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EYESPOT OF WHEAT AND
BARLEY

By

Menv D. GrvNNe AND G. A. Sem
Inboduction

A severe disease of wheat, characterized by eye-shaped lesions,
was recognized Ior many years in France (Ftiex, f9l4, l9l9; F<iex
and Rosella, 1930) and in North America (Heald, f92a; McKinney,
1925), but the causative {ungus could not be identified because it
failed to produce spores in pure culture. Then Sprague (1931)
succeeded irr obtainiag spores of Cercosporella herlotrichoid.es Fron.
in pure cultures of the fungus causing eyespot lesions oI wheat in
Oregon, and Sprague and Fellows (1934) showed that this was also
the lungus isolated by Fdcx in France. Once its identity was
established the fungus was recognized in other countries: in Ger-
many (Schafinit, 1933) and in Denmark (Nielson, 1934); and in
1934 it became severe in Holland, where the wheat acreage had been
doubled after the introduction of a wheat subsidy ir f932 (Odrt,
1936). These workers, notably Sprague and Fellorvs (1934) ald
Odrt (f936), found that the disease was influenced by weather and
cultural treatments and was worst where cereals were grown fre-
quently. Eyespot is now knov:t to occur in most Eurolr€an coun-
tries, in parts of America, Canada, Africa, Australia and Nerv
Zealand.

In Britain eyespot was first recognized in the spring of 1935,
when wheat on Broadbalk and other fields at Rothamsted were
lound to have eyespot lesions bearing spores of. C. herlotuichoides
(Glynne, 1936). In the wet summer of 1937 severely lodged uheat
on Broadbalk had eyespot lesions on 90 per cent of the straws,
whereas equally healy standing crops on neighbouring fields were
almost free from the disease; eyespot vr'as also {ound associated with
lodging in other districts. It then seemed likely that eyespot might
inciease lodgirg and reduce lelds in this country. A systematic
study of the disease was therefore begun to test this possibility, to
assess the extent and importance of eyesPot in Britain and to obtain
quantitative data on the effects of previous cropping and cultural
treatments on the disease and on yields ol wheat.

Regional surveys were made in many parts of the British Isles,
and af Rothamsted the long-term experiments provided a uaique
opportunity for studyiag horv the disease varies from year to year
under similar treatments, and horv manurial and other cultural
treatments afiect its incidence. Problems revealed by field surveys
were studied in laboratory, pot and eventually field experiments
(these are briefly summarized under the heading " Eyespot " in
Results of Fidd Experimenls (R.F.E.) issued each vear by Rotham-
sted Experimental Station; the Rothamsted Annual Reports also
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include brief summaries of some of our results, but will not be re-
ferred to here). \\'e now summarize our present knowledge of
eyespot as it occurs at Rothamsted and in other parts of the British
Is1es.

Distribulion
Eyespot, 6rst reported onJl- in the southern half ot England

(Gl1.nne, l9+2), is now known to occur all over Britain (Gly'nne,
1944; Storey, 1947; Glynne and Moore, 1949)- It is most o{ten
severe on the heavier, better wheat land, least on light, rvell-tlrained
soil. The order of difierence is rvell illustrated by parallel experi-
ments; on the heary soil at Rothamsted 64 per cent of the wheat
straws were infected at harvest, ri'hereas on the light, sandy soil at
Woburn the same variety of wheat treated in the same way had only
2 per cent infected. This advantage, however, was ofiset by ttre
lrigher incidence at Wobum of take-all, Opkiobolus graminis (which
is most severe on light sandy soils) (R.F.E. f956).

Hislory
Eyespot had probably been common on Broadbalk for more

than 80 years before the disease u'as recogaized there in lg35;
lodging had been recorded on the more fertile plots since 1852, strag-
gling on the less fertile since 18i4,* and, on this field, both are chiefly
caused by eyespot. The disease had evidently been prevalent in
this country for an even longer time. Dialect rvords such as strag-
gling, brackley, scrawly and scrailing, dating back some 200 years,
are still used by farmers to describe wheat crops in rvhich straws
fall in all directions as the wheat ripens, and we now know that this
condition is mostly a consqluence of the eyespot disease. It was
probably already prevalent in mediaeval times, when winter wheat
altemated rMith fallow or was follolved by spring wheat and then
fallow, so that when Richard II says, " \\'e'll make foul weather
with despised tears; Our sighs and they shall lodge the summer corn,
And make a dearth in this revolting land ", Shakespeare (1597) is
more likely to have had in mind the untidy sort of lodging caused
by eyespot than that associated with over-manuring.

Spore production

Jhe long delay in identiiying the fungus is attributable partly
to the sterility oI its cultures and partly to its slow growth; when
attempts were made to isolate it from straw the eyespot hrngus was
often obscured by more rapidly growing fungi,- suLh as Fwsaia,
which were sometimes mistaken for the causal organism. Sprague
(1931) and Sprague and Fellows (193{) obtained spores by $owing
the firngus in flasks containing commeal agar and keepiag them
outdoors at temperatures fluctuating between 4" and 16'C. The
development at Rottramsted ol mucb simpter and more rapid
methods fgr inducing spore formation within a fortnight on small
(3-rnm.) discs cut ftom cultures gro$-n in petri dishes, and oa
infected straws (Glt'nne, 1953a). have greitly helped both in
diagnosis and in siuclying tbe disease.

* Broadbalh lryh eBooh 1843 tgtz.
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Swliaal and sPread,

The fungus survives from one crop to another on pieces of stubble
which, lt'ini on lhe surface of the soil, produce immense numbers of
soores in cool. damo weather. On Broadbalk these infected stra$
bLes produce spores abundantly from September to April and in
so-e year. laler. Spores were produced on infected straws in
the la6oratorv at temperatures below 15'C. They lvere not de-

l ached bv bloiving dry ;ir at i hem, but were readill' freed and carried
il mist d roplets. - \\'; ter f a lling on j n lected straws carried t he spores
in spla'h droplels up 2 feet oi more. They germinate readily in
rvater. and miv bud off lresh crops of spores lrom ttre m1'celium in
about a $'eek,"but they die if kelt dry-at room temperature lor a
fes hours. Splashed by ra.ir on to young plants, the 

-spores 
olten

infect them ai about sojl level or in the angle made between the
lirst leaves and shoot or al the edge o[ the coleoPtile enveloping lhe
shoot, where moisture is retained long enough for them to germinate
and where they are relatively free from competing micro-organisms.
.\ fresh crop of spores is produced on the infected plants in a few
t'eeks, and thesi are splashed on to surroundhg plants. ,At
Rothamsted spores are seldom found on the growing plants a{ter
-\pril. The diltance travetled by living spores depending.on ihat
travelled by the splash droplets, must vary nidely uith rain, rvind
and tempeiature. 

- 
-\djacent plots at Rothamsted retain differences

in degree ot infection irom spring to harvest. suggesting lhat rela-
tivelv Iit t le 'pread 

usually occurs from plot to plot, but jn one expen-

-"ni tR,F.E. 1955), in aileL, wjndy season, the fungus rvas probably
carried some l0 yards from heavil): to Iightly infected Plots. in which
the straws devei.oped an unusually high proportion o{ slight lesions,
the result of late infections. The distance eyespot spreads from
centres of in{ection in a healthy crop has been roughly estimated
{O<irt, 1936), but critjcal trapping work to determine the dislance
travelled by spores in the 6eld has not yet been done.

-{thoudh'very dependent ott *eather, eyespot incidence also
depends on the amount of infeciive material left by precedrng croPs.

This was measured ir an experiment (R.F.E. f giT) in which wheat
in 1957 followed potatoes preceded by wheat (1955)-in one ttock,
and in another block wheit followed wheat preceded by beans.
ln lanuarv and Februarv 'l957 the pieces of stubbte left on the sur-
faci ot thi: soiJ by the preceding wheat crops were collected from
sample areas of lind arid subje-ted to sPoring tests. The rvheat
enorvn in 1955 and l9i6 respectivetv had 60 aod 78 per cent straws
infected at harvesi, and i; f957 ihe stubble from rhe first crop
orovided one and from the second twenty-seven pieces o[ infected
itubble per square yard; from these initial sources,2 and 47 per cent
of the piantf growing in the 1957 crop were infected in Februar1r
ancl 33 'antt zs [er ceni at harvest. Spread oi the disease is favoured
bv cool, damir rveather, which pro)ongs spore production, gives

iiequent opp6rtunities for dispersal and inlection, especially- in
luxiriant dips which retain moisture; dry, uarm, spring rveather
not onlv inhi6its spore Droduction, but provides feuer opportunities
for dispersat and infeciion, and infected plants may recover from
the disiase if the outer leaves die before the fungus has penetrated
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deeply. Brown-bordered lesions, shaped like an eve, appear within
a few weeks of infection, usually on the leaf sheaihs. 'ih" fuosu,
grows slowly, penetrating successive sbeaths. and mav k l mJr,*,
tillers and sometimes whole plants il early spring. ih" fun*',
eventually peDetrates and weakens the cential iar-Eearine stra;,s.
whiteheads with small underdeveloped srain mav tfr"" iLJi. ."1
sembling those caused by take-all,- or ihe strais mav fall over
causing straggling in light, lodging in heary crops.

Increase oJ ejteslot in successioe cercal rops
_ The spread and development of the disease depends so much on

the weather that its rate of increase varies greatly in different vears
and in different parts of the country. M"easu-;s that enect'ivJ,
control the disease in most years at R;thamsted and in other oari'-s
of southern England are therefore often ineffective in the nortli and
west of the British Isles, where it is cooler and damper in sprirte
and summer. The behaviour of the disease at Rothainsted aidli
South-east England wiil first be described and then contra_sted wiih
that farther north and west.

At Rothamsted the first wheat crop after several vears under
grass is usually free from eyespot or verv-lightlv infected i the seconJ
may be Iightly or moderately infectad,-bu[ the disease usuallv
becomes severe in the third, or in the fourth successive croo rif
winter wheat; this also happens jn other parts of South_east Eng_
land, but the second wheat crops after grass are occasionallv modei_
ately or severely infected in wetter years (Glvnne and Moor!. l9l9t:
srnce 1938 tfus has occurred once at Rothamsted (R.F.E. Iggi-
when a second crop had 63 per cent straws infected jt h*".t. i,ii
the urusualJy high proportion, B8 per cent. with sljsht lesions
suggested late in{ection. On old ara-ble land the diseas"e increases
in successive wheat crops in the same way as it aoes aftei g.;i,
but sometimes seems to do so rather more iapidly; at Rotbaristed
the second wjnter-wheat crop (after Z vears'unO"ei ,o"_r*."oiilf"
crops) on old arable land has once been verv severelv inf'ected
(R.^F.E. t955), and ir a long-term experiment,"in whic( the ;;;
crop sequences are followed on both types of land. evesoot is usrrallv
more severe on the old arable land 

-(Fosters) 
thari oir land whic'h

was^relativ_ely recently under grass lHlgUnetaj.
Once a high level of infection has been reached, evespot incidence

fluctuates from year to year and is influenced both"bv'weath". .rrJ
cultual treatments. Thus on Broadbalk, plots on" which lr-heat
follow_s wheal, the mean percentage of straivs int"ctea ai harveii
on eight tlpical p)ots bas varied from 40 to g0 per cent since lg38.

Early sowing increases the chances of seveie infection more in
some years thal in others; thus wbeat sown in October had sieni6_
cantly more straws infected than that sown in November i" Z i"r^
and_abour the sa.me in two other years (R.F.E. I943-46).

Spring-sown crops have not been more than tishtly inlected ar
Rothamsted. and. though they occasionally sufl"er "mode.at" to
severe infection in other- parts of southem England, they are much
less severely infected than autumn-sown crops. Bar6v. thoush
about as susceptible as wheat, is mostly sown in spring,"and evin
when grou'n continuously at Rotha.msted is only iigh;t infe;tea.

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-90 pp 6

235

The infection seems to do little harm to the barley crop, but the
infected stubble may produce enough spores to cause severe loss in
succeeding wheat crops.

Oats ;d rye, grown in pot experirnents under optimum co-ndi-

tions for infection, 
-developed 

eyespot lesions more slowly than wheat
or barley, and are much iess susceptible in the field. One oat crop
was moderatelv infected at Rothamsted, and occasional instances
of severe inteition of oats have occurred in other southtastern
counties (Gl1,nne and foore, 1949). However, this haPpens rather
rare.lv, and it Rothamsted (R.F.E. f953) oats in the rotation were
as efrective as non-cereal crops in reducing eyespot incidence, but
were rather less effective at SProwston (Batts ard Fiddian' 1955).
Autumn-sown rve in the six-co'urse rotation at Rolhamsted becomes
lightly infected, and so, Iike sprilg-sown barley, helps the Iungus
to sun'ive.

In Scotland and lreland, where cooler, damper weather in late
spring and summer favour the spread of hfection late in the Srowing
siasoi, eyespot develops more rapidly, so that treatment: tiatrarely
lead to sevire infection in the south and east often do so in the
north and west. Then the second successive crop of winter wheat
is olten severelv infected, spring-sown wheat and barley are olten
moderately infected irr Scotland, severely infected in Ireland; and
infected oit crolx occur comparatively often (McKay d a,l.-1956)..-

Althoueh climatic dil{erinces aciount for most of these dif'
ferences, it-is also possibte that specialized types of the {ungus occur
in difierent regions. In Denmark, wheat and rye grourt- in- a slx-
course rotatioi exPeriment were more severely infected than--a-t
Rothamsted. Isolites of the lungus irom Da-nish and English
wheat were similar, but that from Danish rye difiered from them in
cultural characters and infected rye much more severely than did
isolates Irom any other cereal,

D*rease of eyespot under diferut crols

Land, which had become severely infested by growing successive
wheat crops, was used to compare the influence of difierent croPs
on eyespoi, take-alt and weeds appearing in rest crops of winter
wheit. 

- 
Crops other than wheat or barley strikingly decreased- the

infection of iubsequent wheat. A singte year's break from wheat
or barley reduced- eyespot ; in some years the subsequent .wheat
c.op *.iLightly, in oihei years severely', infected. Two-year^breaks
reduced thi diiease to a harmless leve1, and were about as effective
as 3-vear brcaks. Potatoes, beans, fallow and even tle slightly
susceitible oats and rvegrass alt efiectivelv decreased the incidence
oI ev^esoot: there weie-probably differences between them which
codf bi determined in more deiailed experiments. These breaks
also reduced take-all and weeds and had startling effects on the
ouantitv and oualitv oI srain. which for Squarehead's Master ranged
tiom fdtr cwt./acre-in iifested plots fotlowing wheat to 36 cwt. -in
olots wliere evesoot. take-all and weeds had been controlled by
i."r.ious cropdins'. Both diseases increased the amount of tailcoru,
io that the'diesied grain showed even greater difiere-nces ranging
from 10 in diseased t-o 33 c*'t./acre in healthy crops (R.F.E. 1953).
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C ro! rctation
Regional suweys and field experiments show that, atthoush

eyespot ircidence varies greatly in the same crop sequence -in
different years and in different places, the frequency of sevtre infec-
tion is_so dosely related to previous croppin&that-this can be used
to predict the likelihood of loss lrom eyespot. Thus at Rothamsted
in rvheat grown in the four-course rotaiion experiment (in which
v.heat and then barley altemate with other cropi) the proriortion oI
straws infected at harvest has varied ir differeit years'froin.r B to A6
1ler cent; more than half the straws have been infected in g out oi
20 years. On Broadbalk, where wheat {ollou's wheat, this level
has been exceeded in 16 years and in the six-course rotation experi-
ment in only 5 years. Similar efiects of previous wheat or birlev
crops on the frequency of severe infection were evident in regional
sun-eys,

As 2-year breaks (free from self-sown susceotible carriers) have
almost always reduced eyespot to a harmless level, it is likel; that
in some regions the sequence of crops in the four-course roiation
experiment might be better il the two non-susceptible crops were
grown-in succrssive instead of altemate years, bui experiments are
ne€ded to discover the conditions uadei which this 

^would 
be an

irnprov-_ement. Winter wheat following a 2-year break would
normaUy be free from serious infection;- aad sprine sowins would
usually protect the following barley crop from' aoo"reciable" loss in
the south and ea-st, but would faii to do so ir t'he wetter, colder
regions. It is, of course, unwise to reverse the order and erow
winter wheat after spring barley; the small proportion of piants
u'hich become infected in the ipring-sown birley after a 9-year
break sometimes suffices to afiect seri"ously winter "wheat gro*ri th"
following year, even in the south. Thii occurred at Rolhamsted
when, on_old 

-arable 
land, winter wheat Iollowing spring barley after

a 2-year break was seriously affected by evesooi in 2 dut of i vears
(R.F.E. f954, 1955). Three-year brea[s, lucir as occu, under'grasi
or lucerne in the Rothamsted ley-arable experiments have co-nsis-
tently given negligible eyespot ind correspondingly high lelds of
wheat.

Lodging
Twenty years ago excess of nitrogen and wet, windv weather

were regarded as the chief causes of lodging; but now we lnow that
eyespot is equally important. Very heavfcrops may lodge because
the straws are not strong enough t6 wi thsiand i he buffetiie of wind
and rain: then_ they bend over and lie mostly in one direction.
\Vhen eyespot has weakened the straw bases, 

-not 
onlv do much

Iighter crops lodge, but t}Ie strau.s, which bend abruptlv ir the middle
of the lesions, fall in all directions and lie flat on ihe eround: loss
from lodging is then added to the direct loss of gra.in ciused by the
fungus. Measurements made in many vears oi hundreG of "olot.
at Rothamsted have sholvn tle hiel v-sii,nificr"t efiects on lod ne
both of weight of stralv and of tlie prop,-ortion with severe evio8i
tesions (Gl5mne, lg5l; Salt, 1955). Sbmi idea of their relativelfie'cts
is shorvn by mean values obtained on Broadbalk rvhere an increase
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in straw weight from 40 to 60 cwt./acre had about as much effect
increasine bdsing as an increase from 35 to 85 per cent sraws with
serre.e ev-espoi. 

-\lrheat followiag fallow yielded more straw and a
smaller iroportion with severe eyespot lesions than wheat following
wheat; in sbme years the heavier straw resulted in more lodging, in
other ]'ears the iower incidence of eyespot resulted in less lodging
than after wheat so that long-term averages of the Percentage area
lodged after wheat and after fallow were about the same (G\mne,
1954).

Eecause lodging from epspot causes more loss than non-parasitic
lodsine, measuris io prevent it are most important where cereals are
groivn"irequently on the same land, Thise measures depend on
ieducing the severity oi eyespot, reduciag weight of straw and
increasing straw strength: the last two are imPortant whether eye-
spot is piesent or not- The methods likely to affect both el'esPot
a'l,d lodhne investigated at Rothamsted include varying fertilizers,
rate and dite of sowing, the use of short, stiff-straNed varieties and
spraling with sulphuric acid.

F eltilizers
Fertilizers influence the incidence o[ eyespot by their eflects on

plant growth, and they influence lodging by tbeir effects on the
disease and on weight of straw.

Increased tillering produces more layers through rvhich the slou -
growins funsus mus-t'oenetrate before it reaches the central ear-
Bearine" strais, thus riducing the severity of eyespot at harvest:
but thi ereater humiditv Drevailing withia a well-tillered crop far"
ours spriad of the fungris ind development of the disease; the two
eflects work in opposite directions.

In pot experiir.rints where all plants are infected as seedling-s and
kept u;der humid confitions the efiect of tilering p-redominates
and wetl-nourished Dlants are less severely infected at harvest than
starved ones. Apptications of nitrogen 

-(Gl1'nne, Dion and Weil,
l9l5: Salt, 1953)-;d of phosphate and potash to soil lacking these
nutrients greatlv'decreased tli severity of eyesPot. In the 6eld the
effect of h-umidity usually predominates, so that fertilizers tend to
increase the sev6rity of eytspot at harvest. Because nitro,gen is
more often deficient-than iho;Phate or potash, it has received most
attention. Annual surveys of wheat on Broadbalk show the mean
number of severe eyespoi lesions in 16 consecutive y-ears was 50
per cent on plot 7 riceiving minerals and nitrogen,-and.38 per cent
on plot 3 receiving no manure. Application of fertilizers appre-
ciab'lv increased iniidence of the disease in I0 years and reduced it
in oniy one year, Nitrogenous fertilizers have increased the- proPor-
tion o{ straws infected in most oI our field experiments; they also
increase u'eight of straw; both efiects iacrease the tendency to lodge
and so redice response to fertilizers. Restricting the fertilizer,
though it reduces lodging, atso limits flelds, so that other methodc
nf coi, trol are oreferable.

Soil fertiliti and disease incidence afiect the optimum date for
applYing nitrogen. Early applications increase the weight of stra$'
airit itre-rist< ot-todging on thibetter soils. Thus at Rothamsted, on
fertile land heavily infested by eyespot, nitrogen applied to Square-
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head's Master in March, April and May had little effect on eyespot;
that applied in March increased straw and lodging most, and vieiaA
less grain tlan that applied in May. \\ftere eyespot was coitro[ed
and lodging decreased by spraying with sulphiuii acid, grain tields
were not significantty aflected by the date when nitrogen was aiplied
(sdt, r955).

By contrast, at Woburn on light, nitrogen-deficient soil, there
was much less eyespot and no lodging. Piots oI Holdfast which
received nitrogen irr March had more eyespot and vielded B cwt./acre
less grain thir those which receivei 

"'ii.-rg"r 
'i.'a-p.U.- il;h;;;

nitrogen was witlheld until May deficienry s1'rnptoms became
apparent, and although eyespot incidence was the- same as after
the Aprit application, yields were 6 cwt./acre less (R.F.E. 1955).

Seed rate

Lowering seed rate below normal encourages tillering and pro-
motes drying within the crop, and so hetps tireduce thJ incidince
and severity of eyespot at harvest. It-also reduces competition
between shoots ior light and nutrients, and so promotes gr6wth of
strong-er stra\ys, and this helps healthy (Glynne and Slope, I95i)
as_well as disea-sed (Glynne, l95l; Salt, lgj5) cereals'to resisi
lodging. In an experiment on eyespot-infested l;nd at Rothamsted
(Salt, 1955) reducing seed rate 6f Squarehead's Master wheat from
3 to l!.bluhels/acre decreased severe eyespot from 74 to 56 per cent
strarvs infected, the area lodged from 72 to 40 per cent and Gcreased
grain yield from 20 to 25 cqrt./acre. In seve'ral experiments plots,
sown at the normal seed rate and given nitrogenous fertilizer, suf-
fered so much loss from disease that thev vi;lded less than Dlots
sown at half the seed rate and given no niirogen; thinlv sou..n blots
dressed vith nitrogen lelded most grain. -Thin 

sou.rns haj the
additional advantage that it reduces the eftects of take-ill bv en-
couraging plants to produce more roots. Its main disadvanti,ee is
tbat it encourages the growth o{ weeds, and these must be contr6ued
for thin sowing to be advantageous. Failure to control weeds
accounts for inconsistent efiects of seed rate on infested land at
Rothamsted and Woburn (R..F.E. f 955, f 956).

Optimum sowing rates therefore vary, not bDIy with soil, variety.
nutrition and weather, but dso with disease iicidence: ther- aie
higher on land free from eyespot and take-all than wheie eitfier of
these diseases is severe.

Y al i elol $usceitifilily
Many types of wheat tested in pot exDeriments all oroved susceo_

tible; they included the wild typi Tritiium moucoittn and reore-
sentatives of groups with fourteen, twenty-eight and fortv_iwo
chromosomes. Differences in severity of inf;tioi of different varie-
ties were evident in 6eld experiments; Deprez 80 had consistentlv
fewer straws infected at harvest than three other varieties (R.F.E.
l9f3-46) and Cappelle (1952) had 3I per cent severelv infected
straws rvhen Squarehead's Master had 88 1rr cent. Simitar dif-
ferences were found in a pot experiment (i953) when inoculated
Cappelle and Scandia all developed lesioni but had ontv half as
many straws severely inlected a-t harvest as four other i.arieties,
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ard mear loss in grain lrom irfection was I per cent in Cappelle,
12 per cent in Scandia, as compared with 20-28 per cent in other
varieties. Lower field susceptibility of Cappelle was found in
France (Vincent al al., f952), in Cambridge (Lupton and Macer, 1955)
and was evident in experiments at Rothamsted and Woburn (A.F.E.
f953-56). Cappelle has the further advantate of a short, strong
straw which seldom lodges. Unlortunately it is just as severely
attacked by take-all as other varieties, and the serious loss caused
by take-all and eyespot are less easily noticed because it feltls rnore
than many other varieties; but the serious loss sufiered by Cappelle
was dramatically apparent in 1955, when, sown in early October on
fertile land supplied with ample nutrients, it yielded only 25 cwt.lacre
on plots severely infested by eyespot and take-all, and 6l cwt./acre
where. these diseases (and rveeds) had been controlled by previous
croPPmg.

Sfraying uith sulfhuric a+id

In South-east England cereals were sometimes sprayed with
sulphuric acid in spring to control weeds; in France attemPts to
use it to control foot and root rots Save variable results. At
Rothamsted effects oI the acid on spore production were studied in
the laboratory and its effects on crops studied in field experiments
(Dion, 1943). Application of 12, Per cent by volume commercial
sulphuric acid at l0O gallons/acre, alter sowing and before emergence,
stopped spore production on exposed pieces of stubble and prevented
earlt infeation of the crop. But the disease spread in spring, pos-
sibly from pieces of lreshly exposed stubble. The best results 1o1-

lowed two sprayings, one applied to the soil in autumn after sowing,
the other applied to the crop in early spring. A single sPralnng was
most effective when applied at the fiveJeaf stage, belore the fungus
had penetrated beyond the second leaf sheath, which, with outer
leaves, was ki.lled by tle spray. At Rothamsted ttris stage is usually
reached in the first hali oI March. By April the fungus had pene-
trated too deeply to be controlled by spraying, although, like the
earlier treatment, it controlled weeds. The acid had little effect on
straw yield, but, by reducing eyesPot, Sreatly reduced lodging; it
was most successful on well-nourished crops, giving in some years
vield increases of l0 crvt.,lacre (Glynne, l95l; SaIt, 1955); but it
has sometimes failed to control eyesPot or to increase yields (iR.F.E-
1956; SaIt, 1957).

Acid spraying has proved valuable in experiments in which effects
of treatments are compared on lightly and heavily infected crops, but
its use in farming is likely to be limited. The land is sometimes so
wet in early Nlarch that the machinery needed for high-volume spray-
ing damages the crop excessively, and reports of low-volume spray-
ing have not been encouraging. But the impressive effects of suc-
ceisiul spralng with sulphuric acid suggest that the use of other
chemical sprays might usefirlly be investigated.

Yield. oJ grain
The loss caused by eyespot varies with cultural and manurial

treatments; in pot experiments inoculation reduced yields by 19
per cent in well-nourished, by 86 Per cent in starved plants; by 22
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per cent in thinly and 45 per cent in thickly sown plarts. In a
seri_es of pot experiments in which all inoculatef plantsiere infected.
and some straws straggled there was no generil lodging, and loss
caused by eyespot averaged 3i| per cent. Losses of thi siine mami-
tude occur in the field, where, although some plants escape infection,
loss from lodging _must be added to that caused directly by the fun-
tus. Straws witl severe lesions, taken from field exririments
!'ielded only about half as mucb g;i" r. 

""ini".tJ;;";r ;;;li;;;
\4'it\slight lesions (GlyTlne, f 944,1953b).

Take-all and weeds increase with eyespot in field experiments,
so that it is olten difficult to assess thair separate efiecti. Where
eyespot and weeds, but not ta.ke-all, were iontrolled bv soraviag
with su.lphuric acid, yields were incriased t" +o p.i-*it l', rir+i]
by 39 per cent in lg5l. Where take-all wasitso cbntrolled bv ore-
vious cropping yield increases have exceeded 80 per cent (d.F.E.
195.5-i6). In experiments wbjch measured efficts of pievious
cropping on a final test crop of winter wheat, take-all and weeds
increased and yields decreased in successive wheat crops. Tr-pical
figures for plots which carried ttre 6rst, second and tliird cr6is of
winter wheat were respectively 37, 28 and lg cM./acre for Sqirare-
head's Master in 1953, and in I9J6, 37, 24 and'lg cwt./acie for
Holdfast. 49,.36 and 24 cwt../acre for Cappelle, and the'heaviest
crops included least tail corn, so t]rat dressed. grain showed even
bigger contBsts.

The development of high-flelding varieties which resist lodeins.
generous application of fertilizers and improved cultural and hariesi-
ing methods have greatly increased yields of wheat in recent vears.
But they fail to give high yields if eyespot and its a.ssociated tr6ubles
are not controlled. Recognitiou of the severitv a-ud freouencv of
losses caused by soil-borne diseases have shotn ihat viekls'of wfreat
previously regarded as satisfactory are reallv too fuw. This has
helped to _set a b.igher standard f6r wheat yietds at Rothamsted.
Here, yields of 4G-t5 cM./acre rvere regarded as exceotionallv hish
less than a decade ago, but, by delibeiately combiniirg favoLab"te
treatments on uninfested land, yietds of 50-60 cwt.i acre have been
obtained in each of the last J years. Further 'knowledge and
wide_r app[cation of that already acquired can do much to iicrease
l ields of wheat in Britain.
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