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Two decades of research in Sweden show differences in composition and quantity of
humus throughout soil layers from varying fertilizer applications.
WILLIAM F. BRINTON, JR.

A FIELD EXPERIMENT with four
year crop rotations was conducted at
Jama, Sweden (59°N, l8°E) beginning
in 1958. Integral effects on produce
and soil as "influenced by different
types of soil amendments from con
ventional to organic were described in
several reports [see Pettersson and
Wistinghausen, 1977]. Our contribu
tion in this endeavour concerns appar
ent changes in the humus chemistry
after almost two decades of treat
ments.
Soil humus may be suspected to be
exceedingly complex, as it derives
from vastly different plant and animal
matter. Yet, elemental composition as
with refined chemical description re
veal a surprising conformity of humus
formed in different soils under widely
varying climatic conditions [Schnitzer
and Kahn, 1972]. Soil humus is derived
from soil organic matter and it is a
matter of definition how to clearly sep
arate the two. Organic matter is often
consumed with surprising rapidity in
soils; yet, in some circumstances it
may. persist for periods approaching
2000 years [Scharpenseel, 1971;
Campbell, 1967].
We view humification as a combina
tion of biochemical degradation and
microbial synthesis steps leading to the
formation, of hurrius substances with
new properties not shared by the
source materials.
The author, currently co-director at
Woods End Laboratory in Maine, was
formerly research assistant at the
Scandinavian Research Circle, Jiirna,
Sweden. This research project was sup
ported by the Institute for Biologicalv:"'Dynamic Research in Darmstadt, Ger
many and by the Scandinavian Re
search Circle.
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Classical chemical separation of
humus distinguishet, humic and fulvic
acids, humates and humins. Humic
and fulvic acids, resulting from al
kaline digestion, may be grouped to
gether as the most active of these frac
tions. Chemical deposition of humic
and fulvic acids by inorganic cations,
principally caJcium and magnesium in
near neutral soils and iron and alumi
num in acid soils, results in the forma
tion of humates (also fulvates) which
are largely insoluble and arbitrarily
classified as either organo-mineral
complexes, chelates, or in classical
German usage, gray humic acids. Fi
nally, humins may be regarded as the
most highly insoluble and inactive
Humus so.obstamces are formed
wU:h new properties not shared
by the s@ull'ce materials.

humus fraction, believed to be depos
ited with soil minerals, either within
their lattices or on their surfaces, de
pending on the minerals and the humic
acid composition [Kononova, 1966].
The emphasis on chemical structure
of humus almost overshadows the fact
that it is largely of microbiological ori
gin [Williams, 1902; Kononova, 1966;
Ktlhnelt, 1961; Hartmann, 1965]. To
gether with this trend, the con
ventional predominance of use of inor
ganic nutrients for food and fiber pro
duction has tended to obscure our un
derstanding of the significance which
organic matter and humus bear for soil
productivity [Eckholm, 1976; Flaig et
al., 1977; Pauli, 1961].
· Materials and Methods
The field experiment: The field lay
out originally embraced eight different

fertilizer variants within a four-fold
crop rotation (wheat - clover/grass potatoes - beets) designed so that each
crop was growing each year (see Di
agram 1). Although we investigated all
the original eight variants, we have
confined our results to a description of
the five main treatments, as follows:
Variant

Treatment

I.
farmyard manure, composted with addition of 1%
meat and bone meal. each; 4.4 metric ton/hectare/
,,year dry basis
II.
farmyard manure, fresh, with meat and bone meal,
as above; 4.1 I/ha/yr dry basis
Ill.
farmyard manure, fresh; 2.2 t/ha/yr combined with
inorganic NPK 15:13:22 kg/ha/yr

IV.

control, no treatment
V.
inorganic NPK; 62:53:86 kg/ha/yr (medium rate)

key: metric ton/ha & kg/ha x 0.9 gives US ton/a &
lb/a, resp.

In actuality there were two almost
identical compost treatments and three
inorganic NPK treatments imple
menting low, medium and high appli
cation rates. Fertilizers were not ac
tually applied every year, but on a four
year basis with 40 and 60% put down
on the potato and beet rotations' re
spectively, with the exception that
,where inorganic treatments were used,
20% of the 4-year allotment for nitro
gen was applied to the wheat rotation.
Humus determination: Soil samples
for the topsoil (0-lOcm) and subsoil
(25-35cm) were taken in Fall 1976 from
each of the wheat parcels, air dried,
ground to pass a 1 mm sieve and stored
6 months prior to analysis. Humic and
fulvic acids (hereafter referred to
jointly as humic acids) were extracted
Compost Science/Land Utilization

100

I. COMPOST

II.

FYM

Ill. FYM + NPK
/

subsoil

topsoil

<00

I

I

I

I
I
1

I
I

r

IV. CONTROL

I

Diagram 2. Relative percent humic acids� and humins c=JJn the
topsoil and subsoils after 19 years vaiy treatm_ents.

TABLE 1. Relative content of humic acid and i111.JJmin in
topsoil cllllld SI.Jlbsoil samples
%Humic acids

Treatment

I.

Compost

II.

FYM

Ill.

FYM &
NPK
Control

IV.
V.

lnorgan.
NPK

topsoil
subsoil
topsoil
subsoil
topsoil
subsoil
topsoil
subsoil
topsoil
subsoil

particularly in relation to the type of
soil management. In our view, the re
sults also underscore the significance
of the available humic acid pool of soils
in relation to these features.
Conclusion

Cursory review of the currently in
creasing wealth of information relating
to effects of organic amendments on
soil structure and productivity shows
that these effects are exceedingly
broad, influencing such features as
water holding capacity, compactibil
ity, cation e,icchange capacity, chelat
ing ability, nitrogen release, phos
phorus fixation and more [Schnitzer
and Kahn, 1972; Russel, 1974; Larsen,
1968]. Additionally, there remains lit
tle doubt any more as to the fact that
'""' Humic material cycling
in soils must lbe researched.
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Treatment

I.
II.
Ill.
IV.
V.

36
63
37
72
47
27
45
36
30
44

Compost
FYM
FYM+NPK
Control
NPK

Humic Acids,
· kg/ha

%change
over control

48,800
48,300
24,300
34,400
29,700

+ 42
+ 40
29

0

- 14

note: data adjusted for soil bulk density

l

I

V. N P K

TABLE 2. Humic acid pool for the topsoil and subsoils

TABLE 3. flhu1mate humic acid pool for the topsoils
·Humates,
kg/ha

Treatment

I.
II.
Ill.
IV.
0

Compost
FYM
FYM+NPK
Control

V. NPK

%change.
over control

13,700
11,000
11,400
8,800

+ 56
+ 25
+ 30-

10,900

+ 24

0

% Humins

64
37
63
28
53
73
55
64
70
56

TABLE 4. Quotient 4651665nm of humic acids
Treatment

I. Compost
II. FYM
Ill. FYM+NPK

IV. Control
V. NPK

humic acids, especially in their more
available forms, are physiologically
active constituents of the soil-plant
system [Flaig et al., 1977; Prat, 1962;
Ku-Tsen-Chui, 1962; Vaughan and
Macdonald, 1976]. These physiologic
attributes of humic substances, to
gether with their physico-chemical
traits, make it difficult to separate and
distinguish the causes of alleged in
creases in soil productivity associated
with organic treatment.
Although the foregoing field ex
periment was not set up with rep
lications of individual treatments,
precluding careful statistical analysis
of the results, we nonetheless believe
that the 19-year history of consistent
management compensates for this de
ficiency. Under the soil and climatic
conditions which obtain for the ex
periment, the various treatments have
distinguished themselves clearly over
the years [Pettersson and Wisting
hausen, 1977].

/

Topsoil

Subsoil

8.1
8.4
8.2
7.2
8.5

7.0
7.6
10.5
8.3
9.3

On the basis of these results, it is not
possible to pinpoint cause - effect
mechanisms which have been influen
tial in determining the whereabouts
and condition of the humic consituents
of the soils. The cycling of organic
matter in soils, its dissolution, deposi
tion and re-solubization, has a number
of physical-chemical-biological coroi
laries not easily categorized as either
cause or -effect. The aforegoing results
underscore in our view the importance
of studying humic material cycling in
soils, particularly in relation to source sink cycles and their biological associ
ations.
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Diagram 1. Field layout for the Swedish
experiments. Numbers refer to treatments;
letters to rotations.

using 1) 0.1 N NaOH at 25 ° C and
humic acids + humates using 2) 0.2 N
NaOH + 0.2 M Na4 P 2 0 7 (v+v) at
25° C. After an initial 6 hour extraction
period for each method, the samples
were decanted and re-extracted with
fresh solution for the same period and
the solutions combined for analysis,
with all procedures performed in du
plicate. The concentration of humic
acids in aliquots was read spectromet
rically against a calibration curve pre
pared from a humic acid standard
preparation (supplier: Fluka Labo
ratories, Switzerland) according to
Springer' [1948]. We relate the ex
tracted quantity of humic acid to the
organic matter content determined by
the Lichterfelder wet oxidation tech
nique [Schlichting and Blume, 1966] to
arrive at per cent humic acid, the dif
ference from 100 representing the
non-extractable humin portion. By
subtracting the quantity of humic acid
determined for the second extraction
procedure from that of the first we ar
qive at humate humic acid. The slope of
the optical absorbance curve in the
visible range of the spectrum was deSevtember/October 1979

termined from the ratio of absorbance
between two wavelengths, 465 and 665
nm [Welte, 1955; Scheffer, 1952]. Data
for soil bulk density, soil pore space,
number of earthworm (Lumbricus ter
restris) canals, dehydrogenase activity
and CO 2-respiration for these soils
were supplied us by the institutes
which collaborated in this study.
Statistical analysis: The field ex
periment did not incorporate rep
lications and therefore it was not pos
sible to statistically test the differences
between individual treatments. In
testing the significance of correlations
between the treatment effects, we
have used data from all original eight
variants. To test the possible signifi
cance of differences between inorganic
and organic treatment per se we have
grouped the three strictly organic var
iants (compost 1, compost 2, and
farmyard manure 3- see Diagram 1) as
one type of treatment and the three
inorganic variants (low, medium, high
application rates- 6,7,&8 in Diagram 1)
as the second type of treatment and
conducted variance analysis on data
from these variants.
Results. and Discussion

In Table I and Diagram 2, we depict
the relative quantities of humic acids
and humins for the topsoil and subsoil
samples.
With the exception of treatment III
(FYM + NPK), fertilization in general
has tended to decrease the relative
portion of humic acids in the topsoils
and increase them in the subsoils in
relation to the control. On an absolute
basis, the available humic acid pool for
the topsoil and subsoil has been in
creased with organic treatment and
decreased with inorganic treatment,
with the combination of manure and
NPK (treatment III) responding much
more like the inorganic than organic
treatments (see Table 2).
When we group all the organic
treatments as against the inorganic
ones, as described earlier, the quantity
of humic acids in the topsoil + subsoil
samples is greater in the organic var
iants at a statistical level of 90% (i.e.
10% chance that differences are due to
error) and for the subsoils alone the
difference is statistically significant at
the 95% level.
Additional extraction to release
humic acids bound by inorganic cat
ions as humates give the following data
(see Table 3).
The least amount of inorganically

bound humic acids was observed in the
control soil, and all fertilizers have
brought an increase in levels, most
markedly where the compost treat
ment has been used, a feature under
scored by earlier work with compost
[Springer, 1949].
The slopes of the humic acid absor
bance curves are shown in Table 4.
In the topsoils the absorbance slope
increases slightly with fertilization and
paralleled an increase in organic mat
ter (the correlation was not statistically
significant). In the subsoils there is
greater differentiation, with the absor
bance slopes for the organic treat
ments declining over that of the control
and with inorganic treatment increas
ing over the control. Here again, the
combination of manure and inorganic
NPK has given results more indicative
of the inorganic than organic treat
ment. The observed absorbance slopes
showed a close relation to the amount
of humic acids available in the sub
soils, declining as the humic acids in
creased. This relationship was highly
significant (r = 0.86**) at the 99%
level. We believe this fact must be in
terpreted in view of biological fea
tyres, as will be discussed. A lower
absorbance slope is seen as indicative
of increased humification through
polymerization and subsequent dark 
ening of humic acid molecules [Welte,
1955; Scheffer, 1952; Schaefer, 1963;
Hoffman, 1964].
In the topsoils the apparent changes
in humic acids and humins do not show
appreciable relationships to the type of
soil treatments. However, in the sub
soils they clearly do, and a number of
the observed responses are closely re
lated to each other. Here, an increase
in humic acids in the subsoils parallels
a decrease in compaction as measured
by bulk density and an increase in
water holding capacity measured as
pore space; both relationships are
highly significant at the 99% level (r =
0.86** and 0.84**, respectively).
Additionally, the increase of humic
acids parallels increases in biological
acuvity as ineasured by CO 2 -res
piration, dehydrogenase enzyme ac
tivity and quantity of earthworm
canals; the relationships are all signifi
cantly correlated at the 95% level (r =
0.73*, 0.78* and 0.76*, respectively).
The nature of these relations between
the various observed effects of differ
ent fertilizer treatments are evidence
to us of the importance of biological
features in soil humification processes,
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