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IRTRODUCTION,

The todsceo crop in Southern Shodesis s subjeet to
attack by two fungus disesses which cause more loss of
leaf every year than eny other fector, nemely brown or

Alternaria spot (Alternmaria longipes Kl1. & Ev. Meson)

and frog-eye (Cercospora nicotisnse #11. # Ev.). The

former diseese, eltho:gh appearing in & milder form on the
send veld, 1s very destructive on the heavier typee of soil
suggesting that the trouble is et least in part nutritional.
The latter disesee i widespread throughout the colony and
18, on the basies of acreage affectcd, the cause of & greater
loge of lesf then the former.

Fork at the Tobacco Hesearch Station, Trelewney during the
last tro sessone has been largely directed towards a more
complete understending of these disesses. In the cese of
brown spot, particulsr sttention hae been peid to the
nutritionsl sspect snd the way in"hich the fungue persiste
from year to year, vhile)tha frog-eye rroblem hes been
teckled more directly by the study of positive control
messures.

Eractical considerations have been the primary objlect
of the work but the problems have a2lso been approeached from
an zcedexie viewpoint and the rundsmun§al sgpects of the
dlisenecs hsve also been studied.

The work on 2lterrerie longires wae sterted originally

while the writer wes st the Imperial College of Sclence
& Technology, London. Certain portions of this work heave



been repested here in modified form under the more

netursl conditione of the Rhodesisn climete, but the scope

of the study has deen generally extended 2long new lines,
Each didesge has been given separate trestment for

although doth are caused ﬁy air‘berﬁe fungi the methods

of control under investigetion differ widely.
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I. HISTORICAL SURVEY.

Brown spot of tobecco was rirat'rte5;§pd from N. Cerolins,
U.8,A. in 1892 by Ellie & Everhart (6) end wes assigned to

-uacronporiun longipee n. sp. Since 1892, vertous reports

hsve been made from éeveral cther tobecco-growing states in
the U.S.A.

In 1924, a brown apot disesse became eonsplcuous on tobecco
in Ploride. Tiedele (19) isclated the ffingus in 1925 snd
found 1t te be sn Alternaris. Tisdale & Badkins (19)

congidered that the difference bdetween their isolations and
those of Ellis & Fverhart d4id not wearrent the ereation of

8 nevw species, but since the sporee were produbed in cheine
in their cultures, they proposed & ngv combination -

Alterneria longipes (F11.& Ev.). Proof of the pathegenicity

of the fungus weas established Dy Tisdale & VFadkine in 1927.
Hopkins (9) reported the disease in Thodesis in 1931
under the name of Alternsaria leaf-spot (A. tebsecina (El1.4

Ev.) Hori). In 1939, however, having examined pspers by
Tisdale & V.edkins and Gulyses (8), Hopkins (10) eceme to
the coneclusion that the fungus coneerned in Rhodesis war

fdentical with A. longipes snd A. tabzcinum of Tiedale &

¥adkins snd Culyas reespectively. Since Mason (14) in 1928
hed already eet up the binomial A. longi-es (¥11. & Ev.)

Msson, Hopkine decided to adopt this nsme for theodeeien

fungue.
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Tisdale & Wadkine (19) eerried out the firet detailed
observations on the disease, studying the physiology of
the fungus and the susceptibility of several tobescco
varieties. They found no varietal differences in s .sceptibility
but stressed the necessity of maintaining vigorous growth
to eavoid infection.

Hopkins (11) has observed the diseamse in the field over
& number of years and has suggested that susceptibility is
governed by the nitrogen balance in the plant. Susceptidle
leaf on anslysts wag found to be low in minerale, especially
phosphorus and potesh. Hopkins has & soc observed potash defic
-iency eymptoms in severely infected plants in the field.

Tobacco grown on the same soil for the second or third
sengon in succession has also been found to be more
susceptible to brown spot, presumebly due to & fall in the
level of aveileble mineral nutrients.

.HOpkinl states fhat the fungus has rerely been encountered
on seedlings, In 1948, he reported atypicsl infection on
young aeedlingl, while transplante were found to have more
typical lesions. (12). ‘

The writer carried out experiments vith A. longipes

isolates from Rhodesis, in England during 1948. Work wes

confined, however, to greenhouse and laboratory investigations.
The main conclusions earising from this work are

sum :arised below.

1) susceptibility of tobacco wee influenced by the nutrient
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supply in sand culture. ""edium N, and deficient P snd K
favoured the disesse. Plants grown a2t high N, P and K levels
were least susceptidble. High P end X fertilizers in eoil

did not significantly reduce the disease. Witrogen aprlied
as flmh)zsoh produeced more susceptidble plants than NaNOB.
2) Tobacco seedlings were found to be only slightly
ausceptifle: infection was atypical. Susceptibility increased
with age. 3) The fungus was found to be slightly pathogenté

to poteto. tomato, Capsicum sp., Ricemdra physaloides and

Daturs atfamqnium.

IY. NUTRITIOrAT. AND P RTILIZER STUDIES.

1. Greenhouse experiment: The effect of minersl nutrition
on uulcgpiib%fitx t8 infection by Alternaris longipes.

The writer observed in a previous experiment that the
uuaceptibility of tobacco to A. longipes was influenced by
the ratio of N:P:K supplied to plants in sand culture (17).

In this experiment, only three levels of each element were
uescd, making a2 totel of 27 treatments.

The preseﬁt experimenf war modified to include a larger
renge of each of the three elements N, P, K eand esch was
veried independently of the other two. Two sources of nitrogen
were compsred as to their'erfect on susceptibility of tobrscco,
namely, sodium nitrste and ammonium sulphate.

Tobaceco seedlings were grown in eandy losm in seced pans.

At the three to four leef stage, seedlings were pulled, the
roote weshed to free them from soil and trensplented into
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washed sand contsined in 5" pots. Pots were peinted on the
inner surfece with bitumen paint to eliminate mineral
effects from the clay. The experiment was arranged as a
rendomized block with three replicetions of esch treatment.

Nutrient applieation.

Nutrient treatments were comrenced 7 days after potting,
the plants being potted on the 3rd. June 1949. Nutrient
soluttons vwere made up to provide detween 0 and 100 mgms.
of each eiement per week, snd minor elemente &nd iron and
calcium in eddition. When one of the‘elaments wag varied,
the other two were held at constant levels.

By the 12th. August 1949, it ves obvious thst the plante
were not réceiving enough nutrients so that the next
epplication was trebled and all subsequent applications
were doubled. The original rates of epplicetion are shown in
Tables I to V, but the ratios remained the seme at the
increased rates.

Inoculation.

Inocculum wes prepared by washing spores from a 5 week-old

culture of A. longipes on cornmeal sgar (T.R.S. 25, highly

virulent in the field) and filtering through folded muslin.
Inoculum was applied by spraying the leaves with a

De Vilbiss atomiser. Plante were inoculated on the 7th.

September 1949, No results were observed by the 16th. end

the plante were then reinoculated. The absence of any

reaction may have been the result of low night temperature

end low humidity. Greenhouse temperatures were thereafter
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maintained between 18° ena 30° C., artificiel heat being
supplied by Valor Perfection oil stoves.

Disease estimation.

bisease reaction was pocor due lsrgely to the diffieulty
of maintsining a setisfactory humidity at this time of year.

The number of infected leaves per plant snd the
appesrance of plants was rcgorded 10 days after the second
inoculation. An srbitrary index of severity of infection
wo8 given to each infected leaf on plents as follows: O,
10, 20, 30. The index wae multiplied by the number of leaves
corresponding to it and a totel wes made up for each plant.
e.g. 8 plant with three leaves infecteq, acor;d 10, 10, 20,
would have a total of 4O, Figures in the Tadbles show the
mean indices for three replicetions.

The three series for N, P end K were ca;ried out together
g0 that results may be compared one element witﬂ another.

Table I. Composition of nutrient solutions.

Salt Ritrogen Phesphorus Poteseium
( f; e mk' I \ :
NaNO, 10 mgnms. N/cc. 0 ~-10 2 2
(wH), ) 380, » 0 - 10 2 2
NaHPO), P/eec. 1 0- 10 1
X380, " X/cc. 1 1 0 - 10
Minor elements 1 1 1l
Iron 0.5 0.5 ' 0.5

Calcium 0.5 0.5 0.5
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The minor element, ctlcium and iron solutions were ag

follows:
Minor Elements: 33503 3 gme,, HnBOh.f)HzO 2 gms., znsoh.mzo

003 El‘ﬂ!., cnsgh- 5320 001 gm.' H‘sou 2 gm-

Yater 1000 ec. '
Caleium solution: 00012 12 gms., Water 1000 cc.

ce.

Iron solution: resoh 15 gms,, Tarteric acid 15 gme. Vater 1000
Results.

Nitrogen Sepries.

The basie nutrients are shown in Table I. There were
tro sete of pots in this series, one usingtulEOB, the
other (nnh)gsou.

Ritrogen was eddded in doses of O - 100 mgms. per week
or multiples of these figures. Inoculation results are given

in Tables II and IIT &nd are illustreted in Pig. 1.

Teble II. Influence of N on the grovth end susceptibility
of tobaceo to A. longipes. :

a) RﬂOs-

K added Appearance plants Mesn No.leaves Severity
mgms. infected/plant index.
4] +++ N deficiency nil 0
10 e @ 2.0 26.6
20 slightly yellow 1.0 2.3
L0 U " 1.0 10.0
60 normal 1.0 16.6
80 very green 1.0 10.0

100 " " 1.6 16.6
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The main effect of nitrogen me NaN03 wss on the growth
of the plants. Optimum supply of nitrogen at the particuler
P and K levels used wae 60 ngms. Higher or lower :
concentrations were noticeadble by the ceclour of the plants.

Reletionship of nitrogen to diseare reaction was
compiex. Plente receiving no nitrogen were not affected.
Maximum infeetion ocecurred at the 10 mgm. nitrogen level.
There was certeinly a higher infection index at the higher
nitroyen levele, but the lowest index recorded wes =t the
20 mgm. level, an intermediate coneentration.

Table III. %gf%g;ﬁ::ooienA?nI:giigzzfth and susceptibility
b) (Nnh)zs°a°

¥ added ‘ Appearance plents ¥een No.leaves Severity

mgms . infected/plant index.
0 +4++ N deficlency nil 0
10 PRl " : | 1.0 10.0
20 slightly yellow 1.6 16.6
LO very green, 2.3 23.3
- crinkled.
60 " " 1.6 30.0
80 n " 1.6 w-o

100 " " 1.3 33.3

Figures for disease severity in (Hﬂl‘).‘,ﬁol4 series differed
somewhat from those in the NlHOS series. There weae 2

progressige increase in diserge from the low to the high
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levels. The totel of the severity indices for the
(nxh}zseh series exceeded the total of the NaNO, series
by & considerable amount. Thus (Nﬁh)sth produced more
susceptible plants than NaNO3 when differences of level
" were eliminated.

The plants in this series were of a peculiar texture,
the leavee being very erinkled and mottled. This wes
particularly noticesble at the higher 'evels of (wnh)zsoh.
It would appear that the NH) jon ie in some way
detrimentel to the good growth of tobaceo .snd therefore
predisposcr plants receiving this source of nitrogen to

infection. The effect of Nﬁh on increeging the susceptibility

of tobeseco to etteck by A: longipes hie been noted

previcusly in scil (17). Besumont (2) discusees the effect
of NiLi end ite toxic effect for tobaceo in Americe &nd
states thst this souree of N predisposes plants to

paresitie attack.

Phosphorus Secries.

Besie nutriente are given in Table I. Phosphorus was
edded as Na,HPO, in doses of O - 100 mgme. per week or

multiples of thése figures,
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Table IV. Influence of P on the growth and susceptibility
of tobaceo to. A. longipes.

P added Appearance plants ‘HMean No.léaves Severity
mgms . infected/plant. index.
o ++ P deficiency: 4.0 123.3

neerotie spotting;
elongeted peti ®.

10 slightly yellow. 1.6 « 36.3
20 " 0 0.3 6.6
4O v . 0.6 6.6
60 " “ 0.3 3.3
80 stunted, yellow nil o

100 " " nil 0

Phosphorus appeared to produce symptoms of nitrogea
deficiency above 20 mgms. peg week. Concentrations of above
60 mpma. per week produced stunted plants.

The disease reaction with phosphorus was very merked.
Absence of phosphorus res.ultéd in a very high index of
severity. The addition of phosphorus brought the value to
lese then one third of that ylthout phosphorus. At higher
levels of phosphorus, disease athr1t§ fell off. No attack
occurred at the 80 ard 100 mgm. phosphorus levels.
~ Phosphorus was therefore an 1ﬁportant factor governing

the suseeptidility of tobaceco to A. longipes.The effect

of phosphorue is illustrated graphiceally in Pig. 2.



Potassium Series.

Basic nutrients are given in Table I. Potessium was
added as xﬂsol in doses of O - 10 mgme. per week or
multiples of theege figures.

Teble V. Influence of X on the wth and susceptidilit
of tobacco te‘I.*Taaiiggz. ”
K added Appearance plants ‘Mean No.leaves Severity
mgns. - infeoted/plant. index.
o Severe X defie. 3.6 103.3
Crinkling &
firing of leaves.
10 8lightly yellow & 1.6 30.9
crinkling, ;
20 slightly yellow. 1.6 16.6
Lo { L] " 2.6 53.3
60 normal 2.3 23.3
80 " 1.0 10.0
100 " 0.6 6.6

Severe symptome of ~otassium defleiency showed up only
in the pots recelving no potassium, All the other plents
grew free of potash deficiency symptoms, though some vere
slightly yellovw.

Disease resction wse high in plante receiving no
potassium. Severity fell off with increasing potasaium to
20 mgms., then rogse to another high level at 4O mgms.,
thereafter falling off agsin to & low figure at 100 mgme.
The effect of potaseium is shown grephically in Fig. 3.
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'mmnign og rnulta.
‘The mdtx ot uevcrtty nnad hnre should {!\w g
satisfectory 1ndiant.ion of the eztent of inrection ‘b}
A. longipes. Tho uaeaam& nt c!mse due to leaf-cpotung
diseases doer‘*ui mmt weaar pmblen. Mt.lag the
nusber of Itﬂm ig p‘ék vithoat *éﬂqu cm 11 1s T
a1ffieult to mzm mmmar spores mthd per pm
An the imniun. Again, leslm mn Wr nn that it Le

5

not always neasibh to mnt W‘G& mti. Mem 9f
_an: trbi trery ;ﬂax Wlicp eome of W mxﬂcn of error.
Thére was goad agromt between repnum. no that
an snelysis of uﬁmu wae not. neceunry to estauuh the
.«t’treet of tbe three prineipsl elements o'n the mnttullty
of tobaceo to. ‘brom spot. : i
] ‘!‘he mein feature lppamt m m m W{@t
phonphoms on’ the :mqum severity ai' attﬁ‘
b Poteesium, whilc Mlzuu 1& @ high diaease 1ndex when
a‘baeut, cu Qt 'ndm the diseaae to tht m M at

the higher- lmh as 41id phoaphorus. T

The errert of nitmm m Mt marked, feqccopt in’ u rar
as mmu} produced less lmcyﬁma plants then (mk},wk
u mii:ifened previously,

The emrtﬁmt was conducted at sn al)gl-ro@d low level
of mutri tion. 'fhiﬁ ves- ta cm‘leavour to Mte the
maximum smount af diaeua twl }e"m up the effects more
elearly. The 'I{rfi l:.e:rr (17) haa shown that high levels of

nutrition result in a decresse in disease severity.



At the commencement, the rete of nutrient application was
coneldered sufficient. Later, hotevery when demands
beceme grester, the quentities were increesed es stated
earlier. Wevertheleas, plants were nesr starvatien
conditions from the point of viev of the princinal
elements.

Overall, results egree elosely with those obtained
by the writer in England (i?). {.e. phosphorus and
potassium are the most important elements governing
suscertibility to A. longipes bat that pﬁosphorus is

reletively morc importent than potessium. Nitrogen, while
influencing the severity of atteck by ite ~resence or
abesence, does not cause eny striking incresse in diseese
with increase in concentration provided it is balanced
by phosphorus snd potaeaium:

»

2. Field fertilizer trials.

As mentioned previously by the writer (17) recorts of
increased or decreased suaceptib{lity to A._longipes were
beeed originally on observations of infected crops. No
informstion is aveilable from experimentel lay-outs. The
date aveilable relate prinecipelly to the effect of the
proportions of N, P and K on susceptibility.

Greenhouge experiments in sand culture have shown that
very significent results may be expected. in this medium
from increase in the phosphorus &nd potesh content of the

nutprient solhtions.
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. Observetions on two adjoining crops during the
1948/49 sesson, suggeeted that Yoron ( as borax ) might
considerably influence the susceptidility of tobaceo
to brewn spot. The two crops were sited on essentielly
the seme type of soil and vere planted at the seme time.
The one ecrop treated with eome 4 1lbs. borax to the zcre
wes lightly infected by the fungus while the other was
dbadly démaged. Numerous reportis from farmers suggest that
borax reduces digesse intensity but in these casses there
heve been no adeqguste controls. It is of intersst to note
here, however, that Neergasrd (16) states that Cigante

recorded an increase in resistance of potate to Alternaria

solani dy the use of borax.

The experiments descridbed here were made to detcrmine
whether significent control of brown s-ot ¢ould be
achieved by supplementing standard fertilizers with extrea
phosphorue end potash and vith borax.

Experimental details.

Experiments in each case consisted of a uniform area
of 55 1/LO - acre plots of Bonansza tobacco spaced 3' x 3°,
The designs were randomiged blocks with five raplig.tions
of eleven treatments. Details of treatments are given

in Table VI. .
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Teable VI. Fertilizer treatments.

No. N

Ro. e Teh S8 | : P YR
¥s 6 112 ¢+ 8 T 18" s .12 »-.8
2. B0 18318 8. 3 313 : 8 +11b

dorax/acre.

3. 3 1135 3 15 9, ditto +2D.
. 3 :20: 8 10. ditto + 41b. w
5. 352 515 1l1. ditto + 6. »
6. 0 :1%: 8

XN as NeNO;, P ss superphosphate, K as K,S0j,.

Haturel inoculum wss relied upon to infect the
experimentsl eareas. In easch eese the previous crop had
been badly infected with brown spot snd the infected stalks
were harrowed over the surface to prévide the inoculum.

Disease egtimation.

Ae it was only possible to visit the experiments
fortnightly. the exact date of the appearance of brown spot
is not known. It eppears to have been 7 — 8 weeks after
rlanting out.

The Tirst estimates of the percentage infection by

Alternaria longi-es were méde on the 27th. and 28th.

February 1950 about 10 - 11 weeke after planting out, and

the second egtimates two weeks later.
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A weighted percentege of infection was obtained
according to intensity of attack. The method used was to
place each plant into one of four arbitrary clesgses as
follows: 0 no infection, 1 light spotting of loweri:leaves,

2 heavy spotting of lower leaves; light on upper leaves,

3 heavy spotting on Qntire plant. For convenlence, the

dats were reduced to e single figure for each plot - an
infeetbn index after the method of MeKinney (15) as follows:

Infection Tndex = Sum of cless numbers x No.plants/elass x100
Totel No. plants x highesi class number

Experiment 1. Romsey Parm, Sinoia.

Soil: Heavy grey sand. .

Rotation; Tobacco, Maize, 'alge, Fallow, Tobacco, To?acco )
Expt.

Seed beds sown: 13/10/49.

Planted to land:13/12/49.

Fertiliser: Pre-fertilised 75 1b. cupe 22/11/49.
Post-fertilized 75 1b. cups 17/1/50.

Tadble VII. Hean infectién-indices - Eomsey.

s

Trcatment , Mesn Infection Index ¢

27/2/50 13/3/50
6:12:8 ' 2l .4 48.2
3:13: 8 28.9 50.2
3 ¢ 13 :15 26.6 50.9
3¢ 20 : 8 29.4 51.0
31 20 :15 22.8 49.4
013 : 8 25.8 L8.5

contd, overleaf.



Table VII. contd.

Treatment Yean Infection Index %
27/2/50 13/3/50

10 : 12 : 8 25.6 Lo.7

1 1b. bdorex/acre 30.9 51.6

21%. L ad 28.2 52.6

4 1b. o @ "25.0 49.7

6 1b. n " 24.2 L48.3

Standard errors: 4.9, 3.54

Experiment 2. Kyogle Paym, Karoi.

Soil: Brown-red sandy loem.
Rotation: Tobaceo, Tobaceo (Expt.)

Seed beds sown: 3/10/45.
_Planted to 1and:5/13/49,

Fertilizer: Pregertilized 75 1b. ecups 23/11/L9.
Post-fertilized 75 1b. cups 17/1/50.

Teble VIIX. “ean infection indices -~ Xyogle.

Treatment Mean Infection Index %
28/2/50 14/3/50
6 :12 : 8 371 75.5
3 s 13 : 8 37.’4 70.2

contd. overleaf.



Teble VIII. contd.

Treatment Mean Infection Index %

-

28/2/50 14/3/50
B s 13 : 15 32.1 Thly
3:20: 8 34.9 72.3
3:20 : 15 L8.6 76.6
01 1% : -8 35.0 61.8
10 : 12 ¢+ 8 39.3 78.2
1 1b. dorax/scre 32.6 75.0
2 lb: " " 28.8 66.7
L 1b. " " 38.2 39.5
6 1v. “ 38.5 - 76.3
Staﬁdarﬂ errors? ﬂ o 7:82 7.15

Discussion of results.

Analyses of verisnce of both estimates and in both
experiments showed no significant differences for disease
data between treatments (appendix 2s.). The effict of
fertiligzers on yield is not known: obvious difficulties
presented themgelves in the recording of ylelde on farms
visited infrequently. Visual éffbcta of treatuents were
only noticesble in Experirent 2, where it vas possible to pick
out the plots receéiving no nitrogen by their colour. The
tobaceo in Experiment 1 was of & uniform dark green colour
irrespective of treatment.

Coupled with the lighter green colour in the non-nitreted



-18~- .

plots in Experiment 2, there wae a lower but non-
significant figure for thé percentage infection.

The results were in marked contrest to the very
definite resultis obtained in sand culture: they agree,
however, with & previous experiment conducted b&'the vriter
nsing soil in pote (17) where four tertili;er ratios
showed no significant differences in percentage infection,
by brown spot.

It can be concluded that those elements responsible
for reduction of disease in sand culture, nemely
phoephorus and potassium, sre in some way'knnetivated'in
goile., It is well known that phosphorus resdily becomes
unevailable on some soils. Ineressed or decressed nitrogen
in no way affected the percentege infection so as to
afford precticsl control.

Borax had no eftéct on the susceptibllity of tobacceo
to drown spot at the retes of epplication used here.

Some remarks recarding the gxperijcntnl design of the
. trials are relevant here. The effect of a plot on its
immediate neighbours must be considereble. Once a plot
has, become infected, it ralses the potentisl inoculum for
bordering plots. A strong case exists therefore for
igolated treeatmentr. This would enable any differences
between treatments to be accentuated. Close planted
m;ize or other non-sasceptible crop planted round the

experimental plote is suggested.



-19-

ITY. THR SUSCETTIBILITY OF TOBACOO VARTETIES.

A certain messure of resistance was foﬁnd to exist
in the variety Vhite Stem Orinoeo when four varieties
of tobacco were test&& for susceptibility to brown spot
under, greenhouse conditions in England (17). The four
varieties could be arranged in order of susceptibility
ae followe: Bonanza, Willow Leaf, Jamaieca ¥rapper, and
¥hite Stem Orinoco. Statistically, only White Stem
Orinoco was less attacked than the other three varieties.

It was considered to be of interest to tcet a large
number of varietles ro? susceptibility, particularly
those suited to heavy soils. A number of samples of seed
of varieties suitable for culture on hea;y soils was
obtained from New 7eslend and the U.,S.A. by br. J.C.F.
Hopking of the £. Phodesis Dept. of Agriculture.

Fleven varieties, including the four standard varieties
were chosen for the experiments. Theee were tegted both
in the greenhouse under more or lesg controlled conditions,
ard in the field in dlstricts where brown spét hed become

e problem,

23

l. Greenhouse experiment.

Pive potted plants of eech varliety were grown under
approximstely uniform conditions in the greenhouse. Each
plant was supnlied with a 200 1b. cup of 6:12:8 fertilizer
mixture three days after potting. Four weeks after the
fertiliger application, the plants were sprayed with a
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spore suspension of Alterneria longipes from & 6 week

-0ld culture. Plants were kept mnist subsequently by
atomizing with weater as required. The experiment was

arranged as & randomized dloek.

Regults.

Disease data were recorded three weeks after inoculatiom.
The reasction wes slow due largely to low night temrneratures
and low humidity (Mey - June). The total diameters of
apots on each plant were obtsined and these figures were
then divided by the number of affected leaves. The data
were treatcd stetistically by the aralysis of varience
(eppendix 2b.) Means for varieties are giveu‘in Table IX.

Teble IX. Mern infection dete - greenhouse veriety expt.

Variey - Meen Disease % of Meen.

Data ,

. m..:
Eonanze 23.20 150.8
Fhite Stem Orinoco 14.50 9%.3
¥illow Leaf -19.9 125.6
Jemalice ¥rapper 12.56 52.1
C.7.(Jamaica ¥Wr. x Bonensze) 17.40 113.7
Oxford 26. 12.10 79.1
Harrison's Special 9.04 LT, " 59.
Yellow Mammoth , 16.28 106 .4
Gold Dollar 15.30 100.0
Broad Leaf . 19.66 128.4
Special 40O 9.21 - 60.1

contd. overlesf.
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Table IX contd.
Veriety Meen 15.38 100.0

Stendard error: 4.23 :
Significant Aifferences: 5% : 8.54L
1% 111.42

. Two verieties were outstanding in showing tolerance

to #tteck by Alternerie longipes, namely Harrisorls Special

end Specisl LOO. These: verieties were signifieantly less
ettacked thsn Bonezmza et the 1% point and lees than

Broad snd ¥Yillow Lesf at the $¥ point. Oxford 26, Jamsica
Wrappgr end Yhite Stem Orinoco were less affected than
Bonsnge at the 5% point. Bonanze is taken here os e
reference stendard: it is normally e highly susceptible
variety. No significant differencees existed between
Bonange, ¥illow Leaf, Broad Lesafr, .7., Yellew Mammoth
and Gold Dellar.

The four varieties commonly grown in Fhodegies cen be
arranged in order of susceptibility es followe: Bonanse,
¥i{llow Leaf, *hite Stem Orinoco and Jeamsice ¥rapper.
Theese figuree agree well with trose obteined by the
writer in a previcue experiment (17) except for e reverssl
of the order of Jameaica ¥rapper and Phite Stem Orinoco.
Jamaica ¥rapper was significantly leer diseased than

Bonanga here: thie was not found previocusly.



2. Field triale.

The same eleven varieties used in the greenhouse
experiment were tried unler field conditions. As 1t
was necessary to ceyry out these ezperimontg at =
dféyance from headquaricrs snd to rely on lay assistence
for plenting, & rendomized lay<cut was not practicable.
The varieties were ?l%htod in perallel strips, 11 rowe
wide x Li rows long i.e. 1/10 acre on a plenting 3' x 3*,

The experiments were sited on land which had carried
one or more crops of tobesecco infected with drown epot.
Tobacco stalks from the previous season were herrowed over
the soil surface to provide inoculun.

Details of plenting, fertilizing ete. ere given with
each bf the four experiments carried out..

Disease estimation.

Two series of estirates were made of the percentage
brown spot infeetion, a) soon after the lower lesves had
ripened, b) spproximately one month later when the leaves
were overripe. Estimates were made by counting the number of
plents falling into four arbitrary clesses as in the
fertilizer experiments (page 15) &nd the results recorded
g8 an index of infection. Fonenza ie teken as the
reference standerd. Final observations were made on the
experiments when the majoriiy of the varieties under test

were completely destroyed.



Experiment 1. Sinois Citrus Estate.

B8oil: Heavy red loam.
Rotation: Tobaceo, Tobacco, Tobaececo (Expt.)

Seed beds sown: 27/9/49
Planted to land: 14/12/L,9

Fertilizer: Pre-fertilized 22/11/49 75 1b. cupe 3:13:8
Poat fertilized 18/1/50 mixture.

Table X. Infeetion indiegg & Tinal obsme tions
; Sinoie c%trus ﬁatata.

Variety Infection Indices ~° Final Observations.

13/2/50 . 13/3/50 11/4/50
Bonanza 38.3 94.6 100% destruction.
White S8tem Or. 33.9 88.5 50 "
¥illow Leef 36.8 88.7 " o
Jamalica ¥y, .7 89.3% w A
c.7. 27.7  59.4 0 ;
Oxford 26 - 24.0 79.2 " "
Aarrison's &pec. 30.2 75.0 . 3- spotted leaves left
Yellow Memmoth 27.1 79.6 ggogoﬁegizagziou.
0old Dollsr 31.9 8.5 E g
Broad Leaf 7.9 70.0 Eggtgligtgfaval left on
Specinl Loo 23. h 72.8 : dipto on 26%.

R
el

e ’ e T
Bonanza wves the most aeverely aftected variety. Toleranee

to infeetion was shown by Broad Lear, Special 400, Oxford 26,
Yellow Memmoth, C.7 and Harrison'e Special early in the -
ripening period: & month later, C.7, Broad Leef, Special LOO
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and Harrison's Speeial still remained tolerant. Three
verieties only, retained a proportien of their leaves
two months after the firet counts were made, nemely,

Broad Leaf, Specie? 40O and Harrison's Speeiel.

Experiment 2. Romsey Farm, Sinocia.

Soill: Hesvy prey send.
Potation: Tobacco, Welge, Maize, Perllow, Tobacco,Tobaeco
(Expt.)

Seed beds sown: 13/10/49
Planted to land: 15{12/&9

Pertiliger: Pre-fertilized 22/11/49 75 1b. cups 3:13:8

Poet-fertilized 17/1/50 mixture.
Table XI. Infeetion indices & final observations,
P2 ey ' sey, Sinoia,
Variety Infection Indicee Finel Observations.
' 13/2/50 . 13/3/50 27/3/50

Bonanga J 8y 39.2 Tops retained, v.s8: otted
Yhite Stem Op. 2.7 hh.3 100% destruction.
Willow Leaf L.8 77.6 " g
Jamaica Wr. 4.6 78.6 " "

c.7. 5.4 79.1 " "

Oxford 26 ) 3799 1 86.0 " "

Harrison'se Spee. 3.3 52.6 To~s retained, v.spotted
Yellow Nammoth 8.7 90.4 100% destruction.
¢old Dollar 10.4 91.4 B, "

Broad Lerf 11.1 77.2 " "

8pecial 40O 6.7 75.2 " i
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Bonanga vae the least affected veriety st homsey.
Thie was the only experiment whers Bonsnsza fell inte
the tolersnt cetegory. Fhite Stem Orinoceo, Harrison's
Special, Jazaiea Frepper, ¥illow Lesf, C.7 and S8peeciel
KOO ver§ tolerent at the ripehlng stage. A month leter,
Boneanza, Fhite Stem Orinoeo snd Harrison's Special
renained tolersnt. 8ix weeks after the first counts,

only Bonanga and Harrison's Speoisl recained tolerant.

Experiuent 3. Kyogle Ferm, Kerol.

Seoil: Hesvy pink sand. _
Romtion: Tobecco, Tobeeco (Expt.)

Seed beds sown: 3/10/49.
Planted to lend: %/12/49..

Pertilizer: Pre-fertilized 28/11/49 75 1b. cups 3:13:8
Post-fertiligzed 17/1/50 mixture.

Table XII. Infection indiges & final observatiocns
EEEEZE; !g:gi.

Variety Infection Indices Final Qbservations.
14/2/50 % 14/3/50 28/3/50
Ronenzs 29.8 79.6 FPew spotted tops
retained.
Fhite Stem Or. 33.9 73.3 " o
villow Leaf L46.1 776 » 2
Jaraice ¥r. 29.9 76.6 » "
G . 70 31 -8 77'7 g "
Oxford 26 3.1 75 14 " “

contd. overlesf.
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Table XII. contd.

«

=

Variety Infection Indices Final Observations

%
14/2/5  14/3/50 28/3/50
Harrison's Spee. 33.9 72.4 Spotted tors retained
on 55% plants.

Yellow Hammoth 33.4 86.6 100%¥ destruetion.
Gold Dollar 35.6 86.6 - "

Broad Leaf 29.3 71.6 Few spotted tops

. retained.
Special LOO 25.3 Th.2 " "

No variety was markedly tolersnt at Kyogle in the early
stagese of infection, except Special 40O. This veriety,
however, did not remein tolerant. Harrison's Speeial

showed tolerance six weeks after the first counts.

Experiment L. Dundrennan Farm, Sinoia.

Soil:. Heavy grey-brown sand.
Rotation: Tobaceo, Tobasco, Tobacco (Expt.)

Seed beds sown: 29/10/&9.
. Planted to land: 30/12/49.

Fertilizer: Post-fertilized 3/1/50 75 1b, cups 3:13:8
Post-fertilized 30/1/50 mixture.

Table XIII. overleaf.
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Table XIII. Infection indices and final observations,
: ' : %Eﬁﬁggnnan. Sinoia.

Variety Infectio; Indices Final Obeervations.
27/3/50 12/h/50 25/1/50
Bonanza 27.2 56.1 Few spotted teors
v retained.
¥hite Stem Or. 10.8 L41.9 " e
¥illow Leaf 17.4 66.8 " "
Jamaica ¥Wp, 21 .8 52.8 o ]
a.7. 28.3 66.8 " "
Oxford 26 51.3 83.7 100% destruction.
Herrison's Speec. 17.6 63.5 Few spotted tops
‘ retained.
Yellow Memmoth 14.3 62.2 " @
Gold Dollar 33.3 64 .6 " "
Broad Leaf 12.4 Lho.h 4 50% pleante with heavy
spot on middle leaf.
8pecial 40O 11.2 35.1 Remainder ~tops retained

¥hite Stem Orinoco, Speciel 40O and‘Broad Leaf were the
least saffected varieties at the first count, and remnained
tolerant two weeks lnter.IOnly the latter two verieties
remained tolerant one month after the first count.

Discussion of results.

None of the varieties tested showed absclute resistsnce.
Certain varieties, however, shoved tolerance towarde attack

by A. longipes. Tolerance appeared to vary within a variety

according to the physiological conditien of the leaf. The

two series of infection estimates 2and the finsal obeervations

-
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served to show how varicties resct &) at the ripening
stage, b) when overripe, ¢) in the stage of decline.

Tolerence to infection l.e. sbeence of serious leaf
wilt end collapse of the infected ares was more marked
in the first stage. At the stage of overripeness, varieties
were not so readily distinguishable from one snother, all
being highly susceptible to the fungus at this tinme.

Thie is in accord with Hopkine (12) observations of the
change in susceptibility of tobacco to A. longipes with
age.

" Varieties showing the meximum tolerance were most
noticeable in the stege of deeline; Tolerence wes
exhibited here by the retention of the tops and in some
cases the middle leaf. These leaves were all bedly
spotted but had not been completely inveded as in the
case of the highly susceptidble verieties.

Resulte of the four experimente sre represented
graphgcally in Figs. 4 &, b, ¢, & where changes of
eusceptibility with sge are mére readily discernible.
Effect of soll typee.

The behaviour of vaerieties was not always found to be
consistent from one experiment to snother. Differences in
the order of susceptibility or of tolerasnce were attributed
to soil differences. The prevailing wind might also

heve had the effect of increasing the inoculum on some
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strips end redueing it on others thus putting 2 bias
on certain varieties. This oxglluttion war ruled out
as the inoculum was well dietridbuted over the soil
surface on all variety strips.

Chenge in the order of susceptibility was particularly
marked at Romsey. Bonanga was found to be tolerent in
this experiment, while it wes moderately to highly
susceptible in the other three experiments and was highly
suscenptible in the greenhouse.

Harrison's Speciesl was the most consistent variety
over the four experiments. This variety exhibited the
greatest degree of tolerance at three ferms, while at the
fourth it wae moderately tolerant.

It is of interest to compere here the four commonly~-
grown varieties in their é¢rder of suseceptidbility over the
four farms. The figures obtrined in the greenhouse
experiment are 2leo included ( Table XIV.). The order of
susceptibility was found to be rolatively constant and
was broken only by the results from Kyogle and minor
shifte.

Table XIV. overleaf.
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Table XIV. Order of susceptibility of standard todbaceo
(Tet. counts)

varieties.

Greenhouse S8in.Cit.Eet.

Romsey

Kyogle

Dundremnan

Jamalca ¥r. White Stem Or. Yhite Stem Bonanzas

¥hite Stem Jamalce ¥r.

¥illow Leaf Vvillow Leaf  Villow

Bonenga Bonanga

L.

Baonanga

Jamaica ¥r.Jamaica
thite St.
¥illow L.

Yhite Stem Or.
¥illow Leaf
Jamaicse VWr.

Bonansza.

To eliminate to & certain extent the differences over

the four soil types, the arithﬁeti. meens O0f the first and

second counts were determined for the four experiments.

Figures are given in Table XV.

Teble XV. Infection indices - means of 4 experiments.

Variety Means
let.count 2nd,.count
Bonanga 25.92 67.37
Fhite Stem Orinoco 20.32 62.00
¥illo¥ Leaf 26.27 T7.67
Jamaica ¥rapper 22.75 Th .32
c.7. 23.20 70.75
Oxford 26 30.20 81.07
Harrison's Bpecial 21.2% 65.87
Yellow Memmoth 20.87 79570
Gold Dellar 27.80 81.77
Broad Leaf 15.17 67.05
Special 40O 16.66 64 .32
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The effect of age on the infection index is very
clear here. All varieties were highly susceptible at the
time of the second counts. :

Tolerant verieties over all farme were: Vhite Stem

Orinoco, Special 400, Broad Leaf and Herrieson's Specieal.

Practical implications of varieties tolerant to A. longipes.

From a practicel point of view, it would suffice for
vaerieties to exhibit tolerance as far as the ripening stage,
Bince reaping prégreases from this time forward. This
would allow of the use of a wider range of varieties than
if they were considered on the basie of tolerance in the
stage of decline. Those varieties tolerant in the stege of
decline are naturally the more resistant typee.

Varieties considered here may be broadly divided into
two groupe, 2) narrov to medium leaf types, and b) dbroad
leaf typee. The former group compriees the four standard
varieties, Yellow Mammoth, C.7 end Gold Dollar. The
remeining verleties fall in the latter group, although
Oxford 26 ie of & complex nature and does not properly
fit here.

Of the narrow leaf group, C.7 showed a ¢ertsain
messure of tolerance at three farms in the ripening stege.
Over all ferms, however, the only variety in this group
that showed tolerance in the overripe stage was Vhite
Etem Orinoco.

The broed leaf group contains the three verieties that
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exhibited marked tolerance to A. longipes even in the
stege of decline, namely Harrison's Specisl, Broad Lesf
and Special 4OO.

The dbroed leaf types are characterised by the width of
~leaf, upright habit of the leaves and the decidedly
yellow cast in the leaf colour. The daerk green colour
indicative of excess nitrogen on the heavy soils showed
resdily on the standard varieties but not on the dbroad
leaf types. The nature of the resistenee shown by some
of these varieties is not knovn dut they are cleﬁrly
better suited to the nutrient of heavy soils than are

the etandard types.

IV. THE OVERVINTERING OF ALTERNARIA LOEGIPES.

An important factor in the control of brown spot 1is
the occurrence of the diagase in successive seasons.

There are four possidilities to be considered here:
a) the fungus survives in the soil as a saprophyte
during the winter, b) 1t existse in eome form of resting
stage on tobacco debris from an infected erop, e) wila
hoet plants are present on which the fungus continues
existence overvinter, d) 1t overwinters on todaceo seéd.
All four aepects of the prodlem are considered here, the

former two being treated Jointly.
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1. Survivel in the soil on tohaceo dedris, snd in st.
a) 1948/49 season.

Disessed leaf, stalks snd sced capsules were placed in
wire geuze baskets and burled et 12 ins., 6 ins., and
3 ins., in six types of soil. Along with the dburied
meterial, baskets contsining similar materiel were'left
on the soil surfsce.

The material was put down on the 9th. and 10th. May
1949 and recovered on the 30th. September 1949 before
the commencement of the rainy season.

In order to determine the survival or otherwise of

Alternaria spores or mycelium in compost, a heap was made

on the 6th. July 1949 end diseased stalks were placed in
the ecentre. The heap was watered and turned as required amd
the stslks were recovered in part on the 3Cth. Septemdber
along with the buried material.

Exemination of material.

On recovery, the state of decomposition of the buried
material wes recorded and is shown in Teble XVI. Part of
the decomposition was in some cases due to termites. In
no case was the material completely destroyed.

Pieces of obviously diesessed meterial were placed on

corn-meal sgar to which potassium thiocyanste* had been

added to supress bacteriasl development: Alternsria

colonies ere reedily recognieed on corn-meel ager by

virtue of their colour and sporulation.

X0.1 gme. per 5 cc. agar medium
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Isolatione were replicated nine times, i.e. 3

isolations per plate, and 3 plates per sample. Results

gre recorded in Tadble XVII.

To avoid any confusion that might arise from a

direct interpretation of the Alternsria colonies

sppearing on the sger, it wag decided to place pleces
of infected debris on portions of tobacco leef in damp
chambers. Thrge pieces of leaf were used for each depth
of burial. The numbers of infections resulting after

7 days at 28° C. were counted; results ere given in

Table XVIII.

Table XVI. Decomposition of material {(portions remsining)

60'

¥arm, Surface b 12"
Sinoia Citrus , stelks
Estate. all intect stalks stalks & canB.
Dundrennan stalks & stelks gtalke stalks &

CADS. cEpB. +
lear
Romsey all intact leaf & stalke gtalks &
CapB. caps.
Govt. Farm,
rarol strlks &caps. stalke stalks stalks
Kyogle 2ll intact stalks stalks stalks
& caps.
Tob.Resg.S5tn.,
Trelawney all intaet atalks stalks stelks.




Table XVII. Alterneria isolations from debris, 1948/L9

Replicates - Surface 3" 6" 12*

e. Sinoia Citrus Estste.

1 0 0 0 0
2 1/3 2 0
3 0 0 0 0

b. Dundrennan i
g 3/3 0 0 0

2 3/3 0 0 0

3 - 2/3 0 0 0
c. Romsey '

il 2/3 0 0 0

2 0 0 0 0

3 0 0 0 0

4. Government Farm, Karoi.

1 0. 0 0
2 1/3 o e
3 2/3 O M 0 0
é¢. Xyogle
1 1/3 0 : 0
2 ~ 3/3 Y 0
3 2/3 0 0
‘ f. Tobacco Res. Stn., Trelswney.
1 ) 0 0 0
- Y3 o o 0

1/3 0 0 0
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There were no isolations from stalks buried in compost.

Table XVIII. Check inoculations to tobacco.

Farm Surface 3" e" 12"

Sinoia Citrus

Estate. ++3/3 +3/3 nil nil
Dundrennan +1/3 nil nil nil
Romsey +++3/3 nil ; nil . nil
Covt. Parm, | : '

Karoi.. +1/3 nil nil _ nil
Kyogle +1/3 nil nil nil

Tobscco Res. 8Stn.,
Trelawney. +1/32 nil nil nil

\

Discuséion of results.

Alternaria longipes did not survive burial in the soil

or composting. Isoletions from material left on the soll
surface, however, were positive in & high percentage ~f
cases. Results of positive isolations were confirmed in
their pathogenicity to tobaceco.

The soils, though differing widely in texture and
appearsnce, did not give rise to any differgnces in their

capacity for elimination of.Alternarii.

Theoretieceally, it would seem safe to plough in infected
stelks and leaves, provided thet none df the materiel wase

left on the surface.
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Compost could sefely be mede from infected stalks,
precautions being taeken to ensure thorough decomposition.
Results confirm those ofafiaaale & Wadkins (19)
who found the fungus wrs eliminated by buriel in the

soil but remained viable euapen&ed ebove the ground.

" b3} 1949/50 season.

In view of the close agreement between the various
experiments in the 1948/49 sesson, it was decided to
- reduce the number of experimente to three, and to change .

the depthe of dburial. As there was complete elimination
“of the fungus at 3" depth in the 1948/L4L9 season, meterisl
was buried in wire geuze baskets st 1", 2" and 3". Only
stal:s were used. Material was also left on the soil
eurface as in previous experiments.

Surficient samples were buried to enable them to bde
taken monthly to detcrmine the time neceesary for the
elimination of Alternaria. ¥sterial was buried on the
5th. and 6th. May 1950 and recovered monthly until Septembder.

Exemination was carried out es previously described.

Results sre given in Teble XIX.
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Table XIX. Altcrnaris isolations from Rebris 1949/50

.1“

Time of burisl Surface - 3"
& place. il S :

1 month
Sinoie Citrus Eet, 3/3 3/3 3/3 3
Romsey 3/3 33 /3 1/3
Kyogle 3/3 3/3 3/3 2/3
2 months
Sinois Citrus Est. 3/3 33 2/3 Y
Romsey 3/3 2/3 0 Y
Kyogie 3/3 3/3 2/3 0
3 months. .

 Sinoia Citrus Est. 3/3 '3/3 1/3 1/3
Romsey 2/3 1/3 0 Y
Kyogle 3/3 2/3 3/3 3/3
4 months |
8inoie Citrus Enfq 3/3 3/3 Y 0
Romsey 3/3 0 s} 0
Kyogle 3/3 0 0 0

All colonies were interpreted directly on the appearhnce

of the sporcs: no inocculations were made as in-the- prevtous

experiments.

Results confirmed those of the previous season in that
infected material left on the soil surface retained the

fangus in viable form overwinter.
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Burial at a depth of 3" seemed to be necessary to
eliminate the fungus; even at this depth, however,
oceesional isolations vwere made in the third month
after burisl. :

Pever isolatione were made with increasing time of
burial, thue potential inoculum would be reduced dy
early bgrial (ploughing under) snd late preperation of
lands vhich had carried an infected crop.

There wes a suggestion of soil difference influencing

the rate of elimination of Alterneria et Romsey where

burial at a depth of 2" eliminated the fungus after

two monthe.

e) Greenhouse experiment, 1949.

The chances of survivel of Alternaris longipes in the

field, under the dry conditions of winter, might be
considersbly greater than under molst eﬁnditions. It was
therefore decided to determine the survivel of the fungus
in three widely different typee of so0il under various
moisture conditions.

Badly infected materigl was left on the surfece of pots
containing the solls snd slso buried in the soils. Pots
were treated as follows: 1) not watered, 2) watered
weekly, 3) watered every 14 days. The total number of
treatmente was 18 1.e. 3 goile, 3 rates of moisture, eand
either left on the surface or dburied. Treatments were

continued for 4 months.
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Isolations were made on corm-meal agar as in the
field experiments. Resulte of plate inoculations
are shown in Table XX. There were nine repliecations
per treatments.

Teble XX. Survivel of A. longipes under different
moisture sonditicnn. '

No water % an veter, 1L deys.
Surface Buried Surface Buried Surface Buried
2/3 0 2/3 0 2/3 0
0 0 T 3/3 0 T 1/3 0
0 0 - 2/3 9 - 1/3 0
Ve SIS T I V3 o 2/3 1/3
0 0 R 0 -0 R o 0
0 0 0 : 0 o 0
e 0 1/3 1/3 3/3 1/3
0 0 K 2/3 ) kK 13 0

o 0 o) e} 1/3 0

Bolls from: T - Tobaceo Research Station, Trelawney.
R = Romgsey Farm, Sinoia.
K - Kyogle Farm, Karoi.

In sccordance with expedtatiom, watered pota with
buried material did not show s higher number of isolations
than unwatered. Except in one case, the dburied material
in those pots receiving no water geve negative results,
similarly in the pots watered weskly. It wonld be

‘expected that antegonistic organisms would be more active
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under moist conditions but there sppesred to be little
difference in their activity under the conditions of
the experiment.

Vatering of infected material lying on the soil
surface in pots produced sn increase in the number of
isolatione over non-watered npots. The fungus,therefore,
continued to grow seprophytically under these conditions.

As in the field burial experlméntn, there was no

marked difference in the behaviour of the soil types.

2. The occurrence of wild host nlents.

At’leest four weeds belonging to the Solanacese and

common in the tobacco-growing areas of Rhodesia have

spotting of & typé similar to that caused by Alternarie
longipes on .tobacco. Whether A. longipes can infect

these plants is the subject of the present study. The
writer (17) found that potato, tomete, pepper (Capeicum s&p.),
Deture stramonium end Niecandra physaloides were all

slightly attacked under greenhouse $mnditions in Englend.
The latter two plents are common weeds in Rhodesle.

During the course of this work, it wes found possible
to examine & large number of inrecied wveeds. In fhe ol

mejority of the lesione examined, Alternaria spores were

found. The spores closely resembled A. longipes with

one exception; Alternaria spores found on Detura stramonium

were invarisbly learge and long-besked and are reférrnd to



A. cragsa Rands.

Sources of materisl end infection experiments.

Collections of infected material were obtained from
the Sinois end Karoli aress where brovh spot is &

serious disesse. Spore megsurements from these

collections end & compnarison with A. longipes (E11. & Ev.)
Hason are referred to in Section VII. |
Laboratory'pathogehicity tests vere carried out with
- agar inocule. Small plecee of culture were nlaced on
pieces of wsshed lesf in demp chembers. Experiments
vere replicated two or three times.
Greenhouse inoculations to the four weede were made
with & virulent culture from tobacco (T.5.8. 25).
Uninoculated controls were included with all
experimente.

Table XXI. Inoeculation of weeds with thelr respective
isolates and s tobacco isolate, O days at 28° C.

Feed Isolate No. Result of
SN S 1 o al ingeunletion IR
a : : o . . ™
Hicandra physaloides T.R.8. . 7 +1/3
11 +2/3
21 +*2/3
23 +3/3

2% ex tobscco nil

contd. overleaf.
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Table XXI. contd.

Veed Isolate No. "Result of

inoculation
Solsnum incanum T.R.5. 13 +3/3
“ S +41/3
20 +3/3
30 +3/3
38 +1/3

25 ex tobacro +2/3

e s 4

Solsnum nandurseforme T.R.8. 27 ++42/3
29 +2/3
37 ; ++3/3

25 ex tobaceo +%/3

Resulte in Table XXI shov that isolates from the

weede Nicsndra physsloides, Solenum inceanum end Solanum

pandurgseforme were actuslly pethogenic to these plants.

Owing to non-availgbility of materisl, it was not

possible to include laturs étramonium in these inocculations.

These experiments were carried out in demp chambers.
Inoculations with the tobsgco isolate (T.R.S. 25) were
positive on the two Solanum species only. Howevér,
inoculetions to growing plants in the greenhouse vere
‘positive {g all four weeds. Isoletion from dhis e sipas

end reinoculation to tobascco wes positive in every case.
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Regults of greenhouse inoculations esre given in Table
XXI1II snd notes on the appeerance of lesions produced

by A. longipes on the veeds are appended below.

Teble XXII. Inoculation of weeds in the greenhousc
with a tobacco isolate. 1B%- » - 10 deys.

VeedX Inoculated Control
Nicendra physsloides +3/4 3 nil
Solanum incanum +6/8 : 6 nil
Solsnum nandurseforue +2/5 6 nil
Datura stramonium +3/3 + 2/3 vordering
inoculated.
Tobacco cheeck +1/1

X Plsnts reised from seed treated with 1/1600 silver nitrate.

Notes on the sppearsrce of lesions on imoculated weeds.

N. physsloides 8pots nearly cireular, light brown at
centre with dark border. On mature leaves
only. Yellow halo produced arournd some
lesions. No stem ettack.

8. incanum 8pots derk brown, irreguler in outline due
to venation of leavee. Yellow halc intense
around lesions. No stem atteck.

S. pendurseforme Spots light brown, circular, confined to
. declining leaves. Yellovr halo not
pronounced and present around sore lesions
only. No stem attack.

D. stremonium Spots nearly eireular, very pale, almost
white at centre with darker margin; large
and numerous. Comparing lesions with those
produced by A. crasse in spontaneous
attacks, the latter appeared to be much
derker sand mors zonate.
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Table XXI1I. Inoculation of detached tobaeco leaves

¥ith isolates from weeds.

Feed Isolate Inoculations.
No. In leb. Tncubetor et 289 C. ,
19/7- 25/7- 10/1- 22/2-
25/7/49 L/8/49 19/1/50 1/3/50
N. physaloides T.R.8 7 nil nil nil +1/2
1 11 nil +1/2 +1/3 nil
21 nil +1/2 +3/3 +1/2
23 _mi3 | mi1 . . w1 - s}
§. incenum 13 nil  +2/2 433 nil
17 nil nil nil nil
20 mil nil  +2/3 +1/3
30 all nil - +41/3 nil
38 nil +2/2 +2/3 ‘nil
€. pandurseforme 27  +1/% nil nil nil
29 nil nil +2/3 +3/3
37 nil +2/2 nil - +3/3
D. stramonium 28 nil nil nil no expt.
' +1/3 nil nil

33

no expt.

i

The first isolations from weeds were made late in the

1949 seeeson and it was not possible to carry out

inocculatione until July/August. It ie evident from 2

comparison of colwmns 3 end 4 in the table, i.e. lsab.
temperstures and incubatsr at 289 ¢. that temperature

eff%cts vere onerstive here. The very slightly positive

results with Oe pandurseforme and D. sirsmonium in
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column 1 were inexplieable.

Incubator inoculations were 1ncuna£stsnt but this
cen be at least partly aceounted for by the type of leaf
ugsed. Owing to non-availsbility, it waé not poaéible to
uge leaf of the same stage of rineness for all inoculations,
end it is well-known that physiologlcal conditions in
the leaf can profoundly affect the pathogenieity of

A. longipes for todbacco.

Resulte suggest that Alterneria spp. from three

Solenaceous weede, nmamely N. physaloides, S. incenum

end §. pandurseforme can attack tobacéo in 2 mild

degrec. Under optimal conditions, e.g. tempeyature and
humidity and ripenese of leaf, atteck would probably be
more virulent.

Experimentel conditione were more satisfactory in

the series of inoculations with A. longipes to the

. weeds. Thus it can be concluded that A. longipes can

; sttack four specieg in sddition to tobseco. Pathogenlicity

of the funpus to E. physsloides and D. strasmonium

reported by the writer (17) was confirmed.

-

3. Survival overwinter on the gserd.

Gulyss (8) reporte that in Rumsnis, brovn svot is a
seed-borne disease. Seed cappules are reesdily sttacked
'in Fhodesia dbut seed heade are bagged early 1& the
season, thus minimixing chasnces of -infection. All'aeed, too,

ie sterilised before sowing.
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The presence of the fungus on seed from infected
censilee wee checked by placiné serde on tobeeco lesf
in damp chembers. Typicsl brovn g ot lesions develoned
after 5 days at 280 C.

0 tert the efficlency of the standerd trestment

for seed against Alternaris longipes, two batches of

infected seced stored for one yesr were plated out on
conmmegl-agar. One batch war treated defore pleting
‘by soaking for 15 mins. in 1/1000 silver nitrate
solution and weshing in three chsnges of sterile water.
Results are given in Table XAIIV end show that secd
treatment with silver nitrate w:s highly effective

sgainst A. longivnes.

Table " "IV. Seed treatment sgainet Alternerias.

Repliecste Treated. Intreated.
ecnlonies per plate colonies ner pleate

1 nil L
2 nil 6
3 nil 6
L 1 L
5 nil 3
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Teble XXV. Effect of removal of Iagr heirs on spore

germination.
Secdlings Deys.
é. é. é.

2 wveek-old

Scraped 36.8 32.8 32.1
sniged 15.1 52.8 56.1
Control 47.0 29.6 22.2
4§ week-0ld :

Scraped 76 .0 " 37.8 4L0.0
Singed 8. 68.6 60.7
Control 30.1 36.6 27.4
8 weeak-old

Sersped 55.5 63.2 56.6
Singed 92.5 . 86.2 51.2
Control .y 32.7 25.9
Water controls' . -96 i Av b 89:6 93.1

Scraping and aingeing the leaves epprecisbly 1ncreased
the percentage spore germination. Singeling was more

~ effective than screping. Glandulaer hairs therefore
inhibited the germination of spores.

Percentage germination fell off with time of diffusipn
from the leaves; this was presumebly due to the accummlation
of the inhibitory substencee with time. The same effect was
obterved in the econtrol and treated leaves, though the

former wae uwore pronounced than the latter., It vwas
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concluded thet in the treated leaves this effect was due
to diffusion of inhibitory substances from glandular
‘hairs not removed by the trestuents.

The'inhibitory effect of the lezf diffusates on
spore gemination fell off with the age of the secdlings.
Thie would be arcounted for by the relatively smeller
concentration of hairs per unit ares on the older
ee~dlings, dbut reduced or changed activity of the
glqnds may also have been responsible. Bentley & tolf (3)
state thet the period of meximum activity of the glands
of oriental tobeccos is at present & controversial
matter. They themseclves, maintein that maximum activity
coincides vith the ripening stage of the leaf. If this
ie the cese, it would seem thet either the content of
the excretion becores changed or that the density of the
hairs o» mature leaf outweighs the cepacity for excretion:
it is now well established that tobacco becomes
increasingly esusceptible to A. longipes vith sage.

Effect of removal of glanduler hairs on the susceptibility
of seedlings to infection.

Drops of epore suspension of A. lpngiges vere nlaced
on marked sreasg of seedling leeves of three eges treated
88 previonely. There were gix replicastions of esnch
treatment. Contro's coneisted of lesves not scraped or
einged. The leavee were incubated in damr chambers for
teo days at 28° C. and subseguently examined for

penetration by germ-tubes of the fungus. Preparstion of
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it vas in einged leaveg that maxiQHm infection occurred.
It can de concluded that the glanduler heirs were partly,

_at least, responsible for reeistence in seedlings.

2. Seedling resistance in 11 varieties.

Spore germination tests were cerried out in the
menner previously described. Drops of water were taken
from the leeves of 6 week-0ld seedlings after 3 days in
sita. The experiment was repliéated threc times. Reemlts

are shown in Table XXVIY. g *

Teble XXVII. Seedling resist:nce im 11 vsrieties.

3

Variety % germination.
Bonsnza 30.8
¥hite Etem Orimoco. : 29.2
¥illow Leef ‘ : 30.1
Jameica ¥Vrapper ; 50.0
< Fr FUES 50,0
Oxford 26 | 3.2
Harrison's épecial 37.1
Yellow Memmoth Lo.3
. Gold Dollar : 35 <l
Broad Leaf | 36.3
Bpecial LOO : 39.3

¥Yater control 76.5

v - - = -
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Varieties tested reacted very similarly. White Stem
Orinoeco pfoduced the lowvest percentege spore germination
end Jemaice ¥rapper and C.7 the highest.

Results were not related in sny way to the order of
susceptibility of the 11 varieties in the mature stege.

Various factors might be responsible for the differences
observed here; smong other things, differences in density

of the leaf heire in different verieties. No heir counte
were made, however: Bentley & ¥olf have found that for

oriental tobacecos verieties differ widely in the density

of the hair ﬁopulation, (3).

VI. TOXIC PACTORS PRODUCED BY A. LORGIPES IN CULTURE.

The effects of A. longipes on tobseco leaf as shown

by the production of a yellow halo sround the lesions
are presumgbly due to the formation of a toxin. The
toxic substance or substances may result from the growth
of the fungus on the substrate, from the release of

some toxic material by the host it-self or from the
breakdown of fungal tissue. The following is an account
of experiments relating to the production of & toxin

in artificial culture and its possible eignificance in

the etiology of brown spot.

1. Pormation of & toxin in artificial eulture.

A virulent isolate of A. longipes was growvn on the

following media for two weeks at 28° C. :
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Richard'e solution® filtrate produced the strongest
reaction, poth vhen rcots were immersed in the riltréte
end uﬁen leaves were punctured. Rubbing the filtrates
into the leef did not produce much reaction. All the
controls immersed in uninoculated medie wilted slightly,
presimebly due to oamosis..No reaction wvas noted in the
controls immersed in water. |

It vas thought that a stronger leaf reasction might
be obteined by introducing filtrates into the vescular
system of the seedlings by means of & hypodermic syringe.
The needle was inserted into the midrid of a leaf in
eech cese 2nd & smell smount of the filtrate injected.
Controle'coneisted of 8 leal on the same ecedling
injected with sterile distilled water. There were five
replication; of each treatment. Remults were read after
tvo days at room temperature and appesr in Tsble XXIX.
Teble XXIX. Injection of seedlings with filtrates.

Medium Injected Control
Richard's solution glight necroeis & no reesction.
: merked yellowing.
Tobacco extrset very faint yellowing. no resction.

X Richerd's solution has the following composition:
Suerose 50 gms., KN03 10 gms., XH,PO, 5 gms.,
Mgsﬂh 2.5 gms., Fe013 trace, %ater 1000 cec.
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Reactions vere not merkedly more intense wvhen filtrstes
vere injected than rerctions produced by other methods
degcribed. The most satisfactory resction, end one
permitting of expreseion in figuree wss the wilt obtained
by immersion of seedling roots. All further experimente
were carried out using this method. Seedlings were scored
for vilt intensity es followe: O, no wilting, 10, wilting
at leaf tips, 20, wilting half-way down leef, 30, wilting
of 8ll leaves except those et the hpd, 4O, total collapee
of seedliﬁgs. The period of immersion was two days.

2. Effect of time on toxin production.

Twenty-four flasks containing 50 cc. Richard's solution

each were inoculated with & small plug of A. longipes

culture from corn-weal ager snd incubsted et 28° C.
Every two deys, the mycelium wae filtered from three
flaske, dried end weighed, while the filtrates were
agrayed for toxin production with well-wegshed 8 week-old
seedlings by the method described. Results gre given in
Table XXX. snd illustrated grasphicsally in Pig. 5.
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inoculated vith & culture of A. longipes and incubated

for 14 days st 28° C., room temperature (18° - 200C.),
end 4° C. The filtrate8 were sesayed for toxin production
ueing 8 week-old seedlings. There were three replicetes

at each temperature. Results are given in Table XXXI.

4

Table XXXI. Effect of 3 temperatures on_toxin produetion.

Tempersture " ¥esn ¥ilt Score.
28° c. ; 40.0
18%- 200 c. 33,3
4° . 0
controls (uninoeulated' s}
medium)

Toxin was formed in grestest conecentration at the
high temperature. Although s certein amount of mycelisl
grovth occurred st 4° C., no toxin wvas formed at thie

temperature.

pH
Fleske conteining 20 ec. Richard's solution were
autoclaved, titrated to pH's 3, 4, 5, 6, 7, 8, 9, using
the indicator method, snd re-sutoclaved. After inoculation
with A. longipes, they were incubated at 28° C. for 1
deys. There vere three replications of esch pH. Mean wilt
scoree of the filtrates vere determined using 8 week-old

secdlings, and appear in Teble XXXII.
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Teble XXXII. Effect of pH of the medium on toxin production.

pH. Mesan ¥ilt Score.

3 13.3

13 13.3

5 13.3

6 20,0

7 16.6

8 13.3

9 - 33
econtrols (uninoculsted medium at ¢
esch pH) 0

Toxin wae rormgd over a wide range of pH. The greatest
econcentration was formed at pH 6. Alkalinity reduced
~ the amount of toxin formed. '
Constituents of the medium.

Richard's solution was prepared omitting,éaéh of
the following in turm: suger, nitrogen, phosphorus,
potassium. Controls consisted of the complete medium.
Hedla were inoculsted with A. longipes and incubated
for 1 deys at 28° C. There were nine replicates of
each treatment. Filtratee wvere ansayed_for toxin
production with & week-old secedlings. Resnlts sre giién
in Teble XXXIII.
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Table XXXIII. Rffect of omission of the principal elements
on_toxin produetion.

Solution ¥Yean ¥ilt Seore.

Richard's sclution 30.0
Richard's soiution ~ gugar ; 10.0
" " - N i 3.3
" . ~P 5.5
" " - X | 10.0

Omission of any one of the principal elements reduced
the amount of toxin formed. Absgence of nitrogen and
phosphorue reduced concentration more then d4id sbeence

of sugar or potessium,

Concentration of main constituents of the medium.

lLodified Richard's solution was prepared with varying
contents of nitrogen, phosphorus, potassium end sugar.
In the nitrogen series, xues was omitted snd replaced by
NQNDB to evoid changing the K concentration. Similarly
in the potaseium series, NeNO, was substituted for KNO,
and varying smounts of,lzsoh‘were added. The phosphorus
series waes made up with NIBOB end xzsoh plus varying
amounte of ﬁazﬂPOh. There were five concentrations in
each series, sach concentration being replicated three
times. Wedis were inoculated witﬁ A. longipes and
incubated for 1li deys at 28° C. Piltrates were asesayed
Tor toxin production with 8 week-old seedlings. Yean

wilt scores sre given in Teble XXXIV.
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Table XXXIV. Efg%g& of eeﬁcen&ggtion of mein constituents
o um, . ‘

Yedium Hean ¥ilt Score Controls
(uninoc.medium)

Hodified R.5. + NBN031 o

30.0
2.0% ' 10.0
4.0% 26.6
g.o%‘ 16.6 . slight wilt
.06 - 133 elight wilt_
Nodified R.S. + ngzapo&5% o
1.0 13.3
. 2.0% 30.0
L .0% 26.6 slight wilt
8.0% 300 . ~slipht wil{
bodified R.S. + K80y P> %
1.0% 36.6
2.0% 26.6
L.O% 26.6
8.0% L 10.0 -~ slight wilt
Fodified R.é. + sucrogfog 26.8
10.0% 13.3
1550% 20.0
20.0% 20.0

25 .04 20.0
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Toxin was formed at ell concentrations of the chemicals
used. Potency was reduced, &) by increase in nitrogen
concentration, d) by increase in potaseium concentration.
Potency of the filtrate vas largely unaffected by the
concentretion of phosphorug end sucrose. A result not
8o fer explained wes the drop in potency observed at
1.09 NazﬁPGh, 2.0% !aﬂﬂ; and 10.0% sucrose, with @
subsecuent rige at higher concentrations.

4. Effect of heat on toxin.

Three portions of filtrete from lh-day cultures on
Richerd'e solution were drought to doiling point for
5 mine and then cooled. Assay of toxin poteney wes
carried out with B.Ueek-old seedlings. Controls
consisted of unheated filtrate.

The heated filtrate gave 8 mean wilt score of 13.3,
while the unhested gave a score of 20.0. Boiling
resulted in only & slight reduction in potency, therefore

it vee concluded that the toxin is not an enzyme.

5. Souree of toxin.

Having established that a toxin is formed by A. longipes

end diffused into the culture medium, it wes decided to
test the mycelium itself for the presence of toxie
substances.

The mat formed after 14 days growth of the fungus on
250 cc. Richsid'se soluitou wes thoroughly washed in
sterile distilled water to remove adhering culture fluid,

and macerated in s mortar. Fxtract was mede with sterile
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distilled water and filtered through sterile eotton wool,
The resulting fluid was tested for toxin at three
dilutions with 8 week-0ld seedlings. There were five
replicetee of esch dilution. Mean wilt scores are

given in Teble XXXV.

Teble XXXV. Effect of mycelial extract on tobscco seedlings.

Extract Mesn Wilt Score.
1 inl 10.0

l1in 2 nil

l1ing _ nil

Wilt was almost negligible in two replicates of the
undiluted extracts snd moderaté in the ot@er three.
Dilution of the extracts resulted in no wiit. It is
probeble that wilting in the undiluta& extract was due
. to oemotic csuses &nd that no toxic orinciple was

pregent in the mycelium,

6. Attempte to antidote toxin.

There are numerous references in the literature to
attempte to entidote fungal toxins. Zentmyer (20) used
8 number of organic chemicals sgeinst the toxin forued

by Cerstostomella ulmi causing the Dutch Elm disease.

Amonget these, he tried hydroquinone end 8-hydroxy-
quinoline sulphsate.
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Hydroquinone, hydroxyquinoline end sslicylic acid
were tried by the vriter for antidoting properties to

Alternaria longipes toxin. Seedling roots were immersed

in 5 ce. Richard's solution culture filtrates to which

2 ec. of ZL solutions of tﬁe chemicals were sdded. Controls
consisted of 5 co. sterile water plus 2 cc. of the
solutions end Richard's solution filtrete to which there
was no addition. The solutions were aessayed fér toxin
potency with 8 week-0ld seedlings. Results are given

in Teble XXXVI and &re the means of five replicates.

Table XXXVI. BEffect of érggnie chemicales on toxin potenecy.

Solution - Meen ¥ilt Score & Remarks.
R.8. + hydroxyguinbdline 14.0
Vater + " i 0
R.8. + hydroguinone Seedlings badly dameged by
L chemical.
Fater + " " w @ "
R.S. + selicylic acid 36.0
Vater + " " Seedlings slightly scorched

Richard® soclution
control. ’ 36.0

Both hydroquinone snd salieylic acid were toxic to
the seedlings. Nelther appeared to depress the potency
of the toxin. Hydroxyquinoline wes non-toxic and gave
2 considerable reduction in the potency of toxin as

compared with the Richard's solution control.
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Discussion of results.

There is no precise way of determining the
relationship that existe, if any, detween toxin
produeed in eulture snd the effects 'at s distance’

in the host.

It ie of interest to compare the effect of some of
the environmental factors on toxin produnction with
eimilar effe~ts on the diseese in tobacco. Both the -
toxin end the disesse ére mere ‘active' at high ;
temperatures (28°2 - 30° C.) Both are inhibited by high
N and high K concentrations. In contraat to this, the
disease is reduced iniintenaity by high P concentrations
whereas P had 1little effect on toxin production in
culture.

Toxins have been reported in other Alternaria species,

particularly A. solani. Thomas (18) states thsat

Yhiprle has reported the production of a toxin in

tomato seedlings sttecked by A. solani. The effects 'at

e distence' descrided by Vhipple are very similar to
those resulting from infection of tobacco ﬁy A. longipes,

and it is 2 ressonedle conclusion that a related toxin
is formed by A. longipee. Brisn et al. (5) have isolsted
an:;ntitungal end phytotoxic vrineiple from A. soleni
and suggeet that it may be significant in the etiology
of early blight of tomsto. -
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VII. THE EORPHOLOGY, VARIABILITY & PAXONOUY OF A. LONGIPES.

As hss been mentioned previously, the causal fungus
of brown spot in Rhodesia was originally described by
Hopkins (9) es Alternarie tesbacina (¥11.& Ev.) Hori.

Hopkine in 1931, (10) also described a second species
of Alternarias parasitic to tobacco which Mason (1)

determined as A. longipes (El1.& Ev.) comb. nov. Mason

says of this fungus that it is not obviocuely distinct
from A. solani. Hopkine feiled to infect either potato,

tomato or Daturs stremonium with this isolete 8nd

therefore concluded thet it vas neither A. solsni nor
A, crecssa.
The type of spore resembling A. solsni hss been

encountered by Hopkins (12) from time to time since

1931 end he suggeste thet ss the genus Al ternaria is

80 varigble &s to size &nd shape of spores, the
possibllity existe t at one especiee may cover the renge
of what has been described as two specice. Hopkine
etreseger the importence of knowing whether one sp two

epecies of Alternaris parassitic on tobacco exist as the

spores of the A. soleni type are indistinguiehable
from that species on potato, and from A. crasss on

Deture stremonium: these plants may therefore be

additionel hosts.
During the course of the lsst two years, it has been
possible to exsmine a large number of iesolstes of

Alternaria from tobescco and other Solenesceous plants
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together with infected leaf materisl. The following
account is sn attempt to clerify the taxonomic and
pathogenic relations of A. longipes in ihe light of
these examinstions.

Methods.

S8pore messurements were made in lacto-rhenol under
2 45:1 objective and & x6 micrometer eyepiece with
divisions of 3.3 p . The tébe length was set at 170 mm.,
A mechanical stege ensbled the field to be changed so
as to dring fresh sporee within view.

Portions of leaf tissue were mounted in lacto-phenol,
eovered with a gleee 6lip and warmed gently over e
spirit lsmp to exmel air bubbles. The leaf wae then
examined directly. Fifty srores were messured for
each sample. ‘

Cultures were grown for two months from hyphsl-tip
transfers at 28° C. on Difco corn-meal ager slopes.
Portione of cultures were removed for spore messurement
arnd mounted under & cover slip in lacto-phenol. One
hundred Bpores were messured for each sample.

Fpur mersurements were teken on every srore; lengtih
of the spore body, length of the beak, if any, width,
and the number end diyeeiion of septetions. -«

As & ggneral rule, the spore dody could be gquite
‘eapily differentiated from the besk, es the former was
of a dark brown colour while the latter wse invariably

hyaline. Septetion was easily determined, except in old
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spores where secondary walls obscured the primary
septationse.
1. Morthology and varistions.

¥orphology of spores - tobacco isolstes.
8ix of eleven isoletes of A. longipes from

tobacco were chosen seshoving meaximum variebility

ir size. Tebles XXXVII, X¥XVIII, and XXXIX show the

. pereenthge distribution of spores from the host snd
cultures as to length, width snd septation. Pigures
in the tebles are given fof convenience in micrometer
divieione, each division being egual to 3.3 Be

Overall variastion was much greater on the host then
in culture; spore size was generally smeller in culture.

Percentage distribution curves for six isolstesr
combined sre shown in Fig. 6, &, b, ¢, 4,e.

The width of the spores was a very c¢onstant factom,
particularly on the host, being between 9.9 snd 16.5 n.
As opposed to length, width wss more varieble in
culture, being between 6.6 and 15.8 p.

The length of the spore body, excluding the beak,
vas faund to be more constent than wvhen the beak was
included. Figures in the tables are given for spore

body and besk seperately.



Teble XXXVII.

Parcentg§g ngip )
epk - on e host.

distridution A. 1o

and length o

ipes spores ss to length, width,

Hicrometer divs.

L

9 (10

11

12

13

14

15

16|

17 118

19

21

22

T.R.B.4

length
width
length besk

62

6|16

hE

18

20

12
1

10

17

17

T.R.8, 25

length
width
length deak

1L

20

L2

22
10

1k

T.R.8.26

length
width
length besk

60

N

10

10 |44y

20

22

10

T.R.8.31

length
width
length beak

30

22

10

14 |12

36
10

12

T.R.832

length
width
length beek

2k

66

10

2L
10 | 8

16

10
18

14

28
6

4

10 2
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contd.

overleaf
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Fadhe WVidavu s

Micrometer dive., O |1 |2 | 3| 4| 5|/ 6/7/8| 91011 |12 13 (14 |15 (16 |17 |18 |19 | 20
£.R.8.36

length 2114 8|24 |20 | 8|18 | 4 | 2

width 70! 30

length besk 2| 8| 8 10 26/10 14 6 2| 6

Table XXXVIII. Percentage distribution of A. longi

gga‘fqugf of beak - cul

cultures.

pee spores as to length, width,

Micrometer divs.

1

2

3

L

5| 6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

T.R.8, 4

length
width
length besk

2l

10

52

25

13

15

12

T.R.8. 25

length
width
length besk

57

25/ 6

56

2t

&2omN

39

32

T.R.8. 26

length
width
length beak

L8

33

19

15

contd.

overlesf.



Table XXXVIII.

contd.

Micrometer dive.

10

11

12

13

1h

15

16

17

18

19

20

T.R.8. 31.

length
width
length beek

19

19

12
11

o =

12

29

13

12

11

T.R.8. 32

length
width
length beak

40

38

12

Lo

23

11

T.R.8. 36

length
width
length besk

31

L1

32

18




Teble XXXIX. Percentege distribution of spores as to septation.

Host Cul ture
Ko.Septetionsd O 1| 2( 3 4| 5/ 6/ 7 10 | Ro.Septations] O 1| 2| 3| 4| 5| 6
wB il Z.R.8. g
Trens. 181 22| 36| 24 Trane 1 14(69( 9 7
Longit. L& 42|10 Longit. 58|32 B| 2
T.-R.8. 25 T.R.8. 25
Trans. . |122| 24| 30|16 6 Trans. 26|67 7
Longit. 212842 2 2 2 Longit. 31|43 19| 7
T.R.8. 26 T.R.8, 26
Trans. 21 4| 8|22 3y4) 22 Trans. 12|78 |10
Longit. 24|36 8| 32 Longit. 23|42 32| 3
T.R.S. 21 T'R.S. g
. Trans. 4(26/28{36| 6 Trane. 10|32 (25({20(12
Longit. 28(52(18| 2 Longit. 29/28| 36| 7
T.R.8. 32 T.R.8. 32
Trans. 2110 2440 |20 Trsns. 14 (801 4| 1] 1
Longit. 36| 42|20 | 2 Longit. 21|52/ 25| 2
TIR‘S. 26 T‘R'gl 6
Trans. 8(18|26(32(16 Trans. L|6C| 8| 6] 2
Longit. 24|38 (26 (10 2 Longit. 15(50|29| 6

T
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Varistion

Teble XL shows the range of variation of six

isclates of A, longipes.

Table XL. Range of variation of A. longipes.

No. Cul ture ;

Hoet.
.

R

T.R.8. L. 16.5-36.3"x 3.3-19.8

25. 16.5-33.0 x 6.6-16.5
26. 16.5-39.6 x 6.6-19.8
3l. 23.1-49.5 x 9.9-19.8
32, 16.5-39.6 x 9.9-16.5
36. 16.5-39.6 x 6.6-16.5

19.8-59.5 x 9.9-16.5
23.1-49.5 x 9.9-13.2
19.8-49.5 x 9.9-16.5
13.2-52.8 x 9.9-16.5

33,0-56.1 x 9.9-16.5

29 07-56 01 X 13. 2"16 05

+ spore body only.

The variation in gspore size observed in leafl samples

can as such have little significance, the size and

shepe of the spores being largely dependent on the

tyre of lesf on which the fungus ves growing. The

renge of variation in cultures maintsined under similar

conditions should, however, indicate actual and real

differences between isolates. Ieclate T.R.S. 31 had e
renge in length and width of 23.1-49.5 x 9.9-19.8 n

in culture, the length being substantislly greater then

for ather isolates. 73% of the spores from T.R.8. 31

fell between 33.0 snd 42.5 p, while only 3% to 13% of

the gpores from the other five isolates fell within this



=75 -

range. A corresponding 1ner€ase in beak ighgth algo
oceurred in this isolate. 5og.or tha npures hsd a beik
range of 6.6-13.2 p, while fn,the other isoletes only
15% to 35% fell within this renge. The resemblance of
this isolate to A. solani wes quite etriking, particulsrly
a8 to shepe of aporés and the presence of a long besk.
Even theﬁlargeat spores fell outside the range of

A. solani, however.

Septation of the spores on the host end ia culture
was fairly constant. The commonest degree of trinyverle
septation on the host was from 3 to 6: the extreme
range was 2 to 8. Longitudinally, 0O to 3 septa were
the most frequent: the extreme renge was O to 7. From
24% to LBYL of the espores in rive semples were without
longitudinal aepta. However, 1n T.E.8. 25 ell the apores
vere longitudinally eeptate. In culture, the most
frequent trensverse septation wes 2 to 5, the extreme
range being 1 to 7. The moet frequent longitudinal
septations vere 0 t0 2, the extreme rsnge beling 0 to 33
isolates had 15¥ to 587 of the spores with no ;epfatiéns.

The position pegarding besks wes 1nte;ecting. Of the
eix sampleé'and isolates studied, 2% in ome 1ao}ate only
vere without beakes on the hast:'in culture, 4% to LOX
vere without besks. Five of the isolestes had from 19%
to LO¥X of non~besked spores.

Both in eulture and oa the host, the length of the
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beak covered & wide range. In culture, be:ks were
generally shorter than on the host, 3.3 to 13.2 R
being the commonest renge of variation: the extreme
renge wes O to 56 R. Beaks of the extreme length were,
however, unusual. No particulsr besk ;engthl wvere the
most frequent on the host. The renge wars very wide,
being from 0 to 72.6 p.

Comparison of A. longipes, A. solani, A.cressa snd A. tenuis.

The renge of form shown by A. longipes extends from

the A. solami type to that of A. tenuis. Hopkine {9)
states that the fungus exhibits great polymorphiesm.
It war coneidered to be of interest to compare these
epecies and also A. crases on 8 morphologicel and
taxonomiesl basls, with & view to determining the

pesition of A. longipes in the genue Alternaria.

Details of spore messurements of the foyr fungi are
given in Table XLI.

Teble XLI. A.loggtgea. A. solani, A. cressa & A. tenuis
EOTReNER : :

8pore meassurement. A.longipes A.soleni* A.erassa* A.tenuis®

2 &
Length: : . s
Renge with beek [19.8-95.7(118.5-297.0 | 128-448 13.2-33.0
» without beak |13.2-26.h4| 36.0-87.0 - 9.9-33.0
» berk 3.3-52.8| 67.5-23,4.0 - 32.3<9.9
+Hean vith beak 31.5 219.3 261 21.5
Meen without besk 26.3 60.0 = 18.5%
Mean beak 5.2 159.2 - 4.3
contd. overleaf.




Table XLI. contd.

Spore measurement A.longipes A.soleni* A.crasse* A.tenuis®

¥idth:
Range 3-3‘1908 13.5"30 oo 16-‘40 3-3“16 -5
Hean 11.9 19.8 23 8.3

X A. soleni = A. porri f.sp. solani ex tomato (Neergsard (16) )
A. crassa Rends ex Neergaard
A. tenuis - culture from Brench of Boteny & Flant Pathology,
Salisbury, ¥.R. 9164 (4).

+ Besked sporees only.

The spore meassurements of A. longipes fall between

thoee of A. solent and A. tenuis. Thoee of eultures

such es T.R.E. 25 eompared with 5;_332315, vhile those

of T.R.S. 31 approached A. solani (fable'xp). None of

the isolates discussed here gttained the size of A. solani,
ror have sgporee ag large as those deseribed by Hopkins (9)
been seer by the writer. Revertheless, the caracity to
produce larger forme such a8 T.R.S. 31 suggeste the
poceibility that on occasion spores way reach the sige

of A. solani. Neergaard (16) reports 95% to 100% besked
sporees in A. solani cultures end 60% to 987 in A. tenuils

cultures. A. longipes falls nearer A. tenuis in this

respect, having 60% to 967 beaked spores in culture.
A. crasse falle well outside the renge of the three
species alresdy discussed; and shows well-defined

differences to support the species. Neergesrd (16)
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summarises these differences ee follows: a) A. crassa
hes & longer, thicker besk then A. solani, snd the besk
never brenches, b) the sporee are considersbly lsrger
then in A. solani, ¢) A. erasea ie non-chromogenie in
culture as opposed to A. solani, aY A. cresee i
pathogenic to Daturs but ﬁot to potéto. Bh

The renge of form shown by eultufes of the four

fungi ie shown in Tsble XLII. Six isolates of A. longipes
are entered for comparison. Cultures were grown on

Difco corn-mesl ager for 7 days at 280 C.

Teble XLII. gultures of four Alternaris species compared.

o

i N Th g & I ki v ., - a1 oy ] £ &l
- J P SR U T ST S -t e e TRt e T

Crowth Characters.

"

Culture

A. lénglpee

T.R.8 .4 Slow-growing. Central portion of colonry
olive-grey to bleck. Broad mergin of white
submerged mycelium sround central portion.
Chromogenic.

T.E.58.25% Past-growing. Central portion of coleny
mouse~-grey. Brosd maryin of vhite
submerged myceliium. Non-chromogenie.

T.R.2.26 Slow-growing. Central portion of colony
brown-blsck surrounded by & band of olive-
srey. Broed margin of white rubmerged
mycelium. Chromogenie.

T.R.8.31 Moderately fast-growing. Small central
portion, olive-grey surmountedby white
aerial mycelium. Broad margin of white
submerged mycelium. Non-chromogenic.

T.R.8.32 8lov-growing. Central portion ill-defined,
grey-black. Brosd margin of white submerged
mycelium. Chromogeniec.

T.R.5.36 Very slow-growing. Colony compact, mouse-grey.
Rarrow white mergin. Chromogenie.

contd. overlesf



Table XLII. cdntd.

Fd Ty o (i % b 1oL - 5 1 - A

PR o B N T N e
Cul ture Growth charactcrl.

e S et Fepmmammes e

A. solani ‘Fhsiigrbving‘ central portion of eolony e

light brown, surmounted by tuft of white
acrial mycelium. Broad margin of white
submerged mycelium. Chromogenic.

A. eragse ?aat-groning. Largest portion of colony
mouse-grey ¥ith narrov band of white
submerged mycelium . Non-chromogenic.

A. tenuis P-at-growing. Central portion of colony
olive-byown. Narrow band of white submerged
mycelium. Nonechromogenic.

fkn~enltnxa1 cherecters of A. longipes vary wilely,

The,;ré&%h rates of different isolates, in particular,
are ohnraeteriltte of this veriation se alao are the
various aalan!ﬁ of the mycelium.

Isoletes of A. nglani and A, erassa were qﬁite-distinet

from’thope‘af'a..longipeg pringipally in respect of the

type of mycelisl gronh

The phenomnncnwut tne dittal&on of a red-carmine
pigment {n those cultnras'aeaignated ehromagquic hae
been discussed by Angell (13 and Bonde (k) with
reference to A. nolani Heargaard tlﬁ} suggests that
Bacrogggt,un,porrl Etl., ,acroqgoriam 8olani 711.& Mart.

(A. aolani) and Alternaria brtceleae Y. dsuei (Kauhn) Lindsu

Yo grenpea ﬁogcthnr as one species - A. porri (E1l. ¥
Heergeaard on,the bn,ia ol pigment production emong
bthgr‘things. Ag 2 baeie for ciassification this
would not‘hnfg;fiifactory[sinee'ﬂonﬂe {3) has ehown
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that the capscity for pigment production varies with
the strein. Also, pigment production ie not confined

to these for—e alone, e.g. A. longipes is also chromogenic.

In A. longipes, pigment rroduetion varies with the

iegolate. Certain isolstes are non-chromogenic (Teble XLII.)
It hae been found by the writer that potato-dextrose
eagar provides a more su;table medium for production of
pigment then do other gynthetic media. The inteneity
of pigment is also‘ﬁroportio;al to the temperature of
incubdbation (17); The same spplies to the pigment formed
by A. solsni. : :

The production of pigment by A. longipes suggeste a
strong affinity with the A. solpmni group, (inecl.
A. gnagellidis Rasbe & A. linicols ep. n. Neergaard,

which are both chromogenie.), ss opposed to the A. tenuis
- group which 18 non-~chromogenic.

Pathogenicity, growth rete snd chromogenicity.

Angell (1) etetes that in A. soleni, pigment production
ie proportional toc the growth rate on potsto-dextrose
egar. In A. longipes, this does not appear to be'the
cage. In isolates c«xemined by the writer, non-chromogenic
strains have been found to be more vigorous than
chromogenie snd vice-verss. Bonde (4) found no correlation
between pathogenicity of A. solani for poteto end
pigment produetion. In an experiment to determine
whether this wes the case with A. longipes, portions of
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tobecco lesf in damp chembers werc inoculated with
eix 1solstes of the fungus. Resulte sho¥n as meen
lesion dismeters after 18 deys at 28° C. are given in

Table XLIII.

Teble XLIII. Pathogenicity & Chromogenicity of A. longige-.

oy

Ieolate Pigment production Mesn lesion d;aﬁ.
4 it _T . i , o= m - o ;:t ”lu' ;‘
?.R.8. 4 chromogenic ‘ W 4
25 non-chromogenie 6.3
26 chromogenie : 11.0
3 non~chromogenic 1.8‘
.}2 chromogenic 10.0

36 ehromogenie - 2.0

e 3 3 Rt ) ok s

Gt s T "

~

Results showed thst there wae no eorrelation between
pathogenicity end chromogenleity of isolates. Different
isolates varied widely in their intensity of atteek.

Morphology of Alternaria'iaqggtes. from wild speciles
of Solanacege. e :

In viev of the positive resultis obtained in

pathogenicity tests with a number of Alternaris

isolates from wild species of Solanamcese (Sect.IV.},

1t was decided to compere the fungi with A. longipes
from tobacco on the basis of morphology. Table JLIV.
shows the range. of form in culture and on the host

of eight isolates from four weeds.
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Tedle XLIV. Ri?gg of_vig;g&ibh égfiitgruaria Spp. from weeds.

=

oy

Veed.

Culture

P

Host
>

Nicandrs

gﬁzsaioides

Solsnum
_incanum

S8olanum
panduraefomme

Dature
airamoniumr

16.5-36.3 x 9.9-23.1
26.4-46.2 x 9.9-23.1
19.8-46.2 x 9.9-19.8
13.2-33.0 x 9.9-16.5

19-8‘39p6 X 909“&’-8
19.§~35-3 x 19.8~26.4

33.0“6255 b 4 13.2r19-8
23.1-59.4 x 9.9-19.8

26.4=59.k x 9.9-16.5
36.3-89.1 x 9.9-16.5
h26.h-h9;§ x 9.9-16.5
23.1-42.9 x 9.9-16.5

23.1-39.6 x 9.9-16.5

no spores.

33.0-75.9 x 9.9-16.5

The two D. strsmonium isoletes were undoubtedly straines of

A. crarsa though the spore dimensions were- somewhat

smaller than those given by Neergeard (16). The second

of these tio isolates approsched A, longipes, in enlture,

but berks,where present, were very long, being up to

99 R Keither of these isolates wrs puthagenie‘to tobaceo

Sect. Iﬁ.). The second Si incsnum isolete scems to have

Deen.# member of the A, tenmuls group, the spores being

‘rather smaller than those of A. longipes &and having &

shorter beak.

-

Yean spore dimensione of the remeining five isoletes

are given in Table XLV., together with those of A. longipes

derived from six isolates. Figures are for spores from
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L1

copn-meel agar cultures.

Table XLV. Wead isolates and A, loncipes compared

I o

b

Spor@ measurement A.longifes Alternaris Alternsria Alternaria
ex S.ine. ex S.pand. ex N.phys.

; » * A
Length: 3 .

Renge ¥ith besk [19.8-9%5.7 | 93.1-52.8 | 19.8-42.9 | 19.8-62.7
w without besk [13.2-26.4 | 19.8-46.2 | 19.8-39.6 | 16.5-46.2

Tange beak 3.3-52.8 }.ﬂ§-15.5 9.9~19.8 | 3.3-19.8
*Hean with beek 31. | 32.0 32.4 3.6

¥ean ¥%ithout dbeskf 26.3 . 27.2 27.8 28.1

Yean deek f .2 L.8 L.6 6.5
¥idth:

Renge 3.3-19.8 9.9-19.8 9.9-13.2 | 9.9~23.1

Wean 11.9 13.0 13.5 13.5

* Besked spores only.

Mean spore measurcments were found to sgree very well

with those of A. longipes. Differences that were spparent
could readily be sccounted for through neturel veriation
of isolates. If mean spore measurements csn be accepted
as béing disgnostie, it is ressonasble to sdvance the
statement thet ' A. longipes hes & host renge covering

at least four speéies of Solsnacese, ineluding tobaeco,

and that spontrneous sttack may ocecur on Solanum inecanum,
Solsnum psndurseforme snd Nicendra physaloides.’

Sponteneous attack, as indicated by spore measurements,

has not been obeserved on Daturs stramonium but artificial
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infection has been schieved in the grecnhouse {Sect.IV.)

The occurrence of smaller then usuel spores

in the

D. stramonium isolates cannot preclude the possibility

of a mixed infection of A. longipes end A. crassa.

2. Taxonomy.

Alternerie longipes has been reported under a

number of nsmes since it was first recorded, and it

is imnortant to be eclesr as to the correct designation.

Records of the fungus under verious nemes and rﬁqgi

reported as A. longipes are given in Teble XLVI, together

with their spore dimensions.

Teble XLVI. Alternarie longipes and synonyms.

LORY

Fungus Author Spores Septation
Trens.long.
B
¥ascroegporium longipes Ellis &
E11.& Ev. n.sp. Everhart, | 40-50 x 15-20 3=-7 1-2
1892.
M. tebeeinum El1.4 Ev.189L4. 50-90 x 10-15 - -
Alternaria longipes Tiedsle &
(iTITE“Ei:T“ETcom%Z“ Fadkins 30-50 x 10-13 3-7 1-2
1931
A. tabscine (El1.2 Ev.) :
Hori. Horkine 35-50(90) x 8-15 3-7 -
1931
A. longipes (El1l.& Ev.)
Wason : ” 80-27% x 9-20 5=lD =
A. longipes {¥11.& Ev.)
TféETEE?gﬁk. Horkins 35-50(90) x 8-15 3-7 -
1939
A. longipes (Ell.& Ev.) (N
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Ellis & Everhart (6) originally described two species

of Macrosporium from tobacco in 1892; M. tebacinum (white

epeck) with spores 15-25 x 10-12 p, end larger spores
35-45 u, and ¥. longipes (brown spot) with spores

40-50 x 15~20 p. The latter agrees falrly closely
with that of Tisdele & Wadkine (19) for their species

of Alternaria assoclated with brown spot in Florida.

In 1894, Fllis & Everhart (7) again described en

Alterneria from tobacco as }., tebacinum with epores

50-90 x 10-15 p. In 1908, Hori {(13) recognised thie
fungus, dbut since the spores were formed in chains,

referred to it as Alternsriea tebacina (k11 .& &v.) n.comb. -

In 1931, Hovkins (9) described two species of

Alternaris on tobacco, namely A. tebacina with spore

dimeneions agreeing with those of Hori - 35-90 x 8-15 p,

end A. longipes with epores 80-275 x 9-20 p. Mason Q4),
three years previously, had determined'thie latter fungus
es A. longipes (Ell.& Ev.) nicomb. Mason says of the

fﬁngua that i1 ie not obviouely distinct from A. soleni
from potato. A

Coincidentally with the publication of Hopkins
measurements , there appeared two pepers by Tisdele &
vadkine (19) and Gulyas (8) on A. longipee and A. tsbecine

respectively. Hopkins (10) in 1939, stated that there
wes no'doubt that these two fungi vere identical with
that which attacks tobacco in Thodesia. Tisdele & Vadikins
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referred their fumgus to A. longipes (X11.4 ¥v.) n. comb.
besing their disgnosis on that of Ellis & Everhart (6)

for browvn spot, namely M. longipes n.ep. Sinee the spores

vere formed in chains, it was, however, necesgary to

change the name to Alternarie. Gulyss referred to his

fungus as A. tebacinum (E11.& Ev.) n. comb. basing the

diegnosis on that of EKllis & Everhart (7) of 1894,

namely M. tebacinum n. ep. Hopkins (10), teking into

account the peper of Tiddale & Vadkine decided to adopt

the binomiel A. longipes (E11.& Ev.) Tisd. & Wadk. snd

proposed to drop the nasme A. longipes (Fll.4 Ev.) Meson
ae he had not encountered the latter fungus agein
between 1931 and 1939. The combination of Hason, howvever,
wee published in 1928 and therefore has precedence over
that of Tisdele & ¥edkins of 193%1; hence, the correct
name for the fungus eaueing brown spot of tobacco 1is

Alternarie longipes (¥11.&4 Ev.) Meson.

Conclueions.

From the foregoing sccount of the morphology &and

variability of A. longipes, ;t is clear that the species
ehows a wide range of form.bThis variation is due, in
part, to the enviromment and the substrste e.g. tobacco
of different typea.rThe fungus is more constent in form
in culture, spore dimensions falling over a wide, but

Telrly well~defined range. Apert from the varistion due

to the sbove cesuses, there is an inherent varigtion

-
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betveen isolates. Vention may be mede here of the

frequent occurrence of saltations in A. longipes

cultures.

Isolstes of A. longipes show some to be of the

A. tenuis type and some epproach the A. solani type.
The affinity of the species with the A. solani group
is quite marked, purticularly in respect of the type.
of diseasse produced by the two fungl, ie. zonate leaf-
spotting with varying degrees of toxic activity
agsociated with the spotting. The‘production of pigment
in cultures also suggests relationships with A. solani.
Probebly the only criterion that can be used to
distinguish the extreme forms is pathogenicity, though -
even here certain difficulties arise. Experiments by
the writer have pointed to s wider host range of
A. longipes than has been previously been recorded, sand

potrto snd tometo meay be attgcked under srtifieciasl
conditione (17). It is true thast no virulent, natursl
ettacks hsve been observed on these hosts, nor have
isolates from them been strikingly pathogenie to
tobaceo. Passage through tobacco may be necessary to
esteblish virulence. Neergesard (16) has noted that
pescsage of A. solanl from culture through tomasto

seedlings resulted in incressed virulence.
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VIII. SUM'ARY.
Susceptibility of tobeeco in send culture was
conditioned dy the P and K*conéentrationa of
the nutrients applied. RHigh P wes more effective
than high K in reducing susceptibility. N 4id not
markedly alter suaﬁeptibility, but plants receiving
(Rﬂk)gaqh.vure more susceptible than those . receiving
RaN0, : ‘
Pield trials with fertilizers of various N:P:K
ratioe 414 not alter susceptibility. Borex applied
at four rates had no effect on the disease.
Varieties tested for susceptibility in the greenhouse
showed Harrison's 8peaia1,'and Speeial LOO to be
gome-vwhat reaiqtansy-ﬁonanza vae most severely
attacked.
Field trials indicsted thet soila*inrinqnhe the
order of susceptibility of different vaiieties:
results were not consistent from ferm to fam.
Over sll farms, ¥hite Stem Oringeo , Harrison's
Special, Broad Leaf snd Speeisl LOO were the least
suscoptible varieties.

Alternsrie longipes cen Qyzrvintei on the eoil

surface on tobecco debris. infqéied”atalki and
leaves buried in the soil geve ﬁdgative results
when isolstions were attempted efter nesrly five
moniths,

Camposting also destroyed the fungus.
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Different esmounts of moisture applied to infected
material buried in soil, in pots,did not alter
the number of isolatione from those in unwatered
soil.

A. longipes was pathogenic to at lesst four

wild Solanacecus species, snd Alternsriss

isolated from three species were pathogenic to
detached tobacco leesves in damp-chambers. This
suggests & further mesns of overwintering.

Seed trestment, ss prectised. in Rhodeaia,wée
effective in destroying the fungus on infected
seed.

Pre-peneirstion resistance in secdlings eppesrs to
be due to the glsndular leaf-heirs. Removal of hairs

ineressed the suaecptiblty of seedling leaves.

- Eleven varieties in the secdling stage, showed the

seme order of susceptibility to the fungue. Varietal
differences were not marked esnd there wss no
correlation with susceptibility of mature leaf.

A. longipes produced & toxic faetor in culture
which wilted tobacco seedlings vhen the roote were
irmersed in the éulture filtrate. Yeximum production
of toxin occurred after 12 to 14 days at 28° C. on
Richard's solution. High N end K eoncentrations

reduced poteney. Increase in sugar and P conecentrations

did not materially affect poteney, nor did heating
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the filtrate. Toxin ves formed in the absence of
N, P, K, and sugar, but in reduced smount; N and
P when sbgent were more effective gn reducing
potency than X ;nd suger.

Toxicity appeared to be due to the excretions of
the fungus, not to the mycelium,

Toxin was antidoted to some extent by hydroxy-
quinoline.

The morphology and tsxonomic relations of A. longipes

are discussed. Sporee of the fungus fall between
the A. tenuis type snd the A. solani type:
pathogenically snd physiologically, the fungue ie
releted to A. solani.

- Spore measurements'or Alternaria isolstes from

suspected wild hoets showed close similaly with

A.'longipea.
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I. HISTORICAL SURVEY

There does not appear to be any mention in the
literature a2 to when frog-eye was first reported.
It is known in practicelly every country where tobacco.
is grown, varfing in intensity with the loecality. Thus
in the 8.S.A.,the digeace is reported to bde of minor
importence, wheress in Southern Rhodegia and in perts
of Queénaland, Australia 1t causes seriocus dsmage.

Plants are first‘aﬁsceptibla in the seedling stage,
particularly if at all nitrogen deficient. Regular
spraying with a fungicide such as Bordeaux mixture will
keep the disease in check at thia stege. :

The eontrol of the diseese in the lands presents & more
difficult problem. Ko varieties have yet been observed
to be resistsnt to frog-eye, thoughwﬂcLean (4) has
found certain varieties to escape infection through
earlier ripening. The host range in Rhodesia is not
known, but in the light of evidence from the U.S.A. it
is not confined to tobacco. Johnson & Velleau (2)
obtained frog-eye infection in tobaceo with imolates from
16 species in 11 plant femilies.

Present control messures take the form of priming off
the lower leaves of plsnts defore tﬁese become infected,

end to a2 limited extent, fleld spreying.
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II. PRIMIRG EXPERIMENTS.

1. The theory and presctice of priming.

'Priming' consists in the removal of the lower
declining leaves of the tobaceo plant. In America, the
term is used synonomously with reaping, but in Rhodesip
it usually refers to disease control operstions.

Priming for disesse control is based on theoretieal
considerations which have been borne out in practice.

The essential part of the operation’is the early
removal of the lower leaves, including the seedling
leeves, before these decline and become subject to leaf-
apottiné diseases, in particular frog-eye. It hes been
establighed, both by observation snd experiment, that
frog-eye more readily attacks nitrogen deficient leaves,
and aa there 18 sn upward translocation of'nitiegun from
the lower leaves with ineressing plant sge, these leeves
are the first to become attacked. ‘

Once the lower leaves have become infected with frog-eye
snd the lesicns bear spores, raﬁid infeetion of the upper
leaves ensues.‘Very often this is not obvious in the lend
unlese the leavee are held up to the light Yhen the
light green eress of incipient infeetion hay be meen.

On incubationiin the warm atmosphere of the ecuring
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barns, however, severe black spotiing develops which
ruine the leaf. |

Priming can take various forms and ies very largely
8 matter of particular preference. At least three methods
are in common usage: a) to remove -the first three or four
leaves from the plant and destroy them by burning or
burial in the soil, b) to draw up the soil on the ridges
to cover the leaves which then decay in the moil, c¢) to
take the first reaping before the leaf is properly ripe
end cure ss best &8 possible.

The present experimentg attempt to answer two
questions in relation to priming; a) where does the
initiel infection originate which makes nriming necessary,
‘and b) what effect has priming on the yield snd cuality

of tobsacco.

2. Experiments relating to the invasion of lands by frog-eye.

The precige way in which frog-eye infects a land is
not at present completely understood. The disease csn
affect lende isoleted from growing tobscco ss shown by
¥orval (5). It would seem therefore that frog-eye primary
infection is from some source external to tobacco lands.

It is of considerable interest to know, a) whether
frog-eye is definitely windborne and that primary infection
fesults externally, and b} whether secondary infection
results from frog-eye setting in on unprimed plents and

thence apreeding to primed.
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Field experiment — Trelawney 1948/49.

The experimental area consistdd of some four ecres
of Bonanga tobacco om land used for the third time
running. Three 1/40 acre plots were marked out at each
corner as shown in the diagrem ( Pig.l ) These plots
were left unprimed while the rest of the land vss primed.

] i 1

PRIMED

s ‘ =v
l [

Fig. 1. Showing lay-out of Trelswney field experiment.

N

The treatment given the tobacco was as followss

Plented: 20/11/49
Pre-fertilized: 15/11/48 150 1b. cups 6: 12 8 mixture.
Post-fertilized: 8/1/49 160 1b. =« . "
Primed: 20/12/48

Sk

Sampling for estimation of disesse apread.

Vhole plents were tsken at random in the primed portion
and their positions merked relative to the corner plots.
Lesves were stripped from the stemg and incubsted between
sheete of absorbent pesper for five deys. Within this period
any incipient frog-eye lesions will aprzar ss black spots

similar to those developing in the curing barns.
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Pour sets of samples were taken between 12/1/49 snd
21/2/49. No spots developed on these samples during the
incubation period. These results were consistent with
the non-appearance of frog-eye in fhe corner plots at
this time.

Spore trapping.

Attempts to trap Cercospora spores falling within

the experimental area were made, using 3" x 1" mieroscope
slides coated with glycerine Jjelly and supported
horizontally under shields. Six traps vere placed
diagonally and six horigontally in the land.

The first exposures were made for a day at & time, but
88 no spores were trapped after thie period the time
wae incressed to two end fihslly three days. Slides were
examined for spores microscopically at 250 diemeters

end low light intensity since Cercospora spores are hyaline.

Results of & ore trapring vere consiastent #ith the very
low incidence of frog-eye wvhich appeared late in the
seagon in the corner plote. The maximum number of spores
trapred at any one time on 211 12 trape was 10. This
amounte to less than one svore per slide. In view of the
small number of spores caught, it ie doubtful whether
- any signifi-~ence cen be attached to the results. However,
there waes no evidence to suggest thet there were more spores
in the wvicinity of the corner plots: spores appeared at
random. It is therefore probable that the primary infection
resulted from outside sources. These may take the form of

infected tobacco debris or wild host plants.
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" Field experiment - Trelarney 1549/60

. The lay-out of the 1948/49 experiment was repeated
vith medification during the next season. The Whole
experimental erea was divided into 40 1/20 acre plots
(3'6" x 2' plenting), three plots being lef't unprimed

in each corner while the remainder of the land wes primed. .

Detelle of the experiment are given delow.

Lend? 2nd yesr tobséco.
Planted: 2L,/11/49
Pre-fertilized: 12/11/49 100 1b. cupe 6:12:8 mixture.
Post-fertilized: 14/12/49 150 1b. cupe « "
28/12/49 w = " " "
6/ 1/50 ¥ ‘w i o @
Primed: 24,/13/49 :
1&/1/59

Sempling for estimation of disease spread.

One plant from each plot was teken at rsndom on
6/1/50 and 21/1/50. Samples were incubated s previously
degcridbed: onl% corner ploéa ehowed spotting, the
remainder of the plots being guite clear. T™vo plante
from esch plot were taken on 4/2/50 end 17/2/50 with
similar’recults.

Reaping snd grading.

The tobacco was taken from the experiment in five
reepings end cured.. Feapinge 1 snd 2, 3 and 4, end 5 were
graded separately. Grading was so arrénged sr to provide
tvo classes of spotted idﬁébéb, 1ight end heavy, while

the remainder vae.elassed‘aa ¢lean.



-7._

Figures for spotted leaf were reduced to a percentsge
by multiplying class 1 spot by one snd class 2 spot by
two, dividing the sum by the total wéight per plot x 2
and multiplying by 100.
All three 'reapings ( comtined data, lst. & 2nd., 3rd.& Lth.
and 5th.) showeé there toc be e higher percentage of basrn
spot in the vicinity of unprimed plots: percentage qut
fell off away from these plots. Results are exemplified
by the diagz;ams showing percentage spot in the 3rd.& Lth.
and 5th. reapings. ( Pige 2 end 3 ).

75.9] 3348 | 22.6 [30.7 |17.6 | 21.5 [ 89.7].90.9

7!3.6 50.0 {35.1 [35.4 |26.8 | 30.3 | 28.6

u //m
S v
& 7/

88.7 39.6 ’450“ 3&02 31‘05 h0o2 2‘4'1
8861 L1.7 [41.0 |24.3 |12.2 | 37.3 | 30.7 [90<8
; %

79.6 ['93.5 |Lk.1 [32.2 |37.5 | 38.1 (B9 7 /5/

Fig. 2 Showing percentage spot in each plot,
Ird. & Lth. reepings combined.
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83,6 | 9.6 | 97.4 | 95.1| 79.6 [85.5| 95.4 | B.T

02 83.6 81 05 6}09 7705 760h 8506 68 .7\

P

7607 6&.0 9303 7h-2 880}4 7801 7506 88.1

95.6 | 93.4 | 83.5 | 82.9 | 76.6 | 85.1| 86.1 | £7.9

96.5 | 93.2 | 90.6 | 85.7| 90.0 | 98.4(100.0 | 93.5

Fig. 3 Showing percentage spot in easch plot,
5th reaping. ,

Spore trapoing.

Four stationery traps were plaee& ore 8t each corner
in the angle of the unprimed plots. A moving trap was
situated external to the land on the side of the
prevailing wind. Glycerine jelly slides were used as
in the 1948/49 experiment, but the jelly was coloured
with safranin to fasecilitate eounting the spores.

Six exposures of the slides were mede between 31/12/hL9
end 22/2/50, two days st a tinme.

The maximum numder of spores eaught at any time wes six.
A higher number of spores was always caught in the
moving trap, thus a certain smount of infectinn was
entering the land from outside. ;

There was no consistency in the numbder of epores
caught in the stationsry trépe, the number varying

from 0 to L.



Discussion of results.

Clear—cut results would not be expected with a
wind-borne disesse, thus if frog-eye is wind-borne
inconeistency in experimental results might be anticipated.

Pesulte presented here suggest that Cercospors spores

are borne by the wind from sources external to the land,
and thet primary infection is esteblished on susceptible
leaf in this way. The evidence presented ig not clear-cut
e.g. recsulte of spore trapring: this is eonsistent with
wind-borne invssion. .

sgconAary infecton appears to be the result of spread
vithin the lend from primarily infected plants. Agein,
results are not well-defined but examinstion of Figs. 2
and 3 shows thet & gradient of intensity does exist between
the high percentege of gpot in the corner plots and
across the primed'plotz.

3. Kffect of priming on yield and gquality of tobaceco.

The value of priming in field practice is still e
matter of dispute. The value to be gained from priming
can be resolved into two parts: a) the gein in good
quality clesn leaf and bB) the enhanced price resulting
from the sele of such leaf. Priming need not necessarily
result in lose in ieight per acre. An increased suprly
of nutriente becomes aveilable to 8 smaller number dr

leaves in primed plants, thus increasing their weight.



The present experiments were designed to study the
effect of priming on a) disesce incidence -~ in particular
frog-eye, b) yield and ¢) quality in terms of price per
ﬁounﬂ,ﬂpercentnge bright leaf, percentage heevy leaf etc.
The prices used were fixed and arbitrery +¢nd bear no

relation to present day market values.

a) 1948/49 Experiment - Covernment farm, Karoi.

The experiment consisted of a randomized block design
for two treatmente, primed and unprimed end each replicated
7 times. The veriety used was Bonanza snd the experiment
wag planted on land which had ca*rted one previous crop of
tobacco. Experimental plots were 1/20 acre in extent
( 3' x 3' planting ) end each plot was surrounded by two
guard rovs of prinied'tobaceo end also separated from
other experimental plots by primed plots. The design is
illustreted in Fig. 4. Previous expe:iments on effects
of priming have been'cémplicated by the junetian of primed
end unprimed tobecco. The presence of unprimed in the
immediate vieinity of ﬁrimed muat'increase the poseidility
of infection of primed tobacco from any diseased leaves on

unprimed. Guard rows and plots reduce thie possibllity.

P P P P

E xpt. €xpt.

P P u.p. | P

P P P P
Fig. L. Showing design of priming experiment - Karoi.
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The trestment given the tobacco weaes as follows:
Planted: 24/12/L8

Pre-fertilized: 1/12/L4L8 100 1b. cups 32 13 8 mixture.
Post-fertilized: 9/2/4L9 n » "

Primed: 7/2/49
18/2/L9
3/3/49

Sampling for estimation of disesse intensity.

Semples coneisting of 2 - 5 plants per plot were
taken at random at intervals dmring the growing period.
Unprimed plants were stripped of the first three leaves
and theee were discarded to make leaf numbers comparsble
with primed plantse. Remaining leaves on unprimed, and
leaves from primed -lants were incubated between sheets
of absorbent paper for five days to develop barn-type
spotting as previously described. The average number of
spote in an arbitrery circle of 38.5 eq. cms. was
calculated by counting spote within the ecircle at three
pointe on esch leaf. The results sre i1llustrated
grephically in Pig. 5.

Tvo pointe showed clearly from the grephe, a) the totsl
amount of spottiing on unprimed wee greater than that on
primed tobscco.{( This wre true of all 5 ;ets of samples-
taken), end b) epotting occurred up the plants, one to
two leaves higher on unprimed tobacco then on primed.

Comparison of ssmpling results with rainfell previaqus

to sampling by one week did not show any correlation

between amount of spot end precipitation.
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Graded tobsceo.

After curing, the tobacco from the experiment was
graded to supnly thé following informetion: ¥ barn-
spotted leaf, ¥ bright leaf, % short leaf, snd % heavy
leaf. These resultes, together with yields,'price per 1b.
.and value per acre appear in Tsblee I, II, and III.
Results were treat&ﬁ statistically by the analysis of
variance ( Aprendix 2¢) and significent differences are

included where appropriate,

Teble 1. Percentsge bsrn-spotted leaf.

Primed Unprimed

Plot No. % Spot Plot No. % Spot.
124 6.39 . 125 59.12
139 11.91 ,‘ 126 41.85
151 28.33 137 22.06
152 1.46 ‘ 138 59.09
163  11.10 150 12.65
164 14 .k “ 165 . - 15 § |
176 L4.69 177 35.74
Mean 11.19 Yean 38 .51

Stendard errors 7.35
Signifiesnt differences: 5;
. 1

16.01
22.45

e o¢
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Table II. Percentage brights, shorts, end heaviee. (Meane)

Treatment £ Brights & Shorts % Hesvy-bodied

leaf.
Pl‘imed 21.47 5.82 5.'47
Unprimed 16.12 5.38 7.68
Standard errorse: 6.11 1.7% 3.73

»

Table III, %h!d ger acre, vaslue per ggge. and price per 1b.
Heuns

a——r

Treatment Yield/acre Yield/acre Value/ scre Pri ce/‘lb »

1be. adjuested to (adjueted pence

100% stend. _ value)
Primed 491.1 690.7 £17:5:94. 6.03
Unprimed 540 .8 5.7 £17:19:94.  5.70
Stendard errors: 57.87 90.83 - 0.37

The only significant difference found wzs for percentage
spotted leaf. There was & greater psroentage of spotted
leaf from unprigxed than from primed tobacco, significant
at the 1% point.
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Although'aittdféiede were apparent for yield per
acre and price per Ib., thota were not aigniricant. In
this parttanla& axgeriment ﬂherefbrtg aatiarﬁctory
eontrol of barh-spot was,dbtainad by nriming but no

finenciel gein acerued from the prﬁctiee.

Thie experim§ﬂ£ waﬁ)é repatition-at that of the
- prbvibuk yesr. Thealni—dﬂt i@a*unchanged ai&ipt that =
the number of replicatione was. increl9i4~fr0m 7 to 10 and

the plsnting changad to 3?5?wx 2!, The tabaeea*nas treated

‘8e. followe: ! i
Planted: - 'zufli?hé :
Post-fertilized: - 1/12/49 50 1v. cups 3 13:8 mixture.'
= 16/ 1/50 » =
Primed: ‘ 29/12/1,9
) 12/ 1/50
26/ 1/50

Sampling for estimation of dicegéé,;ntensigz.

Eamples of two planta‘pef'piot were-taken ét rendom
during ihé growing period snd treeated as ﬁqtcribed previously.
Four sets of samplee were takég*in ell. Results are
11lustrated grephically 1n-rig.f§u

Less frog-eye spot sppeared than in the previéhs ‘
season but results of Lngnbatigu;eonfirmed the obaervafiona
- of the 1948/49' season, i;e. a”grénterjamnunt of,spoifing
' on unprimed then on primed tqbugcd gﬁd«a'gn;hter number

of leavee affected per pléh% on n@p:ime@fihan on primed.
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Creded tobacco.

Infomation as to ¥ barnspot, ¥ brights, € shorte and
% heavy-bodied leaf was obteined ae previously. Results,
together with those of yleld per acre, price per 1b. and

value per acre are given in Tebles IV, V and VI.

Table IV. Peréentage barn-spotted leaf.

Primed Unprived

Plot No. % 8pot | : Plot No. ¥ 8pot.
2 49.5 1 45.3
3 Uy ol 5 26.8
L LO.3 6 31.5
7 21.7 3 40.1
8 36.5 | 10 36.5
13 28.6 11 Ll.2
T 30.3 12 27.0
16 42.5 15 29.3
19 16.8 : 17 3.5

20 20.8 18 31.5

HMean 33.14L Mean 34.67
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Tsble V. Percentage brights, shorts, and heavies. (Mean)

Treatment % Brights % Shorts £ Heevy-bodied

lesf.
Primeéd : 3L.62 L.70 8.
Onprimed L2.91 3+95 J.24
Standard errors: 7.21 1.61 2.28

Significant difference: - .76 (5%)

i i

. Ed

Teble VI. Yield per sere, velue per acre, and price per 1b.

(¥esns)
‘Treatment Yield/acre Yield/eacre Velue/acre Price/1d
' 1bs. ad justed to (8d justed pence
100% stand. value)
Tnprimed 1147 .4 1322.2 £37: 1:L4. 6.72
Standard errors: 54.73 L8.38 - 0.02

Fo analysis of variasnce was required to show the non-
significance of percentage spot. The only,s}gnificant
difference found in the experiment was for percentege
heavy-bodied leaf, a higher proportion of which oceurred
in the primed plots. As in the 1948/49 experiuent, yield

per acre and price per 1lb. were not gignificant.



. Comparing the two yeers, the rnnlts ef yield and
priee per 1b. were consistent i&;betng non—ugnificmt
as also were thoae of % brights- and shorta. In the
. 19!48/219 experimmt, }the lamer lmouht af heavy-bodied
.lear ¥as in the nnprimed plot: th,ough t.hn difrannee
was not aigniﬂ.cant rmm primed' the reverse wss found
111 the 1%9/50 expertment with 5 eignirieant dirferenee.
‘ In thie particular gxperiment thererore, prim:lng |
neit,her alteroa ‘the d:lnu& pietm in a0 far as
weight of bam-:potted leaf was: mmt nor aia i¢

elter the value or the crop. :
! - £
IIT. mergmz mygé o
1. Field trial 19@&/&9
This triel consisted or o hﬁn nqam nrrcngmt

for five treamenta (1:!01. eontroi) and wes designed

primarily for testing -thriae mceat Bprays againet

Bordesux ule.um tor mtml of frog—eye apott Eaeh

treatment pl;ot ven AMM iﬁte thm 3;/&0 acre mb-ylotl
{3 x 3 planting) for At:lme ot Wmnmﬁm

" The land used had had provlmly thm cmps of tobacco

‘and had 'been fgllov one yaarh. The tnricg: planm ves Bamnta.

Treatment of Q;e tobsceo was as follows?

. Plenteds . 21/A/49. | '
/ ';Pn-ftm;uae&: 26/3;% 15@ u. ‘onpe or ﬂxm n;lxtm.
 Post-fertilimed: 5/ 2/b9 # .w. w N w )

" L M » -

28/ 2/49 =



8pray spplication.

The sprays used in this triel were as follows:

a) KyWBordeaux, _ L4~44~-50 strength.
b) “einfast Blitox, L 1bs. per 100 gals.
¢) Boots copper oxychloride
white o1l emulsion, 1l pint per 10 gals.
'd) Dithane Z-78, 3 1bs. per 100 gals. plus

-~ trace Lissapol as epreader.
The control was unsprayed. e i

All spreys were applied at the rate of 60 gsls. per
acre (1% gals. per sub-plot). Tize intervals between
spray applications were: 1 week, 10 days, and 14 dﬁyn.'
Spraying was commenced on the 25th. Jan. 1949 and
continued at the appropréate time intervals ovcr the
sub-plote till the 8th. March019h9. Sprays were applied

with knapsack sprayers throughout.

Sempling for disesase estimation.

Plante were sampled from the plots at intervals
during the growiné period up to the time of reaping.
These were exsmined for spot development_by the absorbdbent
paper technique used in the priming experiments (pege ).
At no time did any spot develop in the pepers. A small
" amount of frog—-eye sﬁotting appesred in the experiment
late in the semson and it wes decided to count the
nuxber of spotted plants per plot and calculete the
percentége. Virtually no barn;-pot appeﬁred during the

euring, hence no records were kept of greded weights

from experimental plots.



Results.

Mean number of spotted plants for each treatzent
irrespective of tine of spraying is given in Table VII,
while s~ray-time intersctions are shown in Teble VIII.
Significant differences are included where appropriate.
(Analysie of variance - Appendix 2d.)

Teble VII. Treatment mesns - € spnot, Latin sguare (mesne of

3 su otse
Ky-Bordeaux Blitox Copper oxychloride Dithene Control
4O .1,9 63%.68 61.48 . 62.53 68.21
Strndard error: 7.89

Significant difference: 17.19 (5%)

The spreys were placed in the following order of
efficiency: :
Ky-Bordeaux better than control at the 5% point.
Ey-Bordeaux better than Blitoi. Copper oxychloride
and Dithene at the 57 point.
Theré were no significant differences between meesns

fer the control, Blitox, Copper oxyehloride and Dithane.



Tedble VIII. Latin scuare re-arranged as random
ime-spray

nteraction,

ized block.
¢, gpotted plants.

, Ky-Berdesux Rainfest Blitox |Copper oxychloride Dithane Control
1lw. 10d. lhd. |1lw. 104. 144. lw. 104. 1u4. lw. 104. 144. 1w, 104. 1h4.
2L .45 36.19| 63.79 | 59.00(67.10 | 64.95 | 53.87({62.L7({68.09 | 54.54|61.98 | 67.07| 51.L0| T1.75| 81,8

Mean control:88.20

Standerd error: 9.60

Significant differences: 5% : 19.20

1%

25 .54

-20~



The spray-time interaction figuree showed significant
differences to exist between Bordesux applied weekly end
at 10-day intervals, and the mesn control at the 1% point,
alsoc between Bordeaux at weekly and 10-dey intervals, and
Bordeaux at li-day intervals (1% point). The other three
sprays vere not significantly better than the controls
at anyjtime intervels.

An interesting result wes the appearence of &
geignificant difference between the controls for time of
spraying( between 1 week and 10 days at the 5% point, and
between 1 week snd 14 d;yn at the 1% point.) This
eppeared to be due to the depressant effect of the apraye
on spot development where coantrole ‘bordered sprnyed
plots. The highest amount of spot in the controls wes
found in those plots bordered above and below by plots
gpreyed at li-dasy intervals, end the least in those
bordered by weekly spreyed plots; the 10-day interval
plotes occupied an intemmediate position. Correspondingly,
the most spot developed in the li~day sprayed plots and
the least in weekly-sprayed plots .for all the spreys,
although only Bordeaux mixture showed & significant
~difference. Hopkine (l)ﬂtcund similer depressant effects

in field spraying experiments in the 1946/47 season.
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2. Greenhouse and fidld'rugggg;ac triali\lﬂ&ﬁ/ﬁc
A large number of fungicides, hitherto untried on

tobscco, beceme available for test during the 1949/50
Begron. éﬁéﬁtftian avai;hblcwwera lees than 1 1b. in
most cases so;that no lar3¢eaéa10 rield ifiais were
poseible. Accordingly, it was decided to test these
fungicides, &) in the‘grpﬁnhOHSe, dhqib)4on 2 saall

plot ?eale in the field. Nineteen aifrerent fungicides,
ineluding those in general usage, were triéﬂ in the
greenhouse dut, owing;tor}laitationa i@gpggdlby some

of the materialu,,the’fiela %rial nanfgznad only fifteen.
‘a) Greemhouse fungicide g;ggrimant.

The experiment eqnniaﬁad ¢t a rendomized bloek deeign
for 19 trestments nnglg’cantrol, with-5.r¢p11eat1qps.
Experimentsl unite werd'Bénaasn_tabaeqb,pluﬁta grown for
‘six veeks in_Sf elsy potes. Rach piﬁnt>ta¢q;ved the
equivalent of 300 1bs. per sere of 6;1é:8>fertilizer
mixture two days after the seedlinge were potted. In afﬁqr
to minimize light effects, pots were moved round the
greenhouse according to & fixed plén every week.
Application of fungicides.

All spraye were appiied with a Vermorel pneumatic
hand sprayer. Liscapol was used as & spresder throughout.
The one dust in the experiment was applied with =& smell

hand bellows.
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Plente were thoroughly coated with the fungicides
individually end left to dry before inoculation.

Inoeuletion.

Inoculum was prepared by crushing dried tobacco
leaf which had been badly infected with frogeye. The
inoculum waes sieved through two thicknessee of fine
muslin to give & uniférm powder; this powder wes
dugted over the plsnts immediately after the fungicldes
hed dried. Plante were lightly atomized with water as

required to keep them moist.

Results.

Very few frog-eye lesions developed after 11 days.
After this time, leaves were stripped from the plants
and incubated in absorbent paper for three days. Incubation
produced & considerable incresse in the number of lesions.
The data were recorded by counting the number of lesions
per plant and the number of lesves affected. Figurees
for snalysis were obteined by the divieion of the former
figure by the latter. Mesns for the five replications
are given in Teble IX, together with details of epray
concentrations and significent differences. (Analysis of

verisnce - Aprendix 24.)
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Teble IX. Kftg%tixpncae of 19 fungicides ageinst frog-eye
int ;

greenhouse.
Pungicide & Rate of Application Lesions per plant
rer 5 plents. No.leeves affected

: Mean.
Ky-Bordeaux 3.2 gmse./150 ec. 26.8
Burgundy mixture 0.9 gms./150 cc. 11.0
207 copver dust 11 gms. : 16.0
504 dispersibdle ; 0.8 gms./150 ec. | 30.5
Yellg:pgg;;ocide 0.4 gms./150 ec. 15.2
B.S. potato fungicide 0.8 gme./150 ecc. 84.0
Gfag (Cu.Zn. chromate) 0.4 gme./150 cc. 28.7
Hycol‘ ' 0.5 ec. /150 ce. 32.6
Pesco Gwaal Spray 0.5 gme./150 ce. : k7.5
Bioquin 0.4 gms./150 ec. 50.8
Biogquin 100 0.4 gmse./150 cc. 21.7
Goodrite Z.A.C. " 0.8 gms./150 cc. 28.8
Dithene 2-78 0.8 gms./150 cc. 18.4
‘Permate . O;h gms./150 cec. 45.7
Parzote 0.4 gms./150 cc. 73.6
Zerlate 0.4 gms./150 ce. 77.0
Ethyl mercur& phosph. 0.01 gme./150 cc. 29.8
Fthyl mereury chlor. 0.01 gma.[lﬁb ce. 37.9
Phenyl mercury chlor. O©.01 gms./150 cc. 29.4

Control untreated 68.0

Stenderd error: 4.57
Bignificant differences: 5% : 9.14, 1% : 12.16.
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All the fungiecides, ex;ept Parzete, Zerlete snd B.S.
potato fungicide geave signifieantly lower disease counts
than the control at the 1% point. B.S. potato fungicide
gave a8 gignificantly higher count than the control sat
the 1% point. The csuse of this ie not known: all five
replicates were in fairly close agreement. Yerwood (6)
has recorded that Bordeaux mixture fregquently shoved @&
stimulatory effect on the development of povdery mildews
on besns, under certasin conditions of illumination. It is
poereible that similar conditions were operative here.

Burgundy mixture, Yellow cuprocide, 20% copper dust
and Dithane Z-78 were the most effective fungicides
against frog-eye. The first fungicide gave better
control thsn Bordeaux at the 1% point, and the second
and third at the 5% point.

None of the fungicides caused any visible signs of
damage to the plsnts during the course of the experiment.

b) Pield fungicide trial - Trelewney 1949/50.
In sddition to testing new fungicides under field

conditions, this trial was by way of being an experiment
in iteelf to determine the suitsbility or otherwise of
the small plet technique.

Plots consisted of 15 Bonanea plants on a 3'6" x 2'
spacing. There were fifteen fungicidal treatments and
an untreated control with 5 replications of esach

arranged as a randomized block.
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On the experience of the 1948/h49 spray trial, where
regul te showed that sdjoining plotes exerted a considerable
influence over one another, it wee decided to isolate
the experimental units in the present triesl by mea~s of
guard plots es in the Karoi priming experiment (page 10).
Cuerd plots were of the sgrme size snd shane es the
exrerimental plots snd consisted of unsprayed tobacco.

Details of treatnent given the tobacco were &g rollows:.
Planted: 16/12/49
Pre-fertilized: 15/12/49 100 1b. cups 6:12:8 mixture.

Post-fertilized: 11/ 1/50 150 1b. =« " "
19/ 1/50 " " n
26/ 1/50 = " u "

Application of fungicides.

Spraye were aprlied with a Vermorel hand sprayer as
in the greenhouse experiment. The dust wes applied with
a Cooper-Pegler hand bellows. The rate of eprsay
application was 3 pints over five plots (epprox. 30 gels.
per acre). This was found to give adeguate coverage
without runoff. Lissepcl wre used ac a epresder with
211 the spreys. Fungicide application wae comuenced
on the 25th. Jan. 1950 rnd continued et weekly intervals
til11 the 23rd. Peb. Notes on the applicetione are given
in Table X.
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Table X. ¥eather eanﬂitigna on dazg of g;gg;eide
appileation.

lst. spreying 25/1/50. Cleer,hot day. No wind. All fungicides
< ’ : applied between 7.0 a.m. & 1.0 p.m. -

2nd. snraygnk 2/2/50 Clear, very hot day. No wind. All
' fungieides applied between 7.0 a.m.
and 11.0 a.m.

2rd. spraying 9/2/50 Clear, cool day. Findy. All sprays
ap~lied betwecn 7.0 a.m. end 11.0 a.m.

Lth. spraying 16/2/50 Clear, hot day. No wind. All sprays
spplied between 8.0 a.m. & 12 noon.

5th. spraying 23/2/50 Clear, hot day. No wind. All sprays
) applied between 7.0 a.m. and 11.0 a.m.

Diseare egtimation.

- -

An estimate of the smount of frog-eye spotting vwes
mede in the land on the 3rd. ¥March 1950, Plante were
erbitrarily classed into three infection grenﬁgiand the
results were reduced to 2 single figure by the YeXinney
method (3) (pege 15, part I). An anslysis of veariance
showed there to be no significant differences between
the means Tor treatments.

Pigures for comparison of the effectiveness of the
fungicides were obteined from graded leaf. Tobacco was
teken from the trisl in two reapinge anl}, one on the
4th. "arch and the second on the 22nd. March 1950.

Leaf from esch reaping wes gradéd into three barn-srotted
classes and a clean grede. The three s—otted clascees were
reduced to e single figure By the McEKinney method (3).

Data from each reaping snd for the two reapings combined

*
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appear in Table XI. together with detrils of the

funglcides and significant differences ( Analysis varience

- Appendix 24.)

Teble XI. Effectiveness of 15 fungicides sgainst frog—eye
_ﬁ% ?iaia. A g .

Fungicide & Rete of Appliecation

Hean Diseese Data (¥ spot)

l1st.reap. 2nd.reap. Combined

Ky-Bordeaux L~} -50 L8.48 4L3.48 L5.98
Burgundy mixture 1-1%-50 52.42 3;.56 Lk .99
20% eopper dust 33 gms./plot 61.28 45 .42 53,35
Yellow cuprocide 1§ 1bs./100  65.52 36.70 51.10

B.S. potato fungicide N
L 1be./100 59.48 h2.86 51.17

gals.

Crag {Cu.Zn. chromate)

2 1bs./100 65.10 57.26 61.18
Mycol 2 pintsﬁl%go 69.92 59.14 6L .53
Pesco Gweal Spray 5 ozs /ggla sL.72 &5h.32 54.62
Bioquin 1§ ws.P100°  62.20 66.08  64.14
Bioguin 100 1% 1ha./§ég. 68.20 55 .02 61.60
Goodrite Z.A.0C. 2 lbl./ggés 66.72 50.10 58 .Lu1
Dithane Z-78 2 1e./500 Sk.64 u8.hk  51.54
Fermate 2 lba./%géa' 61.88 66.18 64.03
Perzate 2 1vs /§3£s° 3.3k 51.66  57.50
Zerlste 2 lba./leo8 65.62 L4 .64 55.13
Control untrested. iia 69.86 58.94 64.40

8tendard error:‘6;79 -

Significant difference: 5% : 13.58.
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There were no significant differences in percentage
barn-spot in the first and second reepings taken
separately. Combined data to vhich significant differences
refer, shoved Burgundy mixture and Bordeaux mixture
to be better then the eontrol at the 5% point. Wo
other fungicide was better than the control.

Phytotoxic effects.

Plents were examined regularly during the course of
the experiment for any dsmage ceused by the fungicides,
' Fo signs of dsmage were noticeable after the first
spraying. Aft:r the second spraying, brown necrotice
gapotting was found on the lower leaves of the_Bordeaui
snd Burgundy treated plents. All five replicetes were
affected. Effecte were noticed two dayn after spraying
and it wee concluded that they were due to the high
temperutufe prevailing on the day of fungicide application,
(Table X.). i »

After the third spraying, there wee 2 faint brown
neérotic srotting present on the plante treated with
B.S. potato fungieide, and seversl plants in two replicates
of the Yellow cuprocide plots had slight spotting on the
lovwer lesves.

Necrotic spotting as described mbove, i2 consistent
with damage due to copper.

Very distinctive toxic effects, very different from
those alresdy mentioned, appeered after the third
spraying in the plots treated with Bioquin: nc phytotoxie
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effecte were noted in the Biogquin 100 plots. The injury
took the form of interveinal ehlorotic patches,
prineipally on the tons of plants, with an sccompanying
distortion and puckering of the lesves, Later, the
chlorotic areas were killed and became brown. The

effects were very similar to those caused by some viruses.
Dasmage appeare to have been due to accumulation of the
fungicide ag no effects hed been noted previously.

Retentive properties of fungicides.

No chemicel anslyses were mede on leafl coated with
fungicide, hence no absolute figures are available for
spray retention. However, most of the fungieides were
readily seen on the lesf surfece after application and
treir reletive retentive properties could be estimated
vigually. i

Plote were examined after the last spraying &nd agein
after a fsll of 2.71 ins. of rein. There was good retention
of Bordesux, Burgundy, Yellow cuprocide and Creg. No
other fungicides were visible on the lesves efter the
sare fall of rein.

Creenhouse snd field results compared.

The superior fungicidal properties of Burgundy mixture
were evident in both triels. Yellow cuprocide, 20% copper
duet and Dithane Z-78 whieh were effective in the
greenhouse did not give significant control in the rield.
Bordesux mixture, however, shoved the seme order of

efficiency ee Burgundy in the field though it did not
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shov up a8 well in the greenhouse.

There are seversl explenatione that can be offered
to aceount for the differences hetween greenhouse and
field results. The factor having the biggest 1nf1uenée
is climate. It wae noticed that with 20% copper dust
the fungicide did not remain very long on dry leaf
presumably being removed by wind end shaking of the
plants. This probably sccounted for the eonsideredly
greeter funglieidel power of the dust under the moist,
etill atmoepheric conditions of the greenhouse. The
nature of the leaf surface is snother factor to be taken
into account when considering plants grown under
different conditione of humidity end illumination: the
adhesivenese of fungicidee ig largely dependent on the
nature of the leaf surface.

Results of the two trisls serve to show thet the true
eriterion of fungicidsl power is to be found by testing
the fungicides under field conditions, &snd that &t any
rate under local conditions, greenhouse triale have
limited applicability only,

Small plots versus large.

Small plois have the edvantage of compactness and easy
hendling. They have the disadvantege, however, of being
subject to greater error than large plots die to the
smallness of the population. This cen be overcome to &

certalin extent by increased replication of trestments.
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In order to éompare the relative efficiency of the
lerge snd emall plots in the 1948/L49 and 1949/50
seasons respectively, the standard errors of the mesns
of these trlials were expressed as percentages of their
general meens. Contrery to expectation, the larpe plot
experiment (121 piants on a 3' x 3' spacing) gave a
higher percentage error than the small plot experimint
(15 plpnts.on a 3'6" x 2' gpecing). The figures
obtained were 9.30% end 6.71% reepectively. A satiefesctory
explanation of this result may be sdvenced 1f the methods
of fungicide apprlication ere conpidered. Fungicides
were applied to lerge plots by mesns of knapseck seprayers.
It ig difficult with this eguipment to secure couplete
and uniform coverzge of the plante, wherees in the
small plot trisl, the hand'uprayer used engbled thorough
coverage of the leaves. Disease counts under the latter
eonditions would give & more uniform result than under
the former, with e conseyuent reduction in the error due
to variation. It 18 escential, however, with small plots
that the pééccntagb-atand ﬁc at or near 100% ee reduction
of the stand by even two,or three plants constitutes

2 lerge percentage of the plot population.
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IV. BARN SPOT.
1. Relation of frog-eye to barn-spot.

Barn-spot is the jet black spotting which develops
_1in the curing barns on leaf infected with frog-eye.

This type of spot constitutes the most serious sspect
of rrag—eye end control measures in the field are

aired primerily at redueing the barn-spot phase of frog-
eye.

Barn-spotting results, not only from visible frog-eye
lesions on the leaf, bdut slso from inciplernt letioﬁi
and from spores lying on the leaf surface.

The exact nature of barn-spot 1s not Xmown. The black
spotiing may dbe thq.reanlt.of tﬁa fungue entirely, or it
may be due to desth of the leaf tissue around the ;eaiona.
Exemination of 2 lerge number of barn-spot lesions
microscopically has invariably shown the hyphee of the
fungus to extend up to the edge of the lesions, thus it
seems likely that baineipot is due to luxuriant growth
of the fungus itself under the favourshle conditions
prevailing in the barns. Preliminary experiments with
frog-eye infected -leaf to determine, &) the iffect of
temperature on bara-spot end b) the effect of delimiting
frog-eye lesions on the subsequent ﬁov'lopmint of barn-spot,

are reported below.
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2. Effect of temperature om barn-igg’.

The ususl method of contrelling darn-~spot is to
comrence the curing procedure at 100° P, instesd of 900 P
in & satursted stmosphere. This hse the effect of
inhibiting the fungus and results in very much amailer lesions.
It was thought to be of interest to compsre the
dexelopment of barn-spot &t various temperatures and to
combine the experiment with the delimitstion of frog-eye
lesions.

Three sets of:deswesmwere tixenifrom the land s
follows: ‘

a) Apparently clean leaf.

b) Leaf with inecipient Tesions (light green aress
. on leaf)

¢) Leaf with obvious lesions.

The aresg covered by obvious aend inecipient lesions
were cerefully cut out, using s ecalpel or cork-borer.
Four lesves Tfrom each set were placed in barns at
90%, 100%, 120° and 150°. Pour control leaves for
treetmente (b) andv(c}4i{e. with leeinne not delimited
vere inelunded with each set. Lesaves were left in the

barns for 16 hrs. Results are given in Table XII.
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Table XII. Barn-gnot and temperature.

Observations.

Temperature Treatment
90° F. Clean leaf. Ko spotting.

Spot delimited. Leeoves spotted in areas
not delimited.No damage
beyond delimitations.

Spot control. 8evere spottiing.

Incipient delim. Leaver gpotted apart from
thoese delimited.

Tneipient control. Light spotting.

100° P. Clean leaf. " ¥o spotting.

Spot delimited No spotting outside
@elimitcd areas nor
dsmage beyond delimitations.

S8pot control Spotting preeent, but
only light.

Incipient delim. .Ro spotting outside

- delimited aremse nor
demage beyond delimitatione.
Incipient control. Very light spotting.
120° p.
' No spotting sdditional to
150° P. that alreeady on leaf.

~ A1l trestments

Hesults showed that frog-eye spots and latent barm-spots

were inhibited from further development at 1002 P.

Delimitation of lesions indicated that barn-spote were

due entirely to the groﬁth of the fungus and not to deeth

of the lesf in edvsnce of the fungus. Barn-spotting due

to germination of spores on the lesf vss confirmed by the
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sppearsnce of spots &t 90° on leaves vith incipient lesions

delimited: spots developed on apparently clesn aress of

the leaf and it was conecluded that this wepe due to the

germination of spores.

1'

V. SUVMARY.

Prog-eye appears to-originéte from aoqryaaththnal to

lende, end sete up pr@mgrj infection on.iusceptible

lesf. Secondary 1nfecti6n‘reru1ts from epresd from
primary infection e.g. from unprimed to primed plantes.
Yield andiquality of tobacco wer¢ found to be
unaffected by priming. En 1948/49, priming reeulted in
significantly less bdarn-spotted leaf dut not in 1949/50.
Field samples of leaf incubated in absorbent pepers
showed less spot on primed than unprimed leaf in both
geasons.

Field fungicide triels in 1948/L9 and:i9&9750 showed
that Bordeaux and Burgundy mixtures were the most
effective fungicides asgainst frog-eye of a large
number tested. A greenhouse experiment with the seme
fungicides showed some %0 be effective which did not
show up well in the fiegld.

-

3. Barn-snot wee found to be due to the luxuriemt growth

of the frog-eye fungus end not to ﬂtﬂt£ of the host
tissue in sdvance of the fungus. Spotting wes redueed
by pleacing the leaf at a temperature of 100° P. in
the ecuring barns as again't‘90°"r.unormally.
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APPERDIX.

Notes on field culture of tobacco.

Some brief notes are sppended below to indicate the

general cultural orerations sdopted for field experirents

¥ith tobaceo in Rhodersis.

8)

b)

a)

e)

£}

Secd-beds ere sown from early September +till esrly
Novenber. Seedlings are planted to the lands on the
gdvent of suiteble rein (§ to 1" fsll required depending
on time of season) vhen spproximetely 8 weeks old.

Lende ere prepaered by hilling or ridging at the desired
spacing. The old method was to hill at 3' x 3%, but
ridgee speced 3'6" epart are in genersl use nov, plants

- being placed 2' apart on the ridges.

Fertilizer is epplied with srell cups (sizes range from
those supplying 50 1bs., to 200 1bs. fertiligzer per acre
on a 3' x 3% plenting.) The fertilizer is applied either
before planting, in which case a cupful is plsced at the
bese of the straws marking plenting stations and covered
by ridging, or after planting by placement in & small
hole 3-4" from the stems of the plants.

The rate of fertilizer is entirely dependent on the type
of so0il and the weather conditions prevalling.

Reaping is commenced 8 to 9 weeks after planting out
(again this ie very much dependent on weather). Reaping
consiste of tsking 2 to % leesves per plant dy hend,
Seiection of the lesvee i by judgement of the correct
colour.

After tylng the leaves in 'hsnde' on sticks, they are
then trensferred to the curing barns. Caring takes 6 to

8 daye, and consiste of three stsges, 1) colouring,

90 -.100° F. in & moist stmosphere, 2i.r1xing the colour,
110 - 125°F. with moisture decreased, 3) drying the leef,
130 - 160°P. with no moisture, snd wventilators open to
relesse moisture from the leaf..

Leef 1is reedy for greding subsequent to curing, ﬁut is
generelly 'bulked' or deled until field operations
ceege and labour becomes aveilable for grading.



2. Statistigal dagg.

e) Analyses of varisnce — Alternaris - field fertiliszer trials.

Romse Sinols.
1et. count

Source variance 88 D/F Varience .V.ratio L
Treatments 332.3 18 32.33 0.52 2.22 5%
Beplicates 1. 22. 0.37 2. w
Error 2HE%.9 Lo 61.40
Total 2870.0 54

2nd. eount.
Sonrce variance 88 D/P Variance V.ratio r.
Treatments 101.5 10 10.15% 0.32 2.00 5%
Replicates 51%3.3 L 128.3%0 L4.07 2.62 ,
Error 1260.7 40 31 .52
Total 1875.5 Sk '

Kyogle, Karoi.
st. eount.

Source variance 88 D/P Variance V.ratio: f.
Treatments 1307.1 10 130.7 0.85 2.00 5%
Replicates 345.8 L 86.45 0.56 2.62 »
Error 6122 .4 Lo . 153.06
Total 7775.3 5l

2nd. count.
Souree veriance S8 73 4 Varisnce V.ratio .
Treatments 1219.3 10 121.93 0.93 2.00 5%
Repliecates 508.7 L 127.18 0.97 2.62 »
Error 5215.6 50 130.39
Total 6943.6 54
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v) Anaizain of variance ~ Alternaria -greenhouse variety expt.

e

Y.raetio

8ource variance S8 Variance L.
1228.1 10 122.81 2.70 2.00 5%

Yarieties ,‘ : 5.66 1%

Replicates 2451.1 L 60.27 1.32 2.61 5%

Error : 1817.1 L0 45 .R2

Total 3286.3 54

c) Analgaea of variance - Priming experinents, Karoi.

1948/49 @

Source variance 88 q/? Varience V.rstio f.

Yield/scre

Treatuents 18,000.2 1 18,000.2 1.53 L.75 5%

Error 140,701 .8 12 11,725.1

Total 258,702.0 13

Yield/acre

{corrected)

Treatments 10,587.5_ 1l 10,587.5 0.37 @

Error 346,560.9 12 28,880.1

Total 357,148.4 13

spot

Treatments 2613.98 1 2613.98 13.81 "

Error 2271 47 12 189. 9.33 1%

Total L88s .45 13

¢ brights

Treatments 100.2 1 100.2 0.77 L4.75 5%

Error 1568.0 12 130.7

Total 1668.2 13

eontd. overleaf.



iv

Priming expta. contd.

i

D/P.

Variance

8onrece variance 88 V.ratio .
4 shorts.
Treatmentse 0.7 1 0.7 Q065 k.75 5%
Eryror 129.4 12 10.8
Total 130.1 13
% heavy
Treatments 11.7% 1l 11.7% 0.20 "
Error 584 .50 12 L58.70
Totsl %96 ,25% 13
Pr!cc(lb.
Trestments 043 1 0.43 0.79 "
Error 6.48 12 0.54
Total 6.9 13 ]
1949/50
; ' : : : ’ o
Source veriance 88 /¥ Variance V.ratio .
Yield/acre
Treatments 21,516 1 21,516  1.43 L%
Error 269,699 18 14,983
Total 291,215 19
Yield/acre
(corrected)
Treatments 7004 1 T00L 0.59 w
Error 21,067 18 11,704
Total 21,768 19
£ brights
Treatments 343.6 1 W3.6 1.3 "
Error 4729.0 18 262.7
5072.6 19

Total

eontd. ovérleaf.



Priming expts. contd.

Source variance

- n}/?~

£8S Veriance V.ratio
¢ shorte
Treatments 2.8 1 2.8 0.21 L.l 5%
Error 237.8 18 13.1 - ‘
Total 2u0.6 19 f
% _hesvy
Treatmente 149.6 i3 | 149.6 5.68 "
Error L7y .0 18 '26.3
Total 623.6 19
Price/lb.
Error i 2.36 18 0.13 .
Total 2.80 19

@) Analyses of verience - Fungicide trials

194@/49-Lat1n egquere (combined eab-plpts)

‘Sbﬁrce'variance .’ sS D/P Veriance V.ratio £
Rows . 1,1&28-90 l} 376.30 0.27 3'26 5%
Columne . 2,067.70 L 689.23 O.49
Trestments 13,968.74 L 34,92.18 3.28
Error 16,838.06 12 1403.17
Total + 38,8LL .22 )}
1648/49 Randomized bloek (sub-plote)
Source variance 8s /P Varisnce V.rstio R

Sk T b ' “IE L4
Blocks 1,905.29 L 476,32 2.06 3.65 2.52
Treatments 13,867.L40 14 990.52 h. 2.50 1.92
Error 12,917.76 56 230.67
Total 28,690.45 T4




vi

Greenhouse trial 1952[50

8ource variance 88 /¥ Varisnge V.retio - o8

RIS A SO R RS T s U SR I L
Replicetes 50.8 4 12.7 0.24
Error LO15.8 76 52.8 :
Totel 667:.8 99 i

Pield triel 1949/50 (1st. &‘an.vreapinge combined.)

Source varisnce 88 ~ /P Variance V.ratio 9
Treatmente ‘12,703.3 15 846.9 1.83 1.81 5%
Replicates 1,017.6 & Zgh.h

Error 27,704.9 60 L61.8

Total : L1,425.8 79

H d bi - % - - .\!
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