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Abstract

About 80 different bicgenic waste composts were tested by new or modified con-
ventional microbiological methods (oxygen-consumption, DMSO-reduction, Eh-
and pH-drop during anaerobic incubation. reference method: self-heating-capac-
iy} to determine the state of maturity and the effect of composts on plant growth
in pot-irials. The progress in ripening of composts could be proved well by oxy-
gen-consumption, pH-drop and self-heating-capacity, while DMSO-reduction and
Eh-drop reflected muaturity only with restrictions. A satisfactory prediction of
plani-growth (dry-matter-production of oats) after compost-application with the
help of the biological parameters was scarcely possibie, only pH-drop showed a
somewhat higher correfation. It was found out. however, that the effect of com-
post on plants could be estimated well by making use both of the C/N-ratio and of
biological purameters.

Introduction

An essential criterion for application of composts in agri- and horticulture s -
besides the contents of nutrients and pollutants — the maturity. Conventional meth-
ods for determining the ripeness of composts (e.g. self-heating capacity (LAGA
1984)) often do neither reflect the general status of the material nor its effect on
plant growth, Morcover some methods demand several days for carrying out.
Therefore it was tried to develop and modify biological procedures to evaluate the
muturity of composts reliably and in 4 relativly short ime.

The theoretical basis of all biclogical methods is founded on the presumption that
the unriper composts are the higher is the availability of degradable C-compounds
and the microbiological activity.
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Material and Methods

1) Composts: The tested composts came both from compost plants in the whole of
Bavaria and out of composting experiments. They differed in kind and mixture
ratio of raw materials (biogenic household wastes, plant residues), additional sub-
stances {mature compost, clayey soil, lime, mineral powder, bacterial prepara-
tions), age, pile size, kind and frequency of turning the pile, technical equipment
and buildings of the compost plants. Model-composts which are represented
graphically to prove maturity progress (Figs. 1 - 4) are characterized in table 1.

Table I Raw material, wrning intervals and pile size of made] composts

Compost designation G 60 80 1 +N dly 4wk Irg
Plant residses % 4] &0 L0 &) 4] &) 16} i (]
Organic house-hold Xy 40 20 <0 40 A a0 4}
wante %
Teming interval (d) 3 3 3 3 3 ! 2% 7
Additional substances - - - bucteria, CaCN - -
chayey sl ’
angle  tnangle  triangie Inangle  tnaagle i L T i

: ! o ele rangle  wangle  trepere
Hight of pile {nn P5- 08 185-08 1518 15- 1% 15-1% I5-18 _mlm_x _.“a
Width of pile (m) 25-30 15-30 25230 25-30 25-30 25-10 25-30 7%

These model-composts were analyzed for three times during composting (3, 8 and
13 weeks). Together with composts from Bavarian compost-plants there were
about 80 diffcrent composts being examined by the following methods:

Biological methods for determining maturity:

Oxygen-Constmption:

By advancement of the methods described by Nicolardot (1986}, Morel {1986)
and Kohmann and Fischer (1993) microbial activity wus measured as pressure-
drop as a result of absorbing the CO, released by the microorganisms with NaOH.
For this purpose compost (<10 mim) was brought up to a water-tension of 25 - 35
hPa and was filled in a perforated flower-pot on the basis of 250 g dry matter in a
way that the maximum distance between the innermost of the compost and the
surrounding gus-simosphere amounted only to 2.5 cm. Thus advantageous condi-
tions for gas exchange should be created. Then the COmMPpOst wats put in a pressure-
tght vessel together with 10 g NaGH and 10 ml H,50, (30 %) and incubated by
38°C. NaOH was placed at the bottom of the vessel so that the CO, (high density,
sinking down) produced by the microorganisms could be nm:m:_maan&mﬁa_z.
H,50, was put on the top of the compost to bind ammonia (low density, rising
upwards) to avoid pressure changes which are not due 1o the C0O,/0,-system.
Before incubution started the vessel-atmosphere had been enriched with 0,.
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Pressure-decrease was Jogged continousty with a data-logger and calculated as Q,
— consumption in mg per g compost dry-matter and hour.

Dimethyvisulfoxide-(DMSO)-ReductioniDi methylsulfid-{ DMS)-Production

To employ this enzyme-activity-method (Alef 1991), which predominantly is used
for mineral soils so far, compost had to be sieved (<10 mmy}, ground {«<6 mm} and
sieved again (<2 mm). 8 g of compost fresh-matier were filled into flasks (118 ml
volume). added with 4 ml DMSO-solution (3.5 %), closed gas-tightly and incu-
bated in a water-bath (40°C). Afier 3 hours an aliquot of the flask’s gas atmos-
phere was taken and the DMS produced by microorganisms was analyzed ina gas
chromatograph. Furthermore a part of the samples was not added with DMSO-
solution but with DMS 10 determine the DMS-absorption of the composts (Zehner

el al. 19932).

Redoxpotential- and pH-drop during anaerobic incubation

This method is founded on the assumption that in compost-suspensions the redox-
potential (Eh) and the pH are the more decreasing during anaerobic incubation the
higher is the yuantity of uvailable C-compounds and the activity/reducing capacity
of the present microorganisms (Flessa 1990, Jakob 1970, Jann et al. 1959, Yamane
and Sato 19681 For this purpose compost (<10 mm) on the basis of 40 g dry-mat-
ter was submerged with distilled. boiled water in a ratio of 1: 6.25. This suspension
was incubated in @ water-bath by 40°C and Eh. pH and temperature were med-
sured each hour. Between the measurements the flasks were screwed up to avoid
O, - infiltration.

Por-trials

The composts were given on the basis of 1.2 g N, to out which was culiivated ina
silty loam soil of pH 6.1 in Mitscherlich-pots. At the end of the trial dry-maner
and N-uptake of the plants were determined. Detailed informations of the pot-trial
are given by Ebertseder et al. (1993).

Results

Determinarion of the progress of maturing:

All methods reflected the process of maturing more or less well as proved in a
experiment with modeli composts of defined mixture of raw materials and regular
turning-intervals. The most evident graduation of increasing maturity depending
on the time of composting was given by oxygen-consumpiion and pH-drop during
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anaerobic incubation (Figures 1 and 2). The youngest composts (3 weeks) showed
the highest oxygen-uptake and the lowest pH, the oldest composts (13 weeks)
behaved exactly in the opposite manner. Composts in the age of 8 weeks were si-
tuated between the values of young and old composts, often hardly different from
the 13-week-old material. The greatest difference 1n all cases existed between
young and middle-old sampies.

mg ON /g compost dry-matter/h
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Figure } Oaypen-comumption of different composts depending on time of composting (3. 8 and 13
weeks)
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Figure 2 pH afier anaerobic incubation {40°C) of differem composts depending on tme of
composting (3, 8, 13 weeks)
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Figure 4 Eh-drop afier incubation +4U°C) of different composts depending on lime of composting
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Figure 7 Relationship between DMS-productivn of composts and their effect on dry-m
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Figure 9 Relutionship between ph (after incubation) of composts and their effect on dry-matter-
production of oats
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Figure 10 Real and calculated dry-matter-production of oats after compost application in pot trials
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Figure 11 Reai an: calcutared dry-mans--ouacnon of oats after compost appheation in pol trigls

Measurements of DMSO-reduor :»d Eh usaally proved that young composts
had higher valzes thun old ones. mit wiretimes the differences between the mate-
rial of the thres sampling times were s=ail or inverse as one would have expecied
(Figs. 3and 41, Even with regard «> tn: fact that DMS was partly absorbed by the
compost sampies (3 - 9 tlg DMS ¢ compost dry-matter during 3 hours) the results
were 1ot changed substantially.

DMSO-reducuon und Eh-droy shawed only weak relation to the three other
methods, which correlated among theraelves relativly well, for example oxygen-
consumption und the seif-heating-zanaty, the most wide-spread maturity test in
Germany (Fig. 3.,

Predicrion of the effect of compos: . ~lant growih in pot trials:

Contrary to the possibility to dets~mue the pracess of maturing with biological
methods it was almost impossible 1z precict the effect of composts on plant growth
in a satisfactors manner, There wi bu- low correlation between nearly afl bio-
logical matunir, parameters and the 3- “natter-production of outs - even oxygen -
consurnption. which showed a : zu -elation to the duration of composting
couldn’t predict the effect on plemie Tigs, 6 - §). Composts with high micro-
biological acu~ ity could both cavs 1 yields ¢up to 150% of the control) and
low yields (ca. 0% of the contro . In the other side there were composts with
low activity which resulied in serisus 1egative yields compared with the control.
Only pH after = bours of anaerobi: mzisation brought about a closer correlation to
plant growth (Fig. 9).

One opporwuriity 10 improve the :sunute of compost behaviour in pot-triais was
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to use biological parameters and the C/N-ratio of composts supplementarly. Thus
one was able 1o predict the effect of composts with high reliability (Figs. 10
and 11). :

Discussion

Though some microbiological methods are more or less able to prove the progress
of maturing in dependence on time they evidently cannot produce universally valid
resulls because there is a great influence of raw material and procedure of com-
posting (see figs, 1 — 4). However it would be conceivable 10 use biological para-
meters related fo single compost plants with relative invariable raw matertals and
constant technique of composting.

Reasons for partial divergences between the smgle biological methods probably
are the different mechanisms which are tested respectively (Forster et al. 1993).
While self-heating-capacity and Oxygen-consumption reflect a general ability to
dissimilate C-compounds the other methods determine more or less specific prop-
erties of composts: DMSO-reduction is a method for measuring the activity of a
group of enzymes (Alef 1991). Despite the statement of

Alef ([991) that more than 95 % of soil-microorganisms are capable of reduc-
ing DMSO to DMS perlisps it is pussible that the microflora in COmMposts reacts
somewhat different concerning this enzyme activity. Undoubtedly the conditions
in composts vary strongly from soils as DMS produced by biogenic waste compost
samples can exceed soil DMS-produciion by the factor 2000 {own measurements,
not yet published). The decrease of pH as a consequence of anaerobic incubation is
a combined effect of the presence and availability of C-compounds, the kind of
produced organic acids and the puffering capacity of composts. Nearly the same is
true for Eh, the puffering capacity presumably being the result of a complex Sys-
tem of redox-cffective compounds (e.g. nitrate, Fe- and Mn-oxides and -ions,
humic-acids (Ziechmann 1972, Schachischabel et al. 1982)). Moreover i1 is 1o be
supposed that the activity of some of the organisms is partly reduced under the
extreme conditions being necessary for measuring pH and Eh (anaerobiosis,
40°C).

Therefore it met up to the expectations that self-heating-capacity and oxygen-
consumption were closely correlated (only two composts deviated extremely | see
Fig. 5) while it was a little bit surprising that pH after 5 hours incubation showed
a high comelation with oxygen-consumption. 0o (r = -0,814; n = 78). Inspite of
the different mechanisms being active in both methods they seemed to be very
similar uliimately and proved the course of maturing best. DMSO-reduction and
Eh however reflected maturity only with restrictions. Latter method apparently
detected phenomenons not being directly involved in the ripening process.
Moreover in all composts with low ptt (< 7.5} at the beginning of the incubation,
Eh dropped substantially only after a lag period. Hence in these composts Eh
failed in determining maturity while it was possible with the pH-method, which
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i -values SO-reduction
indicated only little progress in composting by .EE pH-values. OM\_ mmwm cduction
possibly behaved similar to other enzyme-aciivity EQ:CQJ ,M:F ,_znﬂ _ cqmw o

o . -cl-Malek et al. R
i : treated composts as Abd-c al
level in young or badly : d-c| . 6
Em:_su:v: and Shaan (1993) had ascertained. Therefore low activity Mo M !
& 3 | 7 ] \
i ASCS POSS asn’t due to increased maturity
i - some cases possibly wasn
with the DMSO-method in s . |  nereased smaturity
ittons in the ¢ ess (e.g. 3 week 0 po
.. : : tions in the composting proc . 0!
but to unfavourable condi . . week oo
0 in Fig.3: no structure material). Generally in young composts o:_nﬂ\ﬂ,:_nm M
+ be sm i : ! -el-Malek et al.
ties can be smali though oxygen-consumption may be high {Abd-cl-Male
1976). : Chiliv of bi ical methods 1o
Last but not least, one reason for a certain unreliability of gcucm_a al :”; od I
a st : . : o b o hanses i
i I : : here can be sudden chang
aturity is act that during compostng t
rove matdrity is the fact po . udlen changes
Humm_dci_ activity (lannosti et al. 1994). This would mcan that Sz:w? newsured
by biological methods need not refiect the general status of composts and 1 “
. | . i aps aifecte ing, irrigat-
Exﬁ::& but indicate onty an actual condition perhaps affected by turning, imig
ing ef cetera. . . o . e
nO:m essential cause for the relative faiture of biological methods to U__,ma~ .
¥ . er, is the fact that these methods give
38 ant growth however, is the :
effect of composts on plant g he fact e methods ghve
information about the quaatity of usable nutrients, nitrogen in ?E_C____ o
only [ : > are concomitantly high
1y determine microbial activity. So it could be that there are nc:po":_: :c_ ‘5 L "
e hi : 18 X ' bo h
F:\.._:< and a larpe N-pool. This pool presumably is able to supp y h e
microo nd 1 i : at s : 1S 1n spite
wcroorganisms and the plants. This would mean that some composts in :m ¢ ¢
mi SMS ‘ . pos pie of
“tow maturity” (= high activity) produce good plant growth, ,Q; _Jvo"_ A
: : i i N-ratio 10 expla e
>sults vhi about by including the C/} .
supported by the results broug ! the ¢ e " e
gﬂm«.wocﬂ of composts in pot-trials (Figs. 10, 11), because .:x., Q.? E_mo%izzﬁ
information about both C- and N-contents. A further conformation of this -
et at ple oW
tation was given by Ebertseder et al. (1994) who found out that plant gr
owe o . 10t its but not to
m:osoa best correlation 1o C/N-ratio in the K,SO -extract of composts bu
the C- or N-concentration alone.

Conclusions
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