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WOORD VOORAF 

Dit proefschrift bespreekt de resultaten van onderzoek dat van juni 
1981 tot eind 1985 werd uitgevoerd op het Instituut voor 
Plantenziektenkundig Onderzoek (IPO) te Wageningen, naar aanleiding 
van de problemen met lakschurft in de pootaardappelteelt. 

Al enige jaren voor de aanvang van dit project was geconstateerd 
dat er meer fundamentele kennis nodig was om tot een betere beheersing 
van lakschurft te kunnen komen. Het gewenste onderzoek kwam tot stand 
dankzij de coördinatie voor aardappelonderzoek van de Directie 
Landbouwkundig Onderzoek (DUO) en het IPO. Het project werd 
geformuleerd door dr ir L.J. Turkensteen (IPO). Samen met dr ir D.E. 
van der Zaag (DLO) en dr ir A. Tempel (IPO) droeg hij in belangrijke 
mate bij tot de start en de continuering van het project. 

Het onderzoek kon beginnen dankzij een subsidie van het fonds MPW 
(Maatschappelijke Plaats Wageningse Afgestudeerden). Al snel werden 
positieve resultaten verkregen en besloot het bedrijfsleven financieel 
bij te springen. Na enig pro-deo werk en een jaar steun via de 
regeling Tijdelijke Arbeids Plaats van het Ministerie van Sociale 
zaken werden de laatste drie jaren mede-gefinancierd door het 
aardappelbedrijfsleven. Alle anonieme donateurs ben ik bijzonder veel 
dank verschuldigd voor hun krediet. Het MPW fonds is in haar 
doelstelling geslaagd om in een periode van grote werkeloosheid een 
afgestudeerde aan werk te helpen. Haar initiatief heeft vijf goede 
jaren onderzoek opgeleverd. 

De spontaan aangeboden begeleiding van drs G. Jager (IB, Haren), ir A. 
Mulder en ing. J. Roosjen (Hilbrands Laboratorium voor Bodemziekten, 
Assen) was van grote waarde in de onzekere startperiode. Zij troffen 
de voorbereidingen voor veldproeven, die samen met het IMAG en later 
ook het PAGV werden uitgevoerd. In de laatste drie jaren werd 
verantwoording afgelegd aan een begeleidingscommissie die bestond uit 
dr ir P. van Halteren (PD), mw drs K. Hartmans (IBVL), dr ir A. 
Tempel, dr ir L.J. Turkensteen en dr ir D.E. van der Zaag 
(voorzitter). Ik ben hen dankbaar voor de doelgerichte wijze waarop 
dat gebeurde en de vrijheid die zij mij lieten bij het onderzoek. 

In het voorlaatste jaar spoorde prof. dr J. Dekker mij aan de 
resultaten te bundelen tot een proefschrift. Ik ben hem dankbaar voor 
de geboden gelegenheid en voor zijn hulp bij het schrijven van deze 
dissertatie. De belangeloze inzet van dr ir M. Gerlagh en de vele 
anderen die delen van dit proefschrift inhoudelijk en taalkundig 
becommentarieerden heb ik bijzonder gewaardeerd. Daarbij ben ik vooral 
veel dank verschuldigd aan de redactie en referees van het Netherlands 
Journal of Plant Pathology die zo nauwgezet de verschillende hoofd­
stukken bekritiseerden. De directies van het IPO en het Proefstation 
voor de Akkerbouw en Groenteteelt in de Vollegrond (PAGV) moet ik 
bedanken voor de tijdsruimte die zij mij gaven om te schrijven tijdens 
mijn detachering op het PAGV. 

Tijdens het onderzoek heb ik veel gehad aan de bijeenkomsten van de 
Rhizoctonia-werkgroep, onderdeel van de NRLO contactgroep 'bodem-
pathogenen en bodemmicroörganismen'. Ook kijk ik dankbaar terug op de 
plezierige discussies met mw drs K. Hartmans ; bij haar kon ik op elk 



STELLINGEN ' ' 

1. Pas na loofdoding stimuleert de aardappelknol de vorming van 

lakschurft ongeremd. Dit proefschrift 

2. Jonge aardappelknollen kunnen waarschijnlijk beter beschermd 

worden tegen virusinfectie en overmatige lakschurftvorming door 

een werkwijze, die de stolonen breekt en daarna de knollen 

gescheiden van de overige plantedelen in losse grond laat afharden 

dan door de huidige methoden van loofvernietiging. 

Dit proefschrift 

3. Indien bij een pootgoedteelt looftrekken onmogelijk is, kan bij 

gebrek aan beter, geadviseerd worden het loof chemisch te 

vernietigen met gelijktijdig doorsnijden van de wortels. 

Dit proefschrift 

4. Rhizoctonia solani lijkt volledig toegerust voor haar instand­

houding en verspreiding. Het toch voorkomen van de perfecte vorm 

Thanatephorus cucumeris, de homothalli en groepsgewijze anastomose 

ondersteunen echter de gedachten van P.H. Gregory (1984, blz.14): 

, ,Besides their function as colonizers spores may perhaps act 

as an unreliable airmail service transmitting genes between 

established mycelia In most species the prevention of 

vegetative out-fusion must somehow be reconciled with the usual 

requirements for outbreeding." 

Gregory, P.H., 1984. In: Jennings, D.H. & Rayner, A.D.H. (Eds), 

1984. The ecology and physiology of the fungal mycelium. 

Cambridge University Press, London etc., pp. 564. 

5. Het is niet uitgesloten dat de initiatie van de infectiekus­

sentjes en van de (pseudo-)Sclerotien door R. solani in wezen 

berusten op overeenkomstige processen. 



6. De resultaten van Pressey sluiten niet uit dat het polygalacturo­

nase PG-1 van nature aanwezig is in rijpende tomaten. 

Pressey, R. , 1988. Réévaluation of the changes in polygalac­

turonases in tomatoes during ripening. Planta 174: 39-43. 

7. Vanuit een fysiologisch oogpunt is het de moeite waard om na te 

gaan of besmetting met een niet-pathogeen organisme als VAM 

(vesiculaire arbusculaire mycorrhiza veroorzakende schimmel) een 

aspecifieke tolerantie induceert in plantgoed tegen de nadelige 

gevolgen van biotische en abiotische bodemfactoren in het veld. 

8. Het verdient aanbeveling om ook potgrond op de markt te brengen 

die vrij is gemaakt van ziektekiemen; de meerprijs zou via een 

kwaliteits-certificaat gecompenseerd kunnen worden. 

9. Voor de bestudering van planteziekten als gevolg van bodempatho-

genen is het zinvol om de term 'bodem-ontvankelijkheid' of 'bodem-

receptiviteit' in te voeren om weer te geven in welke mate een 

bodem een dergelijke ziekte toelaat op grond van zijn intrinsieke 

eigenschappen (bv. % afslibbaar) en zijn eigenschappen die 

afhankelijk zijn van externe invloeden (bv. bodemstructuur of 

bodemmicroflora). 

10. Bij de planteveredeling op weerbaarheid tegen bodempathogenen die 

zoals R. solani ook als zwakteparasiet kunnen optreden, moeten 

omgevingsfactoren zoals de bodemreceptiviteit voor die ziekte mede 

beschouwd worden als variabelen bij de verklaring van resultaten. 

Hetzelfde geldt voor onderzoek naar andere niet-chemische beheers-

methoden tegen die pathogenen. 

11. Het promoveren op artikelen stelt, gezien het nauwgezet corrigeren 

door de referees, zwaardere eisen aan de vindingrijkheid van de 

opponenten bij het verzinnen van niet-inhoudelijke vragen. 



12. Het ontbreken van (werk-)colleges 'agrarische ethiek' wekt ten on­

rechte de indruk dat ethische problemen in deze sector ontbreken. 

De snel wisselende belangen van de landbouweconomie zijn vaak 

discutabel en tegenstrijdig aan die van de natuur en het milieu. 

Voorts kan zo'n leerstoel bijdragen tot het creëren van procedures 

welke de integriteit waarborgen van geprivatiseerde diensten. 

13. Wie allang 'Gewasbescherming' in zijn dossier heeft, zou zich 

zorgen kunnen maken over de bescherming van 'Gewasbescherming'. 

14. Een regering, die emancipatie beoogt en het gezin als hoeksteen 

van de samenleving wenst te behouden 

1. dient te zorgen dat kinderopvang een basisvoorziening wordt 

2. dient voorwaarden te scheppen opdat zowel in overheidsdiensten 

als in het particuliere bedrijfsleven een werknemer, indien die 

dat wenst, zijn functie tot vier jaar in verzekerde bewaring kan 

geven om tijdelijk een taak te vervullen die de kwaliteit van de 

samenleving ten goede komt, bv. ouderschap of een politiek ambt. 

15. De ontwikkeling van het 'Agrobusiness Park Wageningen' is even 

afhankelijk van goede woonvoorzieningen als van wetenschappelijke 

initiatieven. 

16. Het plaatsen van nieuws over Suriname op de 'binnenland' pagina 

van NRC-Handelsblad is wellicht een freudiaanse verdrukking. 

(zie bv. NRC-Handelsblad 29-07-88) 
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Wageningen, 7 februari 1989. 



moment terecht voor advies, bemiddeling en hulp voor chemische 
analyses. Voor advies en het beschikbaar stellen van apparatuur ben ik 
veel dank verschuldigd aan dr L.W. van Broekhoven (CABO), dr ir L.C. 
Davidse (LUW, Fytopathologie), ir L.G. Tuinstra en ing. G. Traag 
(RIKILT) en ir E. Woltering (Sprenger Instituut). Op het gebied van de 
statistiek en computergebruik heb ik veel geleerd van drs J. de Bree 
(GLW, DLO). Ik ben hem dankbaar voor het vele werk dat hij mij uit 
handen nam bij de verwerking van de veldresultaten. 

Veel dank ben ik verschuldigd aan de inschikkelijke Ipo-nezen die mij 
lieten delen in het gebruik van hun werkruimte en materialen. 

De dagelijkse gang van zaken werd mij bij tijden bijzonder 
veraangenaamd door hulp en gezelligheid van stagiairs. Ing. R. van der 
Schaaf (Ruud) en mw ing. J. Borsboom (Jolanda) hielpen met verve bij 
de veldproeven. Ing. G. Wever (Gerrit) heeft in een heel plezierige 
samenwerking en met eindeloos geduld het drooggewicht bepaald van heel 
veel priegelige Sclerotien. Ir J.M. van der Wolf (Jan) ontpopte zich 
als een uiterst precies en fanatiek periderm-cel-teller, waarmee hij 
een lastige klus klaarde. Ing. H. Schroën (Har) hielp bij de opzet van 
de eerste experimenten met vluchtige componenten. En uiteindelijk 
heeft ir A. van Dalen (Ton) zeer zelfstandig de experimenten met 
vluchtige exudaten voltooid. Ik was erg gelukkig met de inbreng van 
ing. J. Verheggen (Jos), die tijdelijk assisteerde als pro-deo mede­
werker. Zijn engelengeduld, opgewektheid en gemotiveerde inzet waren 
een plezier en stimulans voor mij en de toen aanwezige stageairs. 

Het onderzoek vergde erg veel kasruimte onder tamelijk strenge 
klimatologische condities. Dankzij het miraculeuze organisatievermogen 
van J.H. den Dunnen, was er toch altijd weer voldoende ruimte. Zelfs 
in hoogtij periodes wist hij nog handen vrij te maken om te helpen bij 
het inzetten van planten of waarnemen in het veld. Met name de heren 
H. Floor, M.R. Holdinga, R.J. Jansen, G.H. Kramp en G.M. Willemsen 
hebben vaak geassisteerd, waarvoor ik ze bijzonder wil bedanken. Bij 
het opzetten van nieuwe experimenten kon ik steeds een beroep doen op 
de uitgebreide kennis en vindingrijkheid van B. van Rheenen. De huis­
houdelijke dienst o.l.v. B. van Holland werkte bergen vuil glaswerk 
weg en voorzag in de continue behoefte aan agarmedia. Mw. T.W. Jansen 
wil ik bedanken voor de vriendelijke wijze waarop ze, toen nog per 
kamer serverend, ons van koffie en thee voorzag. 

Huisgenoten en vrienden boden me buiten werktijd een onmisbaar en 
fijn tegenwicht tegenover het arbeidsintensieve onderzoek. Mijn 
echtgenoot ir S.H.W.M. Mannaerts (Bas) wil ik bedanken voor zijn 
geduld, gewillig oor en zijn kritiek met betrekking tot dit werk. Met 
dochtertje Esther was er thuis ruim voldoende plezier en afleiding 
tijdens de laatste loodjes van het schrijven. Last but not least wil 
ik mw ir C.C. Florschütz (Christa), medewerkster van de Stichting 
Landbouw en Milieu, en dr G.O.M. Leone (Gionata), mycoloog in 
tijdelijke dienst van het IPO, bedanken voor hun bereidheid om als 
paranymf op te treden. 



The investigations were carried out from 1981 to 1986 at the Research 
Institute for Plant Protection at Wageningen. The project has been 
financially supported by the Foundation MPW (Maatschappelijke Plaats 
Wageningse Afgestudeerden) and by the Board of the Netherlands Seed 
Potato Growers and Traders Organization (PCC). 
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INTRODUCTION 1 
In the Netherlands, haulm destruction is a mandatory measure when growing 
seed potatoes. The shoots are killed in order to prevent virus infection of 
the tubers. However, after haulm destruction, black scurf formation on the 
tubers often accelerates. High levels of black scurf lead to losses at 
grading. The rate of black scurf formation is influenced by the method of 
haulm killing: haulm pulling enhances black scurf formation less than 
chemical destruction. The question arose which factors promote black scurf 
after haulm killing and why the two methods available differ in effect. 

Black scurf is caused by Rhizoctonia solani anastomosis group 3 (AG-3). 
This fungus forms pseüdo-sclerotia on the surface of young growing potato 
tubers. These resting structures appear as small black crusts attached to 
the tuber skin and are commonly called 'sclerotia' or 'black scurf'. During 
the early phases of tuber growth the number of these sclerotia remains low 
and their size small, but during tuber maturation both number and size 
increase. The sclerotia do not cause direct harm to the tuber itself, but 
on seed tubers they will endanger the future crop: mycelium will grow from 
the sclerotia and infect the young shoots. This infection leads to retarded 
plant growth and reduced yield. In order to prevent such infection, seed 
tubers are chemically disinfected. The pesticides available, however, 
cannot completely kill sclerotia larger than 2 mm in diameter and so tubers 
covered by sclerotia of that size must be graded out. In the Netherlands, 
the norm for the maximum amount of black scurf allowed on seed potatoes is 
inspected by the Dutch Seed Inspection Service (NAK). Seed potatoes are a 
major export commodity of the Netherlands. Grading losses due to black 
scurf amount to considerable financial losses to the grower. 

Haulm killing prevents transmission of virus from the shoots to the 
tubers. The destruction may be achieved in two ways, chemically or 
mechanically. The chemicals used in seed potato production quickly destroy 
the shoots within three days. For complete coverage of the shoots by the 
chemicals sprayed, they are reduced in advance by pulverizing or stripping 
the foliage. A second spray is often required to kill newly formed shoots. 
Haulms are destroyed mechanically by 'haulm pulling': this method is not 
easy to apply but it breaks the stolons and removes most of the plant in 
one performance. On the mandatory date of destruction the tuber skin is 
usually not firm enough to withstand mechanical harvesting. In general, 
tubers are not collected from the field until a few weeks after haulm 
killing when the skin is 'set', i.e. the periderm is suberized. 

To early harvested tubers, it has been observed in practice that haulm 
destruction aggravates black scurf: number and size of sclerotia increase 
more rapidly than if this measure is not employed. The stimulation of black 
scurf formation becomes evident during the second week after destruction. 
Chemical destruction enhances black scurf formation more than haulm pulling 
(Reestman en Schepers, 1955; Bouwman et al., 1983). Haulm pulling is the 
recommended measure but not under all conditions, e.g. if wet weather pre­
vents the use of heavy machinery or if the crop is infested by Phytophthora 
infestans. However, the alternative - rapidly killing chemicals - usually 
results in higher grading losses due to black scurf. 

The Dutch seed potato growers are constantly seeking ways to improve the 
quality of their products. R. solani AG-3 is a very common soil inhabitant 
and it is not likely that there are potato fields void of it. In view of 
environmental risks associated with the application of chemicals in 
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agriculture, non-chemical or integrated control measures are prefered. 
In seeking alternatives for black scurf control it was decided to investi­
gate which conditions promote Sclerotium formation on young tubers, and 
which factors cause the stimulation of black scurf after haulm killing. 
Spencer and Fox (1978) suggested that tuber exudates promote Sclerotium 
formation. Because exudates might differ between cultivars, it was hoped 
that this study would also provide information that could be used in 
breeding new potato cultivars. 

This thesis presents the results of an investigation into the conditions 
which promote black scurf after haulm destruction. Especially those factors 
were investigated which cause the stronger stimulation after chemical haulm 
killing compared to mechanical 'haulm pulling'. Different methods of haulm 
killing may induce different alterations in tuber exudate and periderm. 
Because such changes depend on the physiological state of the tuber, most 
of the experiments were carried out with tubers still attached to the 
plants. Sclerotia are considered to be mature when they are black-brown in 
colour and have a compact structure which makes them resistant to changes 
in the environment. Black scurf formation consists of three stages 
(sclerotial initiation, growth and maturation) (Townsend, 1957) each of 
which can probably be affected differently by external factors. 

The thesis contains five papers. The first two treat the effect on black 
scurf development of the different methods of haulm killing and of root 
severing using different cultivars. The first paper presents results from 
glasshouse experiments using steamed soil or soil-less growth medium. The 
second describes field experiments on black scurf, skin set, flexibility of 
the harvest period and yield of young tubers. The following three papers 
present laboratory and glasshouse tests in which the alterations on tuber 
surface after haulm destruction were studied and their effect on Sclerotium 
formation. The third paper describes the different stages of Sclerotium 
formation and the distribution pattern of the sclerotia on artificial media 
and on tubers with regard to food supply, wounding and surface structure. 
In the fourth paper Sclerotium production is studied on agar plates 
supplemented with periderm strips and precipitated water-soluble tuber 
exudates, sampled at different intervals after haulm killing. The fifth 
paper describes Sclerotium formation on agar plates exposed to volatile 
tuber exudates and volatile decomposition products of roots and stolons 
from plants with intact or cut off shoots. 
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Abstract 

In greenhouse experiments factors which are involved in the stimulation of sclerotia formation 
by Rhizoctonia solani Kühn on potato tubers after haulm destruction were investigated. Cutting 
off the shoot stimulated the production of sclerotia as much as chemical haulm destruction. 
This was also observed when potato tubers were grown away from the roots in a separate com­
partment filled with steamed perlite. Fewer sclerotia were produced when roots were cut in addi­
tion to haulm destruction compared to haulm destruction alone. Cutting off the roots alone 
often stimulated sclerotia production. The data indicate that sclerotia production was directly 
affected by the tuber and probably due to physiological changes in the tuber caused by elimina­
tion of the shoot. 

Additional keywords: Rhizoctonia solani, sclerotia, Solanum tuberosum. 

Introduction 

During the cropping season the amount of sclerotia produced by Rhizoctonia solani 
Kühn on the surface of potato tubers increases gradually. For sanitary reasons haulm 
destruction is a mandatory measure when growing seed potatoes in the Netherlands. 
However, haulm destruction stimulates the production of sclerotia on tubers (Doorn­
bos, 1963; Spencer and Fox, 1978), chemical destruction being more stimulating than 
a mechanical destruction, the so-called 'plant-pulling' (Doornbos, 1963; Bouman et 
al., 1979, 1983). Plant-pulling cannot be applied under all circumstances and if so, 
growers have to apply quickly killing chemicals, resulting in considerable grading 
losses due to black scurf. 

Chemical destruction with DNOC kills the shoot in three days, whereas plant-
pulling breaks the stolon. The extra stimulation of the Sclerotium production by 
chemical destruction compared to that following plant-pulling thus may be caused by 
the continued contact between tubers and roots in the former case. The objectives of 
this study were (1) to compare the effect of different methods of haulm destruction 
in the greenhouse, trying to compare different cultivars, (2) to investigate whether this 
stimulation of Sclerotium production is caused directly by physiological changes of the 
tuber or by alterations in the vicinity of the tuber, (3) to see if tuber water content af­
fects black scurf development and (4) to examine the effect of root cutting in addition 
to chemical haulm destruction on the development of black scurf. A preliminary 
report has been published (Dijst, 1983). 
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Materials and methods 

Potato plants were grown from rooted stem cuttings or from meristem cultures. Plants 
were grown in growth chambers under 16 h light per day and 18-20 °C (day) or 14-16 
°C (night) for three weeks. Then they were transplanted into 150-mm pots and placed 
in the greenhouse where additional light was given up to 12 h per day. All soils used 
had been sterilized by steaming. If not mentioned otherwise the soil was inoculated 
with sclerotized wheat grains when the plants were two months old. A mixture of three 
isolates of R. solani was used as inoculum. These isolates had been kindly provided 
by Drs G. Jager (Intitute for Soil Fertility, Haren). According to an identification by 
Drs W.M. Loerakker (Plantenziektenkundige Dienst, Wageningen) they all belong to 
anastomosis group nr. 3. 

The shoots were destroyed chemically by spraying with DNOC at 0.5 ml a.i. DNOC 
in oil (Aal omort) or metoxuron as 80% w.p. (Purivel) at 55 mg a.i. per plant. 

The amount of sclerotia on the tubers was estimated visually using five classes: free, 
very lightly, lightly, moderately and heavily covered with sclerotia (Fig. 1). By counting 
the number of tubers in each class an index was calculated with the formula: 
I = 100.(0.f + l.vl + 2.1 + 3.m + 4.h)/(4.t) 
Where f, vl, 1, m and h refer to the number of tubers in each of the severity classes 
and t is the total number of tubers. 

The number of sclerotia per tuber (NSCL) was counted and the sclerotia were then 
collected and dried at 105 °C for 24 h. Subsequently they were weighed with an ac­
curacy up to 0.0001 mg. In order to compare the amount of sclerotia among tubers 
of different sizes both number and dry weight were expressed per surface area (A in 
mm2) of the tuber (NSCL/A and WSCL/A). The surface area of tubers was estimated 
using the fresh weight of the tuber raised to the 2/3 power. This approach is based on 
the assumption that the surface area of a tuber can be estimated as the surface area 
of a sphere with a constant specific density (sd). From the formulae of the volume of 
a sphere with radius r (W/sd = 4.7r.r3/3) and its surface area (A = A.-w.r2) it is derived, 
that A = a+c.(W)2/\ where W is the fresh weight and a and c are constants which 
can be ignored here since the formula is used for comparison only. 

The dry weight of the sclerotia per surface area of the tuber (WSCL/A) is more ac-

f m h 
Fig. 1. Assessment key for the amount of sclerotia of/?, solani on potato tubers: f = free, 
vl = very lightly, 1 = lightly, m = moderately and h = heavily covered with sclerotia. 
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curate to valuate the production of sclerotia than the black scurf index. The number 
of sclerotia per tuber surface area (NSCL/A) does not give information on the number 
of initiation points, since many small sclerotia eventually grow together to form big 
sclerotia. The mean dry weight of a Sclerotium (SCLW) on a tuber was calculated from 
the total dry weight and number of sclerotia per tuber. 

The water content of the tubers was calculated from the fresh (fw) and dry weights 
(dw): 100.(fw-dw)/fw. Dry weights were determined after tubers had been sliced and 
dried at 95 °C for 24 h followed by 105 °C for 24 h. 

Results 

Comparison of different methods of haulm destruction. Plants of cv. Astarte were 
grown from meristem cultures. Ten days after inoculation of the soil, plants were given 
different treatments. Shoots were cut off or destroyed quickly with DNOC or slowly 
with metoxuron. Metoxuron cannot be used for seed potatoes since it takes two weeks 
for complete destruction. Three weeks after plants had been treated, tubers from nine 
plants per treatment were harvested and the amount of sclerotia was estimated. In 
Table 1 the black scurf index per treatment is given. The index was calculated over all 
tubers harvested per treatment. Cutting off the shoots enhanced the production of 
sclerotia as much as chemical destruction did. Application of DNOC seemed to 
enhance black scurf somewhat more than that of metoxuron. Plant-pulling did not 
enhance sclerotia production. 

The effect of cutting off the shoot. Plants were grown using the 'plaster-system' accor­
ding to Van Emden (1958). So half of each pot was filled with potting soil which was 
covered by a layer of 10 mm plaster with a 20 mm hole in the middle. Plants of cvs 
Bintje and Prominent were grown from cuttings. Roots of three-week-old plants were 
washed free from soil and placed in the soil through the hole in the plaster. The 
original cut surface was held 10 mm above the plaster, the hole was filled with bee wax 
and the upper half of the pot was filled with steamed sand. Thus any influence from 
soil or roots on the vicinity of the tuber was eliminated. One week after infestation 
chemical haulm destruction was simulated by cutting off the shoot and plant-pulling 
by cutting through the stolon. Twelve and 21 days after treatment tubers of at least 
five plants per treatment were examined. Only cutting off shoots had stimulated 
sclerotial development (Table 2, Fig. 2). 

Table 1. The amount of sclerotia on tubers from nine plants cv. Astarte per treatment, three 
weeks after chemical or mechanical haulm destruction. 

Treatment Black scurf 
index 

None (control) 38.9 
Plant-pulling 38.2 
Slow chemical haulm destruction (metoxuron) 50.3 
Quick chemical haulm destruction (DNOC) 62.5 
Cutting off shoots 54.2 



Table 2. The amount of sclerotia on tubers from plants of cvs Bintje and Prominent three weeks 
after shoots were cut off or stolons were cut through. 

Treatment cv. Bintje cv. Prominent 

None (control) 10l b2 01 b2 

Cutting off shoots 1229 a 437 a 
Cutting through stolons - O b 

Dry weight sclerotia (/tg) per tuber surface area (ca. 100 mm2). 
Values followed by different characters a 
LSD = 751; cv. Prominent LSD = 361. 

2 Values followed by different characters are significantly different (P = 0.05). Cv. Bintje 

. ^ 5 

Fig. 2. Sclerotia of Rhizoctonia solani on potato tubers (cv. Prominent) harvested three 
weeks after treatment: tubers nrs. 1 and 2 from untreated plants, nrs. 3 and 4 from plants 
of which shoots had been cut off and nrs. 5 and 6 from plants of which stolons had been 
cut through. 

Investigations on the effect of haulm removal. Plants of cv. Bintje were grown from 
meristem cultures. They were raised in a two -compartment system which allowed the 
roots to develop in 10 liter steamed perlite with nutrient solution (Steiner, 1968) and 
the tubers in an upper compartment filled with steamed perlite, humidified with 
demineralized water (Fig. 3). Thus any influence of biotic or abiotic components from 
soil or roots, on the vicinity of the tuber was eliminated. When the plants were 100 
days old the perlite around the tubers was removed with a vacuum cleaner. The tubers 
were inoculated by placing three-day-old hyphal mats of R. solani on water agar on 
the tubers. Afterwards the tubers were covered again with humid perlite. One week 
later the shoots were cut off from five out of ten plants. Again one week later tubers 
were harvested and examined. 

On tubers from untreated plants few hyphae and no sclerotia were found. Shoot 
removal had caused extensive hyphal growth and sclerotia had been produced 
moderately on the tubers and adhering perlite granules. Thus, the stimulation of 
sclerotia formation originated from the tuber. Roots did not turn brown until seven 
days after shoot removal. 

The effect of root-cutting in addition to haulm destruction. In order to compare dif­
ferent cultivars, plants of cvs Astarte, Désiré, Doré, Ehud, Krostar, Marijke and Pro­
minent were grown from meristem cultures in a sandy loam soil. Three weeks after soil 
inoculation plants were given the following treatments: root-cutting, chemical haulm 
destruction using DNOC, root-cutting plus spraying with DNOC, plants were pulled 

6 Neth. J. PL Path. 91 (1985) 
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Fig. 3. The two-compartment system used for development of tubers under nutrient-free 
conditions. 

or shoots were cut off. For root-cutting the roots were pruned by hand. At least three 
plants per treatment were harvested both one and three weeks after treatment. Un­
treated plants that had died at least one week before harvest were sampled as a separate 
group ('early dead control plants')- The small number of replicates per cultivar only 
allowed for an analysis of variance over the combined data of all cultivars tested per 
treatment (Table 3). 

Cutting the roots alone slightly enhanced black scurf on five out of seven cultivars 
tested (Table 4). Root-cutting plus spraying DNOC resulted in a lower amount of 
sclerotia (WSCL/A) compared to spraying DNOC alone on five out of seven cultivars 
tested. The effect of root-cutting plus DNOC on black scurf had been almost equal 
to that obtained by plant-pulling. Metoxuron spraying had stimulated sclerotia pro­
duction slightly less than DNOC. Tubers from 'early dead control plants' had more 
sclerotia than tubers from any other treatment. 

Neth. J. PL Path. 91 (1985) 7 



Table 3. The average amount of sclerotia on potato tubers of seven cultivars three weeks after 
haulm destruction with or without additional root-cutting. 

Treatment 

None (control) 
Root-cutting 

DNOC spray 
DNOC spray + root-cutting 

Plant-pulling 
Cutting off shoots 

Significance 
LSD (P = 0.05) 

Black 
scurf 
index 

45 be5 

43 c 

57 ab 
49 abc 

51 abc 
63 a 

* 

13.4 

WSCL/A1 

24 f 
36 e 

56 a 
40 d 

42 c 
53 b 

* 

1.5 

NSCL/A2 

209 a 
174 a 

219 a 
209 a 

245 a 
297 a 

NS 

SCLW3 

0.12 a 
0.21 a 

0.26 a 
0.19 a 

0.17 a 
0.18 a 

NS 

Water 
content 
tubers4 

77.2 d 
80.0 c 

80.8 be 
81.9 ab 

83.0 a 
83.6 a 

*** 

1.87 

Dry weight (^g) of sclerotia per tuber surface area (ca. 100 mm2). 
Number of sclerotia per tuber surface area. 
Dry weight (/tg) per Sclerotium. 
Expressed as percentage of the fresh weight. 
Values followed by different characters in each row are significantly different (P = 0.05) 
according to a one-way analysis of variance with n = 21 (3 plants per cultivars) except for 
the analysis of the index of black scurf where n = 7 (7 cultivars) was used with n being the 
number of replicates per treatment. 

A comparison of the data in Tables 4 and 5 learns that a high amount of sclerotia 
on the tubers was not always associated with a high water content. Like in the former 
experiment roots did not turn brown until seven days after haulm destruction. Root-
cutting must have terminated the uptake of water by the existing roots. It often nihilliz-
ed part of the stimulation of black scurf by haulm destruction which often coincided 
with a lower tuber water content. Therefore, it was to be investigated (1) whether the 
water content of the tuber was related to the amount of sclerotia and (2) whether these 
aspects differed between cultivars. A more elaborate analysis of variance showed that 
the treatments differed significantly with respect to both WSCL/A and the water con­
tent of the tubers. Differences between cultivars were not significant for these aspects. 
Changes in the amount of sclerotia were not consistently correlated with changes in 
tuber water content. After correction for the treatments the effect of the tuber water 
content was not significant with respect to the WSCL/A. However, ignoring 
treatments, the effect of the tuber water content was significant with respect to the 
WSCL/A. Thus, both differences in tuber water content and WSCL/A have originated 
from differences between treatments and not from differences between cultivars. Dif­
ferences in tuber water content could have been only partly responsible for the dif­
ferences in WSCL/A, indicating, that there are other consequences of the treatments, 
which affect the production of sclerotia on the skin. 

Root-cutting in addition to DNOC spray had failed to reduce the stimulation by 
haulm destruction with the cvs Prominent and Marijke. Since this may have been due 
to the low number of replicates the experiment was repeated with the cultivars Promi-



Table 4. Dry weight (/tg) of sclerotia per surface area (ca. 100 mm2) of potato tubers (WSCL/A) 
of seven cultivars tested three weeks after haulm destruction with or without additional 
root-cutting. 

Treatment 

None (control) 
Root-cutting 

DNOC spray 
DNOC spray + root-cutting 

Plant-pulling 
Cutting off shoots 
Metoxuron spray 
Early dead control plant 

Astarte Désirée Doré Ehud Krostar Marijke Prominent 

18 
5 

37 
10 

33 
23 
20 
-

22 
28 

55 
25 

57 
77 
-
70 

20 
13 

25 
17 

27 
30 
15 

167 

25 
40 

83 
58 

33 
83 
-

130 

30 
33 

63 
35 

67 
57 
-
-

43 
70 

57 
55 

47 
83 
33 

102 

8 
65 

70 
80 

30 
25 
-
-

Table 5. The water content of potato tubers (expressed as % of the fresh weight) of seven 
cultivars tested three weeks after haulm destruction with or without additional root-cutting. 

Treatment 

None (control) 
Root-cutting 

DNOC spray 
DNOC spray + root 

Plant-pulling 
Cutting off shoots 
Metoxuron spray 

-cutting 

Early dead control plants 

Astarte 

74.6 
73.6 

83.2 
80.0 

85.5 
86.5 
80.4 

-

Désirée 

77.2 
82.8 

82.1 
84.5 

87.3 
84.8 

-
82.3 

Doré 

82.0 
78.9 

79.4 
79.5 

81.5 
81.9 
77.6 
83.0 

Ehud 

77.5 
78.0 

79.1 
81.1 

79.1 
81.9 

-
85.2 

Krostar 

72.0 
78.1 

81.3 
81.2 

84.3 
84.2 

-
— 

Marijke 

75.2 
82.8 

79.5 
82.2 

81.1 
80.7 
79.9 
80.8 

Prominent 

81.8 
86.0 

81.2 
84.9 

82.5 
85.3 

-
— 

Table 6. The amount of sclerotia on tubers of cultivars Prominent and Pimpernel two weeks 
after shoots had been cut off, shoots plus roots had been cut off or stolons had been cut 
through. 

Treatment 

None (control) 
Cutting off shoots 
Cutting off shoots + root-cutting 
Cutting through stolons 

WSCL/A1 

Prominent 

Ob3 

332 a 
0 b 

16 b 

Pimpernel 

0 b3 

36 a 
0 b 
0 b 

SCLW2 

Prominent 

0 
341 

0 
337 

Pimpernel 

0 
539 

0 
0 

Dry weight sclerotia (/ig) per surface area (ca. 100 mm2). 
Dry weight (/ig) per Sclerotium. 
Values followed by different characters in each row are significantly different; cv. Prominent 
LSD (P = 0.001) = 251; cv. Pimpernel LSD (P = 0.001) = 33. 
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nent and Pimpernel. The set-up of Van Emden (1958) was modified using a sheet of 
plastic instead of plaster. Ten days after inoculation of the sand plants were given dif­
ferent treatments. The roots were cut through just underneath the plastic sheet. Four­
teen days later, tubers of at least four plants per treatment were sampled. The results 
are summarized in Table 6. Now root-cutting in addition to haulm destruction had 
resulted in an amount of black scurf equal to that after breaking the stolon which was 
much lower than after haulm destruction alone. 

Discussion 

Greenhouse experiments confirmed the field observations in that haulm destruction 
of potato plants stimulates sclerotia production on tubers. In accordance with field 
observations, in the greenhouse experiments chemical haulm destruction stimulated 
sclerotia production to a greater extent than plant-pulling. Breaking the stolon as well 
as plant-pulling hardly affected sclerotia production. Cutting off the shoot enhanced 
the stimulation similarly as chemical haulm destruction. It was demonstrated here that 
stimulation of sclerotia production after haulm destruction was caused directly by the 
tuber. 

The questions are raised as to what causes the stimulation of black scurf and 
whether it can be prevented. Plant-pulling and haulm elimination (chemical haulm 
destruction or cutting off the shoot) are similar in that the contact between the living 
shoot and the tuber is broken. The more quickly this happens the more quickly the 
tuber may mature. Spencer and Fox (1978, 1979) suggested that tuber maturation may 
play a role. In my experiments differences in type of cultivars and thus natural dif­
ferences in stage of maturity were unlikely to be responsible for any differences in 
amount of sclerotia on tubers. However, the amount of black scurf per cultivar was 
found to be more severe on tubers from untreated plants that had died prematurely 
compared to green untreated plants. Also slightly more black scurf was found using 
the quickly killing DNOC compared to the slowly killing metoxuron. The primary 
cause of stimulation of black scurf is therefore thought to originate from the loss of 
contact between shoot and tuber and the subsequent acceleration of the rate of tuber 
maturation. 

Haulm elimination stimulates black scurf development more than plant-pulling, in­
dicating that additional factors are involved there. Roots did not appear to die before 
seven days after haulm elimination. Continued uptake of water after haulm elimina­
tion may put the tubers under stress. The extra development of sclerotia was less severe 
when roots had been cut in addition to haulm elimination. Therefore, this extra 
stimulation of black scurf is thought to originate from the remaining contact between 
tuber and roots which may put the tuber under stress. Another explanation for the 
different results of haulm elimination and plant-pulling may be found in the distur­
bance of the soil that goes along with the latter. 

Pruning roots alone often stimulated the production of sclerotia. The sudden ter­
mination of their supply of water and nutrients may have put the tubers under stress 
and accelerated tuber maturation. 

Cutting roots in addition to chemical haulm destruction resulted in an amount of 
sclerotia equal to that after plant-pulling which was lower in most cases than after 
DNOC spray alone. The smaller size of the sclerotia after additional root-cutting was 
10 



a second benefit which also permitted these tubers to be classified lower for black scurf 
than after DNOC spray alorie. However, this effect of additional root-cutting was not 
always achieved. This may be due to differences in the number of very shallow roots. 
Root growth on stolons and tubers seem to depend on soil moisture. These roots also 
supply water to the tubers and thus may nullify any effect of root cutting. Each treat­
ment influenced both the amount of sclerotia and the water content of the tubers 
regardless the cultivar tested. Since differences in water content of the tuber could have 
been only partly responsible for the differences in the amount of sclerotia other conse­
quences of the treatment must be affecting the production of sclerotia. Along with 
root cutting goes a disturbance of the soil which may influence sclerotia production 
independently. Many authors noticed an effect of moisture content and aeration on 
the amount of sclerotia produced (Blair, 1943; Parmeter, 1970). Soil disturbance may 
have been different between cultivars since their roots were not equally easy to prune. 
Thus the effect of soil disturbance and the effect of root cutting in addition to haulm 
elimination in the field warrents additional study. 

Sclerotia formation cannot be explained as a part of a starvation process (Allington, 
1936). Sclerotia are produced most readily by conditions favouring mycelial growth. 
Their formation on agar media is readily initiated, but optimal supply of water and 
nutrients are needed for them to grow and mature (Townsend, 1957). In this study 
haulm destruction stimulated growth rather than initiation of sclerotia since their 
number did not increase visibly. 

It is recognized that the surface of plant tissue can influence the development of 
R. solani both mechanically and biochemically (Dodman and Flentje, 1970). It is 
demonstrated here that the amount of sclerotia produced on tubers was directly in­
fluenced by factors from the tuber. These factors may be components which are 
thought to become available to the fungus at the tuber surface since growth in the 
periderm seems to be limited. Quantitative or qualitative changes in components 
available at the tuber surface cause the increase in the amount of sclerotia after haulm 
destruction. These components may be present in the periderm or may be volatiles or 
aquaeous tuber exudates. 
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Samenvatting 

Onderzoek naar de oorzaak van de invloed van loofvernietiging en wortelsnijden op 
de vorming van Sclerotien op aardappelknollen door Rhizoctonia solani 

In kasproeven werd onderzocht welke factoren betrokken zijn bij de stimulering van 
de produktie van Sclerotien op aardappel door Rhizoctonia solani Kühn als gevolg van 
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loofvernietiging. Afknippen van het loof stimuleerde de vorming van Sclerotien even­
zeer als chemische vernietiging. Na afknippen van het loof trad de stimulering ook op 
bij knollen, die zich ruimtelijk gescheiden van de wortels in gestoomd vochtig perliet 
konden ontwikkelen. Doodspuiten plus doorsnijden van de wortels resulteerde in min­
der lakschurft dan doodspuiten alleen. Wanneer alleen de wortels werden doorgesne­
den resulteerde dat vaak in meer lakschurft. De vorming van Sclerotien wordt dus di­
rect door de knol beïnvloed. Dit effect lijkt voort te komen uit fysiologische verande­
ringen in de knol. 
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Abstract 

In field experiments, supplementing chemical haulm destruction (CHD) with cutting off roots 
resulted in a lower incidence of black scurf and skin damage (ripping off the skin) at harvest 
date than CHD alone. The lower susceptibility to skin damage at harvest allowed harvesting to 
begin on an earlier date, when only a few sclerotia of Rhizoctonia solarti had developed. Fur­
thermore, black scurf often developed more slowly after haulm destruction if roots had been 
severed and this enabled harvesting to be postponed. 

At harvest, gross yield was highest if roots had not been cut through prior to CHD: the extra 
weight existed merely of water. Weight loss during storage, however, as well as grading losses 
resulting from black scurf were greater after CHD alone. This resulted in an equal or even lower 
net yield after CHD alone than after CHD supplemented by root severing. The favourable ef­
fects of supplementing CHD with cutting off roots almost equaled those of the mechanical 
removal, often called 'haulm pulling' or 'plant pulling'. Factors that may affect the development 
of black scurf are discussed. 

Additional keywords: periderm, Rhizoctonia solani, sclerotia, Solanum tuberosum, tuber. 

Introduction 

In the search for the fundamental causes of black scurf it appeared to be useful to in­
vestigate the stimulatory effect of haulm destruction on the development of black 
scurf (Dijst, 1985). 

In order to prevent virus transmission by flying aphids, haulm destruction is man­
datory when growing seed potatoes in the Netherlands. The date of destruction is bas­
ed on local counts of winged aphids and generally coincides with the second half of 
tuber growth. Haulm destruction of potato plants enhances the production of 
sclerotia on the tubers by Rhizoctonia solani Kühn. Chemical haulm destruction 
(CHD) is usually more stimulative than mechanical haulm removal, the so-called 
'haulm pulling' or 'plant pulling' (Reestman and Schepers, 1955; Bouman et al., 1983). 
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Therefore, haulm pulling is recommended instead of CHD. However, under certain 
circumstances only CHD can be used; this results in high grading losses because of 
black scurf. It was therefore decided to ascertain why CHD stimulates black scurf 
much more than haulm pulling and whether this can be prevented. 

CHD differs from haulm pulling in at least two aspects, which may account for the 
different impact on black scurf development of these two techniques. First, tuber 
physiology is affected differently: haulm pulling breaks the stolon whereas after CHD 
the tubers are still connected to the roots, which continue to function for several days 
after the treatment (Dijst, 1985). Second, the two measures affect the environment 
around the tuber differently: haulm pulling disturbs the soil of the ridge and CHD 
does not. Supplementing CHD with cutting off the roots eliminates both differences, 
for root severing terminates sap flow from the main root system to the tubers and 
disturbs the soil. In greenhouse experiments, supplementing CHD with root severing 
was found to be fairly successful, often giving black scurf ratings equal to those after 
haulm pulling and lower than after CHD alone (Dijst, 1985). However, the effect of 
root severing on black scurf development had not been evaluated in the field. We 
believed that by preventing tubers from swelling with water and by stimulating soil 
aeration, cutting off roots in the field might reduce skin damage at harvest as well. 

The objectives of this study were twofold: to evaluate the efficacy of root severing 
in the field as a measure for controlling black scurf after haulm destruction and to 
examine what factors might favour black scurf development. The field experiments 
reported in this paper investigated the effect of different plant treatments with or 
without cutting off roots on (1) the incidence of black scurf, (2) skin damage at 
harvest, (3) the duration of the harvest period, (4) yield at harvest, (5) water content 
of the tubers and (6) the decrease of fresh weight during storage. Preliminary reports 
on this research have been published (Dijst et al., 1985). 

Material and methods 

Experimental design. Details on experimental conditions are given in Table 1. 
Disinfected seed was used for all trials. In the first experiment with cv. Arjan, samples 
of tubers were taken from different sites in a grower's field. The other experiments 
were carried out on research farms according to block designs. In the split-split-plot 
trials two varieties were planted on the main plots and treatments were on subplots. 
The four sampling times were randomly allocated to four small 'sample-plots' within 
each subplot. The sample-plots consisted of 40 (in 1982) or 24 (in 1983) plants and 
were surrounded by two buffer rows of plants. 

Plant treatments. All the treatments of one trial were applied on the same day (day 
0) In some experiments the 'E' or 'A' date was chosen to be day 0. The 'E' date and 
'A' date are the dates on which haulms must be killed when cropping for seed potatoes 
grade E or A, respectively. In the Netherlands, basic seed potatoes are classified as SE 
(highest quality) or E. Basic seed potatoes can produce certified seed potatoes of class 
A (highest), B or C. If a higher classification is decided haulm destruction must be 
earlier. Since E-class potatoes are thus higher qualified than A-class potatoes, the 'E' 
date of haulm killing is some days earlier than the 'A' date on each location. 

Haulm pulling and cutting off the shoots were done by hand. In earlier work (Dijst, 
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Fig. 1. The root-severing implement. 

1985) the term 'plant pulling' was preferred to 'haulm pulling', because most of the 
plant (viz. above- and underground stems) is removed by this treatment, leaving the 
tubers. But since 'plant pulling' has already been used for another technique the term 
'haulm pulling' has been reinstated in this report. 

For CHD, dinoseb (Chimac Loofdood, 250 g.l -1) was applied at a rate of 15 litres 
in 600 litres water per hectare. Where indicated, haulms were stripped prior to CHD 
with a flail-type haulm shredder which reduces shoots to almost leafless stems. After 
haulm stripping, lower amounts of chemicals are needed to kill the haulms completely 
and harvesting is also facilitated. In the fields at Haren the roots were cut through lif­
ting the plant with a fork. In all other experiments a root-severing implement was used 
(Fig. 1). This tractor-mounted implement cuts the roots of four rows with two ad­
justable knives per ridge. The roots were cut through in the morning, followed by CHD 
either immediately or six hours later, when shoots had lost turgor. 

Harvest and yield. Prior to harvest on days 3 and 10, soil water content in the centre 
of the ridge was determined. Tubers were harvested by hand, except for those of cv. 
Arjan, which were harvested by machine. Where the root-severing implement had been 
used, no complications occurred during mechanical harvesting, regardless of the 
depth of cutting. Immediately after harvest the tuber fresh weight (fw) and tuber dry 
weight (dw) of 32 (in 1982) or 16 (in 1983) plants per sample-plot were determinded. 

Rating of black scurf. In order to estimate the amount of black scurf, samples of 100 
tubers from at least eight plants were harvested per sample-plot and each sample was 
stored in a separate box to prevent skin damage. Three weeks later the tubers were grad­
ed. When unwashed tubers that had been classified as being free from sclerotia were 
subsequently washed, 10% still appeared to be lightly covered with sclerotia. 
Therefore, in all trials tubers were washed carefully prior to grading. The index (0-100) 
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was calculated from the number of tubers in each of five severity classes as described 
previously (Dijst, 1985). 

Rating of skin damage. In order to measure skin damage at harvest, tubers from 12 
plants per sample-plot were wounded in a rotating drum designed for this purpose 
(Bouman et al., 1983). They were then incubated for two minutes in an aqueous solu­
tion of pyrocatechol at 1.9 g . l - 1 and the damaged surface turned black within five 
minutes. These tubers were graded in six classes according to the amount of blackened 
surface area: 0% (a), 0-5% (b), 5-20% (c), 20-40% (d), 40-75% (e) and more than 75% 
(f). The index (I) for skin damage (0-100) was calculated using the formula: 

I = 100. (O.a + l.b + 2.c + 3.d + 4.e + 5.f)/ (5.t) 

where the characters a to f stand for the number of tubers in each class and t is the 
total number of tubers in the sample. 

Yield loss. From each sample-plot at least 25 skin-damaged tubers and 25 undamaged 
tubers were weighed at harvest and weighed again after 30 and 90 days of storage, in 
order to estimate weight loss in storage. Yield loss caused by black scurf was measured 
by grading according to the requirements for class A seed potatoes: heavily and 
moderately covered tubers and some of the lightly covered tubers were eliminated until 
no more than 25% of those that remained were lightly covered. 

Statistical analysis. All data were compared by analysis of variance using Genstat pro­
gramming (V release 4.04 B, copyright 1984 Lawes Agricultural Trust, Rothansted Ex­
perimental Station). Differences between percentages (P) were analyzed after arcsinus 
transformation: arcsin (P x 10"2)'/! x 57.296. 

Results 

Ten days after haulm destruction the shoots were completely dead. On that date the 
shoots of untreated control plants were still green, and the shoots of plants where only 
the roots had been cut through were wilting and yellowing. There was great variation 
between replicates at Creil, possibly because of unequal distribution of irrigation 
water. 

Black scurf. Analysis of variance showed a significant difference in black scurf 
development between cultivars: tubers of cv. Astarte being covered by sclerotia 
significantly less than those of cvs Prominent and Bintje (Table 2). At Creil in 1983 
only few sclerotia developed on tubers of cv. Astarte and even fewer on those of cv. 
Bintje. Differences in incidence of black scurf between plant treatments did not 
become visible until 7 to 10 days after haulm destruction. The treatment effects were 
the same in all experiments. At Rolde in 1983 differences among treatments were more 
pronounced for cv. Astarte than for cv. Prominent. 

During the first two experiments in 1982 black scurf increased more slowly after 
CHD supplemented by root severing as compared with CHD alone (Table 3). At Rolde 
in 1982 cv. Prominent showed only slight difference in black scurf development bet­
ween the various treatments (Table 4). Nevertheless both haulm pulling, and to a lesser 
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Table 2. Effects of cultivars, treatments and date of sampling on severity of black scurf and skin 
damage in 1983, estimated by analysis of variance. 

Cultivar1 

Treatment 
Cultivar x Treatment 

Day number 
Cultivar x Day 
Treatment x Day 
Cultivar x Treatment x Day 

Black scurf development 

Rolde 

* 2 

* * * 
NS 

* * * 
NS 
* * * 
NS 

Creil 

* * 
NS 
NS 

* * * 
NS 
* 
NS 

Skin removal at harvest 

Rolde 

* 
* * * 
NS 

* * * 
* * * 
* * 
NS 

Creil 

* * 
* * * 
* 

* * * 
* * 
* * * 
NS 

1 Rolde: cvs Astarte and Prominent haulms killed on A-date; Creil: cvs Astarte and Bintje. 
2 Significances at P = 0.05 (*), P = 0.01 (* *) and P = 0.001 (***) level; NS = 
non-significant. 

Table 3. Black scurf indices (0-100) of tubers after chemical haulm destruction (CHD) with or 
without cutting off the roots or after naulm pulling, in two experiments in 1982. 

Method of 
haulm destruction 

Number of days between treatment and harvest 

Haulms pulled 
Shoots stripped + CHD 
Roots cut off 250 mm deep + CHD1 

Roots cut off 180 mm deep + CHD 

Significance2 

LSD3 

cv. Prominent (1982) 
on sand 

7 14 

1 4 b4 

1 19 a 

0.1 5 b 

NS * * 
11 

21 

9 
16 

13 

NS 
— 

cv. Arjan 1982 
on reclaimed peat 

17 

53 b 
60 b 
35 a 

* 
18 

30 

51 
53 
36 

NS 
— 

1 Depth measured from the top of the ridge. 
2 Significances at P = 0.05 ( * ), P = 0.01 ( * * ) level; NS = non-significant. 
3 LSD = Least Significant Difference for the above-mentioned P value. 
4 Values followed by the same characters are not significantly different. 

extent, CHD supplemented by root severing gave a slightly lower incidence of black 
scurf than CHD alone. This also held for the experiments in 1983, but then the effects 
were more pronounced and differences were found to be significant. 

At Rolde in 1982 when shoots were cut off either with or without root severing black 
scurf developed to the same extent as compared to CHD with or without root severing 
respectively (data not shown). An interval of six hours between root severing and CHD 
did not improve the effect of the supplementory root severing (data without an interval 
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Table 4. Incidence of black scurf (index 0-100) at different intervals after various treatments 
of the crop and haulm destruction on day 0. 

Cultivar Treatment1 

Prominent-E Rolde 1982 
S + CHD 

S + RC + CHD 
RC + 6h + CHD 

Haulms pulled 
RC 

Control (untreated) 

Astane-E Rolde 1983 
S + CHD 

RC + 6h + CHD 
Control (untreated) 

Astarte-A Rolde 1983 
S + CHD 

S + RC + 6h + CHD 
R C ( + 6h) + CHD 

Haulms pulled 
RC 

Control (untreated) 

Prominent-A Rolde 1983 
S + CHD 

S + RC + 6h + CHD 
RC (+ 6h) + CHD 

Haulms pulled 
RC 

Control (untreated) 

Astarte Creil 1983 
S + CHD 

RC (+ 6h) + CHD 
Haulms pulled 

RC 
Control (untreated) 

Bintje Creil 1983 
S + CHD 

R C ( + 6h) + CHD 
Haulms pulled 

RC 
Control (untreated) 

Number of days between treatment 
and harvest 

0 

— 
— 
— 
— 
— 
10 

— 
— 

1 

— 
— 
— 
— 
— 
3 

— 
— 
— 
— 
— 
5 

— 
— 
— 
— 
3 

— 
— 
— 
— 
8 

3 

l l 3 

8 
7 

10 
13 
14 

2 
1 
2 

6 
2 
2 
2 
4 
3 

11 
6 
7 

12 
5 
8 

4 
2 
3 
4 
3 

7 
12 
7 
3 

18 

10 

14 
19 
20 
15 
15 
14 

4 
5 
3 

10 
4 
5 

11 
8 
3 

11 
12 
9 

16 
12 
9 

4 
3 
3 
4 
1 

13 
4 

17 
6 

16 

17 

32 be 
30 be 
25 abc 
15 a 
20 ab 
16 a 

37 b 
10 a 
3 a 

29 c 
23 be 
14 ab 
13 a 
10a 
12 a 

29 d 
25 cd 
19 abed 
22 bed 
11 a 
11 ab 

4 a 
9 a 
1 a 
4 a 

19 a 

27 ab 
25 ab 
10 a 
30 b 
26 ab 

24 

42 bc 
43 c 
32 abc 
31 abc 
29 ab 
26 a 

33 b 
28 b 
13 a 

48 d 
31 c 
27 c 
18 abc 
9 a 

15 ab 

45 c 
42 bc 
31 b 
32 b 
11 a 
17 a 

8 b 
15 b 
5 b 
1 a 
1 a 

24 bc 
6 a 

14 ab 
41 c 
13 ab 

LSD2 

P = 0.05 

12.7 

12.4 

11.5 

17.9 

The treatments included: S = shoots reduced by stripping; CHD = chemical haulm destruc­
tion; RC = roots cut through; 6h = shoots destroyed chemically in the afternoon, six hours 
after root severing; (+ 6h) = identical results werd found when there was no time interval. 
2 LSD = least significant difference. 
' Per date, values followed by identical characters are not significantly different. No 
characters per date means that there were no significant differences on that date. 
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Table 5. Skin damage at harvest (index 0-100) at different intervals after various treatments 
of the crop and haulm destruction on day 0. 

Cultivar Treatment' 

Prominent-E Rolde 1982 
S + CHD 

S + RC + CHD 
RC + 6h + CHD 

Haulms pulled 
RC 

Control (untreated) 

Aslarte-E Rolde 1983 
S + CHD 

RC + 6h + CHD 
Control (untreated) 

Astarte-A Rolde 1983 
S + CHD 

S + RC + 6h + CHD 
RC (+ 6h) + CHD 

Haulms pulled 
RC 

Control (untreated) 

Prominent-A Rolde 1983 
S + CHD 

S + RC + 6h + CHD 
RC (+ 6h) + CHD 

Haulms pulled 
RC 

Control (untreated) 

Astarte Creil 1983 
S + CHD 

RC (+ 6h) + CHD 
Haulms pulled 

RC 
Control (untreated) 

Bintje Creil 1983 
S + CHD 

RC (+ 6h) + CHD 
Haulms pulled 

RC 
Control (untreated) 

Number of days between treatment 
and harvest 

0 

— 
— 
— 
— 
— 
53 

— 
— 
48 

— 
— 
— 
— 
— 
24 

— 
— 
— 
— 
— 
12 

— 
— 
— 
— 
44 

— 
— 
— 

44 

3 

49 d' 
45 bed 
41 b 
42 b 
34 a 
48 cd 

28 ab 
20 b 
33 a 

38 a 
25 bc 
20 ede 
15 def 
12 f 
32 ab 

19 a 
17 ab 
11 b 
11 b 
9 b 

13 ab 

48 ab 
45 abc 
40 c 
44 bc 
52 a 

43 ab 
43 ab 
48 a 
45 ab 
49 a 

10 

23 
17 
15 
17 
15 
31 

24 
8 

32 

23 
8 
8 

10 
4 

21 

b 
a 
a 
a 
a 

c 

a 
b 

a 

a 
b 
b 
b 
b 

a 

9 ab 
6 
4 
3 
3 

14 

28 
17 
19 
13 
44 

16 
19 
17 
18 
41 

b 
b 
b 
b 

a 

b 
c 
c 
c 

a 

b 
b 
b 
b 

a 

17 

10 ab 
7 a 
9 a 
8 a 
6 a 

14 b 

13 ab 
5 b 

21 a 

12 abc 
5 c 
6 bed 
4 d 
4 d 

15 a 

4 b 
2 b 
3 b 
1 b 
1 b 

15 a 

23 b 
11 c 
13 c 
14 c 
52 a 

10 b 
6 b 

10 b 
9 b 

43 a 

24 

4 
2 
3 
4 
3 
6 

LSD2 

P = 0.05 

4.87 

9.98 

7.60 

7.04 

1 Legend see Table 4. 
2 LSD = least significant difference. 
'' Per date, values followed by identical characters are not significantly different, 
characters per date means no significant differences on that date. 

No 

20 



not shown in Table 3). In 1982, cutting through the roots at smaller depths resulted 
in lower black scurf ratings on cv. Arjan (Table 3), but no such effect was shown at 
Creil in 1983 on cvs Astarte and Bintje (data not shown in Table 4). Reducing shoot 
volume by stripping prior to root severing cancelled the effect of additional root cut­
ting on black scurf, except in the case of cv. Astarte (A) at Rolde in 1983 (Table 4). 

Skin damage at harvest. When skin set has not yet been completed the periderm rips 
off during harvesting and transport from the field when the tubers rub against each 
other. Here the amount of damage differed very little between replicates (Table 5). In 
5 out of the 6 trials, skin damage at harvest decreased more quickly after haulm pulling 
or root severing plus CHD, than after CHD alone. This more rapid skin hardening 
allows harvesting to begin on an earlier date when only few sclerotia are present, thus 
indirectly preventing the development of black scurf. 

In 1982, the skin damage at harvest of tubers cv. Prominent from plants whose 
shoots had been cut off appeared to be the same as that from plants that had 
undergone CHD. Furthermore cutting off shoots supplemented by root severing 
resulted in the same amount of damage as CHD supplemented by root severing (data 
not shown). In all split-split-plot trials in 1983 an interval of six hours between cutting 
roots and CHD had no effect on tuber damage at harvest (data not shown). 

Table 6. The 'favourable harvest period' i.e. the number of days on which tubers could be 
harvested with acceptably low amounts of black scurf and skin damage at harvest (both indices 
below 20). 

Treatment1 

S + CHD 
S + RC + CHD 

S + RC + 6h + CHD 
RC + 6h + CHD 

RC + CHD 
RC deep + CHD 

Haulms pulled 

RC 
Control (untreated) 

Significance3 

LSD4 

Cultivar, location and 

Prominent-E 
Rolde 
1982 

2 (12)2 

3 ( 9) 
— 
— 
— 
— 
11 ( 8) 

10 ( 7) 
5(15) 

* 
9 

Astarte-E 
Rolde 
1983 

2 (15 ) 
— 
— 
21 ( 4) 
— 
— 
— 

— 
4(26) 

* 
9 

year of the trial 

Astarte-A 
Rolde 
1983 

5(11) 
— 
13 ( 5) 
17 ( 4) 
22 ( 3) 
— 
24 ( 3) 

27 ( 3) 
18(11) 

* * 
11 

Prominent-A 
Rolde 
1983 

11(4) 
— 
14(3) 
17(3) 
19(3) 
— 
13(4) 

27(3) 
24(3) 

* * * 
14 

Astarte 
Creil 
1983 

6(24) 
— 
— 
20 ( 9) 
20 ( 9) 
23 (10) 
20 (10) 

18 ( 8) 
0(30) 

* 
6 

Bintje 
Creil 
1983 

11(14) 
— 
— 
15 (10) 
12 (10) 
11 (12) 
17(11) 

8(10) 
0(30) 

NS 
— 

1 Legend see Table 4; deep = roots cut through 50 mm deeper than in other trials where the 
roots were severed just below the tubers. 
2 In brackets: first day of harvest after treatment on day 0. 
3 Significances at P = 0.05 (*) , P = 0.01 (* *) and P = 0.001 (* * *) level; NS = non­
significant. 
4 LSD = Least Significant Difference for the above-mentioned P value. 
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Fig. 2. The duration of the 'favourable harvest period' (shaded area) (i.e. both black scurf index 
(solid line) and skin damage index (broken line) below 20) as a result of haulm pulling (C), roots 
cut off plus chemical haulm destruction (B) as compared with shoots stripped plus chemical 
haulm destruction (A), for cv. Astarte in loamy sand at Rolde, 1983. 

Harvest period. Tubers cannot be harvested until the skin is firm enough to withstand 
handling at harvest. On the other hand, tubers have to be harvested before too many 
and big sclerotia have developed. The mandatory limits set by the Dutch Inspection 
Service for the amount of sclerotia permitted on seed potatoes classes E and A are 
comparable with our indices 7 and 15, respectively. Thus we assumed that the skin 
damage and black scurf before grading were acceptably low if both indices did not ex­
ceed 20 at that moment (Fig. 2). The number of days on which both indices were below 
20 were calculated and called the 'favourable harvest period' (Table 6). CHD sup­
plemented by root severing as compared with CHD alone extended the favourable 
harvest period from a few days to at least two weeks, a period of time almost equal 
to that after haulm pulling. 

So/7 water content in the ridge. Soil water content in the ridge was measured at 3 and 
10 days after treatment. No significant differences occurred and water content was 
generally very low, because the weather was very warm and dry during the experiment 
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