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THE ACTIVITY OF SPECIFIC GROWTH STIMULATING SUBSTANCES
IN THE SOIL IN RELATICN TO THE APPLICATION OF ORGANIC
MATTER

. L.K.Wieroum
Institute for Soil Fertility, Haren (Gr.), Netherlands

) Introduction
An enormous array‘of goluble, soil-contained organic substen-
ces hag been shown to affect different plant activities in a favou-
rable manner, The effect of humstes, fulvic acids, precursors of hu-
mus or related substances has beer widely studied (Blanchet R, 1958;

- Flaig W., 1968; Guminska 2. & Guminski S., 1962; Kononove M.M. 1958;

Novdk B., 1971; Rochus W,., 1971; Tichy V., 1959; Zladky Z. 1962).

Many other water-soluble constituents, e.g. vitamins, hormonea, ami-

no-acids, organic ecids, have been shown to act positively on plent
performance in numerous publications { Deuel H., 1958; Kloke A.,1963;
Wiersum L,K., 1957).

Pirst of gll quite a number of toxic subatances can be formed in

- the moil during the conversion of organic matter {Bornmer H., 1955;

Kloke A., 1963; Patrick Z.A., 1971)¢ Besides that, potentially sti-
mulative substances may exist in too low a concentration to be reaso—
nably effective or exist in supra-optimal concentretions, which are
usually growth retarding.

From a more practical and ecological viewpoint one could raise
the following question: Does it make mense to expect a noticeable
enhancement of specific growth stimulation through these aubetbnces
as a secondary effect of application of large amounte of organics?

Methods
The integrated response to the mddition of s0il extracts or soil
samples is measured in two biological tests. The possibility of
mineral influences is ruled out as the complete nutrient solu-~
tions contain sll necessary ions in concentrations much larger than
in the sddition. Possible effects due to complexing properties are
reduced by providing iron as Pe-EDTA.
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One method consists in measuring the development of Lhe myce-
lium growth of Aspergillus niger on a complete medium %o which a
small amount of soil or soil extract is added, in most cases

40-400 g or the equivalent extract. The media were incubated at
22°C for 48 hours, following the ndditlon of a spore suspension,
Then the mycelial ngt -was collected, dried and weighed,

As plant productlon_;s dependent or root performance snd
developnent, the effect of extracts on root growth was alse stu-
died. In order to eliminate interaction with the shoot and possible
effects by intermediary of the rhizosphere flora the growth of '
excised tomate roots in sterile culture was used as test.

Test solutions were generally obbtained by adding 500 ng of
the s0il to 200 ml nutrient solution, shaking for. some timg and
then filtering. To each flask 1 or 3 pleces of tomate roob-tip,

1l c¢m long were added. The period of culture lasted 10-14 days,
after which the roots were removed, dried and weighed,

Experimental results

The first series of tests were performed on two solil samples,
one consisting of the untreated sandy clay soll and the other from
a plot which had received an gquivalent of 80 kg farmyard manure
per 1 o° about half a year earlier. '

In the test there was the following comparison; Bl = culture
of Asperglllus or roots om the complete nutrient solution, A = cule
ture with the added extract of sample A (soil without manure),

Ag = same with ashed soil, F = culture with extract of sample F
(soil with decomposing manure), Fg= same with ashed soil. The
results with the two separate tests are summarized in Teble 1.

As the variation in yield level between the different single expe-
riments was very large, the results are given ss ranking numbers,
1l = highest, 5 = lowest yield inm each test.

The sum of the ranking numbers of the Aspergillus test is
lowest for A and F, denoting a certain stimulation of growth compar-
ed to the coutrols. The average relative yield obtained frem the
extracts of the ashed soils does not differ much from that of the
blasks. In the root culture test the results are essentially the
sape. Thus we cannot distinguish between the stimilating effects
of the two soll samples. Also the indication is that ashing destroys
the stimulating effect, thus indicating that the effect must be due
to organic substances..
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Table 1.
Comparison of the order of effectiveness in growth stimulat-
ing properties of extracts derived from a sandy clay with or
without a large addition of farwyard manure

Test nethod Blank A Ag F Fg
original soil A soil + soil F
soil ashed manuTe ashed
Aspergillus
growth (sum) 22 9 16 8 20
b* a b a b
Tomato root 1
growtn (sum) 22 15 2&2]:. 162 23
Co- b a b a b

* The numbers marked "a" belong to the same statistiecal populatioa,
those marked "b" differ significantly from "a". P < ¢.00l.

In another experiment three essentially sandy scils were
examined. These soils had been used for horticultural purpose for
1 year (P 19), 10 years (P 11) end 27 years (P 15). These soils
were only investigated by means of the Asperglllus test. The re—
sulta obtained - partly only on two of the soils - are sumparized .
in Table 2. :

Table 2.

Compariéon of the levels of growth stimulstion of three soils,
in uge for intensive horticulture for different periods of
time, by means of the Aspergillus test

Control P 19 P11 P 15
1 year 10 years <27 years
Order of effective- '
ness sum 20 10 11 9
26 p - 11
b a a a
. P < 0,001
% organic matter 3.4 3.6 3.4
BH-KCI ;-0 5.5 5.9
aumber + Q- 17
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AB the sum of the ranking numbers for the three soils is .
about the same, there is no indication that long years of soil
treatment, including large aspplications of organica, shifts the
specific stimulative capacity towards a higher level, even though
the percentage of humic acids in the organlc mattex hgs increased
(2). Our result fits in with that of the chemical and physical
studles on the whole range of 25 fields. In gemeral the improve-
ment in soil productivity could be ascribed tosuch factors aa an
increase in pH, P, K, and Mg lavel, N-mineralisation, exchenge
capacity, and amount of available water (2).

The soil samples investigated in the last series of experi-
ments were derived from a field experiment, where & comparison
had been made of the effect of applying different orgenic materi-
als to the s¢il and of mineral fertilizing over a sequence of 9
years. The soil samples were obtained 1 yeer after termination of
the applications, (m this light sandy soil the treatments had
all resulted in a noticeable increase in orgasnic matter content.

Ultimately the results (Table 3) suggest the following cone
clusion, which is confirmed by statistical enalysis. The stimula~
tive effect in these test is hichest for the soll aamples from the
plots treated with peat and farmyard manure. The least, and not
always a positive effect, is obtained on the soils treated with
town-refuse compost and sewage-sludge compost. The effect of the
soil which has only received mineral fertilizers and which has the
lowest content of corgani¢ matter, is intermediate, In comparison
to the mineral treatment the effect of lavge applications of orga-
nic material may increase or decrease the specific stimulating ef-
fect somewhat. Also there is no correlation of the specific effects
with the level of organic matter content,

Concluding remarks

In the course of thesc experiments quite a number of additio-
nal observations were collected.

In germination tests with Lepidium sativum, tomato in rye
as well es in sand-tulture of rye also a slight favourable effect,
due to addition of soll extracts, might be evident.

Taking ipto account the results reported and the additionsl
experience the following conclusiong are warranted, All soils
investigated contained water-scluble constituents, the mixture of
which was in most cases able to stimulate growth, The effects were
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not large énd do not seem to be clearly related to the fact
whether or not the soil has recelved large amounts of organio
matter. Also no correlation with the humus content can be dlscern-.

.
b

ed, L

Thus it seems that on account of the very numercus active
substances involved - both in stimulating and -in growth retarding
concentrations ~ i% is very difficult to shift the overall effect
towards a distinctly higher level of speecific growth stimulation
by means of adding lérge_amouﬁts of organic materials to the soil.?
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Summary 7

The influence of the tatal complex of water-soluble organic
constituents of the aoil on the growth of either Aspergillus niger
in complete nutrient solution or that of tomato roots in sterile
tissue culture was investigated. In most casep a slight stimulato-
ry effect was observed, as was also the case when humic-acid ext—
racts or crulle fulvic acid preparations were added. But no clear
increase in the overall stimulative effect could be observed in
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soils having been heevily fertilized with orgsnic materlal for a
longer or shorter period as compared with solls only receiving ’
"aineral fertilizer.

Résumé

i  L'influence du complex Lotal de matidres organigues solubles

j du sol sur la croissance d'Aspergillus niger dans une solution

!;utritivé compléte ou de racines de tomate dans une culture de
tissu stérile, fut &tudide. Dans le plupart des cas un léger effet
stimulatif fut constaté comme il fut égslement le cas en ajoutant
ies extraits d'acide humique ou dtacide fulvique brut, Gependant,

- dens les sols fortement fertilisés avec des fumures organiques

'pendant une période pius ou moi;s‘longue sucune augmentation réelle
due & l'effet stimulatif ne peut étre observée per rapport a ceux

~aysnt regu des engrais artificiels.

Zyusammenfassung

Es wurde der Einflusa des ganzen Komplexes von wasserloslichen

' 3egtandteilen des Bodens auf das Wachstum von Aspergillus in voll-

stindiger NahrlSsung bzw. von Tomaten-Wurzeln in steriler Gewebe-
kultur untersucht. In den melsten Fdllen wurde elne geringfiigige
Stimulierung beobachtet, ebenso wie bei der Zufligung von Huminsiure-
Extrakten oder Rohextrakten von Fulvosfuren. Eine deutliche Zunahme
im Gesamteffekt der komplexen Extrakte von stark organisch gediingten
Biden im Vergleich mit nur mineralisch gediingten BSden wurde nisht

festgestellt. ) ;

Peavue

Bumo wayueno eamAnMe o0WETD KOMNONEKCA BOZAHD-DACTBODHMHX OPTalw-
YeCKPMX BEUWECTB [OYB HA pocT Aspergillus niger B NOAHOH narareasHol
Cpefie ¥ H& DOCT KODHEH TOMATA B CTEPHABANX HKyJRTYypPax.

B GOZBUOMHCTEE CAyuAE&B OWND OTMEUSND ¢nacoe cYWMynwpywomee JeficTaue
BguecTs, Kax M B clydyae [PHSABAGHMA DACTBODA TyMHHOBOY KMCAOTH KA
Heounuensod §yappoxucnory. OaHako, B Moypax, B KOTOpHe B TougHHe (0-
N8 MAW MEHEE AMMTENBHOTO CPOKA BHOCKAWCH OSONBWHE ARD3H OPraBEnyecHuXx
JaoGpeHult, He HAGNOZANOCH RBHOIO CYRMyAmpyuuerc aelcTsmA BCeXx ITHX

BEMECTRE N0 CPaBHEeHM® ¢ NOYBAMM, MOAYYABUMMH TOARKD MHHepanbAHe YAoOpe-

HuA,
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