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SUMMARY 

In assessing disease levels in a number  of potato fertilizer trials in south-east Scotland it was found 
that an increase in the rate of application of complete fertilizer or nitrogen alone resulted in tt decrease 
in the proportion of stems affected by potato blackleg. 

I. I N T R O D U C T I O N  

The attention which has been given to correlation between host plant nutrition and the 
incidence of attack by pathogenic micro-organisms has been reviewed by GAtJMANN 
(1950) and YARWOOD (1959), especialiy in the context of host-parasite relations. The 
evidence which they cite does not support the commonly held opinion that disease 
susceptibility is favoured by an increase in the supply of nitrogen or a reduction in the 
supply of potassium (e.g. RUSSELL, 1961 and many elementary textbooks). Once above 
the nutrient level where deficiency symptoms are manifest, some host-parasite asso- 
ciations show a decrease and others an increase in disease incidence which varies 
according to the supply of the three major elements, nitrogen, phosphorus and potas- 
sium. 

Such a relationship has been described For cracking and soft rot of potato tubers 
caused by the blackleg organism (Pectohacterium carotovorum var. atrosepticwn), in 
which an increase in the supply of a complete fertilizer can be accompanied by an in- 
crease in the proportion of affected tubers (HARPER et al., 1963). The same organism 
causes the well known potato blackleg disease affecting the stems, which is responsible 
for considerable losses in yield in Scotland every year. Because there was little in- 
formation on the effect of fertilizers on the incidence of blackleg, opportunity was 
taken to assess the amount  of disease in a number of fertilizer yield trims in south-cast 
Scotland during 1963, 1964 and 1965. 

2.  F I E L D  O B S E R V A T I O N S  

The observations were made on five field experinaents laid out in randomized blocks 
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or latin square designs, in which the variable was either the rate of  application of a 
concentrated complete fertilizer or of nitrogen alone. The experinaents were done on 
three widely separated farms, the soils varying from a fine sandy loam to a clay loam. 
Blackleg-infected plants were counted in each plot of each treatment on two occasions, 
once during mid-season and once near the end, because blackleg develops throughout 
the whole of  the growing period. It was necessary to mark infected plants with canes 

T a b l e  I. Efl'ect o f  c o n c e n t r a t e d  c o m p l e t e  fcrtil izer on b lack leg  inc idence  

)'ear ~ Var ie ty  and  m t m b e r  Percen tage  o1" Fer t i l i zeH Percen tage  black/eft:' 

o f  tubers  p l a n t e d  N,  P~O.~ and  K..O ( k e / h a )  

per  treatment'-'  in f i ' r l i / i zer  a cottnl / cot#It 2 

1963 Majes t i c  13 : 13 : 18 0 3.5 N.S.  10.8" 
377 2.1 7.9 

720 753 1.9 5.0 
1,130 0.8 6.2 
1,506 0.4 3.4 

1964 H o m e  G u a r d  13 : 13 : 20 0 3.5 N.S.  11.7"* 
377 3.3 7.8 

720 753 1.0 4.9 
1,130 I .I  3.9 
1,506 1. I 3.9 

1964 R e d s k i n  10 : 10 : 18 0 3.5* 7.9* 
314 6.8 10.6 

960 628 5.5 9.4 
941 3.0 6.7 

1,255 2.3 7.0 

1965 Majes t i c  17 : I 1 : 22 0 1.4 N.S.  9.6** 
377 1.0 10.0 

720 753 1.5 8.2 
1,130 0.4 7.2 
1,506 0.4 5.7 

* Signil icant  difference between rates of fertilizer at 5 % level - s&ni/ ikanter  Unterschied --wischen Diinver- 
vaben hei 5 "i; - di/t&'ence sieni/icutive entre/e.v quantit~;s de ]'ertilisants aop[i~lu~;s au seuil de 5 ",, 

** Signil icant  difference between rates of  fertilizer at 1% level - s i v n i / i k a n t e r  Unterschied--wischen Diinger- 
vahen hei 1 ~;, - dill2;rence signih'cative en t re / e s  qttantit~;x de ]~'rti/isants app/iqtt~;.s art setti/ de [ "., 

N.S. not  significant - nicht signihkant - notl .si.eni[icatif 
1 kg ha - 0.892 Ib acre 

Jahr - anti&, 
Sorte ttltd .4nsahl atts.vep/Jatlzter Kno//en pro |/erlahren - varir162 el hombre de ttthercttles p]tlnlr par trei- 
[r 

:' Prozent  N, P~O~ ttnd K~O im Diingemitte/  pourcentaJze de N, P:O., et K:O &ttt.~ Itt 1itmure 
t Diin.k, ergtlbe - fumul'e 
:' Prozent  Schn'archeinivkeit  (Att.sz~h/ttn.k, I und 2) - pottrcenta~ze th" "']ambe noire'" (compta,t,,e I et 2) 

T a b e l l e  1. Ein[tuss yon k o n z e n t r i e r t e n l  Volldi inger a t t f  das  V o r k o m n l e n  yon S c h w a r z b e i n i g k e i t  

T a b l e a u  1. E/ le t  d 'une  Ji tmttre  comp[~;te cotlcentr&" sttr I ' incidetlce ~# ]a "Jambe  noire'" 
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at the first count to avoid missing those which had died and become buried beneath 
the l'oIiage of  adjacent plants dr|ring the time between the first and second counts. 

Table I summarises the results from the concentrated COlnplete fertilizer trials. These 
show that, in general, the greater the amount of fertilizer applied the less blackleg 
occurred. The effect was quite striking, and in two cases less than half as many plants 
were affected at the highest rate of application as compared with the lowest. Table 2 
shoxvs that a similar effect was obtained by increasing nitrogen levels when adequate 
supplies of potassiuln and phosphorus were available. 

In the 1964 Home Guard trial, two identical experiments were laid down side by side, 
one irrigated with pipes placed in the drills, the other not irrigated. The summer was 
dry and irrigation frequently applied, but there was no significant difference in the 
amounts of blackleg between the two treatments. It is also noteworthy that in the 1964 
Re~bkin trials, potassium was applied either as sulphate or chloride, but statistical 
analysis revealed that the form in which the potassium was a\,ailable did not affect the 
amount of blackleg. 

Table 2. EITcct of  ni t rogen  on b lack leg  inc idence ,  1963 

l.'21rie&v a m / m t m / } e r  N a.~ { N H 0.,SO~ 

o1" ltll}crA p l a n t e d  (/<,~,,/ha / 
pL ' r  l t '~ ' ,~ l I I l l { ' l t l  1 

PerceJzta,~,,e hhu 'k leg ,  

COIttll 1 COtllll 2 

K e r f s  Pink  0 17.5**  28.5* 
56 20.5 32.0 

330 112 17.5 33.0 
168 i4 .0  28.0 
224 7.0 20.5 

M ajes t ic  0 16.5** 21.5* 
56 14.5 24.0 

330 112 I 1.0 18.5 
168 10.5 15.0 
224 6.5 15.0 

A r r a n  C o n s u l  0 7.5** 17.5* 
56 10.0 19.5 

330 112 3.0 16.5 
168 2.0 I 1.0 

224 1.5 12.0 

' See Table  I - sit 'he 7-~lhe'll{" l roir Tahleat/  I 
The dilt'ercncr between ~ arieties is significant tit 1% level for lirst count and at 5 % Ic~el for second count.  
There is no N " variety interaction, i.e. the three varieties till bch:.t\c in the same ill,.inner l){'l" .S't*l'ft'll" 
unters{ 'hied i.vt l}'ir die ers le  : tu .s:dhlunv hei  1 %  u m l  jTir die zu'ei te  hei  5 % sivni/il ,  ant.  E.v v ih t  / ,eine I t t terakt io t t  
.V Sor te ,  d.h.  die ~h'ei S o f t e n  vcrhaltet ,  .sich ~leich - l_a di l tFrence entre  les vari{;t~;.~ el~t si.k, t t i / icative art 
s de ] ",, A~rs dl/ pl'e'nlie'l" comptel.~ze t'l ell/ s de' 5 u pot#" It" .vecolld. 11 I I ' y  el elll{'ltllU illterel~tiOll "'.\' 
I'ell'ie;f{;", C't'.Sl-~l'dil't" title" 1e's t rois  ILIl'ie;l{;s S(' ('Olllpo/l{'llf [Ollfe'X de' let IIle;llt~" Ill(llli[;l't'. 

TAI}I!LL~! 2. s l'O~I S t i c k s t o f f  a t ( / 'da.r  I / o r k o l t t m e t t  volt S c h w a r z h e h H ' g k e # ,  1963 

TABLliAU 2. s  de  I ' a z o t e  s u r  I ' i t t c ide t tce  de  la "2/atttl}e t t o i r e " ,  /96,t  
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Stem infection usually takes place when blackleg bacteria in the decomposing mother 
tuber migrate through the connections between stem and tuber. There must be some 
mechanism in plants receiving a high plane of nutrition which delays the passage of the 
bacteria into stems or increases the resistance of the host tissue, or perhaps both. Such 
plants are taller than those on a low plane of nutrition, have a larger leaf area, a greater 
bulk of tissue, with a deeper green colour and whereas lower leaves are shed earlier, 
new leaves are produced over a longer growing period. Thus it seems that so long as 
plants grow vigorously and photosynthesize actively, they are not so readily attacked. 
This would account for the fact that the difference m disease incidence between low 
and high rate plots in the 1963 nitrogen trial (Table 2) was greater at the first count 
earlier in the season, but later, as the photosynthetic efficiency of high rate plants fell 
towards the same level as low rate plants, the difference in the amount of disease be- 
came less marked. In a number of instances, the amount of blackleg in plots to which 
no fertilizer had been applied was less than in those which received the lowest amount 
of fertilizer. This apparently anomalous restllt is difficult to explain, but it may be that 
on some soils the nutrient level was so low that plants were suffering a degree of 
deficiency which reduced blackleg susceptibility, perhaps through lack of readily 
available food material for the pathogen. 

Another aspect of the results is that they help to explain why the amounts of black- 
leg in plants grown frorn the same stock of tubers can vary considerably from farm to 
farm, since the nutrient level in the fields is likely to be different. 

One of the most interesting features of the blackleg soft rot complex is that whereas 
fertilizers decrease blackleg they can increase soft rot in tubers (HARPER et al., 1963), 
although both are usually caused by the same organism in Scotland. Therefore it 
could be argued that there should be a certain rate of application of fertilizer where 
decreases in one disease are counterbalanced by increases in the other in such a way 
that losses in yield are at a minimum. In practice tiffs cannot be so, because develop- 
ment of tuber soft rot depends not only on fertilizer rate, but also on other lectors such 
as the weather during the growing season, amount of mechanical damage at lifting 
and the storage conditions. 

Observations are continuing on a series of factorial experiments to discover more 
about how the interactions of nitrogen, potassium and phosphorus influence blackleg 
incidence. 

Z U S A M M E N F A S S U N G  

E I N F L U S S  A N O R G A N I S C H E R  D i . ) N G E M I T T E L  AUF DAS V O R K O M M E N  

DER S C H W A R Z B E 1 N I G K E I T  AN K A R T O F F E L N  

Der Umfang der Schwarzbeinigkeit an Kartof- 
feln wurde in ftinf Dtingerversuchen in Stidost- 
Schottland festgestellt. In diesen Versuchen wur- 

de entweder die Gabe eines konzentrierien Voll- 
di.ingers oder aber des Stickstoffs allein gefindert. 
Da Schwarzbeinigkeit zu jcder Zeit wfihrend dcr 
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Wachs tumspe r iode  at, flreten kann,  wurden zwei 
Auszf ih lungen v o r g e n o m m e n ,  eine in der Mitte 
und einc gegen das Ende der Vegetationszeit .  
Die Ergebnisse der Volldt ingerversuche sind in 
Tabelle I u n d  jene des St ickstoffversuches in 
Tabelle 2 wiedergegeben. Es wird gezeigt, dass  
im al lgemeinen eine E r h 6 h u n g  der Volldi.inger- 
oder Stickstoffgaben eine signit ikante A b n a h m e  
des Anteils  an Schwarzbeinigkei t  verursachte ,  
aber  die Art  und Weise, wie die Dtingemittel  das 

K r a n k h e i t s v o r k o m m e n  vermindern ,  ist nicht 
klar. Mit Hilfe der Ergebnisse kann  eine Erkl/i.- 
rung gefunden  werden,  warum der U m f a n g  an 
Schwarzbeinigkei t  in Bestfinden mit Knol len 
gleicher Herkunf t  yon Betrieb zu Betrieb be- 
triichtlich variieren kann.  Da der Nfihrstoff- 
spiegel in den Feldern unterschiedlich zu sein 
scheint,  wirkt sich dies im A u s m a s s  des Auf-  
tretens der Krankhei t  atls. 

L ' A C T I O N  DE F E R T I L I S A N T S  I N O R G A N I Q U E S  SUR L ' A P P A R / T I O N  

D E  LA M A L A D I E  DE LA " J A M B E  N O I R E ' "  D E  LA P O M M E  DE T E R R E  

On determine  les mani fes ta t ions  de " ' jambe 
noire'" dans  cinq essais de fumure  situds dans  le 
sud-est  de I 'Ecosse:  dans  ces essais on fair varier 
soit la quant i t6  de fumure  concentrde compl6te,  
soit l 'azote seul. Etant  donne  que la " ' jambe 
noire"  peut appara i t re  '5. tout momen t  pendant  la 
pdriode de croissance,  les comptages  de " ' jambe 
noire'" sont  fairs deux lois, la premi+re fois au  
milieu et la seconde vers la fin de saison. 
Les Tab leaux  I et 2 donnen t  respect ivement  les 
r6sultats ob tenus  avec la fumure  comple te  et avec 
I'azote. Ceux-ci mont ren t  que, g~.n6ralement, une 

augmen ta t ion  de la quanti t6 de f t imure comple te  
appliquee,  ou d 'azote  seul, am6ne une d iminu-  
tion significative du nombre  de tiges atteintes de 
" j ambe  noire",  mais  le mdcanisme par lequel les 
fumures  rdduisent I ' indicence de la maladie n 'es t  
pas clair. Ces rdsultats aident  A comprendre  con> 
ment  le nombre  de "'.jan~be noire'" petit varier 
eonsid~rablement  de fei-me ii ferme dans  des 
r6eoltes p rovenant  de plants de m6n-ae origine,  
en effet Ie niveau de nutr i t ion dans  les c h a m p s  
est p robablement  diffdrent, ce qui se refl~te dans  
I ' importance de kt maladie.  
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