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Summary—Samplesofaslightlyacid sand soilweresubjected tofrequently repeated cycles of drying(85
or 30°C),moisteningand incubation (29°C,4weeks).Duringabout 60cycles the loss ofcarbon, as C0 2 ,
from thesamplesdriedat85°C,30°Cand theundried oneswasfound to be31-2, 18-0and 17-0%,respectively.A complete depletion ofdegradable material wasnotachieved after 60drying-wetting cycles.After
60cyclesthe85°C-samplesstill showed thehighest C02-production.
Themicrobial population wasreduced innumbers and speciesinall samples.The highest numbersof
bacteria and fungi werefound inthesamplesoriginally dried at85°C.However, onlyarelative low proportion ofthesemicroorganisms could grow onlesseasilyaccessiblesubstrates.
Data on changes inthe pH and on the C/N ratio ofthe organic matter are discussed, together with
possiblewaysinwhichorganic matter becomesavailable duringheating.
was replenished. The water content of the differently
dried samples varied less than 1 per cent, so they
received initially the same amount: 20g/100gdry soil
(the relation between water content and C 0 2 production ofthis soil isgiven bya rather flat curve in the
range between 50and 70per cent of thewater holding
capacity). In the course of time less water was
replenished,duetoadecreaseofw.h.c.mainlyasa result
of rapid loss of sorption capacity of soil colloids,
especially inthe samples dried at85°C, and ultimately
also duetolossoforganicmatter.The undried samples
were also mixed andreceived water ifnecessary. The
sampleswere aerated with C02-free, moist air. During
the first 2hofincubation the samples were aeratedat
increased speed togetridof non-biologically produced
C 0 2 . After that C 0 2 evolvedfrom the soilwas trapped
in an NaOH solution (1 N, or 04N later) and determined titrimetrically (Birch, 1959).
In some short-term experiments theC 0 2 evolution
was recorded bya high-frequency technique (Bruins,
1963).
The incubation ofthe soil samples was carriedout
at 29°Cfor periods of 4weeks.
Carbon inthe samples was determined accordingto
a standard dry combustion method (Spithost, 1932).
To determine theeasily decomposable fraction of
soil organic matter, small subsamples, less than 1 g,
were suspended ina nutrient solution, adjusted to the
soil's pHandsubjected toforced aeration ina closed
circuit.The C 0 2 was removed from the airanddetermined (Bruins, 1963).Additional 0 2 could be supplied
if necessary. The nutrient solution contained: 2 g
KH 2 P0 4 ; 1g MgS0 4 .7 H 2 0 ; 1g N H 4 N 0 3 ; 01g

INTRODUCTION

Birch (1958)reported onthe effect ofsuccessive cycles
of drying (100°C),remoistening and incubation on the
mineralization ofsoil organic matter. Inacid soil (pH
4-8) the decomposable material was practically
exhausted after 12cycles,during which the soil lost9-5
per cent ofits organic matter. Ina soil with a higher
pH (6-4),thecycles could berepeated over 200 times
before C 0 2 production ceased;63-5per cent ofthe soil
organic matter was then decomposed (Birch and
Friend, 1961).
Here a report is given of experiments similar to
those by Birch andFriend, butwith a slightly acid
sand soil (pH 5-2).Soil samples were dried attemperaturesof30and 85°C,and compared with samples that
had never been dried. The aim was toexhaust the soil
in such a way that decomposition had practically
ceased and todetermine then the degradability of the
remaining soil organic matter and the C/N ratio
reached, andtogetsome information on changes in
microbial life.

MATERIALS AND METHODS

The soil used wasa Pleistocene sand soil used as
arable land; pH (water) 5-2;C3-13%;N0-16%.
Drying at 85°C lasted 1day; drying at 30°C lasted
3days.After drying the sampleswere remoistened with
freshly deionized water, homogenized by mixingand
rubbing through asieve (3mm mesh),and placed into
incubation tubes (initially 500gdry soil;later 100g in
smaller tubes).Theamount ofwater lost during drying
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CaS0 4 ; 0-1g NaCl; 10mg FeCl 3 ; 10 ml soil extract;
and 1litre tapwater. The subsamples were inoculated
with identical, small amounts of a fresh soil suspension. A determination ran in two-fold and was
repeated once.
The numbers of micro-organisms were estimated
usinga soilextract agar (Bunt and Rovira, 1955).Silica
gel plates were prepared according to the method
employed by Smith (1951), improved by Giambiagi
(1965).The following media were used:
Soil extract agar 1 (s.e.a. 1). A modified Bunt and
Rovira agar, containing: 1g glucose; 0-4g bacteriological peptone; 0-2 g yeast extract, 0-2 g meat extract
and;100mlsoilextract (Lochhead, 1940)instead of the
original amounts.
Soilextract agar2(s.e.a. 2).According to Lochhead
(1940).
Starchagar. Prepared with potato starch.
Cellulose agar. Prepared with hydro-cellulose
according to Harmsen (1946),who used a modification
of Scales' method (1916).
Calciumcaseinateagar. Preparation. Solution A: 1
g casein isdissolved in 8-7ml 0-1NNaOH plus 25 ml
water by heating gently; when dissolved 225 ml tap
water is added. Solution B: 1 g glucose; 0-5 g
K H 2 P 0 4 ; 0-2g M g S 0 4 . 7 H 2 0 ; trace FeS0 4 ; 5ml of
a
3% (w/v)CaCl2 solution in tap water; 12g agar and
750 ml tap water. The solutions are heated separately
at 105°C for 20 min and after slight cooling mixed
together, and sterilized at 110°Cfor 30min.
Tannicacidagar.Tannic acid (3g);0-5gglucose;0-2
g yeast extract; 0-2g meat extract; nutrient salts as in
s.e.a. 1; 12g agar; water 1litre; bromothymolblue 20
mg; pH to 6-0 with KOH. Glucose, yeast and meat
extract served as a starter for growth.. Organisms
enduringand decomposing tannicacid were estimated.
Under and around well growing colonies the medium
became more alkaline.
The pH of the media was brought to between 6-5
and 7-0unless stated otherwise.

Fig. 1. DailyC0 2 production ofsoilsamples(per 100g,dry
weightbasis),driedat85°C(1)and30°C(2)forthefirsttime,
and undried(3).
After 60repetitions the decomposition rate was still
highest in the soil dried at 85°C, although the differences in C 0 2 production with the other samples had
become rather small.
The ultimate loss of organic matter—measured as
C0 2 —was highest in the samples dried at 85°C,
namely, 977 mg C/100 g soil or 31-2 per cent. In the
samples dried at 30°C and in the undried the carbon
loss was 565 mg or 18-0per cent and 532 mg or 17-0
per cent, respectively.The difference in C loss between
the samples dried at 30°C and the undried samples is

RESULTS

Loss oforganicmatter as C 0 2
The average daily C 0 2 production of each series of
the samples at the start of the experiment is shown in
Fig. 1.The samples dried at 85°C showed the highest
activity,not onlyinaverymarked initial flush but also
inlater stageswhen theactivity ofthe micro-organisms
reached a steady state. The samples dried at 30°C
showed a similar pattern on a smaller scale, but the
levelat steadystateproved often lower than that of the
undried samples.The latter only showed a slightly increased activity at the beginning, due to mixing and
agitating.
During the experiment the magnitude of the flushes,
the steady state levelsand consequently the total C 0 2
production were decreasing. Decomposition curves of
the samples are given in Fig.2.
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Fig.2. Lossofcarbon (asC02) from the samples dried at
85°C(1),30°C(2)and undried (3).ÎpH adjustment.

Effect ofrepeated dryingon humusdecomposition
Table 1. Organic carbon decomposed in samples from different treatments during a 2-week period of forced aeration
("easily decomposed carbon")

Original sample*
Undried sample
30°C dried sample
85°C dried sample

Ccontent
(%)

Cinsample
(mg)

(mg)

Mineralized C

(%)

3-13
2-23
2-03
1-28

626
435
429
286

35
11
7
14

5-6
2-5
1-6
4-9

*Airdried material from theoriginalsample.
negligible.This feature was already known from a proceeding, short experiment.
No correction ismade for C 0 2 losses during drying
(on average 3-6mg C/100 g dry soil in samples dried
at 85°C for the first time; the loss decreased with continued dryings).
The carbon loss in the samples can be calculated
from direct determinations of carbon by dry combustion. The carbon contents of the samples are given in
Table 1, first column. According to this method the
lossinthesamplesdriedat85and30°Candintheundried
ones was 60, 35 and 29 per cent, respectively. These
values are much higher than those measured at microbial decomposition (31, 18 and 17 per cent, respectively).The differences are in part due to accumulated
lossesoffineorganic particles, adhering to the wallsof
the trays inwhich the sampleswerewetted and mixed,
adhering to the sieves and disappearing as a fine dust
when the samples were treated in a dry condition. The
finer the soil organic matter was fragmented the more
material was lost. Fragmentation was most pronounced in thesamplesdried at 85°C,wherealso a loss
of volatile compounds could occur (aromatic aldehydes and acids). This is of minor importance for the
total loss ofC.
Accumulated losses of C 0 2 occurring during drying
contribute to the difference and also losses from the
undried samples, which still mineralized at a lowered
rate when the others were dried.
After the series of 60cycles the samples were stored
in a moist condition in cotton plugged flasks at 29°C
for more than 1year and at about 17°Cfor more than
3 years. Occasionally sterile distilled water was supplied to supplement evaporation loss. During and after
these 4 years, studieswere made as described below.
Theflush
Freshly dried soil shows after remoistening a
markedflushin its C 0 2 production. The magnitude of
the flush depends on the drying temperature (Fig. 1).
In the course of the experiment the amount of C 0 2
evolved inthe flush decreased. At the end of the experiment we wondered if a flush still would exist. To
demonstrate its presence the C 0 2 evolved was measured (Bruins, 1963) and recorded. Samples always
driedat 30or 85°Cwereagain driedat the corresponding temperature, remoistened and incubated (Fig. 3,A
and B).

It isclear that a small flush still exists in both cases.
In the samples dried at 30°Call C 0 2 is produced duringtheflush.The samplesdried at 85°Cshow a quickly
formed flush followed by a continuing C 0 2 production. However, the samples always dried at 30°C and
now by exception dried at 85°C show a distinct flush
and a further C 0 2 'production at a relatively high rate.
Easily decomposable material, not available after drying at 30°C, is apparently formed in relatively large
amounts by heating at 85QC.
Easilydecomposable organicmatter
It is to be expected that the sample which had the
highest C loss would end up with the lowest content
of easily decomposable material. To check this, small
subsamples ofthe different treatments were suspended
ina buffered nutrient solution and subjected to forced
aeration.The C 0 2 evolvedduring 2weeks was used as
a measure of the easily decomposable fraction of soil
organic matter. The results of an experiment are given
inTable 1.The organic matter present in the samples
dried at 85°C still proved more susceptible to microbial attack than that of the samples dried at 30°C or
the undried ones.The high degree of decomposability
of the organic matter in samples which had already

Fig. 3. COz production rate of soil samples, measured at
theend oftheexperiment.A: dried once more at 30°C(#);
B: dried once more at 85°C (O); dried at 30°C, finally at
85°C(A).SamplesA and Ccontained about 110g soil(dry
weightbasis),sampleBnearly 100g.Corrections for thedifference inweighthavenotbeenmade.

156

G. JAGER and E. H. BRUINS

lost the most easily decomposable part of it, is rather
unexpected. Apparently heat promotes continuously a
transition of difficultly decomposable organic matter
into relatively easily degradable organic substrates.
The data for "original sample" in Table 1 refer to
part of the original sample kept in an air-dry state
throughout the experiment. It is known (Birch, 1960;
Jager, 1968), that dry storage of soil during long periods leads to a higher production of C 0 2 when moistenedand incubated than itwould have done in a fresh
condition. Nevertheless, the percentage of mineralized
C is not much higher than for the 85°C dried sample.
pH Changes
pH Changes occurred in the samples as a consequence of mineralization. The samples dried at 30°C
and the undried samples showed a tendency to come
to a lower pH (H 2 0), while the samples dried at 85°C
showed a rise. During the experiment the pH of the
samples was measured at intervals, and if necessary,
adjusted to about the initial pH (5-2) with a dilute
Ca(OH)3 solution or with dilute H 2 S0 4 , to avoid the
influence of too large a pH deviation on the mineralization process.
Table 2. Shifts in pH (H20) in the samples after repeated
drying,remoisteningand incubation, pH at start 5-2(or3-9
inKCl)

After 1 incubation
After 20cycles
After 44cycles
After 59 cycles

Notdried

Dried
30°C

Dried
85°C

4-9
4-4(5-0)
4-8(5-3)
4-8

5-0
4-8(5-2)
5-0(5-2)
4-7

5-2
5-3
6-1(5-3)
5-9

treatments fit in with results of earlier experiments in
which the C/N ratio of the net mineralization (C
mineralized/N mineralized) was determined. In that
case we observed the highest C/N ratio after drying at
85°or 105°C,while itwas lowest after drying at 30°C;
the mineralization of the undried samples showed an
intermediate value (Table 3). These mineralization
valuesexplain the C/N ratios of the remaining organic
matter as found in this experiment. (An enhanced C/N
ratio of the mineralization ultimately leads to a lowered C/N ratio of the remaining organic matter; the
reverse also holds.)
Table 3. Carbon and nitrogen mineralized per 100 g soil
(dryweightbasis)after dryingat different temperatures,and
theC/N ratio ofthe net mineralization
mgC
(A)
Undried
Dried at30°C
Dried at "hightemp.'
Dried at "hightemp.'
+ Ca humate
(B)
Undried
Dried at30°C
Dried at85°C

mg N

C/N

84-6
88-0
48-4

4-46
5-17
7-06

18-9
17-0
21-0

177-i

7-77

22-9

33-4
28-6
51-6

2-13
2-80
2-89

15-7
10-2
17-8

(A) Incubated during three periods of 2, 5 and 3weeks,
respectively."High temperature" dryingoccurred at 30,105
and 85°C, respectively. Calcium humate was administered
at thesecond incubation.
(B) These samples were incubated for one period of 26
days.Thecarbonmineralization, and consequently the C/N
ratio, isverylowafter dryingat30°C.

Valuesinparenthesis show thepH after adjustment.
The changes in pH in the different samples and the
pH values after adjustment are given in Table 2.
The riseinpH isdue to accumulation of ammonium
asnitrification wascompletely inhibited after drying at
85°C. This is a normal feature after treatment of soil
by heat or chemicals whereby biomass is killed. The
nitrifying bacteria are among the first organisms to be
damaged or killed. In the non-dried samples and in
those dried at 30°C nitrification occurred. The formation of nitrate leads to a lowered pH. In the samples
dried at 30°Closs of nitrogen probably occurred from
nitrite (Gerretsen and De Hoop, 1957; Jager 1968)
givinga smaller reduction in pH values than in the undried samples.

The causeofthedifferent C/N ratios of the mineralization is the different way in which biomass and
humus are influenced by heating at differently high
temperatures. Drying at low temperatures exerts a
relativelygreater influence on biomass than on humus.
The C/N ratio ofthe subsequent mineralization isloweredasaconsequence ofthe extra amount of N mineralized from killed biomass (Jager, 1968;Jagnow, 1972).
At high temperatures nearly all the biomass is killed
but a relatively greater part of humus is made available, whereby the C/N ratio of mineralization is
widened. This explanation is supported by the observation that addition of calcium humate in the experimentswhere the soil was dried at 85°C still further increased the C/N ratio of the mineralization (Table 3).

C/N ratioofsoilorganic matter
The C/N ratio of soil organic matter decreased during the experiment from 19-6in the original sample to
14-6 in the samples dried at 85°C. The samples dried
at 30°C, however, had decreased less, i.e. to a ratio of
17-4,while the undried samples showed a value of 15-7.
The divergent C/N ratios resulting from the different

Micro-organisms
We supposed that the microflora in soil samples, in
which decomposition had made so much progress
would beable to mineralize moredifficultly decomposable substrates,and would be present in relatively high
numbers.To test this, suspensions of the different samples were mixed with nutrient salts and humic acids
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Table 4. Growth of microbes from the different samples on tannic or humic acid in silica gel
plates (numbers per gram of dry soil x 103)
Tannic acid

Humic acid
Some minute colonies (10)

Dried at 30°C

Mainly Penicillia and
some Phomopsis sp.(100)
Few Penicillia (10)

Dried at 85°C

No growth

Undried

(0-2 per cent) or tannic acid (0-5 per cent) in silica gel
plates. Data about growth after incubation during 3
weeks are given in Table 4. The lowest numbers were
observed on the plates inoculated with soil from samples dried at 85°C. The microflora of this sample thus
had no greater ability to degrade difficultly decomposable substrates than the microflora of the other samples.
Four years afterwards the numbers of microorganisms were determined more elaborately to get information on the size of the microflora if grown on
media of different composition and accessability
(Table 5).
The number of bacteria developing on s.e.a. 1 were
for the undried samples and the samples dried at 30
and 85°C about 20, 40 and 75 per cent, respectively, of
the number found in the soil at start. The soil was from
a plot lying bare fallow for about 1 year and thus had
relatively low numbers.
The number of fungal colonies was more reduced
than the number of bacterial colonies. The high
number of bacteria in the samples dried at 85°C seems
to corroborate the unexpected result mentioned earlier
(Table 1).
The number of bacteria developing on Lochhead's
soil extract agar was not very different for the three
treatments. The numbers of fungal colonies from the
dried samples were not very different. The highest
numbers were found in the undried samples. The bac-

More frequent growth of
small and minute colonies
(20-30)
Few minute colonies (5-10)

terial numbers on both types of soil extract agar were
identical for the undried samples, but the bacterial
flora of the samples dried at 30°C and even more that
of the samples dried at 85°C seemed better adapted to
the relatively rich nutrient conditions of the modified
Bunt and Rovira agar than to those of the rather poor
Lochhead's soil extract agar.
The ability of the microflora of the undried samples
to hydrolyze starch and casein seemed to be greater
than that of the other samples.
The number of cellulose hydrolyzing bacteria and
fungi was less than 100/g dry soil in all samples.
Fungi growing on tannic acid agar and showing features of its degradation were most abundant in the undried samples; half of this number was present in the
samples dried at 30°C. Very low numbers, less than
100/g soil, if any, were present in the samples dried at
85°C.
The microbial potential to decompose less easily
available substrates was lower in the samples dried at
85°C than in the other samples. In contrast, the
number of bacteria growing on easily decomposable
substances, as in s.e.a. 1, was higher than in the other
samples and formed the majority in the bacterial population. This must be due to a better supply of easily
decomposable substances.
Streptomycetes seemed to have disappeared from all
samples; a few Nocardias were found but only in me
undried samples. The fungal flora in the samples

Table 5. Numbers of bacterial and fungal colonies grown in different media per gram of dry soil
Undried
Bacteria
Soil extract agar 1
Soil extract agar 2
Starch agar
Cellulose agar
Casein agar
Tannin agar

3-2 + 1-1x 106
2-7 + 0-3 x 10f'

*

Dried at 85°C

Dried at 30°C
Fungi

Bacteria

Fungi

Bacteria

Fungi

36 x 103
100 x 103

6-6 + 0-8 x 106
3-5± 0-9 x 106
1-6 + 0-4 x 105
<100
> 4 x 105
0

8 x 103
6 x 103
4 x 103
<100
6 x 102
4 x 103

119 + 1-0 x 106
3-7 + 0-7 x 106
>2-0 x 105
<100
>2-5 x 10=
0

6 x 103
8 x 103
6 x 102
< 100
3 x 102
<100

*

<100

<100

t0

8 x 103

t

1:Modified Bunt and Rovira agar. 2: Lochhead's soil extract agar.
* Strongly dissolved; largest numbers.
t Strongly dissolved, especially by fungi.
The fresh soil at the start of the experiment contained 16-5 x 106 bacteria plus streptomycetes and 5-1
gram of soil (dry weight) on Bunt and Rovira's agar.
S.B.B. 7 / 2 — F

105 fungi per
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Table 6. Numbers of bacterial, fungal and streptomycetel colonies per gram of soil (dryweight) on modified Bunt and
Rovira agar (after further storage ofthe different samples)
Bacteria
Undried
Dried at 30°C
Dried at 85°C

97+13
83+16
82+42

X
X
X

Fungi
5

10
10s
10i

existed mainly of a few Pénicillium species. It seemed
most diverse in the undried samples.
For a further period of about 9 months the samples
were stored in their flasks at about 17°C. They became
gradually dry and were remoistened when dry for
about 1month. Three months afterwards the numbers
were again estimated.
The highest numbers of bacteria a n d fungi were
found inthesamples originally dried at 85°C (Table 6).
Streptomycetes were present in high numbers in the
undried sample, in low numbers in the sample dried at
30°C and were not found in the sample dried at 85°C.
A similar number of bacterial colonies on the plates
was found in the undried sample and in that dried at
30°C; thelatter showed a higher number of fungal colonies than the undried one. Fungi a n d streptomycetes
consisted of abundantly sporulating species. The species composition was very poor, although from the
samples dried at 30°C a slightly more varied picture
was obtained.
Perhaps the conditions for growth and sporulation
of fungi and streptomycetes were favourable during the
period when thesamples dried gradually (Jensen,1943;
Kouyeas, 1964). Bacilli were present in all samples, but
never dominating.
When the numbers in Tables 5 and 6 are expressed
per unit of soil carbon (100mg)—which in fact is more
reasonable than per gram of soil—the differences
between the samples become greater. The multiplication factors are 4-5 for the undried sample a n d 4-9 a n d
7-8 for the sample dried at 30a n d 85°C respectively.
DISCUSSION

Carbon loss
The results show, in agreement with those of Birch
and Friend (1961), that only extended cycles give the
low values of a strongly diminished organic matter
decomposition. From the decomposition curve of the
samples (Fig. 2)it isclear that the end point of decomposition had not yet been reached after 60cycles.
The percentage loss of carbon, as C 0 2 , was much
smaller that in Birch and Friend's experiments, most
likely due to a different composition of soil organic
matter, formed from other materials under other conditions, and owing to lower drying temperatures.
Soil samples aerated with C0 2 -free air,absorb C 0 2
when exposed to a normal atmosphere (during drying).
When again aerated as before the absorbed C 0 2 is
desorbed. The undried samples a n d those dried at
30°C have a low p H (Table 2) and consequently are

Streptomycetes
5

0-5 x 10
5
9-3 x 10
5
37 + 7x 10

5-5± 1-6x 105
0-2 x 105
<O01 x 105

hardly influenced by the C 0 2 - H C O ^ balance. C O ,
present in the samples was lost during the first 2 hours
of increased aeration. A greater influence of the C 0 2 H C O J balance can be expected in the samples dried
at 85°C, as their p H was higher. Here some of the
H C O 3 might have contributed to the measured C 0 2
production, but hardly or not influenced the large differences in C 0 2 production between the 85°C dried
samples and the others.
The flush
The flush in the C 0 2 production was found to be
still present at the end of the experiment (Fig. 3).
Theories about the origin of the flush in the decomposition after partial sterilization are reviewed by Jenkinson (1966).The primary factor for an extra mineralization is an extra amount of easily decomposable food,
made available in some way. Flushes reflect easily
decomposable, mainly water soluble material (Birch,
1959; Jager 1968), derived from dead biomass and soil
organic matter fractions transformed or made available by heat. The role of temperature is clearly seen in
Fig. 3.Birch (1959) observed that the effect of temperature was more important than the effect of drying.
The mechanism involved, acting under dry and
moist conditions, depends on the source, e.g., biomass
and humus. Members of the biomass are differently
sensitive to heat (Bollen, 1969). The flush after the use
of fumigants depends on organic matter from killed or
damaged biomass, while dead biomass plus changed
humus material areresponsible for the flush after heating (Jenkinson, 1966). Indirect evidence for the contribution of killed biomass was found in the enhanced
mineralization of nitrogen and a lowered C/N ratio of
the net mineralization after freezing, or drying at 30°C
(Jager, 1968). The increased amounts of amino- and
ammonium-N extractable from soil samples after partial sterilization also point to killing of the biomass
and its contribution to nitrogen mineralization (Stevenson, 1956;Paul and Tu, 1965; Ivarson and Sowden
1966, 1970). Next to dead biomass, further substrates
for the newly developing population of microorganisms are a part of the humus as normally available and an extra amount of humus made available by
heat. Inallprobability theextra amounts of food result
in a primed decomposition of soil organic matter.
The contribution of dead soil organic matter (humus)
to the flush is caused by chemical alterations a n d by
physical phenomena. Hydrolysis canplay a role during
the time the soil is heated under moist conditions, as
Birch and Friend (1961) observed for organic phos-
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phates. Hydrolysis, however, is in all probability not
an important mechanism in making organic matter
available during heating, as the population of soil
micro-organisms itself has a high hydrolyzing potential, leaving only inaccessible material. Heating of dry
soil contributes in some way—and not merely by killing a greater part of the biomass—to the amount of
easily available substrates. The amounts of coloured
compounds extractable with water and also the
amount of aromatic compounds increase with rising
temperatures.
The amount of soil organic matter made soluble
during heating in a moist state depends o n the water
content of the samples (Jager, et a/., 1969). In addition
to destructive chemical reactions a purely physical
solubilization plays a role. Among others, desorption
of adsorbed matter may occur during heating.
The differences in decomposition between the samples dried at 30°C and undried ones proved negligible
in our experiments. This was due to the relatively long
incubation periods, in which the influence of the flush
was only small.
Micro-organisms
The picture we get from a population of microorganisms by way of plate counting and determination
of groups of organisms, however, is incomplete. Only
the aerobic and mesophilic part of the population able
to thrive on the agar used is present. Besides that the
picture only has a temporary value, as the composition
of the population changes rapidly due to changing
external conditions.
Strongly reduced groups, the numbers of which are
below the limit of the least diluted soil suspension, are
not observed and often thought to be absent. Streptomycetes presumably were present in the samples when
the counts of Table 5 were made, in numbers much
lower than 10 3 /g soil. These numbers were probably
not original but were introduced by a small soil infusate given after the last drying (Fig. 3). The a m o u n t of
different spores entering each sample may be assumed
to be about the same. Different were, however, the
chemical, physical and biological conditions in the
samples, a n d they determined, together with changing
conditions, the chance of some introduced organism or
spore to survive, to germinate and to grow or to be
killed. Streptomycetes had the best chance in the undried sample;the sample dried at 30°C seemed to offer
a slightly favourable environment for growth, while in
the sample dried at 85°C little or no growth was possible (Table 6).A real difference seems to exist between
the population of the sample dried at 85°C and the
others.
The phenomena described apply only to the slightly
acid sand soil used. Other soils may react quite differently as was found by Jagnow (1972), who compared
the mineralization of C and N in more than 50 East
African soils from very different habitats after they had
been dried at 30°C and kept in a dry state for different
periods.
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