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Abglvaet  To estimate sidercphors input into soi through festilization, the
hydroxamate siderophore content was dotermined ia five organic fortilizers:
- granulaied bacterial biomass (BAC); granulated fungst biomass (BIO); grape
mare comvest (BIV); ¢hicken dung (ITA); aud bacierial singls celt protein
biomass (PRU). Siderophore content, sxpressed as Besferriokaming B
eguivalenis as deterinined by a modified version of the Agbwgbacter Havescons
JG-9 bigassay, ranged from G 10 2C, 647 ng gl dry wi. of fenilizer (PRI < BIV
< ITA < BAC < BIfY, Recommtended application rates of BIG would result in a
calculated siderophiore input of about 10 16g ket of seif in ihe plow layor. Such
addittons eonid affect iron rntrition of piants and alleviage of iron chioeosis.
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INTRUDUDETION

While main yprodocers of bydroxamate siderophores are fungi
and actnoinyseles, some siderophores are released from
hacteria. Sidreophotes absarb cnto crganic sail material or
possibly accumalate in soil micropores (Powel! st al., 1980;
Reid et al., F984), and affect the iron nusrition of planis (Reid &t
al., 1586} This may not only increase yields, but may also
diminish plani. disegses (Schroth and Hancock, 1982; Rloepper
ei al., 198C; Elad, 1986; Schippers e alf, 1986).

"To agsess whether and to what extent the applicaiion of
fertitizers can lead 1o a siderophors input ingo soil we have
determined the siderophore content of différent organic
fertifizers, For such analyses we have applied ihe Authrobactor
flavescons bioassay which we have modified to increase iis
sensitivity st low siderephors concenirations.

MRATERIAL ARD RIETHODS
Preparation of ferifirer exiracts:

30 g of each feriilizer (see Table 1} wern extracted for | hin
100 ml double distilled water ai 4°C followed by centrifugation
(3004 g, 20 min, 4°C), The stpernatani was {itered through
Sehleicher & Schaeli No. 595 1£2 before second centrifugation
(28000 g, 20 min, 4° C). The extracts of grape marc compost
(BIV), chicken dung {ITA} and bacicrial singie cell protein
biomass (PRL)) were evaporated under vacuum i about im]
before double distilled water was added again ic: give 2 total
volome of § ml. All extracts were [iller sterilized (pore size of
0.22 yim) prior 1o storage at 4°C until the bioassay was carried
o,

Hioassay: .

Since most of the hydroxamate siderophores stmulate

growth of Arthrobacier flavespens ¥G-9 (Poweli cial., 1980;

Tubhe 1: Descripiion of Organic Fertilizers

Abbirevintion Bata®
FERTILIZER used in text componeit Froducer
BACTOSOL BAC dried gramslated  Biochemi Cinblf,
bacteria! biomass!  A-6230 LUNDL
Ausiria
BIOSOL BIG dried granvlated  Biochemi Gmbh,
fongal biomass!  A-6230 KUNDL
Austyia
BICVEN BIV grape marc Traver 3mbH,
conipost?  A-2340 MOEDLING,
Ausivia
TTALFOLLINA  ITA chicken dungl  Jialpollina S.PA,,

137010 RIVOLY/
VERONA, Taly

bacterial biomass ICT, BILLINGHAM,
single cell protein 3 Clevaland, England

PRUTEEN PR

#*Fiala on nutrient content of fertilizexs; * Insam and Hazelwandier, 1985;
2vaefe, 3083, YWoiswright et al., 1985

Lankford, 1973; Lockhead, 1958), this asxotroph was wsed 10
delermine ihe hydroxamic acid content of diffevent fertilizers in
aplate assay. The assay was carried out as described by Estep et
al. (1975) and Frederick et al. (1981) where filier paper discs
{12.7 min diameoter; Schicicher & Schugll No, 740-E) are
inpregnated with 50 pl of sampies or standard soluticns.

In a modification of the assay & corkborer (6 min outer
diameter} was nsed 1o punch 3 wells (cenier distance between
wedls 48 mium) per petridish (94 mim diameter) inte the nmirient
medium, The wells were filled with 50 pl of samples or
siderophove standards. As a standard, desfemrioxamine B
(DEOB, aiso kaown as desferrionamine B methanesulfonate or
Desteral, Ciba-Geigy, CH-4000 Basel, Switzerland) was used in
ihe following coacenirations {ng iy 50, 106, 200, 400, 800,
1300, 2004, 4000, 5000, 6000, 7000, 800C, 5600, 10000, 20000,



For the regression lines (Fig. 1) the mean valnes (n=%) of prowth
zoag diameicrs were plotied against the Jog of DFOB
CORCEIHZALIONS.

The data presented in Table 2 are the means of, as least, 4
replications of the assay, Student’s i-tesl was applied to
deterrning the significant differences between the means of ibe
siderophore content of the fertilizers,

RESULTS AND DISCUSEION

Modifieation of the assay: well va. fi Eter disc application of
selutions

The diarmneter of the growth zone surrcunding the filter dises
which wem impregnated with 50 wd of the siderophore solutions
were equal to those chserved wien 50 18l of the solutions were
transferved into ihe wells, As demonstzted in Figure 1, the dose-
response curves ars idenitical. However, 21 low siderophore
congentraiion the wells allow detection of even very small
growth zones since the diameter of the wells is only 6 mme in
comparison t0-12.7 mm of the filter paper discs. It is also
quicker and easier o carry ont the well 1est as compared (o the
filier paper disc test, in particular as the sterile aclutions is more
compiicated and time consuming,.

Siderophors content of organic fertilizers

Ag shown in Table 2, the siderophore content of the organic
fertilizers varied between 6 and 20,647 rg 0! dey wt, With PRU
no growth stimulation of Axilirobacier flavesesns was detected;
this indicates that this prodact which has been cousiderad 1o
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Fig 1: Dose-rcponse-curve for the Arthrobacter flavescens JG-0 plate
bioussay; 50 wl of standard concentration { Desferrioxamine B} applied
as impregrated filter paper discs (12,7 min diamater) or in wells (6m
kun diameier),

Hable 22 Hydrowamnate siderophors canceniration tn orgonic fertilizers.

Presferrioxamlne B equivaienis

FERTILIZER. (g g2 dry vt.)
X 5 it
BAC 10224 +4 4
B 20647 +3579 4
B 14 -3 &
ITA 124 +22 7
PRY noi detected - 4

s e i sl e - i ti—

have a fertiizer poienidal (Wainwright et al., 1985) does aot
condgin sufficiens amonnts of water sxiraCeabie sidercphores o
stirnwlate growth of the auxotroph. The caiechol siderophore,
enierochelin a5 well as the mataral chelaiors citric acid, oxalic
acid, and 2,3-dihydinxhbenzoic acid did noi stironlate growth of
A flavescens JG.9 (Powell et al., 1930). Bosster and Versimets
(1986 a and b} also reporied that Pseudomonas spp. prodeces
siderophores that did not stimulate A, Flavescens JG-9. All data
ane significantly different from cach other ai ' = 0.01. Abbrevisizons:
%= mean value; 54 = standard deviation; r. = rurmber of replicates

Even when the fentilizer concentration in the water extraci
was raised by & factor of 20 as compared 16 BAC and BID
extracks (se2 Maierials and Methods), A, flavenscens J(G.9
stimulating compourds wers not detected in PR exfracts.
Evaporation of the extracts leading 1o a 20fold higher
conceniration, enabled us to detect, ai least, some siderophores
m ITA (124 ng gy and BLY (34 ng g). The bioassay mighs
mivderesiimate the siderophore concentration in BIV since this
organic fertitizer containg hurmic and fulvic acids Danneberg,
19825 which can reduce growth of A, flavenscens JG-2 in vitro
{Bossicr and YVersiraete, 1986), In addition, it must be noted that,
at foast {rom soils, only a certain and variabie, sofl type specific
perceniage of hydioxamate siderophores can be extracied
(Powel et al, 1980). This might also be of relevance for this
sundy and reguires forther investigazion.

Remarkahly high concentrations of siderophores were found
in BAC (10,224 ng g'Y) and BIO (20,647 ng g1}, According (o
the recommendations of the producers the organic fertilizers
BAL, BIO, BIV and ITA should be applied to the field at
quantities in the range of 130 g m? {1500 kg hart). In the case of
BID this leads io a siderophore topul intc soil of 3 mg a2 (30 g
ha-1). Calculated on the basis of an assamption ofien made in
agronooty 1hat 1 has equals 3 x 108 kg of soil, the siderophore
it is equal to 10 g ke? soil. Such a siderophore input
through fortlization is snbstaniial if one considers that the
sidorophore concentration of seils is in e ranpe of O to 150 g
kg-1snil) as has been desermined for a variety of soils applying
he Artheghacter bicassay or different methods {Akers, 1981,
Harrington and Neilands, 1932; Powel et af., 1982; Reid et al.,
1984: Bossier and Versiraete, 1985 a2 and b),

A_siderophore addition to soil in the erder of magnitnde as
mentioned for BIG can be cxpecied o alleviate Fe nutrition
deficiencics of plamts when the level of available Fe tn soil is
tow. And, indeed, it was chserved that chlorosis of grape was
drastically reduced afier fertilization of the vingyard with BIO
reduced afier Tertilization of the vineyard with BIO (800 kg bal
in the st year, 600 kg ha'l in the 2nd year; Solar and



Lichtencgger, 19863, This possitie microntulrient effect might
aiso'be important in explaining the observed increments in yicld
and quality improvement of the vise.
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