high dissociation
energies and increase in the number of oxygen-containing functional groups —
do not necessarily occur together, nor is one a necessary precursor of the other.
Experimental evidence also shows that the staining of the underlying sand is due
to humus very similar to the translocated humus found in the B horizons of freely
drained soils — i.e. it is highly oxidized and relatively simple in chemical structure.

%

We express thanks to Dr. B. L. Williams for help with the choice of sampling site and
Mr. R. Swaffield for providing the DTA information.
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RESUME — Afin de suivre les variations qui ont lieu lors de ’humification des substances végé-
tales on a utilisé I’analyse thermique différentielle en atmosphére d’oxygéne et la pyrolyse sous
vide combinées avec la spectrométric de masse. Deux processus sont indiqués: 'un d’eux
semble é&tre intensifié par la calcification et consiste en une dégradation oxydante tandis que
P’autre correspond a une dégradation de composés organiques avec une énergie d’activation
€levée. A la base de quelques profils, 'humus montre des caractéristiques similaires & celles
observées chez les humus déplacés des sols & infiltration libre.

ZUSAMMENFASSUNG — Differentialthermoanalyse in Sauerstoff-Atmosphire sowie mit Massen-
spektrometrie kombinierte Vakuumpyrolyse wurden zur Verfolgung der Verdnderungen
wihrend der Humifizierung der Vegetation eingesetzt. Zwei Prozesse werden angedeutet, der
eine, welcher anscheinend durch Verkalkung verstirkt wird, besteht in einer oxidativen Zer-
setzung und der andere in der Zersetzung organischer Komponenten von hoher thermischer
Dissoziationsenergie. Aufgrund einiger Profile besitzt der Humus Eigenschaften, welche den
der iibertragenen Humus-Arten frei sickernder Béden nahe stehen.

Pestome — JnddepennualbHblii TEPMAIECKHIT aHaM3 B aTMOC(hEpe KHCTIOPOJA M NHPOJIH3 B
BaKyyMe B KOMOHMHALIMH C MAcCC-CIIEKTpOMeTpHe# OBIT WCIIONB30BaH, YTOOH MPOCIEOATH 33
NPEBpAIICHHAME, NPOUCKOMANIMMH IIPH TYMH(MDUKCALUH DPACTHUTENLHOCTH. YCTAaHOBICHO ABA
TpOLIEcca, B3 KOTOPBIX ONUH, OYEBHIHO, 3aKIIFOYAETCA B OKHCIUTENBHOM Jerpajaliuy U KOTOPHIH
HOBBIIAETCA NPU H3BECTKOBaHMM. JIpyroii xe 3aK/OYaeTcs B.COOTBETCTBYIOUIEH Nerpanandn
OPraHM4ECKHX KOMITOHEHT C BEICOKAMH TEPMHUYSCKUMU JHEPTHAMHE TUCCOLMaluu. B obmmx yep-
TaX HCCICXOBAHHBIN IyMyC HMEET XapaKTePUCTHKH ONH3KHUE K TYMYCY OCYLICHHBIX HOYB.
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