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Effect of SomeOrganicAmendmentson Onion Bulb Rot
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Theeffectof soil amendedwith stalksof sun�ower(HelianthusannuusL.), alfalfa(Medicago
sativa L.) and Hungarianvetch (Vicia pannonicaCrantz) on onion bulb rot causedby
FusariumoxysporumSchlecht.f.sp. cepae(Hanz.)SnyderHansenandAspergillus niger v.
Tieghemwastestedin asoil naturallyinfestedwith thepathogensunder�eld conditions.All
treatmentssigni�cantly reducedbulb rot incidence.Thefungalandantibacterialpopulations
variedamongall of the amendedtestedsoils. Heterotrophicfungalpopulationsweremore
effective thanheterotrophicbacterialpopulationsin thesuppressionof disease.Thehighest
populationof fungal micro�ora was found in plots amendedwith sun�ower stalks. The
carbon-to-nitrogenratio andavailable moisturecontentof amendedsoils have an indirect
suppressive roleon disease,by increasingtheheterotrophicfungalpopulation.
KEY WORDS:Onion(Allium cepa); organicamendment;bulb rot.

Chickenmanure(8), S-Hmixturecontaining
bagasse,rice husks,oyster shell powder, urea,
KNO � , Casuperphosphateandmineralash(19),
wheatstraw, clover straw anddung(12), onion
residues(4), coffee hulls and farmyardmanure
(13), and oil cakes from groundnut, mustard,
sesameandcottonseeds(17), were found very
effective for thecontrolof Fusariumwilt disease
of bean,celery, melon,peas,radishandtomato
causedby Fusarium oxysporum. It was noted
that differentparameterssuchasnitrogenlevel,
microbialpopulationandsoil pH playedarole in
suppressionof thediseases(2,8,12,13,19).

Bulb rot of onion resulting from basalrot
andblackmold,causedby Fusariumoxysporum
Schlechtf.sp. cepae(Hanz.) Snyder & Hansen
andAspergillus niger v. Tieghem,respectively,
causesseverelossesin all areasof Trakya region
where onion (Allium cepa L.) is grown exten-
sively. Both fungi are seed-and soilborneand
aregenerallypresenton thesamebulb (5,10,15).
It was demonstratedthat chemicalcontrol and
useof resistantcultivarsdidnotprovidesuf�cient

control (14,16). On theotherhand,theeffect of
organic amendmentson onion bulb rot hasnot
yetbeeninvestigated.

The purposeof this researchwas to (a) in-
vestigatethe possibilitiesof suppressingonion
bulb rot in �eld soil amendedwith dried stalks
of sun�ower, alfalfa andHungarianvetchgrown
in Trakyaregion; (b) determinecertainproperties
and the microbial populationof amendedsoils;
(c) evaluatethe effect of the microbial popula-
tion on diseaseseverity; and (d) the effect of
the carbon-to-nitrogenratio (C/N) andavailable
moisturecontent(MC) in soil, onmicrobialpop-
ulation.
Plant material and application After crop
harvest the stalks of healthy sun�ower, alfalfa
and Hungarian vetch were collected from an
experimentalareaat the Faculty of Agriculture,
University of Trakya, Turkey. The stalkswere
air-dried and then cut into 10-cm-longpieces.
Two onion�elds in Tekirda�g province,known to
be naturally infestedwith Fusariumoxysporum
f.sp. cepaeandAspergillus niger, wereselected
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for the experiment. Stalks of sun�ower (He-
lianthusannuusL.), alfalfa (Medicago sativaL.)
and Hungarianvetch (Vicia pannonicaCrantz)
(300g, 250g and500g m �

�

, respectively) were
incorporatedseparatelywith the top 0–15cm of
soil 18 weeksbefore sowing. The amountof
materialusedwastheaveragedry plantyield per
m

�

. Thebioassaywasarrangedin a completely
randomizeddesignwith four replicatesof 1 m

�

plot size.Plotswith noamendmentwereusedas
controls.

Plant materialswere left to decomposeun-
der natural climatic conditions. The monthly
averagevalues(Oct. 1999–Feb. 2000)of these
parametersin this processare shown in Figure
1. At theendof this period`Kantartopu',a local
onion cultivar, known assusceptibleto A. niger
and F. oxysporum(15), was sown in eachplot
at 5 g m �

�

. Four monthsafter sowing, bulbsof
25 plantsfrom eachreplicatewere collectedat
randomandexaminedfor symptomsof basalrot
andblackmold; diseaseincidencewasrecorded
asthepercentageof rottedbulbs.
Micr obial isolation At the end of the onion
cultivation period,samplesweretaken from the
rhizosphere(0–10 cm depth) of amendedand
control soil and then air-dried. The samples
weredilutedfrom 10�

�

to 10�

�

, 5 g of soil was
mixedin 45ml of 0.1%wateragarwith blending
for 10 min at high speedon a magneticstirrer.
The fungal populationswere determinedin a
10�

�

dilution, platedonto PDA amendedwith
50 � g streptomycinml

�

�

. Bacterialpopulations
were isolatedandenumeratedon nutrientbroth
agar from a 10�

�

dilution. A 1 ml aliquot of
dilutedsuspensionswaspipettedontofour repli-
cateplatesperculturemediumandincubatedfor
48 h (for bacteria)or 72 h (for fungi) at 24� C.
Colonieswere enumeratedand populationsex-
pressedascolony forming units(CFU) pergram
of soil.
Physical and chemical analysisof the tr eated
soils Particle size distribution was measured
using the Bouyoucoshydrometermethod; or-
ganiccarbonby themodi�ed Walkley-Blackpro-
cedure;total nitrogenby thedistillation method;
soil pH in a 1:2.5 suspensionof the soil and
water (9). Field capacity(%) andwilting point
(%) weredeterminedin 1/3-barand15-barten-
sion; available moisture(%) was the difference

betweenthe�eld capacityandwilting point (18).
Statistical analysis The values of disease
severity andmicrobialpopulationweresubjected
to analysisof varianceandmeanrankingvalues
weretestedusingDuncan's Multiple RangeTest
(P=0.05). Correlationanalysiswasusedto de-
terminemicrobialpopulation,diseaseincidence,
C/N ratioandavailableMC.

In bothexperimentsall amendmentsreduced
onion bulb rot signi�cantly (P=0.05), with no
signi�cant differencein diseaseseverity among
thethreeorganicamendmentsin eitherarea(Fig.
2). Although reductionwas recordedin both
areasby all amendments,diseaseincidenceas
low as2% wasobtainedwith sun�ower stalksin
experimentalareaII.

Amendmentswith many organic materials
suppressedFusarium wilt on different plants
(4,8,12,13,17,19). Soil amendmentswith the
stalksof sun�ower, alfalfa andvetch remaining
in the �eld were usedfor the �rst time in this
study for the suppressionof A. niger and F.
oxysporumcausingonion bulb rot in �eld soil
undernaturalclimaticconditions.

Somepropertiesof theamendedsoil for both
experimentalregions are summarizedin Table
1. Fungal population rangedfrom 0 to 4.57
log

���

CFUg �

�

in thesoil of experimentalareas.
However, no fungi weredetectedin the control
plots of areaII, wherethe incidenceof bulb rot
was 66% (Fig. 2). Fungalpopulationin both
areaswas signi�cantly higher (P=0.05) in the
soilsamendedwith sun�ower stalks.

Bacterial population ranged from 7.63 to
7.97 log

���

CFU g per gram of soil in experi-
mentalareaI. Populationincreasedonly in soil
amendedwith vetch stalk comparedto control,
but this increasewasnot statisticallysigni�cant.
However, in experimentalareaII all amendments
causeda decreasein the heterotrophicbacteria
populationandthedecreasewasstatisticallysig-
ni�cant in soil amendedwith sun�ower stalks.
Isolationmethodsusedin this studywereselec-
tive, allowing detectionmainly of fast-growing
microorganisms.

The incidenceof bulb rot was highly neg-
atively correlatedwith the fungal populationin
bothareas(r= -0.83andr= -0.72for experimental
areasI and II, respectively). However, the rate
of bulb rot increasedwith higherbacterialpopu-
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lationsin both areas.In soil from experimental
areaII, bulb rot incidencewashighly positively
correlated(r= 0.82) with bacterial population.
Thiscorrelationwasnotsigni�cant (r= 0.30,P �

0.25)in experimentalareaI. Similar trendshave
beennotedwith dry straw, young fresh leaves,
andwhole freshleavesamendmentssuppressive
to Fusariumspp. on tomatoandcotton (3,12).
Contraryto our results,Barakatet al. (1) found
that the addition of a mixture of barley straw
and faba bean seed powder to soil increased
the populationof actinomycesexhibiting antag-
onismtoward Rhizoctoniasolani andFusarium
solani in cowpea rhizosphere. Antagonismto
soilbornerootpathogenswasthemaincharacter-
istic of thesepopulations. However, this effect
was not consistentand varied with the type of
organicmatterandof pathogentested(6). Fungal
populationanddiseaseincidencewere lower in
experimentalareaII thanin areaI. It is assumed
thatfungalpopulationshave differentantagonis-
tic characteristicsaffectingtheplantsubstratesin
experimentalareaI. Lockwood (11) statedthat
thereis “substratumantagonismin thesoil”.

The averageC/N ratio andavailableMC of
soil increasedin soil amendedwith sun�ower
stalks (Table 1). There was a positive corre-
lation (r= 0.58 and r= 0.70 for areasI and II,
respectively) betweenthe fungalpopulationand
C/N ratio. However, the highestincreasein the
populationwasrecordedin plots amendedwith
sun�ower stalks from both experimentalareas.
The bacterialpopulationwas highly negatively
correlatedwith the C/N ratio in experimental
area I (r= -0.99) and II (r=-0.83). Bora et
al. (2) reported that the fungistasisin soils
cultivatedwith differentplants(tomato,pepper,
watermelon, cotton) was positively correlated
with organic matterand total nitrogencontent.
The addition of fababeanpowder (high N) in-
creasedsoil antibiosisagainstF. solani, whereas
the addition of barley straw (low N) increased

it againstR. solani (1). However, it was noted
that there was a delicatebalancebetweenthe
availability of celluloseandsuppressive or con-
ducive propertiesof the growth mediumfor R.
solani (20). The currentstudy showed that the
incidenceof diseasewas lowest when the C/N
ratio was11.29. In our soils theC/N ratio hada
role in diseasesuppressionsincethecompetitive
fungalpopulationvariedwith increasingC/N ra-
tio. Fungalpopulationin thepresentexperiments
mightbecellulolytic becauseof thehigh content
of cellulosein sun�ower stalks.

The availableMC of soil amendedwith the
otherplantstalkswassimilar to thatof thecon-
trol soil. Availablemoisturehadthesameeffect
on thefungalandbacterialpopulationastheC/N
ratio. Our resultsalso show that the available
MC causedan increasein fungalpopulationand
thushadanindirectsuppressive effectondisease
incidencewhen sun�ower stalks were usedas
organicmaterial.

The air capacityof containermedia has a
direct effect on oxygenlevels in the root envi-
ronment(7). Oxygen,usedby most microbial
populationsfor competition, was found to be
enhancedby barley straw and faba beanseed
powder (1). Sun�ower stalk particlesgenerally
arecoarseandimprove soil aeration,suggesting
thatthesestalks,similar to thoseof barley straw,
couldbesuitablefor aeration.

Sun�ower stalksare generallyburnedafter
harvest, which is detrimental to the environ-
mentandcausesair pollution, while alfalfa and
vetch are being evaluatedas food for animals.
Ourstudydemonstratedthattheincorporationof
theseplant wastes– especiallysun�ower stalks
– to soil after harvesting could suppressbulb
rot diseasein onion. After more detailedex-
aminations,theseplant wastesmay be utilized
as alternative materials for diseasecontrol in
organicfarming.
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TABLE 1. Somepropertiesof thesoil amendedwith stalksof differentplantsin experimentalareas
I andII
Plant Microbial population C/N Field Wilting Available pH
material (log

���

CFUg
�

�

soil)� ratio capacity point moisture
Fungi Bacteria (%) (%) (%)

ExperimentalAreaI
Sun�ower 4.57a

�

7.63a 10.57 28.24 14.92 13.32 7.14
Alf alfa 4.27ab 7.78a 9.67 29.33 18.43 10.90 6.93
Vetch 4.31ab 7.97a 7.83 27.18 15.10 12.08 7.03
Control 4.00b 7.88a 8.75 26.12 15.88 10.24 7.12

ExperimentalAreaII
Sun�ower 4.50a 7.76b 11.29 27.40 13.65 13.75 7.71
Alf alfa 1.00b 8.01ab 9.71 23.61 13.36 10.25 7.72
Vetch 2.10ab 8.16ab 8.27 26.72 14.84 11.88 7.73
Control 0.00b 8.24a 8.95 25.37 14.02 11.35 7.73

� Valuesaremeansof four replicates.
�

Within columns,meansfollowedby acommonletterdonotdiffer signi�cantly (P = 0.05)accordingto Duncan's
Multiple RangeTest.

Fig. 1. Monthly averageair andsoil temperatures( � C) andrainfall (mm) duringtheexperiment.

Fig. 2. Onion bulb rot incidence(%) in the soils amendedwith stalks of different plants in
experimentalareasI and II. Columnswith the sameletter do not differ signi�cantly (P=0.05)
accordingto Duncan's Multiple RangeTest.
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