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ABSTRACT

A method was developed for testing the effect of
soluble compounds on the growth of Streptomyces scabies.
Manganese was tested in the form of a soluble salt, a glass
frit and a number of organic complexes., As a soluble salt
it was less tcxic than had been suggested by other workers
but it was considerably more toxic in the form of chelate
complexes.

Three field trials were undertaken to test the effect
of chelated manganese on common scab, but no control of the
disease was obtained.

Twenty metals were tested for their effect on S.scabies -
in liquid culture. Six were sufficiently toxic to S.scabies
to be of possible use in scab control, but of these, cadmium,
arsenic, antimony, mercury and silver were either too danger-
ous or not economical for use as soil fungicides. Copper
had some potential and liquid culbture tests and pot trials
showed that its use in the form of a glass frit might over-
come problems of phytotoxicity.

A number of other chelated metals were tested in
liquid culture but their effect on S.scabies was not related
to their effect when applied as soluble salts, nor was it
related to their chelate stability constants.

It has been suggested that organic amendment of soil
controls scab by the reduction of insoluble soil manganese
to soluble forms which are toxic to S.scabies. This was
investigated by means of pot and field trials, a method being
devised to assess numbers of manganese-reducing microorgan-
isms in soil.

Dried grass meal at 2 tons/acre gave significant control
of scab (P,0.1) but increases in soluble manganese were not
sufficient to account for this. Soil microorganism popula-
tions increased after adding grass meal but had fallen again
by the time tuber initiation and scab infection had commenced.
Results suggested that manganese reduction could affect scab
provided there were sufficiently high levels of easily
reducible manganese in the soil.
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THTRCDUCTION

Common scab disease of potatoes is an economically important
disease. Although the develovment of accepteble resistant
varieties is a possible answer to the problem, there is no
prospect of such varieties hecoming widely used in tue

near future.

The main problems in working with this disesse are
the difficulty of identifying the pathogen by standard
methods, its slow growth in pure culture and the disagree-
ments in the published results on many aspects of the
disease, parvicularly those involving pot ané field trials.

Although there has been ex®ensive work with many
‘chemicels for their possible use as fungicides against scab,
as yet, none is widely acceptable in this role, mainly
because the dosape required for control is seldom economic-
ally feasible.

The work on minor elements is promising, primarily
because these elements may be present in the soil naturally
even if they are not in a form which will have any effect
on the scab organism.

Past work on fungicides and on minor elements has
suffered the disadvantage that it has been necessary to

assess their effect by means of pot and field trisls. The



present work was initislly directed towards developing a
guantitative method of assessing possible fungicides and
apnlying it to study the effect of a range of minor elements
on i.scabies with a view to undertsking pot and field trials
later on.

The effectiveness of some soil amendments in controlling
scab implicates the soil microflora in control. There is
circumstantial evidence sugresting a link between this and
the availsbility of minor elements in the soil which are
toxic to the scab orzanism. This sspect of the problem

occupies the second mart of the experimentsl section.



REVIEYW OF THE LITERATURE

The Potato Crop

The world production of potatoes has remained almost constant
over the last 15 years at an annual figure of about 250
million long tons. The total acreage is about 60 million
with an average yield of 4.3 tons/acre. tf this towal,
about one third is produced in “urope excluding the USSR
(a0, 1963).

In Great 3Britain there is little industriel use for
potatoes and the main demand is for humen consumption which
runs at about 44 million tons per year. Bome 700,000 acres
are planted giving a national yield of 6 million tons at 8
- 9 tons per scre. This satisfies netional demand except
in low yield years when maincrop vnotatoes are imported.
Demand for earlies exceeds supply and on average 250,000
tons are imported each year (PMNB, 1964). \

Half of the national yield goes for home consumption and
a further 18 per cent. for csterers. There is sbout 15 per
cent. wastare and 2 similar w»ercentage is used as seed, the
remainder beinr used for stock feed (Hessayon and enemore,
1961).

The main potato growing srea of <ritsin is the Fens.
Less important sre west Lancashire, north west Lincolnshire,

the west Midlsnds and the East fiding of Yorkshire. Parts



of the home counties, particularly in BEssex, and also in

the Tyne/Tces sres have risen in importsnce, mainly because
of their proximity to markets. In Scotland, Ferthshire is
the most important area, with potato growins concentrated in
the east coas®t counties frowm lMorayshire southwerds.

The value of the potato crop to the grower exceeds 7100
million and is probsbly double that to ths retailer. The
size of the crop is notoriously varisble, the average yield
in 1959 being 8.6 tons/acre as sgainst 6.9 tons/acre the
previous year.

The mein task of the Potato Marketing Bosrd as consti-

0]

tuted in 1955 is to ensure a balance between suoply and
demand. All growers of an scre or more of potatoes are
required to be reristercd producers, this covering 9% per

. of the total potato acreare. Bach {rower pays a levy

r

cens
of “1 per acre to the PID.
The Doard undertakes its tssk in & number of ways:
a) Advertising directed at the consumer.
b) Control of acrcage, Gesigned to prevent overproduction;
a prover who cxceeds his quota mush psy an cXcess acreage
contribution of £10 per acrec.
¢) Control of riddle size; ounly a bottom ridélec sgize is
normzlly employecd and this controls the guantity of

potatoes being markcted by eliminsting smell tubers, butb



occasionally an unncer liuit is iunosed to remove large or
mis-shapen tubers.
d) Surplus were may bc purchased when there is a glut, and
the surplus used for stock feeding.

In Britain, neaxrly half of the total potato crop is
made up of the variety Majestic. The remsinder consists
lorzely of EKing idward, kedskin and Kerr's Pink, and Arran

Pilot.

The Disease

Common scab of potatocs, caused by Streptomyces scabies

(Thaxt.) Woksmen and Henrici, is distinguished by being the

only plent discase of cconomic importence caused by an
actinomycete. Although the potato is the main host, it has
been reported on a number of other root crops such as carrots,
radish, mangold, swede, turnips and leecks (Jones, 195%; Palm,
1934, In addition to ceusing tuber scab it will cause a
stem necrosis on potctoes (Hooker and Sess, 1948; Hooker et
al., 1950) ané will cause root necrosis when secdlings of
soybean, wheat, pea, radish and beet src inoculated (Hooker,
1949),

The pathogen causes surface scebs which do not affect
the size of the tuber very much but do blemish the tuber
surface. The economic significance of the disease lies in

the surface blemishins rather than any loss in yield,

10



although deeply scabbed tubers cause wastase in peeling.
Badly scsbbed tubers do no sell well, and will be still more
difficult to dispose of with the increasing use of prepackag-
ing in the retail trade. Another aspect of the disease
which mokes it more serious is that it is usually worse in a
dry season when the crop is likely to be poor anyway.

Detsiled surveys of common scab incidence have been made
in the United Lingdom. Results published for 1952 and 1953
(Large oand Honey, 1955) show thet if tubers with onc quarter
of the surface scabbed are considered substantially scabbed,
then when Junc and July are dry, 4 per cent. of the potato
crop for thot ycar will “e in this category, and when wetb,
the fipure will be ebout 2 per cent. This also showed the
highest incicdence of scsb to be in the east and west midlands
and parts of Yorkshire, anéd lowest in Scotlend, most of
Toncashire end the Iens.

The disease is of world-wide occurrence but is often no
problem in the best potasto growing arcas. 'he survey
alrcady mentioned sugrosts thet the disease is worse on light,
sandy or gravelly soils and this is borne oubt by experience
in other countries, it being perticularly bsd in the sandy
soils of east Holland (Labruyere, p.c. 1965) and in the
reclsimed arcas of the egev desert (Volcani, 1962).

The literature on coummon scab is well kuown for the

11



variebility of results and contradictions which‘occur on
9lmost every aspect of the disease. The fact thet the
pathozen is soil-borne with the variabilitics inherent in
working in this mediws partially expleins this. The scab
organism exists in a wide rengec of physiologicsl foruas and

it iz not slways possible to idcentify those that are patho«
genic by clessical techniques. Corbaz (1964) identified
only 70 per cent. of a rongc of pathogenic streptomycetes as
S.scebics, end Harrison (1962) described "potato russet scab"
as being due to snecies other than S.sccbiesg, developing more
readily on warmer molster soils than thosc favourin:, common
scab. Hoffmann (1958) gave resulbs differing from those of
Corbaz. Cf 20 identificd spccies, only S.scabieg was path-
ogenic and he consicdered this to be the only ceause of potato
scab.

Attempts have been made to usc serologicel methods for
identifying pathogenic streptomycetes bubt Douglas (1953)
concludcd that no cleer—cut division into scab-producers
anc gaprophytcs was possible et thet time. Ten ycars leter,
Bowvman and Weinhold (19263) concludsd that the pathogenic
streptomycetes were closcly relsted ‘serologically, but a few
sanrophytes were not scpareblc, end thc use of serology,
therefore, was not entircly satisfactory. Actinophages

active ageinst S.scables have been rceprorted (Mewbould, 1953;

12



Newbould and Garrard,1954). Their usc in identificetion

of S.scabies is not yct developed, althourh a close serolog-
ical relationship between many phages active against S.scab-
ies hos been demonstrated (Corke, 196%).

It may not be sefe to consider commoii scab as caused by
a specific orgenism - S.scabies - unless one accepts that a
main criterion for so naming an orsanisin be that it exhibits
pathorenicity, whatever its morphologicsl and cultural char-—
acteristicse. At present, one con say no more than that
there is 2 range of normally saprophytic actinomycetes which
under certain conditions infect svitablce hosts.

Common cxpericnce and documented cvidence agrece on the
soil factors favouring scab dcvcelopment. It is more prev-
alent in soils of pH 6.0 and sbove (Generaux, 1947; Richardson
and Feeg, 1954). In 2 field in which plots hed been amended
with lime or sulphur to give a pH range of 4.5 to 6.5,
Steinmetz (1946) found thet over ten years, the increase in
scab was dircctly rclcived to the increcsc in pH. an except-
ion to this gencerel rule wes the rcport by Beysen (1932) that
the diseosec was prevelent in more acid soils of pH 4.5, the
solls being of a very poor sondy heathlsnd type.

A sccond factor favouring sceb is dryness of the soil.

o

The survey of Large an

[3=]

1 Honey (1955) showed scab to be twice

es bad in a dry as in a wet seeson, confirming; carlier
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reports that soil moisture is an important factor in disease
development (Sanford, 1923, 1945; Noll, 1939; Generaux, 1947).
Dippenasr (19%%) showcd that incressing soil moisture over

a ronge of soil tempersturcs betwecen 13 and 2500. dccressed
incidence of scab and incrcaoasced yields. ixperiments of
Iutman (19441), on the other hand, gove diffcrent rports
because he found maximum infection on areas that retained
most moisture zfter reinfall.

Irrigetion during dry weather gives some control of the
discase (Peeler, 1966) providad it is applied before or during
tuber initiotion (Lilewelyn, 1963%; Lewis, 1962; Labruyere,
1965) . Storr, Cykler and Dunncwald (1943) feiled t¢ check
the disease by irrigation, but Lapwood (1966) su;zests thet
this may be because they applicd the water too late. In

two experiments he found thet there wes an incrcese in scab

when a dry period co-incided with active growth of the tubers.
Irrigation to field capacity at this time lsrgely prevented
scab. In another experimcnt, Iapwood and Iyson (1966) found
that incrcssing use of a nitromen fertilizer resulted in an
incrcose in scab. They thought this to be most likely due
to the fact thet the nitropgen fertiliser delayed tuber
formation so that it occurred in o dry period with resultant
increasc in scab.

The sceb organism will persist in the soil for & nuwiber
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of years. Hooker (1955) observed a marked reduction after
three years, particularly in plots loft fallowe. The volue
of any particuler crop rotetion in cutting down scab inci-
acnce 1is also related to chenmes in soil pH following the
cultivation of o particular crop (De Bruyn, 1943). Tor
exomple, it is common pracbtice to lime feirly heavily for
barley, and this is lilkely to incrasss sceb incidence in

crops grown subsequcently.

Infection

Tuber infection is priwerily through lenticels but direct
nenctration betwucen cells can occur in youn:, tubers (Lutman,
1941) . Infection only occurs in actively growingy tubers

(Hooker and Porme,1960; Richsrdson, 1952; Lewis, 1962)

olthough the pathorenicity test suggested by Lowrence (1956)

contrzdicts this sincc he renortsd infoetlon on small debached

tubers.
Under ficléd conditious, CZchaal (1934.) found that larvae

of the potete flea beetle, Ipitrirz cucumcris, carried S.

——

scobics internally and cxternally ond may ceusc infection

on tubcrs on which they feed. Scab lesions are frequently

nade worse by atteck by other insccts (Grenowsky and Peterson
b]

1942).
Cooper et al. (1954) established thet tubers in which

15



the periderm pcersists as a living tissue throughout develop-
ment were sceb rcsistant, whercas tubers in which the
periderm is covered by collapsed dead cells cre susceptible,
These recsults were confirmcd by imilsson and Heikan (1956).

Johnson and Schaal (1952) were able to correlate
resistance with 2 high concentration of chlorogenic acid,
particularly in the periderm around lenticels and injurics.
Tests with S.scobies in agar culbtuce (1954) showed that
inhibition of growth by chlorogcnic acid depended mainly on
formaetion of quinones by enzymo action in the tuber, because
inhibition in culture is morc pronounced ot a higher pH when
autoxidation of the phenolic compounds increases production
of quinones. Schaal (1955) later showed that caffeic scid,
catechol, and tetrahydroxy benzoin had a similar effect to
chlorogenic acid on S.scobies in pure culture. Johnson
and Schaal (1957) went on to show that o-dihydricphcnols as
well os chlorogenic acid were present in perideriz of resist-
ant tubers in much higher concentrations than in the periderm
of susceptible tubers. 4 closely reloted mechanical/chemical
defence system thercfore scems possible.

Lawrence énd licAllan (1964) reported the isolation of
an inhibitor from culture filtrates of S.scobies which acts
only .n the pentose phosphate pathway or its terminal

oxidation in the potato wuber. The ectivity of glucose-6-
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phosphote dehydrogenase was rcduced, and that of cytochrome

xidase strongly inhibited.

Chemical control cof comion scab

Two approaches have becn trizd for the chemical control
of commion scab; treatment of sced notatoos and of the soil.

The use of infccted seed may contaminate clqan soil but
this is nc longer considered to be important in the spread
of the pstho-en. In fect, common scab often occurs on
newly cultiveted lend. However, o number of tuber treat-
ments have becen uscd repcatedly for their effect both on

scab and on black scurf (causced by Rhizoctonia solani).

Those most comwonly used have been mercury compounds (Cross,
19255 lartin, 1929; Beorc, 1944; Schacl, 1946; Dantas, 1954
Netzer et gl., 1962). Cther trectments known to be cffective
arc hot formaldehydc (Rose, 19265 Vaughn, 15263 Goss, 1929),
thiram (Dembskeya, 1944) oné zinc oxide - olonc and with
nmercury compounds (Bcarc, 1944).

Dircet chemicel treatiicnt of soil has olso hecn tested
~often. Sulphur has been uzcd at rétes of up te 2,500 1b/
acre with somc success (Reddy et al., 1946; Termen et ol.,
19495 Hookcr and went, 1950; Cswald ond VWright, 1952; Csweld,
19545 McAllister, 196%), the sim bein{, to increase soil

gcicdity. Aumonium sulphate is s

i

:06cd to be eficctive as

—~

well.
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Pentachloronitrobunzenc (PCEB, terroclor, Beyer-P,
quintozene), et rates verying bettrcen 10 and 500 1b/acre
has also been tested cxtensively. A general picture of
fzirly good control at 50 to 100 lb/acre emerges (Gram, 1944;
Hooker, 1954; Cswzald, 1954; Fink, 1956; Menzies, 1956;
Mugent, 19563 Mouzhlond and Cash, 19573 Van ismden and
Labruyere, 1958; Ven Doorn, 1959; irickson, 1960; Dingler

et al., 1960; l'etzer and Nishon, 1962; Gustafsson, 1964).

.

seinst this, Potter et al. (1959) did not get good control
except on & very sendy soil, oand Rosser (1260) rcported that
PCNB gave sisnificen® control at 100 1lb/acre when scab
incidence was low but in a yecar when there was high scab
incidence therc was no control.

Van sinden (1958) and Houshland (1957) both reported
effccts lasting more then one season, but the effect of PCNB

on yield is the subjcect of contredictory results. Hooker

)

(1954) renorted o 20 per cent. increase in yield following
a furrow applicction at 50 1b/scre. Dingler (1960) found
no effect on yielda, but other workers have reported retard-
ation of growth and loss in yield (Van “mden, 19583 Houghland,
1957; and Gustefsson, 1964).

A number of othor fungicides are Lnown to control scab.
These include urea formaldehyde formulations (Bartz and

Berger, 1958; Busch, 1961; Busch end Ashton, 1964; Schultz
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et al., 1960; Schultz, 1962; einhold et al., 1964), mercury
compounds (Partln, 19323 ‘imilsson and Gustefsson, 1954)
pentachlrorophenoxyacetic acid (Gerber, 1951; Lmilsson and
Gustefsson, 1954), thiram (Popkova et al., 1965), Calcium
cyenamide (Rang, 1932; Bolley, 1926), "DAC-649" (3,3,4,4,~
tetrochlorotetrehydrothiophene-1-1-dioxide) (Potter et al.,
19613 Cetas and Jones, 1962).

Urece formaldchyde with aldrin (Busch, 1964; Schultaz,
1962), mercurous chloride with sulphur (Generaux, 1947) or
with dinitrorhodanebenzene (Fopkova ct al., 1965) are combin-

ations which have olso boon tried successfully.

o i et o e s St

A number of investigetors hove studicd the effcet of
vorious clements on the pethoren and on the disease.,

Dlodgett end Cowan (1935) considersd that lime had no
direct effcet on the diseese except by incressing soil pH
vut celciuwn oxide at the very high concentretions of 1 and
2 per cent. rcduceé infection considersbly. schrocder and
Albrecht (1942) found that calcium and potassium added to
the soil in equal emounts gove the best crop yields and
leost scab ond sur~ested thet the rclation of calcium to
potassiun was syncr{istic rather than antagonistic. Cook

and Hourhlsnd (1942), however, concluded¢ thet celcium hed no



effect on disease incidence which was only indirectly related
to the calcium content of thoe fertiliser in so far as this
changed the soil reaction. Thus & ncutralized kieserite
fertiliser resulted in a less acid reaction and consequently
more scab than a one-~third neutralized omne. 0dland and
Allbritten (1950) confirmed a lack of eny direct offect of
calcium on the disease, but the work of Rorsfall, Hollis,

and Carter (1954) wes st variance with this. They conclucled
that the améunt of sceb was dircectly rclated to the calcium
content of the” tuber'which.in turn is resuleted by the content
of replacecable cslcium in the =oil, this being soverned by
hydropun ion concentration and calciun dosane.

Houghland and Cash (1956) found that the total calcium
contenl; of tubers wes not related to scab incidence bubt that
periderm of scabbed tubers hré twice the amount of calcium
found in that of clean btubers. This was consider:d to be
& result rother then a causc of infection. Phosphorus
showed a similer but less morked patvernn and with potassium
it wes still less merked. They also found that the calecium/
potassium ratio in povtato haulms ané tubcrs bore ne relotion
to thc susceptibility of tubows to scab.  Turncr (1857)
was &lso uneble To establish any relstion between celcium/
potassiun ratio and scab incidence, a result confirmed by

Doyle. and MacLean (1960). The situation was yet more
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complicated by the results of uichinger (1958) who sugrested
that deposits of calcium cations on the htuber surface were
positively recletcd to sceb incidence, and that oxelic acid
produced by the plant was the strongcest inactivoter of these
ions, the degres of resistence of 2 potato variety being
determined by its capecity to form oxalic ecid. He rccom-
mended, therofore, exclusiova of synthetic fertilisers contain-
ing, magnesium and sodium on the grounds that these ions would
compete with those of celciuwm fer oxalic acid.

liader and i'cder (19%7) revported thot Bordeaux mixture at
a rate of 75 1b/acre CuSO4 markedly reduced scab. The
treatment reterdcé flcvering and incressed yiclds. oimilar
results were reported by Dorozkein (1955). Gries (1950)
showed that a2luminium in acid end slksline culturc medie
was toxic tec B.sceobies and would contrcl scab in muck soils.
This work wos portislly verificd by Houghlend (1956) who
found thot cluminiwm as sn ormonic selt inhibited growth at
100 ppm, and as oluminium chloride'at 160 ppm, but et rates
cf un to 800 1b/acre sluminium sulphate did not control scab,
neither did it alter the soil pH.

In 1955, Spotz published results of control of
mangenesc deficiency of potatces by application of manganese
sulphate at 6 kg./ha. Incidental to these, he found that

the percentege of badly scabbed tubers was reduced from 70

21



to 20. The extensive trisls of Guntz and Copper (1957)
examined the effect of o number of scluble salts on scadb

incidence and the rcsults are sunmsrised in Table 1.

Teble 1. Results of Guntz and Copnpenet for scab control

Soluble selt Application % marketable

(kg./ha.) tubers
Untreated 0 146
Sodium borate 15 3.0
Cobalt nitrate 5 1.6
Mengenese sulphate 500 24.0
Ammonium molyhdate 2.2 443
Zinc sulphate 100 5.0
Mepnesium sulphote 1,000 6.6
Sulphur 500 7.9

Turner reported that zinc compounds hed no effect on
scab at 12.5 and 25 1b/acre.(1957). .HMalenev (1959) found
thet scab resistance was increcsed 2 to % times by dipping
secd tubers in 0.02 per cent. soluticns of copper, boron
and menranese salts. Mygind (1961) reported aluminium
sulphate to be effective in field trisls bubt not at economic

levels, ond mengenese sulphatc was found to hove an crratic
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effect unless large cuantities were used.

Mortvedt et cl. (1960) found thet scab decressed as
manganese concentration increased over & range of O to 20
ppm in pot culture. Further experiments (Fortvedt et al.,
1961) gave significont reduction at 5 and 10 ppm and the
sugr estion was made thalt o high concentration of soluble
manganzse could cxplein the tendency for scab to be less pre-
valent in highly acid soils. Figld trials geove no cvidence
of control at 50 and 150 1b/acre MniSC,, « The monganese
content of thc tuber epiderw~l tissue was increased but there
was nc effect on tuber nareachyis tissue. Later triols
(Mortvedt, 1962) showed that mengenese sulphate at 150 and
450 1b/acre was effec™ive o zinst sceb; broadcasting it in
12 inch boncds near the tubers weos wmore effccetive then plecing
it in the fertiliser bend at 150 1lb/acre. Further green-
house experiscnts did not rclete perideru mengonese content
to sceb incidence, suggesting thet the effect was not
systemic. This ~lso :pnlied %o covwdur, magnesiun, colcium
and potassium. Connc <ulrhate »6 20 and 50 1b/acre

¢ at high

aj
()

[

significently recuced the discase, but wos tex

levels in grecahouse trials.

McGregor and 'ilscn (1964, 1966) confirmed the effect

of Mn3G,, stating thrt it geve feir control at 56 1lb/acre,
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mixzd with a compound fertiliser in the drill before
planting, but other workers hasve found little eficcts at

these rates (Wotson n.c., 1965),
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MATERIALS AND HMETHODS

A. THE PATIIOGEN

1. Isolation of thoe paothoren

A slishtly modificd version of the technique dcscribed by
KenXnight and Muncie (1939) was used. A scebbad tuber was
washed in tap woter, surface sterilized in a 1 pcr cent.
aveilablc chlorine solukion for % minutes anéd weshed in
sterile water. A gsccb lesion with uvnderlying tissue was
remeved with a flamed scalpel and comminuted in 10 ml. of
water, The suspcnsion was diluted 750 or 1,500 times and
plated on'to Czapek~Dox apar. l'any ectinomycete colonies

opneared after 7 days incubestion at BOOC.

2, Stoclkk cultures

Three methods were used for maintaining stock cultures of

Streptemyces scebies.

2) Cultures on PLA slopes in lMcCartney bottles were kept
at 2°C. and at room tempercture, 18 to 22°¢. Cultures
remeined vicble for up to onc year but chenges in cultural
characteristics sometimes dcvelopcd.

b) Cultures were stored at room temnerature on PDA slopes

in McCartney bottlcs under mineral oil.
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¢c) The best method for mointaining stock cultures was to
kcep them in sterilc soil. 10 g. samples of soil were put
into lMcCartney bottles and sutoclaved for 30 minutes at 15
P-Seis A five dey old liquid shokc culture of_tho isolate
in Czapek~Dox solution was then added to the soil at the
rate of 1 ml. per bottle. The bottles were scrcecwed up
lightly and dried cut ot 2°C. for 2 weeks and then stored
at room temperature. The octinomycete spread through the
soil and in scme cases, cerisl myccliua wos visible. To
sub~culture, o few greins of soil werc sprcad on to e
suitable agar or added to licuid medium. Using this method,

stoclk cultures meintained their cultural che:iacteristics.

3+ Nutrient medis

A) Agar media

All ager medic were steamed for 30 minutes after mixing
of constituents and then auvtuclaved at 15 p.s.i. for 15
minutes unless otherwise stated.

(a) Czapek-Dox agor (CD)

Sucrose 350.0 .
Nar?soz 3.0 g.
K,HPO,, 1.0 g.
MgSOu.7HbO 0.5 g.
KC1 0.5 g.
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Fes0,, . 7H,0 0.01 g.

Yeast extract 1.0 g

Agar 15.0 g.

linor elements 1.0 ml./100 ml. medium
Water 1,000 mt.

(b) Richards' agar

Sucrose 50.0 g.
KN05 10.0 &.
{H2P04 5.0 g.
MgSC,, 2.5 g
FeCl5 0.1 g.
Agar 20.0 2.
Water 1,000 ml.

The KH2PO4 was autoclaved senarately.

(¢) Glycerol asparagine agar (GA)

Glycerol 10 ml.
Asparasine 1.0 3.
K?HPO4 1.0 go
CaCO3 3.0 g.
Agar 15.0 3.
Yater 1,000 ml.

This medium wos selechive for actinomyceies.

(d) Potato extract apsr (PEA)

Potatoes 200 g.
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" Agar 20 g
Vater 14000 ml.

Pobativés were scrubbéd byt net péeledi cub into c:1 inch
cubes and beiled in 1,000 ml, of water fer one hour. The
liquid was strained through muslin and made up ta 1,000 ml.
before adding the agorTs

(e) Patato dextmose amsr (PDA)

Potatqes 200, g
Dextrose 20 g
Acar 20 g.
Water 1,QQO ml.

The procedure was the same as for PEA with the dextrose
added after straining.

(£ Cageine tyrosine agar (ct)

Sodium caseinate 25.0 g.

N8N05 10.0 g
lI=tyrosine 1.0 g
Agsr 15.0 g,
dater 1,000 ml,

Casein hydrolyvsate could be used in plece of sodium
caseinate, This was dissolved in wabter at 60°C. and
autoclaved sepsrately at 10 p.s.i. for 20 minutes. This
medium was partially selective for plant pathogenic

streptomycetes (see page )-
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(g) V8 juice sgar

V8 juice 75 ml.
Agar 20 g.
Water 925 ml.

(h) Modified Czapek-Dox smar

This was made up in the same way as Czapek-~Dox agar
with the addition of Rose Benpgal at 33 ppm and streptomycin

at 50 ppm, both additives beiny autoclsaved separately.

B. Minor element solution

This was adced to Czapek-Dox agar and solution at the

rate of 1 ml. per 100 ml, of medium.

FeS04.7HPO 0.125 z.
ZnSC,, . 7H,0 0.11 g.
CuBO4.5H2O 0.02 g.
MnS0,, «4HL0 0.02 g.
Fa,ioC, «2H,50 0.025 g.

A trace of H2SO4 was odded to clarify the solution if

necessary.

C. Liquid culture solutions

(a) Rutrient broth

"Tiab-Lemco" Beef BExtract
1.0 g

Yeast extract (Uxoid I120)
2.0 g.
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" Peptone (Oxoid IL37)

TaCl

Water

(b) Richards' solution

5.0 g,
5.0 g.
1,000 ml.

This had the same constitution as Richsrds'

without the apgar.

(¢c) Czapek-Dox solution

agar but

This had the same constitution as the solid medium but

without ager.

solution arc miven in Table 2.

The concentretions of metals in Czapek-Dox

Table 2. Concentrations of metals in Czapek-Dox soluiion.
Element Compound Concentration Weight of PFM of
of compound - element - element
g./litre g./litre
Na NaliCy 3.0 0.81176 )
)811.81
ITa Na,lo0, .2H,0 0.0005 0.00005 )
2 4=
X KEHPG4 1.0 0.22414 %
434,10
K KC1 0.5 0.26 )
P KpHPC4 0.5 0.17812 178.16
Mg Vg0, .7HO 0.5 0.04858 48.58
Te Fe804.7H20 0.0125 0.00251 251
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Element Compound Concentration Weight of PrM of

of compound ~ element - element
g./litre g./1litre
Zn ZnSO4.7H20 0.0022 0.00049 0.49
Cu Cu504.5H20 0.0004 0.0001 0.1
Mn MnSO4.4H90 0.0004 0.00009 0.09
Mo Na2N004.2H20 0.0005 0.00009 0.09

4, Pathogenicity tests

Three tests were used:-

(1) Using the mcthod of Lawrence (1956), slightly
modified by available apnarstus, smell tubers (veriety
Majestic) about 1 inch in length, were surface sterilised,
dipned in spore suspension of the isolstve and placed on a
2 inch deep bed of moist stevile vermiculite in stewrile 3
by 6 inch screw top jars. Iﬁe spore sultenslon was obtalned
from a two week 0ld culture of the isolate on Czspek-Dox
3mar. Tubers were incubstced for up to four weeks atb 5000.
an¢ were then exawmined for lesioun formetion.

(2) Using ¢ modification of Hooker's method (1950),
lajestic seed pieces were plented on the surface of vermicu-
lite in 7 inch clay pots and the stems of the plants covered

3 weelts later with 5 inch opaague plastic pots (figure 1).
"~ )y &L «
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Figure 1 Pathogenicity test (atter Hooker)

Rubber bung Opaque plastic
flower pot
~ \0 .
Developing tuber // 5 |
)
N i ‘
7" clay pot (Ib’k 1 f] seed piece
Y
g Compost
P ey \
)
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FPlants were watered with Long Ashbton nutrient solution.
fitolons and developins tubers which foiwec uander the opaque
plastvic pots were cosfted with snoxre suspensions of the
isolates bein;: tested and then observad for lesion formation
over a period of six weeks.

.

(3) The two tests describh.d arc fesigned to take up

to, at most, 5 wecks. A lenger but civpler psthomenicity

ot

test war cmployed whe hime was not importaent. Majestic

seed pleces were plonted in John Innes number 2 compost to
which had been added zin equal volume of washed sand end a
spore/hyphae suspension of the isolate at a dry weight concen-
tration of 250 ppm. The plants were grown under greenhouse
conditions with minimsl watering for 12 weeks, and the

developing tubers were then examined for lesions.

5. Rotary shéker

This was constructed in the workshops of the Imperial
Collepe Yechenical "ngineerins Depsrtment. It had a capacity
of 72x500 ml. conical flsslks mountud on a black plasiicised
rubber deck, and hcld in nlace by rubber clips. Four inch
and three inch anrlc iron wsgs used for the freme. The
shaker was powered by a 230 volt DC shunt motor developing
0.5 horse power st 1,425 r.p.m. and the deck speed was

adjustable over the ranse 150 to 200 r.p.m. The cdeck had
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a horizontal throw of 2.5 cm. and the whole shaker was

kept in a constant temnersture room. This was kept at
29°C., the highest tempersture at which it could be set and
as near as possible to the optimum temperature of S.scabies

which is 36°C.

6. Bulk culture of S.scabies

[ > eve————— s

A ten litre fermentor was assembled (figure 2). . It
consisted of two 5 litre side arm flasks conteining culture
medium, through which were passed sitrcems of sterile air,
tne whole heing in 2n incubatbtor maintained at 3500. Air
wvas sterilised by passing it through a filter consisting
of two 24 inch lengths of % inch diameter gloss ttbes filled
with tightly pecled cotton wool, the filter being sterilised
by auvtoclaving at 15 p«s.i. for 30 minutes. The fermentor
produced a maximum of 2 g. dry weight of hyphoe per litre
of medium after 6 days incubation. Oleic acid at 0.1 ml./
litre was used as on enti-foaming agent and the medium used

minor clements.

il

was Czapek-Dox solution, with yessi cxtract on

B. THE HCST

1, Potato plants

Grade "A" Majestic seed was used throughout, this being

the principle mainc¢rop veriety in IEngland and “Yales and one
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that is susceptible to common scab. Arran Victory Grade
"A" seed was used as a marker plant in field trials. Its
foliage differed from Majestic, and the purple tubers made
1t easy to determine the boundsry of s plot at the time of
harvest.

All seed tubers were obtained from Carter's Ltd., of

Raynes Psrk, london S.'7.19.

2. _Plant nutrient solution.

This was based on Héwitt's (1952) nutrient solution and
the constituents of the six stock solutions are given in

Table 3.

Table 3. Constituents of 3tock Mutrient 3Solutions

1

Number Constituents Concentration
g./litre

1 Ca(NOB)q.4H 0 118.0

2 K 3 50.5

3 NS0, « 7H0 37.0

R NaH?PO4.2HQO 20.8

5 FeliDTA stock solution
FeClB.GH?O 155
NagEDTA 367
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Table 3. contd.

6 MNicronutrients
Mn012.4H20 0.198
CuClg.ZHgo 0.017
ZnCl2 0.014
HBBO5 0.136
NagMoO4 0.610C

Cne litre of nutrient solution contained 10 ml. of each
stock solutvion. The six stock solutions were always added
to at leest 505 ml. of water to nrevent them interacting to
form precipitates. Dictilled water wss used throushout.

To mske up the Feill:TA stock solution, a concentrated
sclution of FeCl5 was accec slowly to & very dilute solutiqp
of KagﬂDTA with counstent shakine. The FelDTA solution was
adjusted to pH 5.5 by the addition of 10 to 11 nl. of N/1

FaCH per litre of solution.

3. Greenhouse - Soutih Kensincton.

Plants were grown in the rooftop greenhouse at South
Lensinrton for pathogenicity tests. They were arown either
in vermiculite and watered with nutrient solution every other
day, or else in a compost/sand mixture. The teuperature in

the greenhouse ranged between 18 and 23%%. Daylight was
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supplemented for 14 hours each day with batteries of five
fluorescent tubes placed 47 inches apart and 2 feet 6 inches
above the bench. The light intensity at pot level was S00

lumens per square foot.

4. Greenhouse - Chelsea Physic Garden.

Pot trials were at the Chelsea fhysic Garden. In
order to shorten the growing period of the potato plants and
also to enable control of watering, two greenhouses were
erected. These were Crane lk. II, type 6 Dutch glasshouses,
with base dimensions of 20 feet by 8 feet. Une inch deep
beds of gravel were laid inside each glasshouse, except for
a path down the middle, and each house had a floor area of
130 square feet of pot space. Since the glasshouses were

of butch type construction, light intensity was high,

5. Discase assesszment of scabhed tubers.

The depgree of gsceb infection of tubers harvcstéd from
pot and field trials was estimeted by the method of Large
ané Honey (1955). This made use of dicgrams showinyg 1/16,
1/8, 1/4, and 1/2 of the tuber surface covered by scab
lesions. Using these diagrams, the numerical scoring
devised by McKee (1961) was employed. Thus five classes of
infection were recognised and nvirerical scores directly

releated to the proportion of surface affeciied were ailocated
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to cach class so that s mean score could be calculeted for

each gample. The scoring range is given in ‘fable 4.
N 3

Table 4. BScorins syvstem used in scab assescsment.

Class Proportion of surface Score

covered by scab

A 0 to  1/16 1
B 1/16  to 1/8 ]
C 1/8 to /4 6
D 1/4 to  1/2 12
B 1/2 %o 1 ou

All tubers from each treatment were washed and assessed for
scab. In pot trisls, those below 2 cm. in lenoth were
discarded, and in ficld triels the wminimua length was 2.5

cm. The weirht of tubers in esch class was recorded.

C. SOIL MICRCFLORA

A method similer to that of Timonin (1S40) was used for
estimating numbers of soil becteria, actinomycetes and fungi.
This employced the dilution vlate method and this cennot be
relied upon to rive an accurate indication of numbers of
microorgenisms, itc use here being confined to riving an

incdicstion of relstive cize of populations.
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The soil sample to be eﬁamined vias pesscd through a 3
mm. sieve and 25 g. of sieved solil was placed in 250 ml. of
sterile water in a 500 ml. medical flat. This wses shsken
for 1 hour on a3 reciprocsting shaker at 100 shaﬁes per
minvte. 5 ml. of the resultent® suspension were then trans—
ferred with & sterile pibette to a 200 ml. medical flat
containing 45 ml. of sterile wabter. This was shaken before
transferying 5 ml. to another 45 ml. of sterile water.
This procedurc was continued to rive s rsnge of dilutions

of 10~71, 1072 =4 6

, 1072, 107, 1072, 10™® and 10~7.  Cne al.
of the reguired dilution wes spreecd over thic bottom of a
stierile petri dish and to this was 2dded 10 ml. of the
appronriate asar at 4500. The petri dish was shoken so
that the solil susnension was thorouphly mixed with the
arar. Five platcs verc used for each esitiustc of population.
Bacteria were cestimeted using Czapel-Dox apar, colonies
being counted after 4 days incubation at 2500., before
actinonycete colonien werc visible. If the plates were
exauminaod aftor s furthor 11 days incubotion, the Czapek-Dox
medium also gave an indicetion of sctinomycete populations
since these colonies vers casily distinguishable from
bact.rial colonies. flowever, since the later tended to

overgrow the smaller actinomycete colonies, a selective

meciun for actinosycectes, glycercl-asperagine sgar, was used
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as an altornstive nccéiun.

Fungel populations wverc csitimeted nsing a modified
Czepek-Dox agar containing %3 ppm of Rose Bengal and 50 ppm
of streptomycin. These additives larrely inhibitced growth
of bacteria and zé¢tinomycetes and fungal colonics could
be counted after 5 doys incubetion at 2500.

An avwproximate indication of numbers of pathopenic
streptomycetes was obtained using coseine tyrosine agar,
the actinomycete colonics which formed brown pisment on
this mecium being ccocuntad after 15 deays incubation at 2500.
This is considnrred to separate scab-procucing actinomycetes
from non-scab-producinrs. ones on the basis of tue former
producing e brown pigiwent on protein medium in the presence

of air (Taylor and Decker, 1947; Vaisey et al., 1955). The

—— ——

brown pigment production is thought to be due to the sction
of tyrosinasc on tyrosine, lceding to the formation of
melsnin pigments (Skinner, 1938). Grerory snd Veisey (1956)
have sicwn that tyrosinose does not seem to be associated
with virulence of S.scobies and thce "brown ring test" only
gives o rouph idea of number of pathoscenic actinomycetes.
Thus Teylor a2nd Decker (1947) were ablc to correlate brown
ring formeotion with patho~enicity in the cose of all the

137 isolates they studied, but Veisey et sl. (1955) could
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get a positive correlation in only about 90 per cent. of

cascse.

D. MATERIALS

1. Gress mesl

This was obtained from W.A.Lidstone of 3lough, Berks.

2. Glass frits

These were obtaincd from Ferro-Ifnamel Litd., through the
Tenant Trading, Compeny of London, &.C.3.

3. Rayplex lMangancse

This wes obteined through the London office of Rayonier
Inc., of ew York.

4. Chelating arents

The cheletin~ acgornts and metsl chelste complexcs used in
this work were 211 obbtoincd from Geigy Ltd., of Manchester,
with the exception of ﬁaEMnDTPL whicli was made up in the
laboratory using Na5DTPA and LnCle.

5. Ingecticides

"Murfume” and "Systewic Ianseciicide" (Rogor/DDT) were both
used to control grecenfly in thc srecnhouscr at Chelsea,
both being products of the Murphy Chcmiccl Company, ‘Jheat-

hampstcad, Herts.
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PART T. CHEMICAL CONTROL OF COMMON SCAB

EXPERIMENTAL

Preporation of stock cultures

Samples of badly scabbed tubers were received from
Mr.E.Lester of the National Agricultural Advisory Service
at Reading, Berkshire. A number of actinomycetes were
isolated from these tubers and six isolates were selected
for identification because of cultural similarities to

Streptomyces scabies. The six isolates were designated

S1a, S1e, 51f, 528, 52b and S2¢ and they were submitted to
standard tests to see if they conformed to the description

of Streptomyces scabies given by Waksman (1961). The

results are given in Table 5 and suggest that isolates S2a,

52b and S2c¢ conformed to the description slightly more than

the others although this was not considered proof of identi-
fication without a pathogenicity test.

Two sets of pathogenicity tests were carried oub, one
using Lawrence's method and the other Hooker's method. In
addition to the three isolstes, culture IMNI 99049 of
Sescabies from the Commonwealth lMycologicsl Institute,

originating in Israel in 1959, was tested.
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Table 5.

Tdentification tests for Stregtomyces scabies

Test 51 BS1e S1f S2a B2b S2¢
Cell morphology + ++ ++ ++ ++ +4
Nutrient agar + + + ++ ++ ++
Gelatin stad ++ ++ ++ ++ ++ ++
Nitrate reaction + + + + + +
Starch agar ++ ++ ++ ++ ++ ++
Richard's agar - -~ - - - -
PDA - - - + + +
Tyrosine reaction - + + +4+ ++ ++
JTitmus milk ++ ++ ++ ++ ++ +4
Key:~ ++ = Agreement with Waksman's description
+ = Partial ,, s . ’o
- = No

19

71

29

"

No lesions developed from any inocuvlation of the three

isoclates with either method.

The CMI culture did not

produce lesions with Hooker's method but produced occasional

small lesions with Iawrence's method.

It appeared,

therefore, to have largely logh its capacity to infect

tubers and it, together with the three isolates were of no

use as stock cultures for the programme of work.
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Following this attempt to get:pathogenic cultures,
five pathogenic cultures were obtained which hsd been
isolated and tested for pathogenicity by Dr.R.McKee of the
John Innes Institute: These were designated 2.2, 2.5, 5.5,
5.9 and 5.13, isolate 2.2 being used in laboratory work
and all five cultures being used in pot trisls. The reten-
tion of Pathogenicity of these stock cultures was confirmed

12 months later.

Liguid culture of Streptomyces scabies

The testing of fungicides against S.scabies has rarely
been attempted in pure culture, and then only with agar
media, no gquantitative results being reported. The use
of liguid culture allows quantitative assessuents of toxicity
so it is surprising that it does not seem to have been used
in the past.

To test the rate and form of growth of this orgsnism
in ligquid culture, 150 ml. conical flasks containing 25 ml.
of Oxoid nutrient broth (pH 7.4) were inoculated with 1.0
ml. of a spore/hyphal fragment suspension of S.scabies
grown on Czapek-Dox agar. Flasks were incubated at 25 and
35°C., three replicates per treatment. After 30 days,

growth was negligable, a thin diffuse sedimentary mat belng
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formed. Growth at 35°C. was only slightly betiter than
at the lower temperature.

The slow growth rate precluded the use of standing
liquid culture methods, and shake culture methods were then
tried on the assumption that S.scabieé, being a strong
aerobe, would have a substantislly higher growth rate under
these conditions. Waksman (1959) recommended Czapek-=Dox
and Richards' media as suitable for general use with actino-
mycetes.

Richards' medium, Czapek-Dox medium with two modifica-
tions, and four forms of potato dextrose medium were used
to determine their suitability as media for growth of
Se.scabies. 500 ml, conical flasks containing 100 nl. of
mediun were inoculated with a spore/hyphal fragment suspen—
sion of S.scabies and incubated on the rotsry shaker for 7
dayse. Lach treatment was replicated three tines. The
results are shown on Fipjure 3 with the following key:-

1. Richards' medium.

2. Czapek-~-Dox medium.

3. Czapek-Dox medium with 0.1 per cent. yeast extract.

4. Czapek-Dox medium with yeast extract and minor elements.

5. Potato dextrose agar made from peelings of Majestic
tubers.

6. Potato dextrose agar made from peeled Majestic tubers.
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Figure 3 Growth of S.scabies in various
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Liguid media (see text for key)
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7+ Potato dextrose ager made from peelings of King
Edward tubers.

8+ Potato dextrose agar made from peeled King Edward
tubers.

The King Edward tubers were uscd in addéition to those
of Majestic since they are more resistsant to scab and it
was of interest to see whether the resistance persisted in
a sterilised extract. The peelings used were 2 mm. thick.

The results showed that Czapek-Dox medium modified by
the addition of 1 g./litre of yeast extiact and minor
elements gave the hest growth of S.scabies. There was
very little difference in the growth of S.scabies in the
various potato dextrose media. This would suggest that
if there is any chemical basis for resistance to S.scabies,
then this chemical resistance is rendered ineffective by
crude extraction and autocloving.

Following these tests, the following procedure was
developed for ligquid culture tests of the effect of
chemicals on growth of S.scabies. QQO ml. conical flasks
containing 100 ml. of the modified Czapek-Dox medium were
used with three replicates per treatment. 10 ml. of an
8 day o0ld culture of S.scabies in Czapek-Dox mediunm contain-
ing ¢.0.05 g. dry weight of mycelium were diluted with 20

ml. of water in an 8 by 14 inch boiling tube containing
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5 mm. ballatini to a depth of 1 inch and were shaken on

a Griffin Flask Shaker for 30 minutes. This broke up and
digspersed the colonies to give a spore/hyphal fragment
suspension.

Flasks were then inoculated at the rate of 0.5 ml.
of this suspension per flask and incubated on the rotary
shaker at 200 rpm at 2900. After incubation, cultures
were filtered through muslin, dried in aluminium foil trays
for 48 hours at 70°C. cooled in a desiccator and weighed.

A preliminary cxperiument established the growth pettern
of the organism under these conditions. Since it is not
easy to standardise inoculum betwecen experiments, the effect
of level of inoculum on subsequent growth was also mcasured.
36 flasks were inoculated at the rste of 0.5 ml. of a spore/
hyphel frazment suspcension per flask and 35 flasks at 3 rate
of 0.25 ml. per flask. The flosks werce then incubated on
the rotary shaker and threc flassks st each inoculum lovel
were harvested approximately cvery 24 hours for the next
15 days.

The results, with stenderd devietions, are sghown in
Figure 4, and show that the lag phase of growth is very
short. The level of inoculum did not greatly affect the
rate of increase as ¢’presced by dry weight mcasuwrements.

It would scem that if culturcs are harvested between 150
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aﬁd 200 hours, then therc would be little variation
between untreated cultures in different experimcnts, even
with differences in the amount of inoculum used.

The foregoing procedure was adopted for liquid culture
work with S.scabies. In the work with minor clcments,
concentrations are cxpressed as parts per million. In
some cases, probit transformations of data were made in order
to determine levels of additives inhibiting growth of
Se.gcabies by 50 per cent., deftails being given in Appendix
3.

Effcct of mengancse on growth of S.scabies

The evidence thot toxicity of manganese to S.scabies
is importent in determining the incidence of common scab
made it desirable to investigate the effect of various
forms of menganese on the growth of S.scabies in licuid
culturec.

Tor the control of scab in the field, mengenesc has
been applied as manganese sulphate. The only widely used
mangancse fungicide is maneb, manganous ethylenebisdithio-
carbamate containing 16.5 per cent. manganese. Its use

for the control of potato blight, coused by Phytophthora

infestans. involves applications of sprays or dusts at rates
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of 1% or 2 1b./acre >f active ingredient. Up to three

- .~ W~

applications per crop in a sesson could give some accumula-
tion of maneb in the soil, and if it were toxic to S.scabiesy
some effect on scab incidence might result.

A liquid culture test was made with manganese applied
as mangasnese sulphats over a 5 to 100 ppm range, and maneb <

(using Menzate, 80 per cent. active ingredient) over a range
.

.

of 5 to 100 ppm of total maneb, The results are given in
Figures 5 snd 6 and show that in the cose of maneb, there
was some stimulation of growth at 5 and 10 ppm but complete .
inhibition at 100 ppu., althoush in terms of mangsnese in
the maneb, the level inhibiting growth was 16 ppm. A probiﬁ
transformation showed that growth was inhibited by 50 per
cent. at 50.2 ppm of total msneb. .

It would seem that concentrations of totsl maneb of
over 50 ppm in the t ber forming zone of a potato crop would:
be needed before there was likely to be any efiect on scab.
oince maneb applications for blight control are only made
after tuberisation when scab infection will have slresdy ;
started, it is unlikely thst use of this fungicide has
any effect on scab i.acidence.

The effect of srluble mangsnese, causing a 50 per cent.i
inhibition of growth at 38.0 ppm is less marked than would .

be expected followings Mortvedt's report (1961) of control
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Figure 5 The eftect of Maneb on growth of
S.scabies
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Figure 6 The effect of Manganese on growth

of S.scabies
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of scab at 20 ppm of soluble meonganese adcded to soil in
pot culture of potatoes.

A major éifficulty in ettempting to control scab with
soluble mengeanese is that many scab infested soils are
alkaline and soluble manganece is quickly oxidised to unavai-
lable and, therefore non-toxic foras. A number of forms
of mangenese were therefore tested for their effect on
S.scabies in the hope that a form could be found which would

not be subject to oxidation in the soil.

1. Rayplex mangenese

This is one of s number ¢f metal complexes which have
recently been marketed as beings effective for curing trace
elenment defficiencies. It is described ss being modified
polyflavonoid copolymers derivoe¢ from a selective chemical
extraction of hemlock bark. The total mangsncse in the
complex is 9.6 per cent. and 2 solution was made up
containing 1.042 g./litre of Rayplex Managanese which con-
tained 1,000 ppm of manganese. This was used to test the
effect of Rayplex Manganese on S.scables in liquid culture
at concentrations of 10 to 100 »pm of manganese in complex
form.

The results are given in Figure 7 and show that
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Rayplex Menganese did not inhibit growth of S.scabies
over this range. There was actually a slight increase in

growth.

2. Manganese frit

A rather different apwnroach to the problem of udding
manganese to soil in a form toxic to S.scabies would be
the use of 2 manganese glass frit. Metal-containing glass
frits have been used successfully in the treatment of soil
for rectifying trace element defficiencies (Wynd, 1951),
and zinc frit has been used to control crook root disease of

watercress caused by Spongospora subterranca (Wallr.)

Lagerh. f.sp.Nasturtii Tomlinson (Tomlinson, 1958). A
gless frit containing 40 per cent. manganese as mansanese
dioxice was obtained frow TFerro Enamel Yimited and 5he
following experiment was donc to determine if manganese from
the frit was released in culture solution in quantivies
sufficient to inhibit growth of J.scabies. Five concen-
travions of frit were used in threc series. In the first,
the frit was added immediately before inoculation, @#nd in
the other two series it was added to the culture solution
and shaken for three and twelve days before inocula’ion.
The results are given in Figurce 8 and show that there

was no marked effect of the frit on the growth of S.scabies,
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Figure 7 The effect of Rayplex manganese on

growth of Sscabies
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although there was some stimulation of growth when the frit
was added to the culture medium 12 deys bcfore inoculation.
No figures are available for the rclecase of manganese from

a frit, but a 750 ppm suspension of a zinc frit containing
23 per cent. zinc released 0.21 ppm of zinc when shaken for
24 hours and released 3.68 ppm of zinc when there was

carbon dioxide present in the solution at 16 ppm, (Tomlinson,
1958).

If the rate of release of mengancse from a frit is
similar to this then concentrations of up to 250 ppm of
mangsnese in the form of o frit would release at most 4
ppm of manganese after 12 days shaking. Since 5 ppm of
solublc mengancsc was shown to stimulate growth of S.scabies
(see Figure 6), this might account for the slight stimulation
of growth which occurred after the manganese frit hed been
shaken for 12 days.

The liquié culturc tests showed that the frit did not
inhibit growth of S.scabies in liquid culture. The rate of
relcese of menganese from the frit would thercfore have to
be much higher in soil than in liquid culture medium for

the frit to have any effect on scab.

3, Manganese chelate compkxcs

A third form of mangancse to be investigsted was
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chelated manganese, since 1t was hoped that mangarnese
chelate complexes might be sufficiently stable to prevent
oxidation of the manganese in the soil.

The ferric chelate with EDTA (ethylene diamine tetra-
acetic scid) is a particularly stable metel chelate complex
and as "sequestrene iron" is widely used for correcting
iron deficiencies in soils. Mo other metal/EDTA complex
is in menerel use, there being a tendency for disnlacement
of the metal cetion to occur, the extent of this displsace-
ment being dependent on the stability of the metal concerned.

Table 6 shows the stability constants of a number of
netals (Geigy, 1959) and this shows that manganese has a
relatively low stability constant. For this reason it
is not normally used for correction of trscc element
deficiencies. The use of chelated mansanese for control
of scab would depend, st least, on a) its being toxic to
S.scabies, and b) its remsining stable in the soil suffic-
ientf§f¥% affect.populations of the scab orzsnism.

The effect of chelated mengsnese, NaeMnEDTA, on growth
of S.scabies in liquid culture was tested at a range of
concentrations of 5, 10, 25, 50 and 100 ppu. Growth was
inhibited at 50 ppm and very much reduced at 10 ppm, and
a second test was made using 8 lower range of concentra-

tions up to 25 ppm. The results, which are shown in
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Table 6. Stability constants of some metals

P AL S I

Divalenéﬁ;etaiéﬁﬂ - ‘;'“ Trivalent metals
:MVMetal Stability constant ; Metal Stability constaﬁt f
(log K2) ? (log X2)
Ba 7.99 1 Ce 15.98 ?
Sr 8.63 § Al 16431
| Mg 8.69 | ca | 20,27
Y Ca 10.59 | Fe 25.10
| Mn 14.00 g ;
Fe T ' '
Co 16.10
ca 16 47
! Zn 16.90 ?
Pb 18 40
Ni 18,62 |
Cu 13,80 Z
Hg 21.80

Figure 9, showed that manganese in chelated form was far
more toxic to S.scabies than manranese applied as a soluble
salt, growth being inhibited by 50 per cent. at 7.8 ppm.

There was a possibility that the chelate itself was
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toxic to S.scabies and the chelating agent was therefore
tested on its own with the results given in Figure 10.

The concentrastions of chelate given in TFigure 10 are in

terms of the concentrations of chelating agent required %o
chelate 5, 10, 15, 20 and 25 ppm of manganese and the results
are therefore directly comparable to those obtained using

the chelated manganese.

The chelate on its own reduced growth at 9.3 ppm by
50 per cent. but this degree of inhibition did not increase
greatly with the increase in chelate concentration up to
25 ppm. It is possible that the chelate is not directly
toxic to S.scabies at these concentrations, but reduces
growth by chelsting with micronutrients|in the culture
medium, such as iron. Such complexes may be less readily
available to S.scabies and the poor growth at 10 to 25 ppm
of the chelate could be due to a deficiency in micronut-
rients.

A second chelating agent was used, the mangsnese
complex of which, unlike NaEMnEDTA, is not fixed by clay.
This is DTPA (Di-ethylene triamine penta acetic acid).

It forms rather more stable chelate complexes with metals
than does EDTA, log K2 of the ferric chelate being 27.8
compared with 25.1 for the ferric chelate of EDTA. The

61



structure of DTPA is:-

HOOC.C}:I2 CHE.COOH
\\\ P
N.CH2.CH2.T.CH2.CH2.N
HOOC.CH2 CH,.COCH CHE.COOH

A 30 per cent. w/w solution of the pentasodium salt
was used to make up a solution of the NagMnDTPA compleX.,
This was tested for its effect on S.scabies in liquid culture
over a 5 to 25 ppm range. The results dre given in Figure
11 and show that this comnlex wos rather more toxic than
Na,MnEDTA to S.scabies (50 per cent. inhibition at 3.8 ppm).
The effect of DTPA slone on S.scabies was then established
and this gave rather different results to those obtained
using EDTA, the results being shown in Figure 12. The
yiclds in this test were low because of early harvesting
due to a mechanical fault in the rotery shaker. 13.3 ppm
of DTFA inhibited growth by 50 “per cent. and this increased
at 15 and 20 ppm to complete inhibition at 25 ppm, suggest-
ing direct toxicity of DTPA to S.scabics.

Results of the liguid culture tests of mengancse

compounds suggested that NaEMnEDTA and NagirDTPA both showed

promise for control of scab. Since NaENnEDTA wos readily
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Figure 11. The effect of Na2MnDTPA on growth
of S.scabies
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available as o complex in powdered form whereas NaEMnDTPA
was not, the former was used primarily in subsequent pot

and field experiments.

Greenhouse pot trials

The 1liquid culture assessment was intended to be an
initial screening test for minor elements of possible use
in scab control, and pot culture was intended to provide an
intermediate test before embarking on field triels. A
series of pot trials was therefore set up to test a range
of compounds containing manganese for their effect on scab.

The three soil conditions which tend to favour the
occurrence of scab are high pH, a sendy soil and a low soil
moisture convent. £11 these were taken into account when
setting up the pot trials. Thus the low soil moisture
content was mainteined by growing the potatoes under glass
with minimsl watering. Goo¢ ventilstion was necessary to
prevent heat demage to the potato plants but the temperature
wae gener=lly above the outside temperature and this would
also tend to favour scab (Dipcnnaar, 1933). The other two
conditions, high pH and 2 sandy soil were provided by using

a sandy limed compost of the following compositions:-
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5 bushels - light loem

2 bushels - sieved Irish peat
3 bushels - washed sand

6 pints - lime

14 pints - fertiliser

pH = 7:0 to 7-5

The fertiliser was Fison's "Growmore" with the following
composition:
Nitrogen () 7 per cent.

Phosphoric ocid (P205)

water soluble 6 per cent.
insoluble 1 per cent.
Potash (Kzo) 7 per cent.

Potatoes were grown in 50 by 45 cm. 200 gausge polythene
bags, each having ten 7 mm. diameter drainage holes at the
base. A bag filled to a depth of 30 cm. contained 20 kg.
of compost and one "mix" of compost provided sufficient
compost for 14 bags.

Two methods of Iinoculating the compost with S.scabies
werc used.
a) This followed thc method of i‘cKee (1963). Five lots
of each of the five sbock cultures werc grown for 14 days
in 10 oz. medical fl uis ccavaining 30 ml. of PDA which had
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been allowed to set along one sidc of each flat. The
surfacc maet of S.scabies in each flat was transferred into
50 ml. of sterile water and the 25 lots of 50 ml. spore/
hyphal fragment suspensions were mixed together and made
up to 1,500 ml.
This susvension was added to vermiculite at the rate
of 50 ml. of suspension per 250 cc. volumc of vermiculite,
each 250 cc. volume having previously becn moistened with
75 ml., of wster. Each 250 cc. volumc of vermiculite thus
inoculated, provided the inoculum for one bag of compost
(20 kg.).
b) A similer smenersl method was used but instead of
cultures being grown on PDA in medical flats, 6 day old
liquid cultures, grown in Czapek-Dox solution, were used,
the final rate of application being the spore/hyphal
suspension from one 100 ml. culture per baspy of compost.
Méjestic Grade "A" seed was chitted for 30 days at 20°¢.
before plonting. Chemicals and inoculum were mixed by hand

L.

with the compost before planting seed pieces 25 cm. deep.
Loch treatment was replicated five tinmes. Plants were
watercd snaringly during the sumiser to keep soil moisture
low but care was necded to avoid wilting. The grcenhouses

were fumigated with "Murfume" every 3 to 4 weeks and plants
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were occasionally sprayed with a rogor/DDT systewmic insect-
icide, both measures being intended to control aphids which
tended to build up in numbers very guickly. Tubers were
hervested in mid-October wvhen the haulms had died down.,
Scab incidence was estimated visually using the key of
Large and Honey (19%55). Manganese sulphate and Na,MnEDTA
were applied at concentrations from 5 to 100 ppm of manga-
nese. In azddition meneb was apnlied at the rate of 50

ppm total meneb, and manpgenesc sulphate snd NagMnEDTA were
applied as soil soaks in 500 ml. of solution per bag of
compost, the solutions containing sufficient mangancse to
give final concentreosions in the compost of 25 and 50 ppm
respectively. Finally, mangencse sulphate was applied as
a foliar spray one month sfter planting ot a total rate
equivalent to 10 ppm of manganese in the compost, including
run-off from sprayed foliage.

The results are miven in Table 7. Ldopting the
definition of a "sub .tantially affected” crop in use for
surface disecses of ;ubers in administering o Domestic Plant
Health Order, Large #nd Honey considered batches of tubers
with a scab rating o er 2.0 to be in this class, but with
comnmon scob, they coi sidercd this to be a low rating and
an "unmarketable crop" wes considercd to be one scoring

6,0 or more.
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Table 7.

Fot trials

with manganese compounds for the

control of

common scab

Scab

Compound Form of Concentration of
inoculum | manganese (ppm) score
MnS0,, a) Culturesf 0 147
grown on % 5 13
PDA ' 10 1.0
| 25 R
| 50 R
| i 100 f 1.2
No MnEDTA | b) Tiquid | 0 i o |
culture ! 5 ; 1.2 ,
} 10 i 11 ;
g 25 - 171
50 1.0 |
; 100 141 {
Maneb b) 0 1.% é
| 50 1
NS0, b) 0 | 16
! 10 (foliar spray) 1ol g
25 (soil soak) 1e2
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Table 7 (contd.)

NaZMnEDTA b) : 0 140
50 (so0il soak) 1.0

Untreated and uninoculated soil

P A, s e B P g LA & 2t £ D X 230 zte g sme, O 7

On this basis, the incidence of scab in these trials
was not high enough to give any indicstion of the effect of
the treatments on tpe disease.

There are two possible exnlanations for the low level
of scab incidence. The first is that the cultures used
were no longer pathomenic. This was shown to be untrue
by a pethogenicity test carried out on the stock cultures
three months after the end of the pot trisls. Plents were
grown in the greenhouse at South Kensington in compost
which had been heavily inoculated with the stock cultures.
Tubers harvested three months later were heavily infected
with scab. The second possibility is that the level of
inoculum was too low. This is more likely although the
inoculum level used was similer to that used successfully

by McKee (1963).
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Iield Trials for the control of common scab - 1966

Although the pot trials did not give conclusive results
for the effect of various mangsnese compounds on scab
incidence, the initisl liquid culbure tests had suggested
that chelated manganese might be of value in scab control,

There is a difficulty in undertaking field +trials on
common scab in that the occurrence of the diseese is not
predictable. To get over this difficulty, three trials
were set up in the South of Ingland, two of which tested the
effect of Na2MnEDTA on scab incidence, and the third tested
its effect on yield as well. In addition, two trials were
set up in Scotland by Mr.D.YJatson of the North of Scotland
College of Agriculbure, and these are described in Appendix

2.

South of England Trials

1. SBilwood

This was at Silwood Park, Ascot, Berkshire on a sandy
soil which had been fallow the previous year. It was
designed primarily to test the effect of NaEMnEDTA on yield
although the site chosen had a previous history of scab.

A randomised block design of six blocks of four plots

was used. Each plot measured 34 feet by 10 feet and
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contained four 28 inch rows of thirty setts, 1% inches
apart, with merker plants at either end. The outer two
rows of each plot were guard rows. Majestic Grade "A"
scab-free tubers were used as seed and Arran Victory Grade
"A", producing a purple tuber, was used as a marker plant.

Seed was chitited in a greenhouse at the Chelsea Physic
Garden for 7 weeks in 3 feet by 2 feet chitting trays,
each holding about 40 1lb. of seed placed rose end uppermost.
A 2% Kw. fan heater was set at 38°C. to prevent frost
damage; it also circulated the =zir. The trays were moved
around so that all seed was periodically exposed to day-
light. 7 cwb. of Majestic and ¥ cwt. of Arran Victory were
chitted, sufficient for this and the other two trials.

The chelated manganese was applied at the rates shown

in Table 8. The chelate complex was spread in 6 inch bands

Table 8. Application rates of Na MnEDTA

Treatment Wt./plot Equivalent wt./acre
A 0 0
B 136 g 35 1b.
c 272 g. , 70 1b.
| D 545 g. 140 1b.
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along the line .f each row and then mixed with the soil with
a front mounted rotor tiller. The trial was laid out in
early April, the crop being planted on April 26th and 27th.
During the summer the crop was assessed for emergence

(after 5 weeks), weeded, ridged, and sprayed against blight
with meneb at 1% 1b./acre from the middle of July. Heavy
roin at the timec of plenting resulted in partial waterlogging
of the crop which gave rise to poor emergence. This

is shown in Table 9 which includes a plan of the trial.

Table 9. Percentaze emersence after 5 weeks

f 75 % ! 6

D C E B % A C ,'B A D

25 50? 254;i 20| 15| 10} 50| 90|
B A!C%D c | 4 |D | B

75 185 95¢ 95| 95| 80| 95| 90
SR 2|

' C B A D B D A i C

{90 |95 951 901 95} 95| 951 95

The mean eumergence per treatment was:-

A = 71 per cent.
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t
n

65 per cent.
C

0 per cent.
D = 82 per cent.
An angular transformation of the data wes made (Appendix
1) and an analysis of variance of the transformed data showed
that there were no significant differences between treat-—
ments, although differences between blocks were significant
at the 0.1 per cent. level.
There was a very low level of emergence in blocks 5
and 6 and blocks 3 and 4 were also affected to sonme extenta
This, combined with moderate blisht infection in August, in
#pite of protective spraying, ond magnes um deficiency in
he crop, rendered the experiment uselers as o yield trial.
Because of the possibility of +there being natural scab
“nfection, 3 yard sample lengths were lifted at random from
cach row of blocks 1 to 4 in early September when the haulms
had died back. There was no sceb present above & trace
end the tubers were not assessed.
Although the experiment gave no recsilts for the effect
cr NazMnEDTA on yield, it had no signif:i-~ant effect on

emergence.

2. Binstead

This trial was undertsken at West Court Farm, Binstead,
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Hampshire, on a field with a previous history of scab, the

aim being to test the effect of NaEMnEDTA on scab incidence.

The trial

part of a potsto field.

pH 6.5, overlying upper greensand.

area measured 84 feet by 9 feet 4 inches, forming

The soil was a light ssndy loam,

iiach plot consisted of 10 plants with marker plants

at each end, and the trial contzined six blocks of four

randomised plots.

Row width was 28 inches

and seed and

chitting methods were the same as for the 3ilwood bhrisl.

Soil trestment and planting were done when the rest of the

field wass plented and the application rates are ziven in

Table 10, Each snplication was shread in a 6 inch band
Table 0. Application rates of HNa MniDTA at Binstead

j ! i

i Treatment | Ueight/plot Lquivalent wt./acre

| ‘ B

: A l 0 0

: c ; 22.7 g. | 70 1b.

D ’ 45.4 g. 140 1b. |

-

alonz the line of each row and dug in well

a depth of 4 inches.

with a fork to

Seed was planted © inches deep and

the rows were then ridsed by hand, this being done on April
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13th. Post planting cultivation was carried out by the
farmer asg part of the field as 2 whole. merrence was
asgsessed fivewceks after planting and eppearance of blackleg
and other diseases noted durinr the suviamer. The crop was
harvested when all the haulms had died down in early
Cctober. Tubers under 2.5 cm. in length (rose/heel) were
discarded and the rest were wached, weighed and assesszsed

for scab. The results are given in Table -11.

Table 11. Effect of WaMnEDTA on scab incidence and yield

Treatment |[Mean scab | Mean yield | Number of | Average
score g./plot tubers tuber

per plot {wt. (g.)

A 1409 3,916 56.7 68,7
' B 1417 5,308 59.0 9141
,! C 1420 3,355 28.% 87.2
' D 1.26 5,620 59.2 90.3

Emergence was spproximetely 98 per ceant. after 5 weeks with
no difference between trestments. During the suamer, 2
per cent. of the crop succumbed to potato bloclilog.
An analysis of varisnce was done on yield (Appendix
1) which showed no significant difference between treatments

but significant differences between blocks at the 20 per

75



cent. level. Sceb incidence was too low for any conclusions

to be drawn on the effect of NaeMnEDTA on the disease.

3. Crowthorne

A third trial was done at a smallholding at Crowthorne,
Berkshire, on a sandy soil of pH 6.5. The land had had a
history of severc scab infection when susceptible Majestic
potatoes had been grown four years previously, and more
recently, even scab-resistant Xing Zdward tubers had been
marledly affected. The methods used in this trial were
similar to those used at Binstcad but the blocks were half
of the previous size due to shortoge of swnsce and only one
applicetion of NaeMnEDTA was used: 45.4 g./plot, equivalent
to 140 1b./acre.

The crop was planted on April 18th and hevrvested on
September 12th when scab was sssessed as before. Emergence
five weeks after planting wos about 98 per cent. with no
differenccs between trestwents, but safter 10 weeks, about
10 per cent. of the crop hacd been afficcted by potato root
eelworm. The results of the trial are given in Table 12.

There wss heavy scab infection on this site. An
analysis of veriance was carried out on the recsults for

mean scab score snd mean vield. This showed that the
Yy
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Table 13, Effect of Na MnEDTA on scab incicence and yield

Treatment | Mean scab | Mean yield | Number of | Avcrage
score g./plot tubers tuber

per plot weight

Untreated 10.75 3,143 770 41,5
Na

SMNEDTA | 11,57 2,540 69.8 36.7

chelste slichtly incrcased scab anéd Gecreased yield, outb

these effects were not significant at the 20 per cent. level.

Field Trial -~ Crowthorne 1567.

A trial was set up on the sasmc smallholding at Crow-
thorne that was used in 1966, the oim being to test the
effect of menpganese frit on scab incidence. The rate used
wes 50 1b./acre and the trcatment wes included in a trial,
the principle function of which was to determine the effect

of dricd grass meal on soil mangeiniese, soil microflora and

scab incidence. The details of the triesl arc dcescribed on
page and the results for the monganese frit treatment

are given in Tcble 13. An analysis of variance was done
on the results and showed that the mesn sceb ccore and

aversge tuber weight were not significently aifected by the
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Table 13. Effect of Manganese frit on scab incidence
and yield

Treatment | Mean scab | Mean yield | Number of | Average

score g./plot tubers tuber

per plot weight

Untreated 17.18 2,624 65.0 40.70

Mn frit 17 .48 3,560 80.3 43,75

manganese frit treatment but that there was an increase in
yield significaht at the 20 per .cent. level, and in average
tuber weight significant at the 5 per cent. level.

Table 14 summarises results of the field trials for

control of sceb using manganese compounds.

Effect of other minor elements on growth of S.scabies in

liquid culture.

Manganese is not the only elcment to be tested for
the control of scab and the results of other workers are
summarised in Table 15. The wide range of rates of appli-
cations used by the various authors makes it difficult to
determine the reletive effectiveness of these metals. The

liquid culture method used to assess the effecct of various
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Teble 14. Summery of field trrsls on common scab.
Site Treatment Rate ) Resulf o ]
(1b/acre)
Scotland-
Tinkwood MnSO4 56 No coantrol
NaeMnEDTA 70 No control
Mn frit 25 Reduction in sceb but
not statistically
significant.
Sanquhar 'S0, 56) %
Mains NaEMnEDTA 70 % No scab
Mn frit 25 )
~iEn,g,land
Binstead NagﬁnEDTA 35 )
) * No scab and no
70 % )
i effect on yield
! 140 )
Crowthorne Na2MnEDTA 140 No control and no
N % cffect on yield
- Gilwood He. MnEDTA 0 ) | o
70 ) % No scab
wo 3
Crowthorne| Mn frit 50 : No control but signif-
| (1967) !

icant yield increase

ST Viamennd
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Table 15.

Lffect of minor elements on growbth of S.scabies

ond control of scab

r-gource/test i Compound Rate Effeé%< T
Mader 1937 E CusO,, 75 1b/ Marked reduction
Field triel acre in scab
Houghland 1956 | Organic Al 100 ppm Growth inhibited
S50lid media AlCl5 160 ppm Growth inhibited
Houghland 1956 A12(SO4)5 800 1b/ |No control of scab
Field triel | acre
| Guntz 1957 Na2B4O7 15 Kg/Ha{1.4 % Increase in %
Field trial Co(N05)2 5 ,, |0 marketable

| (TH, ) glor0,, | 2.2 4, 2.7 3 tubers i

| ZnSO, 100 sy |34 ) (control = 1.6)
Turner 41957 | Various Zn 12.5%1b/ No effect on
Tield trial compounds 24.,0)2°T¢ lscab
Molenev 1959 [ Soluble Co 0.02 % |2 -~ 3 times increse
Ceed dips salts: B solution in resistance
Myzind 1961 A12(S)4)5 Effective |but not at cconomic
Field triel levels -
{Mortvedt 1961 CuSO4 20 ) 1b/ |Decrease in scab
fPot trial 50 acre |but with some

phytotoxicity
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Table 16.

Effect of metals on growth of S.scabies in

liquid culture

Element Salt Effect on S.scsbies

As Asgo5 No growth

Sb Sb2(804)5 Very little growth

Al Al2(SO4)5.18H20 Slight decresse in growth
Ba Ba(C2H502)2.2H20 No effect

B H5BO5 No effect

Cd (CdCl2)2.2H20 No growth

Ca CaClg.EHgO No effect

Cr Cr2(804)5.15H20 No effect

Co 00804.7H20 No growth

Cu CuSO4.5H20 No growth

Pb PbNO5 Slight decresse in growth
Mo H2MoO4 No effect

Ni NiSO4.7H20 8light decrease in growth
Ag Agl\TO5 No growth

Sr SrCLg.GHZO No effect

Sn SnC12.6H20 Slight decrease in growth
Zn Zn304.7H20 Slight decrease in growth
Hg HgCl2 No growth

Mg MgSO4.5H2O No effect

K KC1 No effect
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manganese compounds on growth of S.scabies was therefore
used to give a quantitative assessment of the effect of
these and a number of other metels. Soluble salts of all
the metals were tested initially at a concentrotion of 50
ppm of the metal using the usual methods. The results are
given in Table 16 (page 81).

Cf the metals tested, barium, boron, calcium, chromium,
molybdenum, strontium, magnesium and potassium had no effect
on the growth of S.scabies at 50 ppm. Of these, mention
may be made of magnesium and potassium since these were
already present in the culture medium at levels of 48 and
434 ppm respectively. No effect at the incressed levels
of 98 end 534 ppm would be expected and they were only tested
in view of the fact thet they had been the subject of prev-
ious work. The large body of literature on the effect of
calcium and potassium on scab has already been reviewed
(page ) and shows some variation of opinion as to whether
these two elements have any effect on scab. The fact that
neither affects growth of S.scsbies in licuid culture at
these levels sugrests that if they do have any effect on
scab incidence, then it is not by any direct effect on
Se.scabies.

Aluminium, lead, nickel, tin and zinc all inhibived

growth of S.gcabies slightly at 50 ppm but as the effect
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wvas not marked, no further tests were done on these metals
since they were unlikely to be of use in scab control.

The remaining metals, arsenic, antimony, cadmium,
cobalt, copper, silver and mercury were all tested at lower
concentrotions in order to get a more accurate idea of their
effect on S.scabies. The results are given in Figures
13 to 19. These show that arscnic and silver had similar
effects on S.scanies., Yhere was marked inhibition of growth
at 10 ppm but some growth persisted up to 25 ppn. Arsenic
inhibited growth by 50 per cent. at 6.3 ppm and silver at
7«3 pnm. Yith antimony there was no effecct at 10 pom but
5C per cent. inhibition at 15.2 pnm. Mercury hed a similar
effect except that there was slight growth stiuulation at
10 ppm with 50 per cent. inhibition at 16.0 ppm. Cobalt
was rather lesz toxic than these four since in this case,
giowth was decrcased by half at 29.5 ppm.

Copper,on the other hand, was rather more toxic with

50 per cent. inhibition at 6.6 ppm. There was a similar

]

fieet to that of manganese in that therc was some stimul-
ation at low concentrations (2 and 4 ppm in the case of
copper) followed by inhibition which increased with increase
in concentration. Cadmium had ¢ very simillar effect on

Se.scabies to that of copper, except that in this case, the
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concentrations reguired were much lower. Thus growth was

stimulated at 1 and 2 ppi but this was followed by 50 per

cent. inhibition at 3.2 ppm and no growth at all at 10 ppm.
General conclusions are that of the 20 metsals tested,

six metals, cadmium, cownher, arsenic, antimony, mercury

and silver were o1l sufiiciently toxic to S.scabies for them

to have potential as control measures ageinst scab.

The effect of copper frits on the growth of S.scabies in

liguid culture

Copper has been useé¢ as g btreatment for the control of
common scab and the liquid culturc test showed that it was
toxic to S.scabies qt concentrations above 5 ppm. Its use
on 8 commercial scale for scab control may be restricted by
the fact that it has been shown to be phytotoxic at rates
of 20 to 50 1lb./acre. Although menganese frit was not
successful in controlling scab, there was a possibility
thet copper may be effective, if applied as a frit, without
being phytotoxic.

As an initial test, the effect of a copper frit contain-
in7y, 26.6 per cent. of copper on growth of S.scabies in
liguid culture was tested. This experiment was donec in
a similar way to that involving the manganese frit (page 55),

1
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five concentrations of frit bein; used - 50 to 250 ppm of
copper in fritted form. Three sceries were set up. In the
first, the frit was added to the culture solution at the ..
time of inoculstion, zné in the other two series it was |
added to the culture solution and shaken for 3 and 12 days
before inoculation. The results are shown in Figure 20

and show that the copper frit was consicderably more toxic
than the monganesce frit with a marked reduction of growth

of S.scabies at below 100 ppm. A further experiment was
done at a lower range of concentrations of copper, the frit
being added at the time of inoculation. The results
(Figure 21) showed that copoer affected growth at between

60 and 80 ppm with a 50 per cent. recduction in growth at
65.4 pon. Since soluble copper hed previously becn shown
o liwit growth at 6 ppm (page 83 ), this would suggest

thet a release of coprer from the frit of an order of 10 per
cent. of the totel copper in the frit had occurred.

To test whether this high rate oi release occurred in
other media, the experiment was repeated with the difference
that the mecdium used was potato dextrose solution. The
rcsults are shown in Figure 22 and show that the ‘toxicity
of the copper frit was much lower in potato dextrose solution
than in Czapek-TLox solution, no efiect on growth taking place

Lot

below 250 ppm. This sugrests thet the rate of relcecase of
|
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copper from the frit veries with the cﬁlture medium used.
A second frit was tested for its effect on S.scabies
since it conteined copper and manganese, both toxic to
S.scabies. It was used at 0.1, 0.2, 0.3, 0.4 and 0.5 g.
per 100 ml. of culture solution and the concentrations of

elements at these rates are given in Table 17.

Table 17. Compogition of Frit No. 253 A.

Ut. of frit (g.) Concentration of elements

per 100 ml. of (ppm in culture medium)

mediun Cu .B _ Fe Mn Mo Zn
0.1 20 20 120 50 1% 20
0.2 40 40 240 100 2.6 40
0.3 60 60 360 150 3.9 60
04 80 80 480 200 5.2 80
0.5 100 100 600 250 6.5 100

The results src given in I'igure 23 snd show that at
these concentrotions, the frit had no effect on the growth
of S.scebies. This suggests that the rete of reclease of
copper from this frit is lower than that from the copper
frit, and the frit is unlikely to he as effective as the

copper frit in controlling scob.
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The effect of metal chelate complexes on S.scabics in liguid

culture

The work with NagMnEDTA showed that chelated mangonese
was considerably more toxic to S.scabies than mangancse as
a soluble salt. In view of this, the guestion arose as to
whether this applicd to other metals. To investigete this,
the EDTA chelate complexes of cobalt, niclkel, copper, zinc,
leod, cadmium, aluminium oand cbromiuwm were tested for their
effect on S.scabies, each at = concentration of 50 ppm.
Tho’rosults of the test are given as a histogram in Figure
24 and were surprising. Cobalt, nickel, zinc, cadmium and
chromium all hod no effect on the growth of S.scabics even
though cobalt and cedmium were toxic as solublc salts.
Copper and lsad both slirhtly inhibited growth. In the
case of lead there was a similar effect to that of the sol-
uble salt, whereas copper wes for less toxic in chelated
form than as a soluble salt. NzaAlEDTA was the only chelate
complex of the eight tested which markedly inhibited growth
of S.scabies, and the results of its application ~% concen-
trotions from 5 to 25 ppm are given in Tigurc 2°. Yield
was decrcascd by holf by a level of 10.5 ppm of chelated
aluninium. These results sug.cst that chelated netals are

not therefore likely to be of use in controlling scab.
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Greenhouse pot trials

In addition to the pot trials conducted at the Chelsea
Physic Garden on the effect of various manganese compounds
on scab incidence, a3 number of trisls were set uv. using
minor elements as chelates and as soluble salts. The

treatnents are summarised in Table 18.

Table 18. Pot trials using minor elements for sczb control

Blement Compound Concentration (ppm)
Zn ZnSO4.7H20 25
Mg MgS;4.7H20 25
AL A12(304)5.18H20 25
Ca CaCO5 25
K KESO4 25
Ni NaeNiEDTA 50
Pb NaszEDTA 50
Cd NaechDTA 50
Co NaECoEDTA 50
Zn NaEZnEDTA 50
Cu Cu frit (26.6% Cu) 100
ca CdCl2 10, 25 and 100
ca Na,CAEDTA 50) Applied as a
Sh SbCl2 50 soll soak.
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Iis with the trials using mai:ganese compounds, there
was not sufficient scob to make it possible to determine
the effect of the minor clemonts on scsb incidence. The
only treatments which affected the potato plarts were those
using cadmium compounds. There were marked sigus of cadmium
toxicity in plonts growing in compost containing 25 and 100
ppm of cadmium but this was 1esslevident in plants growing

in compost treated with 50 ppm of codmium &8 & chelote.
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DISCUSSION

Threc groups of manganese compounds were Lested for
their effcct on the growth of S.gcabies in ligquid culture.
Of these, Rsyplex manganese had no effcct on growbth cnd no
further tests were made on it. Although 2 glass frit
conteining monganese had no effect on S.scobies in liquid
culture, its effect on scsb incidence was tested at 25 1b./
acrec at two centres in Scotland in 1966, There was a low
level of scab on one site, and although plots treated with
mongencse frit had lcas scab than untroated plots, this was
not statistically significont. The other site did not
produce any scab.

At Crowthorne in 1967, on a heavily scab-infested site,
a 50 1b./acre opplication of mengenese frit did not affect
scab incidencc, but there was o signifieont increese in
yicld and tuber number. During the growing season, the
level of soluble mengonese in the untrested plots varied
between 0.6 and 1.35 ppm and theot of exchangeable manganese
between 2.5 and 4.8 ppm. The levels of exchengeablc
mangencse were therefore only a little above the 2 ppm level
which is generally considered to indicate mongonc~e defici-
ency (Alexander 1965). It is thercfore possible that there

was some release of soluble mangenesc from the frit, this
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being sufficient to increase yield and tuber numbers, but
not sufficient to control scabe.

Chelated manganese was shown to be considerably more
toxic to S.scabies than was monganese in the form of a
soluble salt, when tested in liqnid culvure. In a series
of field trials, however, the chelated manganese had no
effect on scab. |

The chelated monganese was mixed with the soil before
plenting the potatoes, thet is, about six weeks before
tuber initiation and subsequent scab infection. It is
possible that the manganese chelate complex broke down in
the soil, the mengenese being disploaced by other metals
having higher stability constants (see Table 6, page 59).
This would result in an increase in soluble manganesc in
the soil, but this would be quickly oxidised to tetravalent
insolublc forms.

One possible way of overcoming thie michd ha +r annly
siew Chelnted mancanese as a soil sock to the tuber forming
zone of a potato crop a little before the comuwencement of
tuberisation. In this case, the chelated mangeanese would
be able to affect the populations of the sceb orgenism and
decrcose incidence of scab.

The effect of the nine metal chelatve complexes on

growbth of S.scabies in licuid cwlture ic AFFFIa0I5 (o
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explain. Only manganese and aluminium chelates were
markedly toxic at 50 ppm. Their stability constants (log
K2, see Table 6) are 14.00 and 16.31 respectively and
cadmium, zinc, lead, nickel and copper all have higher
constants than this. A possible explanation coulﬁ there-
fore be that the lower the stobility constant, the greater
the toxicity to S.scabies, but this is rendered unlikely by
the fact that cobalt has a lower stability constant than
aluminium but was considerably less toxic to S.scabies.

A number of metals were tested for their effect on
S.scabies in liquid culture, and six depressed growth by
at least 50 per cent. at concentrations less than 25 ppm,
and might therefore hold some promise for the control of
scab. The results conformed well with published results
of field trials. Thus, copper was highly toxic and
aluminium slightly so, and boron, molybdenum and zinc had
no effect below 50 ppm.

Published results of trials with cobalt (Guntz, 1957)
deal only with a rather low rate of 5 kg./ha., this having
no effect on scab. The figure of 50 per cent. inhibition
at 29.5 ppm in liquid culture did not, therefore, contra-
dict this field results.

Antimony, arsenic, cadmium, copper, silver and mercury

were all shown to be highly toxic to S.scabies. Of these,
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four must be dismissed as soil fungicides for practical
reasons. Antimony, arsenic and mercury would be too hazard-
ous, and it is unlikely that silver could be an economical
means of control, even at rates as low as 25 lb/acre.

This leaves cadmium and copper. The former was the
most toxic of all metals tested but there are two factors
which prevent its development as a means of control of scab.
A cadmium chloride/urea solution has, in the past, been used
to control dollar spot disease of turf. Recently, cedmiun
has been found to be highly toxic to mammals and because of
its allesed carcinogenic properties, the Sports Turf Research
Institute at Bingley, Yorkshire, no longer recommend its
use. In view of this, control of scab using cadmium nust
also be ruled out. The second factor is that the po%
trisls at Chelsea showed that cadmium was toxic\to the pouuate
plant at levels below 25 ppm.

Cogpes Pas already been shown to ~oubrol scab in pot
trials (Mortvedt, 1962) but it is also toxic to potatoes avu
rates of 20 lb./acre and this may limit its use. It may
be possible to apply copper frit at a rate which wouid give
a release of copper sufficient to control scab but not
sufficient to harm the potato crop. Pot trials at Chelse=z

did not indicate whether a 200 ppm application of comper
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frit would control scab. Although the trials were not
designed to test the effect of the frit on yield, they did
show that the frit did not have any observable toxic effect
on the general growth of the plant at this level,

In liquié culture, 100 ppm of copper in the form of
a frit prevented growth of S.scabies in Czapek-Dox solution.
No figures are available for the rate of release of copper
from a frit in soil and the results with liquid culture
cannot be assumed to indicate the effect of copper frit on
scab, particularly as copper frit is less toxic to S.scabies
when the latter is grown in potato dextrose solution than
when grown in Czapek-Dox solution.

It might be possible that copper frit applied at a
rate of about 1 cwt./acre to the tuber forming zone of a
potato crop would give 2 release of copper sufficient to
control scab without affecting the potato plant. Certainly
this is the aspect of this present work which warrants

further investigation.
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+PART TT. BIOLOGICAL CONTROL OF COMMON SCAB

INTRCDUCTICN

There has been incressing interest in recent years in
the biological control of crop pests. This interest has,
in the main, been confined to insect pests'since these more
easily succumb to biological control and this provides
an alternative to insecticides which include those pesti-
cides most toxic to man and other snimels.

Although fungicides are not generally as toxic to
nammals as insecticides, the soil fungicides and seed dress-
ings are more toxic than most fungicides and this makes
biological control of some soil-borne diseases desirable.
Also, soil fungicides are generslly used at rates far higher
than those of foliage protectants. The latter are applied
at rates of the order of 1 to 3 1b./acre whereas soil
fungicides are often used st over ten times this rate.

Soil fungicide treatment for potato scab control has
not so far proved economical and the work reported here
has shown that, with the excepntion of copper, minor elements
are not likely tc be of use.

The biological control of scab has already been the

subject of considerable work. The standard control for
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scab as recommended in gardening books;.is the application
to the soil of gress mowings or some other green manure.
This prsctice is occasionally employeé¢ by potato growers,

in the form of ploughing in a cover cropn. The comprehen-
sive studies of Millard et _al. (1922, 1923, 1926, 1927}
showed that applications of green manure gave considerable
control, even to the extent of offsetting heavy applications
of lime. These effects were not observed in pot trials

unless the saprophytic sctinomycete Strentomyces praecox

was introduced simultaneously. Fillsrd suggeste& that the
addition of organic matter to the poor soils in which scab
often occurs would ensble saprophytes to increase, and,
by using up the available food supply and possibly by toxin
production, prevent multiplication of, or even eliminate
parasites such as S.scabies.

Sanford (1926) failed to control scab by spplications
of green manure but concluded thet this could have been
due to the absence of suitable antagonistic sctinomycetes,
or their inability to multiply under acid conditions. Goss
(1937) did not confirm Millard's results with 3.prsecox,
nor did he find any antagonism aceinst S.scabiss by a range
of penicillia, actinomycetes or fungi. He found no effect

on the disesse in the field with green manure, dut ordinary
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manure, sterile or unsterile, reduced scab.

Daines (1937) found that Trichoderma ligl orum was

antagonistic to S.scebies, and gave some contiol in the
field when added as & suspension in furrows about the
developing tubers. KenKnight (19441) failed 1o get control

using green manures of lucerne and bluegrass (Poa nratensis);

bulk inoculation of sceb infested s0il by a wide range of
microorganisms also had no effect. Kent et el. (1945)
found that intercropping with rye increased yi2lds and
decrcesed scab, as did autumn compared with spring ploughing.
Sanford (1946) in snother series of experiments, was
able to confirm Millard's early work with rye -snd clover
green manures. He considerced an antegonistic microflora
to be responsible for disease control. Setholer and Kraal
(1949) found that use of badly stor:d manure iicressed scab
incidence considerably. Roustt and Atkinson '194S 1950)
published rcsults of comprehensive pot trials .shich showed
that addition of 6 week 0ld soyhecan crops mark dly ‘decreased
disesse incidence, but rye or clove. had 1littl: efr-2t.
Clover and soybean both consid.:ably incr-asei popu-
lations of bacteria, fungi and actinomycetes, —articnlarly
fungi with soybean, but rye only in-sreased the bacterial
populations. Creen manuring with soybesn low..red the soil

pH from 6.4 to 5.0.
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De Hasn (1955) found that municipal refuse applied at
a rate of 50 tons/acre slightly increased scab, but consider-
ably less than would be expected on the basis of the alkaline
reaction induced by the treatment. De Boer (1962) found
that 2 per cent. maize flower, usually combined with,B'ppm

"Prichoderma dust" reduced incidcnce of both scurf

(Rhizoctonia solani) and scab. DMcAllister (1963) reported

that ploughing in a light crop of Italian rye grass had no
effect on disease incidence.

Weinhold et _al. (1964) confirmed Rouatt's results with
soybean. Under continuous potato culture, scab increased
to a maximum in 8 years. A Canadian pea cover crop had no
effect. Barley doubled scab incidence but soybesn prevented
any incresse in diseese incidence although it failed to
reduce it once the psthoren was established.

Lochead (1949), and Peterson (1953) each tested large
numbers of actinomycetes known to be antagonistic to S
scables for cross-antagonism. This was prevalent and
suggests that any one type antagonistic to S.scabies is
unlikely to dominate in s mixed population, so that a complex
effect is more likely, if indeed direct antagonism is why
some solil amendments cut down incidence of scab.

Menzies (1959) obtained the interesting results that

soil from fields free of sccb suppressed the disease in
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pot trials over five years, whereas with virgin soil, the
disease increased: Scab was controlled in infested soil

by mixing the scabwfree soil with it in a 1:1 ratio but this
did not work if the scab-free soil was first steamed. Even
as little as 1 per cents: scab-free soll and 1 per cent.
lucerne gave good control when mixed with the infestcd soil
although neither vas consistently effective alone. These
results sugsest that a biologicel factor is responsible.

Although these published experimentel results show some
variatioﬁ, therc has been considerablc success in control
of scab using organic soll amendments. although the mechanism
is not understood.

McGregor and Wilson (1966) have reccntly suggested that
available soil manganese may largely influence scab inci-
dence and that orgenic amendments may affect scab incidence
by incressing the level of avsilable mengancse in soil.

Mangenese cxists in the soil in scveral oxidotion states
of varying availability to plants. These forms are the
bivalent ion -~ existing in the soil solution, or as an
exchangeable ion, or in a non-cxchangeable form -~ and the
tetravalent insoluble higher oxides, minerals and organically
combined forms, these being not avsilable to plants, The
insolgble higher forms include trivalent oxides but whether

these are aveilable to plants is not clear.
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For the purpése 6f soil alalysis, four élosses of soil
manpenése méy bBe Sonsidered;

1: Water soluble; This is obbainsd by » water extract

(sodl ¢ 1iquidld ratio = 1 : 10) and valiles lower then 130
ppm are dommoni

2+ Ixchangeable. This is given by a normal neutral ammoni iim

acetate extract (soil ¢ liquid ratio - 1 : 40) and values
below 2 ppm are generally indicative of deficiency.

5+ Reducible. Soil previously extracted for exchangeable

manganese is re-extracted with normal neutral ammonium
acetate containing 0:2 per cent. hydroquinone ($0il : liquid
ratio - 1 : 10). This may be clessified as being the
"reserve" of manganesc in the soil which can be reduced to a
form available to plants, its reduction depending largely

on soil pH. The level of reduciblc mangsnese frequently
excecds. 100 ppm.

4. Total. This varies in level between 50 and 3,000 ppms
(Alexander, 1965; McGregor and Wilson, 1966).

Alexander (1965) states that of the two major forms
(divalent and tetravalent), the ion that predominates
depends on pHs. At reactions more acid than pH 5.5, mangan-
ese is present largelylas exchangeable Mntt, At reactions.
more alkaline than pH 8,0,.Mn++ is unstable and is oxidised

to manganic oxides. Because manganic oxides are not taken
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i

ip sapprcecisbly by plents, alkaline conditions are frequent-
ly éssociated with deficiencies of the element. Below pH
8.0 there is little chemical oxidation of divalent manganese
and reduction takes nlace,

acid

+ - N ++
alkaline

MnO2
In the intermediary ranges, between pH 5.5 and 8.0,

the prominence of microbiological phenomena becomes evident.

This may be summarised:-—

Avaialeble Autooxidation et high pH

Mn++

\

A to plants Chemical and biologiceal

reduction

M+
(Mn203)

This can be simplified and referred to a pH range:-

pH 4 5 6 v 8 9 10
Oxidation

Syt
Biological  Non-biological

y Reduction
~ Biol./non-biol.

Mntt
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It is the reduction of manganese and factors which
affect it that sre of intercst in common scab (McGregor and

Wilson, 1966) and these may be considered in four sectionsi

1) Christensen, Toth and'Bear (1950) showed that decomp-
os8ition of organid matter in soil results in an increase in
exchengeable manganesec snd they suggested that this could
be due to direct reduction of manganese by organic compounds
produced during decomposition and by reduction of pH by
organic acids present. They found that in heavily limed
soils, this recduction did not persist after decomposition
was comnpleted since the reduced mengancse was oxidised back
o oxidised forms, whereas in more acid zoils, the eifect
of organic matter on mangeanese availability was more long
lesting.

Kosegarted (1957) showed that soil organic metter can
effect reduction of tetrevalent manganese without direct
biological intervention. This reduction can also be
partially biological, since Clarke et _al. (1956) and Mann
and Quastel (1946) hove establisheéd that addition of
glucose to a well-drained soil results in a decrease in
manganic oxides, the accumulstion of divalent menganese
exhibiting a logorithmic transformetion sugpestive of micro-

bial action.
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2) Sulphur applications may have a dircct effect in reduc-
ing manganese., Vavra and Frederick (1952) determined
the effect of bacterisl oxidation of sulphur upon the release
of soluble mangenese from manganese dioxide. Using the
soil perfusion technique, it was found that the oxidation
of elemental sulphur or sodium thiosulphate applied to soil,
resulted in a release of soluble mengencse accompanied by
a lowering of pH. Addition of calcium carbonabte caused
a decrease in the amount of soluble mengenese released,
although the omount of sulphur formed was not chenged signif-
icantly.

In pure culture studies on synthetic media, ten times
more soluble manganese was formed from Mn02 when sulphur

was oxidised@ by Thiobacillus thioxidans than when the .same

acidity was produced by the addition of sulphuric acid.
Separztion of the mangancse dioxide by a collodion membrane
did not prevent the reduction of manganese.

Starkey (1950) considered that mangancse dioxide could
be utilised as a hydrogen acceptor in place of atmospheric

OxXygen by autotrophic bacteria when oxidising sulphur:-

5 M0, + 4B + S —>3 Mn"" 4 80,77 + 2 Hy
3) Reducing conditions in poorly aerated soils ceused by
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high soil water content will increase the level of exchange=-
able manganese in soil (Clarke et al., 19573 Conner, 1932;

Gooden et al., 1928; Metzger, 1930).

4) Acid soils favour reduction of manganese to divelent

soluble forms.

All these conditions favour a low incidence of common
scab and lend strongz support to the ideas expressed by
McGregor and Wilson (1966) and by Mortvedt et al. (1961)
that manganese availebility is an important factor in the
occurrence of common scab.

The effect of the addition of organic matter on mangan-
ese avallability could provide an explanation for the vari-
able results obteined in attempts to control scab by green
manuring. The green manuring could stiuwulote biological
and non-biological reduction of menganese which could then
depress growth of actinomycetes causing scab. Failure of
green manures to control sceb in some experiments could be
due either to a low level of easily reducible manganese in
the soil treated, or else to alksline soil conditions which
would enhance immediate oxidation of reduced mangenese back

to insoluble forms.
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craduding mis#dorpahisms from soili

Any attempt to6 relate control of émnmon 584 by ude of
organic dmendméntd to reduction of insséluble manganese
reglirés that thers be methods available for maling a quanas
titative estimation of this reductions Soil analysis 8f
water-soluble and exchangeable manganese will give a general
indication, and &n estimate of menganese-reducing micros
organisms would pive an indication of the importance of
biological reduction in this procéss:

Acéording to Alexander (1964) "in pure culture, many
bacteria reduce Mn02 in the presence of oxidisable organic
nubrientse Mn02 may serve here as an electron accéeéptor
for respiratory enzymes, replacing molecular oxygen in this

i‘e‘gard *

A dilution series 6f a so0il sample from a flower bed
was made oVe¥ the Ianceé 40“3 to 10‘6 using a medium
gontaining manganese dioxide with suctose ag theé carbon
soltces  The mongahese was in the form of a veéry finely

divided black powder snd this formed a dense black suspension,
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The composition was:-

Sucrose 30 g.
MnO,, 2 or 5 g.
Yeast extract 1 8.
Agar 15 g.
Vater 1,000 ml.

Three replicates were made at each dilution on each medium
(2 and 5 g. of MnOg) and the plates were incubated for 4
days at 259%. No evidence of menganese reduction was ...
visible after 4 days although many colonies had formed at
the lower dilutions. Fortunstely, the plates were not
discarded and examination a few days later showed that a
number of colonies of bacteris and fungi had reduced the
manganese dioxide, with clear zones around the colonies.
The mediuwm containing 5 g./litre showed this clearing far
better than the medium with the lower concentrstion, where
the plates were not entirely opaque.

A number of the manzanese-reducing colonies were
isolzted onto the MnO2 agar and after 10 days showed the
reduction of manganese clearly (figure 26). A number of
these isolates were tested in licuid culture using the MnO2
medivm less agar, and were incubated at 2500. at 200 rpm on

the rotary shaker. Reduction of manganese was showvn by
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Figure 27, Reduction of manganese4ig liquid culture

Key:
1 A Czapek-Dox solution.
Czapek-Dox solution with 5 days growth

of Penicillium sp.

2 A MnO2 solution (2 g./1. MnOz)'
2 B Mﬁo2 solution with 5 days growth of

Penicillium Sp.

3 A MnQ2 golution (5 g:/l. Mn02)

3 B MnO2 solution with 5 days growth of

Penicillium sp.
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complete clearing of the Mn02 suspension which occurred
within 4 days. ( figure 27).

Although shake culture shows the ability of an orgahismﬁf
to reduce tetravalent manganese more cuickly than does. agar
culture, the former method is less adaptable to making an
estimate of the numbers of orgsnisnms in soil.

To test dilution plate methods, and get en idea of
numbers of manganese-reducing microorzanisms presentlin soll,
.dilution series were mede from two samples of soil.- 'Thése
were taken from adjacent flower beds, but one-of these had
recently been limed. Counts were made of bacteria and
actinomycetes, fungi, mangaﬁese—reducing bacteria and actino-
mycetss and mangsnese~reducing fungl. No attempt was made
to separate bacterial and a~tinomycete populatioﬁs since in
practice very few manganese--reducing actinomycetes were .
found.

Results are given in Tible 19. These show that there
were about ten times as many manganese-reducing organisms
in the unlimed soil as in the limed soil, althougﬁ:%%croflora
populations were almost the same. In both samples, the
proportion of fungi capable of reducing manganese was about
ten times the proportion of bescteria capable of reducing
mangancse.

In this experiment, nu.vers of mengenese-reducing
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Table 19 Mumbers of manganese-reducing microorganisms

in soil
Organism 1st sample 2nd sample
(unlimed) limed
Total bacteris/actinomycetes
- 105 109.0 8.0
Total fungi ,
x 107 .8 6.3
Total microorganisms
< 105 113%.8 104.3
Mangsnese-reducing bacteria
s 3 14,0 1.5
and actinomycectes x 10
Manganesge-reducing fungi
Total manganese-reducing
. . 3 21.0 2.7
microorganisms x 10
Manganese-reducing bacteria
and actinomycetes as percentage 143 0.15-
of total bacteria/actinos.
Manganese~reducing fungl as a
percentage of total fungi 4.6 1.9
Mangenese~-reducing microorgan-
: . 2.0 0.26
isms as percentage of total.

organisms which could be observed of the manganese dioxide
agar were counted after 12, 15, 21 and 26 days. The

purpose of this was to give an ides of how long it took
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Numbers per g. dry wt.of soil (x1,000)

Figure 28 Manganese-reducing microorganisms on

dilution plates — increase in numbers
with time
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for manganese reduction to become visible. The results for
the sample from the limed soil are shown in TFigure 28.

This shows that after 21 days, there was little further
increase in numbers and this period of incubation should be

sufficient for assessing numbers of these organisms.

The effect of grass meal on numbers of manganese-reducing

organisms in soil.

It was proposed to undertake a field trial in 1967 to
determine the relationship between the effect of organic |
amendments of soil on control of scab and reduction of
available manganese. The preliminary work on populations
of manganese-reducing organismsg in soil was done in the
autumn of 1966, and in the intervening months two pot
experiments were done.

Experiment 1.

The pot trials at Chelsea Fhysic Gerden in 1966 had
included the effect of grass meal on common scab of potatdeé
grown in pots. Concentrations of grass meal of 0.5 and 1
per cent. were used, equivalent to approximately 5 and 10
tons per acre, but there was not sufficient scab on the
tubers to make assessment possible.

In spite of this, the pot trials did make it possible
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to determine whether any effect on the soil microflora had
persisted for the 5 months from the time of planting t&
harvesting., Composite soil samples weée made consisting
of two samples from each of the six replicates in each
treatment. The samples from each treatment were mixed and
a dilution series made, the samples having been collected
2 weeks after the tubers had been harvested. Diluted
suspensions were plated on to selective media to determine
numbers of bacteria, fungi, actinomycetes and manganese-
reducing organisms. The results are given in Figure 29.
These show that in soil amended with grass meal, some
effect on microflore persisted for up to 5% months. With -
bacteria, fungi and actinomycetes, the 1 per cent. devel
had the greatest effect. Populations of bacteria and actino-
nycetes were 5 times those in unamended compost-and popula-
tions of fungi were twice as large. The 0.5 per cent. level
of grass meal had a much less noticeable effect except with
the manganese-reducing organisms where populations were
three times as large as those of unsmended compost. The
1 per cente. grass meal amendment had no effect on the
manganese-reducing organisms.

Ixperiment 2.

A sample of soil was teken from the site of the field

trial at Crowthorne, Berkshire in 1966, from an area known
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Figure 29 The effect of grass meal on

numbers of soil microorganisms
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Bacteria - x 100,000
Fungi - x 1,000
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reducers
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Figure 30 Changes in numbers of soil microorganisms 10 days
after amendment with grass meal
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to have a high level of scab infestation. It was sieved
throurh 8 £ iﬁch sicve, watered lightly and left overnight.
Nine five inch pots were filled with the soil and treatments
were O, 1 and 2 per cent. gress meal mixed thoroughly with
the soil, with three replicates per treatment. The pots
were placed in & moist chember to avoid water loss. Dry
weight determinstions and estimates of microflora numbers
were unede on the original soil semple, 24 houfs after sieving
and watering, and or unamended and amended soil after 10
days. Samples were collected by tsking 3 by 0.5 inch plugs
of soil from each pot with sterile 0.5 inch diameter
test tubes and mixing these plurs to get a composite sample.

These soil sauples were then used to prepare dilution
plates on selective media in order to estimate numbers-of
bacteria, fungi, actinomycetes and mangaﬁese-reducers in
the soil samples. The results arc given in Figure %0.
Table 20 gives the ratios of numbers of microorganisms in
smended soil to those in unamended soil.

There were large incresses in numbers of microorganisms
in the amended soil. The 1 per cent. asmendment led to a
greater increase in populations efter 10 days than did the
2 per cent. amendment, except in the case of the menganese-
reducing organisms where the populations in the soil

smended with 1 and 2 per cent. grass meal were similar.
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Table 20. Ratio of microorganism numbers in grass meal

amended soil to those in unamended soil -

after 10 days.

Organisms 1 per cent. 2 per cente.
grass meal grass meal
Beeteria 60.5 52.0
Actinomycetes 28.0 19.:9
IFungi 6.0 3.8
i Manganesa-rcducers 108 10.2

The pgreatest incrcase in populations after amenduent with
1 per cent. grass meal was by a factor of 60 for bacteria

and the least by a factor of 6 for fungi.

The two cxperiments gave results which suvggest that an
amendment of soil by 1 per cent. of grass heal would lead
to a marked increase in numbers of microorganisms within 10
days, and that some increcase in humbers would be 1ikely to

persist for up to 5% months.

Field Trial at Crowthorne - 1967.

The a2im of this trial was to determine the effect of

dried grass meal on incidence of common scab and to attempt
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o0 relate any effect to changés. in soil microflora and in
avalilable manganese.

The site was again on the smallholding, Sulby Croft,
near Crowbthorne and adjoined the plot used in the previous
year. The 1966 plot was not used again in order to avoid
an increase in potato root eelworm, The layout was a
randomised block design with six blocks of four plots.
Biocks measured 9 feet 4_inches by 14 feet each. Bach plot
was a row of ten setts, 14 inches apart, with marker plants
at each end. Grade "A" Majestic seed, chitted for six
weeks, was used. This trial included a trestment to tes?t
the effect of menganese frit on scab incidence, the results
of which have been discussed onp page 77.

The four treatments were:-—

A, Untreated.

B. Manganese frit at 16.2 g./plot = 50 1lb./acre.
aC, Dried grass mesl at 725 g./plot = 1 ton/acree.

D. Dried grass meal at 1,450 g./plot = 2 tons/acre.

Dried grass meal was used as the organic amendment
because it had been used by Ckpala (1966) a previous worker
in the Depsrtment who had investigeted its use in control
of a number of geedling disesses and a body of data concern=-
ing its effect in this context had been asccumulated.

The grass meal was applied in 18 inch wide bands along
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the line of planting. It was dug in by hand and mixed
thoroughly with the scil to a depth of 4 to 6 inches. Seed
was then planted at a depth of 4 inches and the soll was
ridged. This procedure insured that the grass meal was
dispersed.in the tuber forming zone. Soil treatment and
planting were done on April 27th.

Soil samples for manganese and microflora snalysis were
collected on April 27th, May 8th and 19th, June 7th and 23rd,
July 20th and September 12th. On each occasion, the soil
sample from each treatment was a composite one made up of
six approximately 1C0 g. sampnles, two taken from each of
three replicate plots, each small sample being taken from
the middle of a ridge. Dilution plates were prepsred as
previously described and seclective media wvere used to esti-
nate numbers of bacteria, actinomycetes, fungi, manganese-
reducers ané¢ pigment-producing actinomycetes.

For manganese analysis, soil samples vere air-dried at
25°C, for 48 hours, passed through a % mm. mesh sieve and
the fraction of particle size less than 3 mm. dried again
for a further 12 hours. Water content was measured by
drying 10 g. samples of the air-dried soil for 72 hours at
100°¢. The analysis of the soil ssmples for manganese
content was done by the Imperial College Analytical Services

Laboratory and results had a maximum error of x 5 per cent.
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The crop was assesscd for emergence after 5 weeks and

for potato root eclworm periodically during the summer.

Spraying for blight was not necessary but the crop developed

magnesium deficiency symptoms in early July and was treated

with a foliar application of magnesium sulphate.

The

haulms dies down towards the end of August and the crop

was dug up on September 12th.

All tubers were washed,

weighed and assessed for scab, tubers under 2.5 cm. in length

being discarded.

There was 100 per cent. emergence after 5 weeks and a

maximum of 5 per cent. attack by potato root eelworm during

the season.

Results for scab incidence, total weight of

tubers per plot, number of tubers per plot and average

tuber weight are given in Table 21 as means of six repli-

cates.
Table 21, Effect of grass meal on gcab gad yield of
potatoes |
Treatment "Scab Yield |Number of | Average
inoidence1 g./plot} L ubers tuber whte.
A. Untreated 17.2 2,624 65.0 40.7
C. Grass meal 1 ton | 15.875¢ |4 218+ | 97,3% | 42,5784
/acre A
D. Grass meal 2 tons| 14.1** 5,840"*F | G0, 2%*

/acre

62,8
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Levels of significsance:-

nsd = no significant difference

*

Il

significant at 2 per cent. lecvel.

o significant at 1 per.cont. lovdl.

]

W = gignificant at 0.1 per cent. level.

Results for levels of water~-soluble and exchangeable

manganese are given in Teble 22.

Table 22. Effect of grass meal on soil manganese ~ ppm in

air-dried soil

Days after planting

Form o{ mangan-

ese and tmeat- 1 5 a4 20 wq 57 84 138

ment.

Soluble Al 055 0.75 0.6  0.75 1.35 1.0 0.35
C 11 135 1.25 135 135 0.5
D 125 13 1.5 075 13 Ol

Ixchangeable A {14.6 3.0 2.5 4.0 4.8 3.6 2.4
C 9.0 9.8 14.0 5.7 9.3 3.2
D 6.0 4.2 4.8 6.0 4.2 3.0

Results for changes in thc numbers of soil microorgan-
isms are given in Table 23 and in Figurc 31. The latter

also gives rainfall figures. These were obtained by taking
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0g¢lL

DAYS

*¢C °TqBL

ORGANISM | CONC. |[TREATMENT o] 1 22 41 57 84 138
p .
A 55.5 47,0 42,2 3747 59.7 33.7 25.6
Bacteria | 10° c 592.6 1130.7 1347 79.7  55.3  36.7
D 06,3 2045,2 214.5 97.0 57.8 30,0 i
A 13.0 11.9 6.2 L,0 7.8 7.3 bh
Actino- 106 C 106.6  116.9 28.5 9.3 5.9 6.7 f
mycetes D 15.2  102.3  34.9  11.9 7.6 8.6 .
A 25.6 12.9 134 9.5 8.2 12.4 10.5
Fungi 104 C 57.0 38,2 47.9 23,1 17.4 9.2
D 9L, 2 54,1 42,9 20.3 14,5 9.7
A L 1646 L3 5.2 0.7 3.1 2.6 1;3
Manganese L
10 C 53.3 1.9 13.7 2.5 1.9 1.8
reducers
D 57,0 21.6 13.7 2.2 1.9 4,3
Pigment- A 21.0 5.0 29.0  13.0 b4 11,0 8.8 |
producing 05
actino. 1 C 49,0 119.0 114.0 16.0 13.0 15.0
mycetes D 74,0 - 72,0 45,0 4s,0 22,0 22.0
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Figure 31 Effect of grass meal on soil microorganisms
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Figure 31 (contd.)
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the mean of figures from three nearby meteorological stations.
These were Vokinghm UDC to the north, Vellington College to
the south-west and Broadmoor Hospital to the south-east.

All three stations were within 14 miles of the Crowthorne

Site ond the figures should give a Zood indication of rain-
fall at the site since the surrounding area is not hilly

and therc should be little rain shedow effect.

In addition to estinmiating the concentrations of water-
soluble and exchangeable manganese during the season, esti-
metes were nade of concentrations of easily-reducible and
total manganese at the svsrt of the seosson. The level of
total mongenese was 60 ppm and of this 20.4 ppm was in
easily reducible form.

Table 24 gives the populations of microorganisms in

amended soil as ratios to the populetions in unsmended soil.

Table 24, Effect of grass meal on soil microflora expressed

as the ratio of populations to those of unamended

soil. Grass meol at 1 ton/acre.

11 22 41 57 84 138

\\

———__ Da
Organisms **~iﬁi

—

Bacteria 1.3 26,8 3.0 T1¢3% 1.6 Tl
Actinomycetes 9.0 18.8 7.1 1.2 0.8 1.5
Fungi 4.4 2.8 5.0 2.8 1ol 0,9

Manganese-reducers | 12.4 2.3 19,5 0.8 0.7 1.4

Pigment~produccrs 9.8 4.1 8,8 3.6 1.2 1.7
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Grass meal at 2 tons/acre

Organism Days 11 22 4 57 84 138
Bacteria 15.0 48.5 5.7 1.6 1.7 1.2
Actinomycetes 9.7 17.4 8.7 1.6 1.0 1.9
Fungi 7.3 4,0 4.5 2.5 1.2 0.9
Manganese-reducers | 13%.2 4.1 19.5 0.7 0.7 23
Pigment-producers ! 14.8 2.5 3.5 10.2 2.0 2.5 |

Tubcrisation hed commenced at the time of the fourth
sampling after 41 days. At this time, approximetely half
of the stolons of @ random selection of plants examined
had tips swollen to twice the diameter of the stolon,

The dry period between June %rd and 23rd occurred at
the time of tuberisation and scab incidence increased to a
higher level than in 1966 when early Junc had been wet, the
levels of scab in untreated plots being 17.2 for 1967
compared with 10.8 for 1966.

Grass meal at 2 tons/acre decreased scab by an amount
significant at & 1 per cent. level, At 1 ton/acre the
grass meal had no significont effect on scab or average tuber
weight but increased yield and tuber number by an amount
significant at 2 and 1 per cent. levels respectively. The

2 tons/acre treatment increased yield and average tuber
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weight by on amount significent at the 0.1 per cent. level
and tuber numbers by an amount significant st the 1 per cent.
level.

The grass mesl led to an increase in numbers of all
microorganism groups. The increcase was greatest for bacteria
but the populations laoter decreased faster then in any other
group. In the bacterisl, actinomycete and mangenese-
reducing groups, population levels had returned almost to
normal after 57 days, numbers of fungi and pignent-producing
actinomycetes remainin;; high for up to 84 days. Bacterial

_populations increased considerably more after 2 tons/acre
amendment than after 1 ton/acre amendment. Actinonycete
and manganese-reducer populations were stimulated almost
equally by either level and the numbers of pigment-producing
actinomycetes increased more at the lower level of eomendment.

For fungi, the higher rate of application gave a larger
increase but the increase only lasted about 40 days, both
rates of application thereafter giving the same numbers of
fungi. Numbers of both manganese-reducers and fungi
reached a peak within 10 days and then dropped off,

The level of exchangeable menganese in unemended soil
was 15 ppm at the time of planting but dropped sharply with-
in 11 days to 3 ppm and remained at about this level for

the rest of the season. In scil amended by an application

137



of 1 ton/acre grass meal, the level of exchanzeable manganese
remained at between 9 and 16 ppm for most of the growing
season, about 6 to 9 ppm above that of the unamended soil.

The 2 tons/scre amendment had a much smaller effect,
the levels of exchangeable manganese being only 1 to 3 ppm
above that of unamended soil during the growing season.

Both levels of grass meal caused an approximately 1 ppm rise
in water-soluble msnganese but this persisted for only 50
days.

With the start of tuberisation, 40 days after planting,
bacteria, actinomycete and manganese-reducer populations had
fallen considerably from the levels reached at 11 o 22 days.
Fungal populations had dropped to a much smaller extent and
numbers of pigment-producing actinomycetes were only just
beginning to fall from their peak levels. TLevels of
exchangeable menganese did not begin to fall until at least

20 days after the start of tuberisation.
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DISCUSSION

The aim of this work was to investigate the effect of
organic smendment of soil on incidence of common scab disease
in relation to soil manganese. The hypothesis has been
that the organic amendment leads to an increase in reduction
of insoluble tetravalent mangenese to the divslent soluble
form which in turn is toxic to S.scabies and brings about
a decrease in scab.

So0il conditions which tend to sllow an increase in
manganese reduction are also unfavourable to scab. These
are high organic content, high soil moisture content, acidity
and addition of sulphur to soil. There is thus some circum-
stantial evidence for a relationship between amount of
soluble manganese and incidence of scab,

This work has investigated only one of the factors,
organic smendment, and although conclusive results were not
obtained, a number of points may be made.

The soil on which the field trial wes carried out had
a total manganese content of 60 ppm. Of this, 15 ppm was
water-soluble or exchangeable and a further 20 ppm was in an
easily reducible form. Although Mortvedt (1960) has obtain-
ed control of scab in pot culture of potatoes with levels of

20 ppm of manganese added to the soil, the liquid culture
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tests with S.scabies described on page 51 sugtest that a
total soluble manganese content of at least 30 ppm would
be needed to control scab. Cn this bssis, almost complete
reduction of the easily reducible menganese in the Growthorne
s6il would have been necessary for control of scabs That
this did not hapnen is shown by the figures for manganese
in soil samples taken during the growing season. The
exchangeable manganese level in unamended soil remained at
under 5 ppm for most of the growing season, The grass
meal treatment st 1 ton/acre increased this by only 9 ppm
but the 2 tons/acre treatment caused even less of an increasc.

Since the decrease in scab was significant at the 2 )
tons/acre level but not at the 1 ton/acre level, it is clear
that the increase in soluble manganese brought about by the
grass mecal was not responsible for the decrcase in scab.
Numbers of manganese~reducing orgesnisus decressed after the
initially large increase in numbers recorded 11 days after
soil treatment and since there was an increase in reduced
manganese much later on, non-biological reduction of mangan-
ese must have been significant.

These results do not make it necesssry to abandon the
idea that organic amendment prevents scab by the mechanism
of manganese reduction. In the case of this field trial,

the level of easily reducible manganese in the soil was too

140



low for there to be sufficient manganese reduction to affect
scab.

An unexplesined results is why grass meal at 1 ton/acre
should have more effect on mangenese reduc¢tion than at 2 tons
/acre; It is known thet organic smendment will increase
nunbers of organiecms capeble of oxidising manganese as well
a8 those capable of reducing it. Yhether the oxidisers or
the reducers are favoured by organic amendment will depend
on soil pH, and possibly soil moisture content., Thus if
an acidic soil of about pH 5.0 is amended, reducers will
increase whereas in a more alkaline soil oxidisers will
incresse, The soil at Crowthorne had a pH of 6.0.

The 2 tons/acre amerdment caused a slightly larser
increase in numbers of msnganese reducers than the 1 ton/
acre amendment, yet there wss less menganese raduction.
This sugrests that menganese oxidisers increcased in numbers
to a greater extent in the 2 tons/acre treatment than in
the 1 ton/acre treatment. To get sufficient data to
explain the results of this trial, it would have been nece-
ssary to have made more frequent estimates of microflora
populations and to have estimeted numbers of menganese
oxidisers as well as reducers. .

The field trial gave two interesting results.

1« Applications of dried grass meal increased the level of

'
\
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divalent manganese in the soil. It is possible that in
some soils, this increase would be sufficient to control
scab.

2. Scab was significantly reduced by thé 2 tons/acre
application of grass meal. Competition of other organisms
w1th the scab organism may not be the only reason for thls,
for, by the time tuberlsatlon had begun, populatlons of -
bacteria and actinomycetes had fallen considerably from the
very high levels attained following soil amenémenﬁ. EVep
so, the populations were still considerably higher than ih
unamended soil, Competition may therefore be important,
especially if this is viewed in terms of competition for
the infection sites, lenticels, of developing tubers rather

than in terms of general competition in the soil.
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GENEE.AL DISCUSSION

Lapwood, Lewis and others have shown that scab may be
effectively controlled by irrigating the potato crop at, and
immediately after tuber initiation. The degree to which
this method of control can be applied in England and Wales
ié not clear at present. Potatoes respond wvery well to
irrigation but it is seldom undertaken until about a month
after tuberisation has begun, July and August being the
important months as Tar as increasing yield by irrigation
is concerned. In fact, in some varieties, irpigétigp pg?gpg
this time results in an increase in haulm and decrease in
yield (MAFF, 1962), 2 definate drawback as far as scab control
by irrigation is con’.erned.

According to the report published by the Office of the
Minister for Science (1962), the practical 1limit of irrigation
development in England and Wales would be of the order of
48 per cent. of the “obtal acreage of maincrop potatoes.  An
accurate picture of scab incidence is not clear but the.
published results of Large and Honey (1955) suggested that
scab was worse in parts of Yorkshire and the East and West
Midlands. These are areas which are amonggt those most

likely to be irrigated in the future.
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The acreage of potatoes at present irrigated is far
below the 48 per cent. which could be irrigated. Actual
figures are not known but the maincrop survey conducted by
the Potato Marketing Beard in 1963 covered 905 farms totdalling
545,000 acres and according to this, between 5 and 10 per
cent: of the farms had irrigation facilities. The actual
percentage area of potatoes irrigated may be lower than this
since the 1965-66 Quality Assessment Survey states that orfly
% per cent. of the 568 farms surveyed irrigated in this
period.

These figures suggest that irrigation is unlikely to
provide a general answer to scab 1n the near future. The
other method for scab control now avallable is treatment wiﬁh
manganese sulphate, but this will only work on soils in which
the manganese is not liable to oxidation.

The present work has shown that other forms of manganese
such as manganese chelates are unlikely to be of any more
value than manganese sulphate. Other minor elements do not,
with one exception, hold out much promise; the exception
being copper, particularly if applied as a frite.

Organic amendment of soil for control of scab provides
some interesting resulté.in relation to soil manganese, but

the practical potantial for this line of work in scab control
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is difficult to assess at present.

It is not known what acreage of potatoes subject to
scab could be successfully treated by irrigation or manganese
sulrhate, If a survey could be conducted which would show
this then it would be possible to determine the potential

value of copper or organic amendments for scab control.
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APPENDIX 4

SOUTH OF ENGLAND FIGLD TRIALS 1966

Siluood Park

Analysis of Variance:— Emergence

The data in the form of percentage emergence was first

transformed to angles.

Source of Sum of OF  Variance Variance F(Tables)
Varistion Squares ratio 205 1.0 0.1
Total 10,139.1 23

Blocks 7,942.5 5  1,588.5 14,26 147 249 46 746
Treatments 526.1 3 175.4 157 148

Error 1,670.,5 15 11114

Blocks significant at 0.1 per cent. level.

Treatments not significant.
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Binstead

Layout
Blocks
1 2 3 4 5 6
AN
B B C A D C
c D D D A B
9 ! Ll_ll ,'r
A C B B B D $2'4"
i D A A Cc c A
¥ :
ALt -y
¢ 84! >
Analysis of varisnce:- Yield
Source of Sum of °F  Varisnce Variance TF (Tables)
veriation  Squares ratio 20 5 1.0 0.1
Total 178,945,866 23
B3locks 63,486,324 5 12,697,364 2.02 1.7 2.9

Treatments 21,29%,406 3 7,097,802 1.13 1.8
Error 94,165,636 15 6,277,709

Blocks significant at 20 per cent. level.

Treatments not significant.
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Crowthorne

Layout
Blocks 1 3 5
T A
B A B 4/2'4"
A B A i
9i6n
A B A
| B A B 3
“— 4t —>
Blocks 2 3 6
¢ 84! : >
Analysis of variance:- Scab incidence
Source of Sum of °F Varisnce Vsriance I (Tables)
variation Squsres ratio 20 5 1 0.1
Total 59.61 11
Blecks 33 .51 5 6,70 1439 2.2
Treatments 2.00 1 2.00 O.414 2.2
Brror 24-.10 5 4,82

Blocks not significant

Treatments not significant
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Crowthorne

Analysis of wvariasnce:-—

Source of Sum of

Variation Squares

Total 5,298,270
Blocks 1,308,876
Treatments 1,090,740
Error 2,898,654

Op Variance Varisnce

11
5

5

ield

Iield

ratio

F (Tables)
20 5 140 0.1

261,775 0.451 2,2
11,090,740 1.88

579,731

Blocks not significsent

Treatments not significant
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Field trisl 1967: Crowthorne

Layout s
- - 3 } § xfl
g , .
/ 5 6 ’
' vinlclalslalolB D
A 3 4 ;
B ; P
5 Jiola|nis § ACIiBI!D .
A -
| A
G 1 % 2
A ) S
< .iplcia Bic !B D A
1 x

. ' PERMANENT , GRASS |
Teatments: No treatment
Mangenese frit - 50 1lb./acre

Grass meal ~ 1 ton/acre

O Q w &

Grass meal - 2 tons/acre
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Field trial 1967: Crowthorne

Analysis of variance 1) Sceb Assessment

Source of Sum of °F Variance Variance F(Tables)
Variation Squares | ratio 20 5 1
Total 156.316 23

Blocks 13.925 5  2.8785 Q.423 1.7

Treatments 43,569 3 14,5230 2.204 1¢8 343
Error 98.822 15 6.5881

Blocks not significant

Treatments significsnt at 20 per cent. level

Jr— .
ISD = T / Ve Thus ISD 0.1% 4.23
v.oon
1.0% 3.06
=T x 1.04
2.,0% 2.70
20.0% 1.39
D ~A = -3,103 significant at 1 per cent.
C - A = ~-1.403 significant at 20 per cent.
B ~A= 0.29 not significant.
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Field Trial 1967: Crowthorne

Analysis of Varisnce @2) Yield

Source of Sum of OF Variance Variance F (Tables)
Variation Squares ratio 20 5 1 0.1
Total 81,874,410 23

Blocks 19,156,121 5 3,831,122 1.93 1.7

Treatments 33,039,447 3 11,013,149 5.56 1.8 343 544 943
Error 29,687,842 15 1,978,589

Blocks significant at 20 per cent. level

Treatments significant at 1 per cent. level

ISD = T / Ve Thus LSD at 0.1%. 2,337
Y n ’
1.0% 1,694
=T x 573.8 '
2.0% 1,493
20.,0% 969

D - A = 3,226,353 significant at O.1 per cent.
C - A =1,594.8 significent at 2.0 per cent.

B~ A 9%36.3 significant at ce. 20 pef cent.

]
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Field Trial 1967: Crowthorne

Anslysis of Variance 3) Average tuber weights

Source of Sum of °F Variance Variance . ' F (Tables)
Variation Squares ratio 20 5 1 0.1
Total 5,519.,86 23

Blocks 1,429.94 5 285,98 1.88 1.7

Treatments 1,816.26 3 605.42 %.99 T1¢8 343 544 943
Frror 2,273.66 15 15157

Blocks significant at 20 per cent. level

Treatments significant at 5 per cent. level

3 ‘f ........

I5D = T.\_.-'/ _Yng Thus ISD at 001% 20.48
o

. 5.05 /]OO/O 14'84

20.0%  6.74

C -~ A = 1.80 not significant

i

B - A %3.05 not significant
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Field Trial 1967: Crowthorne

Analysis of Variance 4) Tuber number

Source of Sum of ©F Variance Variance F (Tables)
Variation squares ratio 20 5 1 01
Total 9,074 23

Blocks 1,759 351 1,39 1.7

Treatments 3,526 3 1,175 66 L 1.8 3¢5, 5l o963
Error 3,789 15 252

Blocks not significant

Treatments significant at 5 per cent. level

ISD = T._f Ve Thus ISD at 0.1% 26.4
v n
1.0% 9.1
= T-X 6-4‘8

2.0% 16.8
5.0% 13.8
10.0% 1143

D - A 25.,2 significant at 1.0 per cent.

C ~- A 32«5 significant at 0.1 per cent.

I

B ~ A =15.3 significant at 5 per cent.
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APPENDIX 2.

SCOTTISH FIELD TRIALS: 1966

1t trial

Centre:

Treatments:

Expezimental
design:

Size of plots:
Soil:
Memuring:
Previous crop:
Sowing date:

Results:

Iinkwood Farm, Ilgin, Morayshire.

C Control -~ no manganese

I = Inorganic manganese - MnSO4 at
56 1lb/acre
CH = Mangenese chelate (NagMnEDTA) at
70 1b/scre
F = Manganese frit at 25 1lb/acre

Randomised block: 5 blocks
15 yoxds x 4 drills.
Light sand.
10cwt./acre 12 ¢ 10 : 18.
Iea

April 19th 1966.

There was no scab present above a trace

when the tubers were harvested and no scab

assessment was made.
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2nd trial

Centre: Sanquhar Mains, Forres, Morayshire.
Treatments: C
I
CH = Chelated mznganese - Na2MnEDTA at

Control - no mangenese

Inorganic manganese - Mn804 at 56 1lb/acre

70 1b/acre
F = Manganese frit at 25 1lb/acre
Experimental Randomised blocks: 5 blocks.
design:

Size of plots: 15 yards x 4 drills.

Soil: Sandy loam,
Sowing date: April 23rd 1966.
Results: The leyout is given in Table A and this

includes the scab scores for each plot.
The mean scab score is given in Table B
and an analysis of variance wass done on
the scsb scores.

Although there was less scab on tubers
grown in plots treated with the manganese
frit, this decrease in scab was not

significant
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Table A. Plot layout and scab scores = Sanguhar Mainsg
B 1 I 1.74 F 1.74 C 1.74 CH 1.78 .
z 2 | CH2.06 | C 1.56| P 1:20 | I 1.76
c 3 F 2.16 I 1.70 CH 1.84 c 2.18
S 5 I 2.86 | T 1.48 | C 2.18 | CH 3.52
Table B.' Mean scab scores per treastment
Treatment c F CH I

Scab score 1.88

Analysis of Variance:

1462 214 1.82

Scab score

Source of Sum of °F
Variation squares

Total 5.2739 19
Blocks 2.%172 4
Treatments 0.4156 3
Error 2.5411 A2

Variance Variance

ratio
0.5793 24736
0.1385 0 .0654
0.2177

F (Table)

20 5

1.8 3.3
1.8

Blocks signicifant at 5 per cent level.

Treatments not significant.
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LPPENDIX 3,

Probit transformation of ligquid culture data

Varipus chemnicals were tested for their effect on
Ssscabies in liquid culture and in a number of cases, the
data obteined made it possible to determine the concentra—
tions which inhibited growth of S.scabies by 50 per cent.
To do this, yields ot the concentrations tested were
expressed as percentage inhibition and transformed to
probits and plotted against log dose; regression lines then
being calculated. The regression lines for metals are
given in Figure A and for chelated metaié, chelates, frits
and maneb in Figure B. Table C gives levels of the

chemicals tested which gave 50 per cent. inhibitioni-

Metal PPM giving Compound PPM giving

50% inhibition ) 50% inhibition
Silver 7.86 Copper frit 684
Cobalt 29.50 Maneb 50.2
Mercury 16.00 NaeMnEDTA 748
Antimony 15.20 Na, EDTA 9.3
Copper 6.61 NaaMnDTPA 5.8
Manganese 38.00 Na5DTPA 138
Cadmium 3.15 Na,ALEDTA 1045
Arsenic 6.2
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Figure A Effect of metals on growth of S.scabies

i C Cu Co
7t ?

b
6 }

Probits
b

o5 1-0 15 2.0
Log. dose (ppm)



VAV

Probits

Figure B

Ettect of chelated metals, chelates, copper frit, manganese and maneb
on growth of S.scabies

M&M TPA MnEDTA

05 10 15 20
Log. dose (ppm)
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