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T. Introductisn
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Disease has been an ever-present ravage of cropplants throughout agricultural history. Man has attempted tocope with the disease problem Ly defending his plant, oy attack-ing the parasite cr when ali else fils ty taxing evasive action.Undoubtedly the most attractive ferm of defence is provided bydisease resistance, for as long as it remains effective Ltprovides protection at no cost to the farmer or the community: Insome instences resistance remains stable for long periods, forexample, flag smut resistance first incorporated in australianwheat varieties by Farrer and resistance to loose smut in NP 790wheat still provide stable protection. Unfortunately, however,disease resistance eften loses its effectiveness aiter a relative-ly short period. The average commercial lifetime of rust-resistantwheat varieties in Mexico has been cnly four years and in Colunblafive years. This loss of effectiveness is not due to a loss ofresistance genes from the host plant but to the acquisition ofnew virulence genes by the pathogen. These new virulence genescvercome the action of the genes in the host which previouslyconferred resistance.
While we see this happening in a very dramatic fashionin some varieties, wild species appear to have more stable formsof resistance. Perhaps there is a lesson to be learned from aetudy of the wild species that will help to provide more stableprotection for crop plants.

II. Evelution cf Resistanceee TS

Natural selection has resulted in the evolution of twogenetically different forms of protection against disease. Specificgenes in the host provide high-level resistance against particularstrains the pathogen. This T will call resistance. <A lowerlevel of protection also occurs which I will caii tolerance.Tolerance is not strain specific, and is generally controlled bythe interaction of several different genes. My use of the termsresistance and tolerance broadly conform to the vartical andhorizontal resistance of Van der Plank (1963) ot the specificand generalised resistance of Hroker (1967).
Resistance results from the parallel evolution of the hostand the pathogen. Alternate selection pressuresof the host, forresistance, and cn the pathogen, for virulence, result in thebuild-up of a complementary genetic system vith a gene-fcer-generelationship between the genes for resistance in the host andthose for virulence in the pathogen. Susceptibility results onlywhen ali resistant genes -in the host are matched by the complemen-tary virulence genes in the pathogen.
As genes for resistance are accumulated a complex systemis built up, protecting the host against the full range of strainsof the pathogen to which it has been exposed throughout itsrevolutionary history. To overcome this resistance, the pathogenalso hes to accumulate the complementary virulence genes. Thisaccumulation of virulence genes in the pathogen tends to reduceits competitive ability. When hosts are availabie which iackaccumulated resistance genes the pathogen tends to Jose allnecessary virulence genes.



In the host, however, the accumlation of resisvance genedoes not appear to have the same deleterious effect, and as the hosthes less genetic and populetion flexibility the conplex geneticayetem for resistarce tends to be maintained.
Examples of the gene-for-gene relationship between hostand pathegen are to be found in the flax-rust system where it wasipst Guseribed by Flor (1955); with potato late-blight resistancein Solanua (Toxopeus 1955); with stem rust cf whest (Watson 1958);oes (Fincham and Day 1955)3 and in nunerous

with leaf crould cf tomat
eases.
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&other less weil docunented

Examples of the reduction of competitive ability or fitnessof the pathogen with the accunulaticn of virulence genes have heencited Ly Van der Plank (1968), Black (1°52, 1960); Watson (19588) sndDay (1966).
Compared with the large amount ef breeding for diseaseresistance in crop plants and the extensive use of wild species asseurces of resistance, relatively little effort has been d2veted tostudying the gene’‘ic of disease resistance in naturally csceurringspecies. The genus studied most extensively is Solanum, pirticuharlyS. domissun wnich has provided a numbcr of genes Tor resistance tolate blignt (Niedorhauser et al. 1954). iootiana srecies have alseprovided sources of resistance to a numbor cP? diserses (Clayton 1924;Burk and Heggestad 1966) although in rest cises little is known of thegene-Por-gene relationship existing between the keet and pethogen.Wark (1963) has cxtracted a single major gene conferring resistancesto a specific race of tobacco blue mould from three differcnt Nicotianaspecies and he has aiso demonstrated the existence of polygencs, con-ditioaing diseise reaction in at icast one specics. The major genedoes not prcevide resistances against other races cf the pathogenCwark et al. 1960; Hill 1963). The najority of the genes conditioningresistance to rust in wheat, flax and cats have been isolated incultivars and aithougn they probebly «riginated from wild species thishas not been extensively docunentcd.

Relatively littie is known about the distribution of virulencegenes within the genotype of the pathogen, but in the host the resi-stance genes tend to be widely distributed throughout the genotype.
This provides ample scope for the accumulation of genetic systems forresistance. Although there are some reported cases of multiple allelicsystems for resistance which would reduecc this flexibility (Mayo 1956;
Person 1959), several such systems when subjected to close study havebeen shown to be closely linked genes and not multiple alleles(Person 1959).

From an evolutionary point of view the gene-to gene systemof disease resistants has one major disadvantage. It leaves the hostcompletely unyvrotected frem the time when a virulence mutation occursin the pathogen until resistance is restored by the cecurrence of anew resistance gene in the host. Hence it is not surprising thet analternative system of protection should have evolved to operate duringthe altcrnating periods of susceptibility.
III. The Evolution of Tolerance

The genetic nature ef the systems conditioning tolerance are notas well understood as the gene-for-genc system conditioning resistance.Stakle toierenece systems have keen reported from several species (Vander Plank 1963). They are not restricted to snecific stains of thepithogen and most are quantitatively inneritcd, indicating the inter-action of numerous genes. Sélection for tolerance would begin toOperate as sv0n as Sinzle gene resistance failed and would continueuntil high-level protection was restored by a new nutation in the host.Selection would favour the incorporation of tolerance genes which
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restrict the reproductive rite of the pathogen because such genuswould reduce the rate of discase spread and hence the severityef epidemics. The redued reproduction of the pathogen would alseassist in stabilizing the protection provided by resistance genesby reducing the frequency of occurrence of new virulent mutants.
It is not known whether the genes for tolerance areindependent of the resistance genes or whether tne resistance genesasSist in providing tolerance.
Thus. the host is protected Ty two genetic systems, najorgenes providing resistance against specific strains of the pathogen

and polygenes providing tolerance against a broad spectrum of strains.The nathogen on the other hand, tends to retain only those genes forvirulence which ore currently functional.
Iv. What happens under Agricultural Systems?a Reap ben

When a susceptible variety is grown under conditions favour-able for disease development, or when resistance breaks down, theplant breeder is called vvon to previde resistant varictics. Whenthis happens for the first time the breeder has no alternativebut to test a range of genotypes against the pathogen that ispresent. Because of the high reproductive capacity of the pathogenand the deleterious effects of carrying many virulence genes thisusually results in the tests for resistance being conducted with asmal] range of the potential variability in the pathogen.
When resistance is loented it has to be transferred to geno-types that are agriculturally acceptable. As this is a lengthyprocess, involving from six to eight plant generations in the simplestcases, and many more when resistance his to be transferred from a non-agricultural svecies, the pithogen hrs time to exhibit its potentialfor variation. Additionsl virulence genes are acquired by mutation,sexuil recombin-tion, or somatic recombination. The resistant genotypesbeing developed in the breeding programme provide the selection sievefor the multiplication of the new strains cf the pathogen. denee itis quite common for the plant breeder to be aware of the existenceof a strain of the pathogen capable of breaking down the reéistanceof his advanced selections before they can be released for comnercialuse.
The probability cf chance inclusion of additional resistantgenes is low because of the distribution of major loei for resistancethroughout the genetic complement of the host.Henee resistant genotypes tend to have only one or a fewgenes for resistance and a relatively simple genetic change in thepathogen will render them susceptible. The plant breeder then hasto start again.
The efficiency of a discase-resistant brecding programme isgenerally measured by the speed with which the breeder can Locateand incorporate resistance into acceptable agricultural genotypes.These factors tend to favour the inelusion of simple genetic systems

which are most easily broken down. Naturally these problems weapply to 2 lesser degree when there is extensive knowledge of thevariation in tne pathogen and the resistant sources in the host, e.g.
wheat rust, nevertheless the problem of incorporating somethinganaiagous to the complex system protecting naturally resistantspecies into an agricultural genotype and maintaining an tefficient?breeding programme is a very real one.

What plant-breeding techniques can be employed to counterthis situation.
ideally, one wants to incorporate both tolerance and resistance.

“o do this the breeder mist have available a full range of variationin the nithogen, which is impxssibls, and have techniques for manipula-
ving a number of resistent genes, which in most enses is impracticable.techniques for manipulating genes are available but they require
accurate measurement of phonstyric expression. This in turn remuires
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cascs better knowledge of the effeets of environmental conditions
%\on disease development than is available. Accurnte control ef

environmental conditions is 21So essential.
There are several alternatives to this hypothetierlideal which ire being uscd, nnd in mimercus ecses very UtPicientlyused, to keep the ravages of plant diseases at bay. Despite thevariability of the rust fungus and the occurrence of several

Now races, no substantial losses due to wncat-stem rust haveQecurred since 1947 in areas of Australia where oreoding has beencarricd out (Watson and Luig 1966). This sueccss has Feenachieved by skilful manipulation of the genetic diversity availablein the host (Luig ani Watson 1965) rather than by the developmentof stabilized genetic protection. It is an unfortunate fact thatmost dise2rsc-resistanee breeders(for resistance #or breeders for
Colerernacs rarciy ore both approaches ecombincd.

ding for esist nee

(a) New Resistant Genes
The @ontinued search for new resistance genes and thesuccessive replacement of varieties, combined with a close studyof the variation in the pathogen, can often provide an effectiveanswer to the disease 12s a field problem. This method 4s mostlikely to be successful if the pithogen populaticn changes slowlyand there is control of the host genotypes grown. It is a necessiryfirst appronch if knowledge is lacking and provides sources ofresistance for other approacncs.

(b) Combined Resistance
The incorporation of all or several genes fointo a common serotype is theoretically desirable but Freoticailydifficult to achieve. Breeding populations are nee ssarily verylarge when three, four or more genes arc segregating. When genesfrom non-agricultural species are being lacorporated, closelylinked deleterious genes are 4 probicm in maintaining yield andquality. Accurate control of the strains of pathogen is essentialfor this method.

(c) Multi-line Resistance
Multi-linss or composite varieties which consist ofmechanical mixtures of phenotypically sinilar lines, each of whichcarries a different gene for resistance, were proposed by Borlaug(1958). The system is based on the hypothesis that the sparsedistribution of susceptible gcnotypes té any particular strain ofthe pathogen will delay disease development. This will not onlyreduce damage but by keeping the population of the pathogen atalow level will reduce the probability of occurrence of New virulencegones. This method is theoretically very promising but so far ithas only been tested on a very limited scale (Borlaug 19653Derern and Watson 1965).

(d) Novel Sourecs of Resistance
Techniques for the induction of mutations offer theprospect of locating and uSing novel specific genes where these arenot available or readily useable from other sources. While most ofthe genes for disexse resistance that have heen induced by mutationtcchniques in crop plants are similar or identical to genes alreadyavailable in world gene pools, novel variants nave occurred(Favret 1965).
Translocations following chromosome breakage and the

development of genetic techniques permitting chromosome substitutionand addition offer the prospect of utilizing genetic material from

r resistance

allied speci¢s where this ennnot be incorporated by crossing. Suchgenes or blocks of genes may provide greater stability than themore readily available sources of resistance. However, such transfersare likely to inelude genes deletorious to yisid or quality.



VI. beeedins for Volernunceee Rear aes re ee

Theoretically, brceding for tolerance is highlydesirable, prrtiowieriv when it is combined with breeding forresistance. However, tacre are many practical GIPPLCU Les 6The breeder mist be particularly careful i defiing histion criterin. Yielding ability of the pliant is prebabiy © bettermeasure of toleranee than disease symptoms, put attention must begiven to the rate of reoreduction of the pathcgen. As the SPe2d otwill be denling with a quantitatively inherited enaracter he mastbe able to mendle large ponulations and to distinguish sac Laphenotypic differences. There mast ke control ct the strain COnpO~
sition of the p2thogen ana co-operation with pathologist Lsif effietent selection teemmiques are to De dovelopea.
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About a decade ago, Prof. Tewis propourded the dictum"Breead plants against insects and devesop chemiestis for controilingdiseases". This was based on the concep” that while physiologicspveciniizition is common in furgui, it is rare or absent ininsects. The work done in potato on breeding for resistance toths golden nematode does not however substantiate this view.A summiry of the situation in poteto taken from the paper ofC.4. Huijonman (Euphyticn 13: 223-928, i9c4) is given hexe.
VII. Breeding for resistance to the Golden Nenstedes inPotatae eee oe:

The first indication cf genetic variability in the potato-root. eelworm Heverodera rostochiensis WOLL. was round by Van Derjaan and (TO57) arter testing resistent offspring ofCPC 1673 (Solenun tubcrosun subsp. andigena) against cysts fromPeru.
™ 1955, DUNNETT in Seotland discovered that certainpopulations of the parnsite could multiply strongly in the rootsof resistant potato varicties derived from CPC 16723 (PUNNHATT,1957).These aggressive populations are indiested by tne letters AB:the non-sggressive ones, which are not capnbie of mitiplic.tionin the above mentioned miterial are indicated by the letter A(6)THE AB-POPULATIONS OF THE POTATO-ROOT BELWORM
nesting for AB-populations is carried out as follows:A number of 14 cm pots is filled with 2 soil nixture from the fieldto be tested. In half of them a tuber of 2 suscuptible varietyis pinnted and in the other half a tuber of a resistant varietybred from clone CPC 1673. After 6-8 weeks the roots at thesurrace of the pot balis are examined. If eysts nre found on theroots of all plants then the ficld coneerned is infestod with an4B-populotion; if cysts occur only on the roots of the susceptiblavariety then an A-population is present. If no cysts are foundthen the infestation of the pot soil must have been too slightand the test has failed.

The Larvac of an AB-population have a genetic constitutionwhich cnables them to multiply strongly in the roots of plantsincorporating the resistance of the cloné CPC 1673. Nothing is knovnas yet about the gene or genes determining this behaviour butwhether or not a population can be classed as an AB-population mustdepend ultimately on their frequeney in the gene-pool of thatpopulation. Only populntions with a high frequenc will be recog-nized as AB-populations by the foregoing method. One: his beendescribed in which the frequency was so low that resistant varicticswere growi for 9 successive years before an attach oceurrca whichsuggested that such genes might aftor all huve been present un theoriginal populstion (HUIJSMAN 1963).
If the aggressiveness rosults only from a come inctionoF genes one can imazine pepulations in which those genes arepresent, but in which not a Single larvae has the combination
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required for inclusion in the AB-raccs, If is possible tht the ‘
require:| combination of gercs is brought about only after prowing varieties with the registanc. of CPC 1673 for a numivr ot
years. From then onwards wzgressivencss towards the mater 1a.
with CPC 1473 resistance is detectable. Summing up, the data

$ ry oye ws Fatepanoatraooteined by the Flant Protection Service mast Te interpreved
as follows:

ue 24% of the infested fields in the Netherlands have
populations with 2 high frequency of gencs for agsressive
ness towards CPC-1573 azaterial.

b. 76% of the Infested ficlds hove populations with a
very low frequency of these undesirable genus. Soneof these ficlas may even be infested with populations
in which this fregquency 15 zero.

; m os a Om aVill. Tih PROSPSCTS OF TAH RESISTANT POTATO VARIETIES

a. The resistant varicties as offspring of CPC 1273

When resistant varietics bred from CPC 1673 are grown on
plots infestcld with ponulations which are agsressive towards this
miterinl - in the Netherlands about 24% of the total infested
area - the infestation of the soil increase. Dependence on
the initial dc grve of infestation and its uniformity over the
plot severnl crops of resistant can be grown oefore the
populstion-increase is measurnble. After that it is useless to plant
more of this material.

In infested with non-receressive populations 2 greatdecline in the degree of infestrtion result from tic growingof resistant varieties. This will make it possibic to obtain goodyield even of susecptible varictics, while the danger of spreadingthe diserse is decreised. However, it can be expectcd tnat part of
this arca will be infestcd with populntions waich in their gene pool
possess gens for iggressivenuss towards these varieties, be it in
low unobservable froquencics. In the course of time the ccolworm
popul2tions developed there will multiply strongly in the rootsof tais andigcena material so thot these plots too will be outwitted
by this kind of control. In the Netherlands, where potato growing is
legally restricted to once in three years in any arable plot, resis-tant varictics will be uscful in these areas for an estimated periodof 15-30 years and longer.
b. Resistant varictics bred from S. vernei and 3. kurtzi2num

The resistance in these sneci.s is such that varietics bredfrom them ec2n be regarded in much the same way as material derived fre
CPC 1673. However, the 1rca in which thoy can at first be grown safelsis much larger and certainly covers more than 90% of the total infeste
arcas. Eventually, however, it is again to be expected that theselective cffect of the resistant varicties on the larval populationswill result in pirt of the infested arvana becoming unsuitable for thecontinued growing of these varicties.

From the foregoing it is apparent that a nunber of majorgenes occuring in various wild and primitive potatocs are usedin breeding for resistance to potato root cclworm. However, the pro-tective cffeet of these genes can be nullified because the pirasitecan adapt itself to the environn nt in the rosts of these rosistant
forms, thinks to its genetic variability.

This mans thrit thebreeders for resistance to potato sickne:have to face the samc problem as for Instance the breeders for
Phytophthora resistonee who ars using the R-genss of S. dentssun.Erecdurs Tor deterodera-resistance have the advantage tne newraccs of the potsto root celworm only spread slowly. They are at adisadvantage in so Par as the potato-root celworm reproduces sexually.so thit its genetic variability is used to best advantage.
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A question which arises is how many different“resistance genes are likely to be found within the total of allthe potato species. The large number of resistant wild forms whichhas become known in recent yerrs need not be 2 reason for onti-misn. It is very likely that the genes governing resistancein the various species may include several incistinguishsbdleTherefore, not all of the known, resistant wild spzcicsmay be useful for brondening the basis of breeding for resistance.
It is possible some other form of resistance mayre found to have a diffcrent effect on the parasite than the resis-tance of subsp. andigena, S. kurtzianun, $. vernei and §.famitinae.The economic signifiernce of Such 2 new kind o- resistancewouldbe very great. It is therefore desirable to kcen senrching fornew resistint forms of the potrto and to subject new accessionsto intensive investigations into the nature of the resistance.
Another possibility of controlling pot2rt») sickness liesin the development of tolerant varieties. Thes must be consideredfeasible (OOSTANBRINK, 1950). Such tolerant varieties wovld showonly 2a smell reduction in yicld when grown in infested soil. Thedisadvantage of this sort of material is that through its cultive-tion a high degree of infestation is naintained, which could leadto greater sorcad of the parasite. For countries where potatosickness is already widespreadand where no legal restrictionssupplement the control of notato root célworm by resistantvarictiss, the breeding for tolerance seems to offer betterprospects than using major g.nes for resistance.
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