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ABSTRACT

In a study of the infection of oranges by Penicillium
digitatum Sacc. it was found that spores suspended in water,
" different rind extract media, or citric acid solution did not infect
wninjured frult, Wounds were necessary for infection but wounds
betwesn the vesicles of the flavedo were resistant to infection
whereas other wounds were not, Infection of fruit through wounds
into the rind tissues was affected by spore load, depth and position
of wounds, number of pricks/inoculum site, method of inoculation and
- wound~healing period, ’

It was found from a microscopic study of the penetration of
rind tissues by hyphae in wounds that hyphae in inter-vesicle wounds
did not penetrate the flavedo tissues prior 'to the penetration of
the albedo, that leads to the formation of lesions., - Hyphae in
wounds into the o0il vesicles passed down the thin-walled cells of
the oil vesicles and into the albedo boefore lesions were formede

Inoculated wounds which developed red spots were generally
resistant to infection.

 Flavedo was morc liable to infection when spores were susponded
in rind extracts, essontial oll, orange juice, citric acid and
buffered pectin solutions,

Germination of spores.was good in sugar-phosphate, glucosoe
Yoastrel, glucose~casamino acid mixtures, and in extracts of rind
tissues, Emanations from rind infected with P,digitatum stimulated
germination of spores in water. The stimulatory effect of wounding
between and into the oil vesicles on germination of spores was
gimilar, -

Growth of mycelium was good in different rind axtract media but
was not increased by addition of a vitamin mixture to a synthetic
medium,

Letivo PE was found in culture filtrates in.vitro, but PG,
Cellulgse (Cx), and Macerating Enzyme were of low activity.

PME was active in 0.24 NaCl oxtract of infected rind tissuos,
Macerating Enzyme was not very active, PG almost inactive and Cx
was not found, '

The developmont and control of wastage in the transport and
gtorage of fruit was also studied,
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INTRODUCTION

The infection of oranges by Penicillium digitatum Sacc, is

the subject of this thesis, This fungus is the-cause of Green
Mould, a post—harvést disease of'Citrus fruit,

Green Mould and the causal fungus, P.digitatum have been
subjects of study in Citrus fruit growing areas throughout the
world for sometime past because of'the large losses 6f fruit in
transport and storage caused by it. A major aim of these
investigations has been the development of 2 non-toxic fungicide
(or fungistat) capable of controlling ﬁastage of Citrus fruit
caused by P,digitatum,

From a review of the literature on work done on Gréen Mould
and P.digitatﬁm it appeared that thg more fundamental aspects of‘
the parasitism of Citrus fruit by P.digitatum héd been neglected,
Détails of the infection process and subsequent parasitism of
oranges by P.digitatum were thus made the main aims of this
investigation,

Mso included, as part of the thesis, is an account of work
done in conjunction with Dr. R,A, Christ, of the South African
Co~operative Citrus Exchange Ltd,, on the development and control
of wastage in'shipments of oranges from South Africa during

1961 and 1962,



ANATOMY OF ORANGE RIND

The detailed anatomy of Citrus fruit is described by Bartholomew
and Reed in volume 1 of "The Oitiis Industry" (edited» by Webber and
Batchelor, 1943).

A general description of the ahatomy of orange rind is given
here, as infection of fruit through injuries into the different rind
tissues is frequently referred to throughout the text.

For the purpose of this work, the rind is divided into (a)
epidermis, (b) an outer orange coloured flavedo layer and (c) an
inner white albedo layer (Plate 1),

() Epidermis

The epidermis forms the outer wall of the flavedo layer,
is heavily outinised and intersperéed with stomata. |
(v) Flavedo

The flavedo is a compaet tissue 20 cell layers deep
(apprax.) and is divided into an imner and outer layer, The outer
‘ léyer is composed of isodiametric collenchyms cells, which become
progressively larger and more thin walled in the inner layer. Many
chromatoéhores are contained in thesebcells.

The oil vesicles (or glands) are embedded in the inner 1ayar§uﬁl
usually extend into the albedo, The walls of the oil wvesicles
ére composed of large thin-walled paréhchyma cells, The cells of
the outer flavedo covering the oil ﬁesicles are cailedvoii vesicieg»
éover cells, | |

The flavedo extends 1.5 mm, (approx,) below the epidermisy
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SECTION 1 ~ REVIEY OF LITERATURE

)

Disease

Green Mould is a pbst harvest disease of Citrus fruit and is-
caused by Penicillium digitatum Sacc. The cultural characteristics of
the fungus are described by Thom (1910) and also by Raper and Thom -
(1949). |

The fungus is almost specific to Citrus fruit and is found in
almost all Citrus fruit growing areas throughout the world,

Symptoms

| The disease symptoms caused by the fungus were described by
Faucett (1936) wthpointed out the characters which distinguish it
from Blue Contact Mould caused by Penicillium.italicum'Wehmer,

Plate 2 shows the étages in development of Green Mould on orange
fruit, \ _

Both Green Mouldiand Blue Contact Mould appear as water-soaked
soft areas which'afe often referred to as "water roth, Wblister rott
or M"sneak roth, :A;;ittle later white mycelium develops at the centre
of éach’water soakédvarea apd it is not until spores are produced
that the two diseases can be distinguished. Green Mould produces
olivefgreen.sPore mésSes wheregs BluQ'Gontact Mould produces masses
" of blue spores., » ; 4

Green Mould rapidly spreads through the whole fruit which becomes
a soft shrunken mass covered with a layer of olive=green sporés.‘ It
the humidity is low the fruit shrinks to a wrinkled dry ﬁummy, but
in high humidity other moulds and bacteria enter, and the fruit
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flattens into a soft deéomposing mass.

The main characteristic_featureé of Green Mould are (1) the
wide white margin ahead of the green area while the soft areas are
enlarging; (2) the white area of mycelium usually pasty and wrinkled;
(3) the green spore masses confined to the surface of the fruit and
(4) the wrapper adhering readiiy to the damaged part of the fruit.
Infection

In a study of the infection of oranges by P.digitatum and P.
italiéum, Green (1932) found that wounds were necessary for infection
when fruit were inoculated wifh spores in water, However, shallow
minute wounds in the form of pricks were resiétant to infection.
She sugdested that the outer rind tiésues (flavedp) were resistant
to infection because thiswtissue was hardvand compact and contained
no soluble pectin., She found that aﬁ inoculum of spores in citric,
malic, oxalic and sﬁiphuric3acids or orange juice promoted infection
through minute wounds, and also through uninjured rind. In uniﬁjUred
rind the stomata were the chammels of entry.. Green suggested that
the acids and orange julce hydrolyzed the insoluble precuigor’of
pectin in the‘flavedo.cell walls into soluble pectin, This caused
softening of the cell walls of this tissue and led to loss of
resistance to infection. ‘ o '

This work‘wés fqllowed by that of Bafés (lé33) who Showed that
the'oil vesicles provide a suitéble avenue for infection,.

Bates (1936), in his inoculation of fruit, unlike Green (1932),

distinguished between inoculations into, and between, the oil
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vesicles, He found that the outer oil-bearing portion (flavedo)
Acf the rind and the inner white (albedo) tissue were resistant to
infection when they were inoculated with dry spores between the oil-
vesicles, Infection was promoted by an inoculum of spores in water,
but very shallow wounds still remained comparatively fesistant to
invasion. The amount of infection increased with deeper wounding of
the flavedo and wounds extending into the albedo showed no resistance
to infection when inoculated in this way. He also found that oranges
became infected in the absence of wounds when fruit were left to stand
on their stem ends in an inoculum of spores in water contained in a
petri dish,

Tosco (l95l) found that P.digitatum acted as a wound parasite and
that healthy fruit, when placed in contact with infected fruit,
becams infected themselves., He also observed that spores placed in
an oil gland did not develop mycelium,

Littauer and Nadel-Schiffmann (1952) found that a périod_of
2~3 days incubation waes necessary for the formation of lesions on
Valencia and Shamouti oranges, lemons and grapefruit, when these
fruit were inoculated and incubated at temperétures in the range 18-
2’700° When inoculated fruit of the same varieties were incubated .
at R=33°C, only grapefruit was attacked and a period of /4 weeks was
necessary before lesions were observed., The incubation period for
the formation of lesions increased with decrease in temperature,. |

Delleré (1953) stated that penetration does not take place

" mechanically because a thin covering of collodion provided
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protection of Citrus fruit against contact infoctiens

Nadel-Schiffmamn and Littauer (1956), studying the mode of infec-
ion of Citrus fruit by the fungus, found that infection-rate was
higher with scratched than with pricked inoculations and also that
infection-rate increased with depth of wound. Inoculations pricked
into the oil glands gave consistently higher rates of infection ,
regardless of depth, than did those between the glands.

Miyekawa (1958) investigating the infection of Satsuma oranges

by P.digitatum and P.italicum found that fruit were easily infected

by both fungi when oil glands were inoculated by pricking., It was
also found that P,digitatum only infected fruit through fresh
wounds and that freshness of wound did not affect infection by
P.italicum,
Penetration

Both Klotz (1930) and Green (1932) 'studied the penetratién
of fruit by the fungus but their work dealt mainly with the spread
of the fungus through the host in well established lesions.

| Klotz (1930) found that the hyphae penetrated the tissues of

the rind intracellularly as well as intercellulariyo &t firgt the
fungus penetrated all the ceélls of the albedo and flavedo tissues
but avoided the space containing the oil. Hyphae also inVaded the
juice vesicles but the expanded part of the vesicle containing the
juice was the last to be invaded. |

In addition, Green (1932) found that the first effect of the

fungus at the advancing margin of decay was to cause the albedo



- 19

'cells to swell, Growth of hwphae-through.this tissue caused
dissolution of ceil walls. The cell walls of the flavedo were
unchanged in the soft zone (margin of decay) btut at thebregion
where conidiophores emefged, they became swollen and were penet—
rated by hyphae.

Growth

Fergus (1952) reviewing reports in the literature on various
aspects of the nutruitional requirements of the fungus found that
the results of various workers were not in agreement, particularly
in regard to the growth factor requirements and the suitability of
different nitrogen compounds for the growth of the fungus.

The following is a summary of conclusions drawn by Fergus
from previous cultural studies, WP.digitatum requires thiamin and
ﬁill not grow unless it . is added to the medium (Wooster and
Cheldelin, 1945); P.digitatum requires the addition.of extracts
of natural materials or organic compounds to groﬁ.satisfactorily,
although it will grow slightly in a synthetic medium without their
addition (Thom,1910; Camp,1923; Mafloth, 1931; Raistrick et al,., -
1931); or P,diéitatum will grow satisfactorily in a synthetic medium

without added growth factors or extracts of natural materials
(Woltje, 1918; Chrzaszcz and Tiukow, 1930; Kursanoff and Alexeyeva,
1938; Pratt, 1944)%.

Fergus (1952)'stuﬁied the effect of carbon, nitrogen and various

growth factors on growth, He found that the addition of a mixture

of vitamins to a basal medium allowed growth to start earlier than
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in the Basal medium alone but the mycelium fina}ly produced was
practically the same in both sets of treatments, These results
agreed with those of Pratt (1944) but directly contradicted those
of Wooster and Cheldelin (1945), who found that thiamin or the
thiazole moiety of thiamin was required,

Miyakawa (1958) found that growth of the fungus was more
vigorous on media of smashed rind tissue than on juice agar,
Growth was also stix;mlated on a gynthetic agar mdium containing
fruit rind extracts,  The groath stimulating substance or substancea_am
were soluble in water, 80% methanol or 80% acetone but not in ether,
Desiccation'or pasteurigation of the rind had no effect on the
stimulation, |

Miyakaﬁa (1959) continuing his studies on the stimulating
effect of the contents! of Satsuma orange fruit rind on growth of
P,digitatum found that the growth stimulating substance (or sub-
stances)-was readily adsorbed by active carbon; on agar media
containing the rind extract treated with carbon the mycelial growth
~of P.digitatum was decreased even when the amount of carb_on added
was very small.v
Spore germination

Comparatively little is known about the germination of spores

of the fungus. Marloth (1929) found that spores did not germinate
below pH 2.3 and that the optimum range of pH for germination in

modified D{zggar's solution was 3.5 —~ 8.0,
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Tosco (1951) found that fruit inoculated with dry spores in
‘the absence of wéunds did not germinate to produce 4 mycelium when
fruit were kept at 76-77% relative humidity.

The germination of spores was also investigated by Delleré
(1953) and he found that the spores did not germinate in double~
distiiled water, and also that modification of the osmeotle pressure
of different salt solutions failed to induce germination.

Studying the eifect of orafige rind extract on spore germination,
Miyakewa (1958) found that this extract stimulated spore germimation.
The stimulative factor was readily extracted from the rind by
water and absorbed by activeted charcoal (active carbon),

The component of the rind extract absérbed by charcoal was
released by 60-80% acetone and the concentrated ﬁaterial from acetone
extract stimulated spore germination only when added with the
filtrate (chercoal treated extract) or with a very small amount of
phosphate, Thus, the phosphoric compounds were found to activate
the germination stimulant.

Pectic enzymes

Green (1932) suggested that pectic enzymes may be gecreted by
the fungus while rotting oranges but she was unable to demonstrate
the presence of such enzymes in extracts of rotted fruit;

‘However, Miyakawa (1962) studying the decomposition and
utilization of pectin by P.digitatum and P.italicum showed tﬁat
protopectinase was produced by both fungi but that activity of both

species was much lower than those of the less pathogenic P.expansum .

and P.purpurogenum,



SECTION 11 — MATERTAIS AND METHODS

A. Funpus
An isolate of Penicillium digitatum Sacc, was obtained from

a rotting Valencia orange, A monospore culture was established and
pathdgenicity of this culture was cénfirmed. Stock cultures wers
grown on V8 vegetable juice agar and stored by freezing at = 20°C.,,
and at 4°C, under liquid paraffin, | |

Subcultureé of the fungus were also grown on V8 vegetable juice
agar in McCartney tubes at 22~24°C, for the production of spores.
An even carpet of mycelium and spores resulted‘within 4 days of

inoculation, The period between sowing and harvesting varied from

7'1.':0 15 days.
B, Fruit

Experimental fruit were of the Navel, Valencia and

Shamouti varieties and each fruit measured 31 approxs in diameter at
thé equator i.e, midway between the stem and blqssom ends of the
fruit, Fruit of this size are described as couit 150 in the trade
i.ee thefe are 150 fruit in a standard packing case ﬁeasuring
264 x 120 x 12v,

The Navel and Valencia fruit were imported from South Africa
and were the produce of the South African Co-operative Citrus Exchange
Co., Ltde The Shamouti fruit were imported from Israel and were
the produce of the Citrus Marketing Board,

The fruit were stored in a cold room at 4°C. for a period not
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exceeding 3 weeks, A1l fruit were ﬁashed in tap water, dried and
carefully examined before uée so\that those with bad blemishes or
any sign of fungal infection could be rejected,
C.. Inoculation experiments

de. Spore suspensions

The carpet of mycelium and spores, produced by é subculture
bf the fungus in McCartney tubes, were rubbed with a stefile wire
loop and transferred to McCartney tubes céntaining Tween 80 distilled
water (1 part Tween 80: 10,000 parts water).

After shaking, the suspension was filtered through 3 folded
cones of sterile muslin to remove most of the hyphaece The resulting
gspore suspension wag washed 4 times with sterile distilled water by
centrifugation at 2,500 r.p.m. for 30 seconds,

The spore suspension was made in the appropriate medium and .
the spore concéntration was adjusted to contain not lessrthan
lx 106 spores per ml, This eliminated the possibility of variation
in results caused by density of inoculum,

2¢ Preparation of fruit

All fruit were washed in tap water to remove any debris
or residua;'fungicide on the fruit surface, After drying in a clean
cloth, the fruit were surface sterilized.by swabbing with 95%
alcbbolvwhich was allowed to dry without flaming.
At the equator of each fruit a site free from injury and of
area 04 SQ. OM, (approx.) vas marked out with /4 gpot§s of indian

ink from a camel hair brush (Pl.5, .P.28),
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— 3 lWounding

The number and relative position of wounds varied between
experiments, Wounds, in the form of pricks, were made using No. 1.
entomological pins sealed into gléss tubes‘with WAraldite" so
that definite lengfhs of pin projected (Pl. 3 ). The instruments
thus formed were robust, easily cleaned and sterilized by flaming
in aldohol.
4y Inoculation

With the aid of a dissecting microscope (X12) drops of
gpore suspension were placed on the inoculum sites from the
hypodermic needle of an WiglaW syringe., The use bf this ﬁicroscdpe
(X12) ensured cemplete coverage of wounds by the inoculum drop,

The volume of the inoculum drop varied between experiments;
~drops of volume 0,01 and 0,02 ml, with eareful 5andling remained
fixed in-position at the inoculum site. Larger drops hgwever,
were held in position by glaés rings, 1 cm, diameter, éealed to the
fruit surface with Vaseline,-
5¢ Design of inoculation

Fruit of the one variety’and from the same éonsignment
of fruit were used in each experiment, One inoculum site per fruit
was selected as above, In general, 10 fruit were inoculated for
a particular treatment in each experiment and fruit of the same
treatment were ihcubated in the one box,

The choice of 10 fruit per treatment was considered to be a

fair sample and it was chosen in preference to a smaller mumber of
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fruit, each with a greater number of inoculum sites per fruit,
6, Incubation

After inoculation each fruit was placed on an aluminium
ring (Pl. 4 ) and transferred to a plastic box which had a tightly
fitted transparent 1id (Ple§ )o 4 humid atmosphere was maintained
by the addition of wéter sufficient to cover the bottom of the box.
The size of the boxes, 13" x 93" x 6%, was such that 10 i‘ruif |
could be placed side by side but not in contact in one box, Boxes
with fruit were incubated at 22-24°C. in the light (fluorescent).

7e 4ssessment of results

LAfter the inoculated fruit had been incubated in the
humid chambers, the number of inoculum drops producing lesions
were counted, The term Wlesion" is used to describe the initial

softening or “water rot" caused by the spores at the‘inoculum site,

D, Chemical materials
ls Pectic substances ‘
Pectin (P) and sodiuﬁ polypectate (NaPP) were obtained

from Sunkist @Growers Inc., California,

P is a high methoxyl pectin, in which a number of carboxyl
groups of the anhydres =galacturonic acid units are esterified with
methyl groups. NaPP is the sodium ammonium salt of polygalacturonic
acid, |

These substances were washed with 607 ethyl alcohol containing
Q¢IN 801, . The acid was removed by filtration through No. 541

Whatman filter paper and the residue washed in 95§ ethyl alcohol.
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Bthyl alcohol was removed by efapbrdtion in*a=70°G;'ovon for 24.hours.
Tho dry powderc were loft at rooﬁ tomporoture for 48 hours to-eguilibrate
. with air and stored in screw cap bottles. Final moisture content
of P and NaPP were 9,12 and 9.65% respectively,

Solutions‘of 1% (w/v) concentration were prepared by slow
addition of poQ%;ed pectic substance to‘diﬁtilled water stirred by
a magnet, &4djustments in the pH of these solutions were made by
addition of 01N Na0H¢orih.IN'HCi. ‘Solutions.vere- gtored far parldds
up to 7 days under a few drops of toluene at 400.:
2e¢ Cellulose |

Soluble cellulose was carboxymethylcellulose (cme)
(Hercules Powder Co., U.S.A.). CMC composed of high chain length
polymers with a degree of substitution of 0.4 was used in growth
'experiments-and testing culture filtrates for cellulose activity. ;
CMC, high chain length polymers with a degroe of substitution of 0.7,
was used in the preparation of a cellulose gun seal for Van Tieghem
cello.v .

Insoluble cellulose used in growth eiperiments was Solka Floc
wood cellulose stated to contain 99.5% cellulose and obtained from
Brown and Coes; Boston, U.S.4.

Solutions of CNC were prepared as described for pectic substaﬁces.

3, Sugare

Sugars were obtained from B,D.,H., Poole and Light and Co.,

Ltd., Colnbrook.
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le Casamino acids

Bacto-vitamin free casamino acids were obtained from
Difco Laboratories, Detroit, U.S.A.
5 YVitamins
Vitamins were supplied by B,D.H,., Pooie.
6. General chemical reagents
General chemical reagents weré of analar grade and supplied
by either B.D.H, or Hopkins and.Williamé, Chadwell Heath, Bssex.

7o Auoen 80
Tweoen 80 was supplied by Honeywill-Atlas Lid., London,

8s QOrange essential oil

Pure essential oil from oranges, prepared by the Wcold=-
press method? was supplied by Dr.T Gutter, The National and
University Institute of dgriculture, Rehovoth, Israel; The o0il was
kept in a tightly stoppered bottle wrapped in black paper at 4°C.

E, Microtechnigue

1, Fixation

(a) Formalin — propiono = alcohol (FPL)

50% ethyl alcohol 90 ml,
Propionic acid 5 ml,
Formalin 5 ﬁl.
The material was left under suction in the fixative for

.30 min,, fresh fixative was added and the material left to stand for

24 hr, in specimen tubes,
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The material was dehydrated prior tc embedding by taking

it through the fcllowing series of mixtures cf tertiary ?utyl

alcohol, ethyl alecohol and woter,

N . 95% Bthyl Tertiary Butyl 100% Ethyl % Total
Mixture Water alcohol alcohol alcchol a’lcocho Time
(mly) (mly) (ml,) lapprox
1 50 40 10 - '50 2 hours
2 30 - 50 20 - | 70 overnight
3 15 50 35 -~ 85 1 hour
4 | | 45 55 - 95 1 hour
5 75 25 100 2 hours

A few dry pieces of erythrosin dye were added to mixture 5 to

- stain the material superficially so that it could’bé~easi1y\

orientated during embedding.

From mixture 5 the material was taken through 3 changes of pure

tertiary butyl alcohol; the texdlary bubyl alcohol was changed-after '

1, 24 and 1 hour intervals. The dehydrated material was then

transferred to a 1:1 mixture of liquid paraffin and tertiary butyl

alcohol, The method of embedding followed was the same as that

.described by Johansen (1940) P, 134=135, Paraffin wax (M;P.56°0.)

was used for embedding,

3, Staining

Serial microtome sections (L.S. and T,8.), 8 to 12ap.thick
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were fixed to slides smeared with Haupt's adhesive (Haupt, 1923),
Fach slide was flooded with 3§ formalin in distilled water and
the wrinkles were removed from the paraffin ribbon by gentle heating
over an alcohol flame, The excess water was drained off and the
slides were left to dry at room temperature for 48 hours before
removal of paraffin,
| Paraffin was removed aceording to the following schedule,
Xylol 5 min,
X¥ylol=100% ethyl alcohol mixture (1:1)y5 min,
1008 ethyl alcohol<ether mixture (13§1), 5 min.
(ether contained less than 1% Cclloidin)
Slides removed and allowed to remain in air until whitish
opaque.,
; 95%, 70% and 35% ethyl alcohol 5 min. in each
. Water o 5 min,
Sectiéns were stained in thionin = brange‘G. The technique
adopted, with a féﬁ modifications, was similar to that described
by Gurr (1958) for infected plant tissucs.
(a) Stains |

(1) Carbol thiomin

Thionin (Ehrlich) 0.125g.
Phenol crystals le.
10% Alcohol - 100 ml.

Heat to dissgolve and filter. The solutibn deteriorates
after a few weeks,
(ii) Orange G .

0.2% Orange G in 100% alcohol, -
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(b) Technique
Stain in thionin 1 hour.
Ringe in 70% ethyl alcohol,
Ringe in 90} © "o,
Rinse quickly in 2 changes of 106% ethyl alcohol,
Differentiate in orange G solution % ~ 1 min.
Rinse in 100/% ethyl alcoholmxylol mixture (1:1),
Pass through £ changes of xylol,
Mount in balsame
Ec) Results
Hyphae and lignified cell walls of hosh stained violet=
purple. Unlignified cell walls 5f host stained orange.
F. Spore germination
1, Buffers

Solutions of buffers at pH 5.2 were prepared as followss

Sorensen's phosphate mixture (Clark, 1923)

0,25 ml, /15 Ne, kPO, . 2H,0 + 9,75 mL, ®/15 W TO,
Citric scid = sodium citrate (Dawson ot_sl., 1959)

Sodium scetate = acetic acid (Dawson, ot ale, 1959)

7,9 mle 02M CZHBNa'Oz‘. 3H20 + '2.1-f,fhﬁ;.;'GH3000H.

2e Media

(a) Carbohydrates
Solutions of carbohydrates were sterilized by autoclaving

at 15 lb.pes.i. for 10 minutes, Buffered solutions of all
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carbohydrated oxcept pectin were prepared by addition of sterile
buffer ( awtoolaved - as above) to the carbohydrate solution
after sterilization. Buffered pectin solution was prepared by
adjustment of pH to 5.2 with O0,1N NaOH prior to sterilization and
addition of buffer,

(b) Nitrogen compounds

Nitrogen compound solutions (buffered and unbuffered)
were adjusted to pH 5.2 with 0,1N NaOH or O,Hf HC1l before
sterilization by autoclaving at 15 1b,pes.i. for 10 minutes,
Buffered solutions were prepared by addition of sterile buffer
(autoclaved as aﬁove) to the nitroéen—compound solutionsvéfter
sterilization, | .

(c) Vitamihs

Solhtiéns of biotin and thiamin (aneurine hydrochloride)
were prepared according to the methods described by Barton-Wright
(1946). Solutions were sterilized. by autoclaving at 15 1bepeseie
for 10 minutes.,
(d) Rind extracts

Flévedo, albedo and complete rind extracts were removed
from Valencia fruit as on F.‘AO , 25ge of each tissue werec finely
macerated in a Moulinex coffee mill and transferred to.125 ml,
distilled water in a 250 ml, conical flask., The flasks were plugged
with cotton wool and left at 5°C, for 18 hoﬁrs. The extracts were

strained through 3 layers of muslin (without squeezing) into a 200 ml,
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graduated cylinder, the tissues were washed with distilled water
and the final volume of filtrate made up to 125 ml, Large suspended
particles were removed by filtration through No, 541 Whatman filter
paper under suction. The filtrates were made cell free hy"
centrifugation at 9,000 repems for 10 minutes and the supcrnatant
cell free extracts (pH5.0) were stored in McCartney tubes at ~ 20°C.

Flavedo, albedo and complete rind oztrécts contained* 1,48,
1e54 and 1.73g. water soluble material in 100 ml. of each extract
respectively, These extracts are referred to as N/l gonan, ‘in some
experiments.

Orange juice was extracted from peeled Valencia fruit using
a hand juice extractor., The juice was centrifugea at 9,000 rep.m.
for 10 minutes and the supernatant stored in McCartney tubes at
. 20°0 .

(e) Spore suspensions

Aqueous spore suspensions were prepared as for infection
experiments on P, 23 o
Spore suspensions in the different media were prepared by
dilution of equal volumes of aqueous spore suspension and the
particular medium under investigation.
3. BSpore germination technigues

(a) Nutruitional requirements for spore germination

In studying the nutruitional requirements for spore

germination a technique similar to that of Peterson (1941) was used.

Glass slides, 34x1%, were.sterilized by flaming in 95% alcohol and



- 36 -
each slide was smeared with 3 spots of Vaseline, spaced equidistantly
apart.

A sterile grease free coverslip §" diameter was placed
.on each spot,. The cowerslips had been cleaned with "Chemico®
(obtained from Chemico Works, Solilull, England), washed in tap and
distilled water and stored in absolute alcohol., Coverslips were
left to dry on clean blotting paper before being placed on the
Vaseline spots with a foreceps. Coverslips were fixed to the slides
by warming the slides oﬁer an alcohol flame.

One slide was placed on a W% ghaped glass rod in a sterile
petri dish. A saturated atmosphere was maintained in the petri
dish by covering the bottom with sterile water,

A standard loopful (.0l ml, approx,) of spore suspension was
transferred to the coverslips on each slide giving 3 replicates per
treatment. After replacing the petri dish cover the spores were
incubated in the’dark at 25°C, The period of incubation, unless
stated otherwise, was 24 hours. Growth of spores was arrested by
adding a drop of lactophenol in cotton blue to the drbp containing
the spores,

(b) Effect of emanations on spore germination

In a study of the effect of emanations from infected orange
rind tissues on spore germination the following technique was used,
Van Tieghem cells, “pyrex® glass rings, %“x9/16“ diam, were
sealed to sterile glass slides with cellulose gum (prepared by |

mixing CMC 7HP with sterile water)e. One cell was sealed to each
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slide and a plug of orange rind, 5-bmm, x 5mm. diam., was placed
in each cells Plugs of rind were removed from fruit, surface
sterilized by flaming in 95% alcohol, with a sterile cork boring
device. Each plug was inoculated with 0.2 ml.‘spore suspension
in sterile distilled water, containing 2x10° spores per ml, (approxX)e

4 standard loop of aqueous spore suspension was placed in the
centre of a sterile-coverslip, 2% diam; the coverslip with drop
in position was inverted and sealed to the upper rim of the cell
with cellulose gum as above, The spore density in the hanging
drop varied between experiments and will be mentioned specifically
in each experiment, Three to 4 replicates per treafment were
used,

In experiments studying the stimulation of spore germination
by emanations from rind infected by P.digitatum two controls were
used,

,(i) Cells + rind + 0.2ml. sterile water,

(1i) Cells + O,2ml, sterile water,

In experiments studying the stimulation of spore germination

by emenations from rind infected by other fungi one control as in

(1) above was used.

Replicates of the same treatment were placed in transparent
plastic sandwich boxes, T"x43%x1§ ", and incubated in the light
(fluorescent) at 2400. i_lo. Growth of spores was arrested by

adding a drOp of formalin to each cell after 2/, hours,



(c) Stimulation of spore germination on fruit surface

The stimulation of spore germination by substances
diffusing from artificially injured and uninjured rind.was studied
with thin water agar disks placed on the surface of fruit, which
had been previcusly ﬁashed in tap water, sterilized by swabbing
in 95% alcohol and ‘the alcohol allowed to evaporates

The agar disks, 6mm, diam., were cut from flat bottom petri
dishes, 9cmw ediam., containing & ml, 2% distilled water agar,
Disks were placed at sites, free from visible wounds, selected
with a dissecting microscope (§¥12), at the equator of fruit. One
disk was placed on each fruit site with a small sterile spatula.
In a study of the stimulation of 5pore~germindtiéﬂ by “edbstances*
‘diffusing from artificial wounds, the sites were wounded
—immediately before placing the agar diéks in position on the
wounds, One drop {0,01mk) agquecus suspension containing
2,000 gpores (approx,)was applied to each disk.

Fruit + inoculated disks, supported on aluminium rings as in
plate 4 , were incubated in plastic boxes as described for
infection experiments on P, 26 . The number of replicates per
freatment faried and oniy replicates of the same treatment vere
placed in the one box,

Controls were of two types:

(i) -A box control consisted of 3 inoculated water agar

disks on sterile giass slides, supported on an

aluminium ring and incubated with fruit in plastic boxes
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as above,

(ii) 4 plate control consisted of 3 inoculated water agar
disks on sterile glass slides, placed on a “i% shaped
glass rod in a sterile petri dish containing water.

Germination at 24°C, * 1° in the light (fluorescent) was
studied after varying periods of incubation. Growth of spores
was arrested by addition of a drop of cotton blue in lactophenol
to each. diskse
(d) Assessment of Results

Percentage germination and average germ tube length
vere used as criteria to determine the effect of warious agents on
germination,

In determining percentage spore germination, es a standard
procedufe the number of germinated and ungerminated spores in 10
fields of view for each of 3-5 replicates per treatment were
counted, Not less than a total of 250 spores in any one treatment
were counted,

Average germ tube length in the presence of active stimulants
was taken as the mean length of 30 germ tubes per treatment unless

stated otherwise.

Gs Growth experiments
le Agar media

The following media were used and the pH was not adjusted

unless stated otherwise,
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(a) Vg vegetable juice agar
| The contents of one 12% oz. can of V8 vegetable juice
(obtained from Campbell's Soups Ltd., King's Lymn, Norfolk) vere

diluted to 1.5 1;. with distilled water and 37.5ge agar added.

(b) Malt extract agar 7
Twentybg. malt extract and 25g. agar in 1 l.distilled

water,

(¢) Flavedo extract agar

Two hundred go fresh weight of flavedo tissues vere

" removed from fruit with a ?Skyline“ peeler and boiled for 15
minutes in 1 1,distilled water. After cooling the liqgid was
strained through 3 layers of muslin, 25g. agar were added and the

solution made up te 1 -1,with distilled water.

~(d) 4lbedo extract agar X

The albedo tissuesiwere obtained after removal of the
outer flavedo layer of the rind with a “Skyline% peeler, The
tissues were cut into thin slices and the medium was prepared as
described above for flavedo extract agar,

(e) Complete rind extract agar

Rind, containing both flavedo and albedo tissues, was ..
removed from fruit by hand and cut into thin slices., The medium
was prepared as described above for flavedo and albedo extract
agar media,.

(f) Orange juice agar

Ofange juice obtained by pressing peeled fruit with a hand
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Juice extractor, was centrifuged at 7,000 r.p.m. for 10 minutes,
One hundred ml. of the cleared julce was then adjusted to the
pH of the other rind extracts, bH 47y with 01N NaOH. Twenty
five g. agar were added and the solution made up te 1°L,vwith

distilled water,

(g) Sterilization
Agar media were steamed for 30 minutes in a steam bath
before autoclaving at 15 1b. pe.s.i. for 20 minutes.

) .
(h) Inoculation and incubation

Eighteen ml, of medium were added to each petri dish
and dishes were inoculated with a disk gf mycelium O.5cm, in
diameter, Four replicates per treatment were used and all
cultures were incubzted in the dark at temperatures in the range.
5-30%.

(i) Lssessment of results

At regular intervals the ‘average diameter of each
colony was measured in cm, along two fixed lines, at right angles
through the centre, marked on the bottom of each petri dish, The
average diameter recorded per treatment was therefore the mean of
8 readings (4 replicates per treatment, 2 readings per replicate).
2e¢ Liquid media
(2) Fruit extract media

Flavedo, albedo, complete rind and orange juice liquid
media were prepared as above except that no agar was added. The

pH of each mediun was 4.7 before sterilization.

o
.
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(b) Fergus' medium _
The basal medium of Fergus (1952) was composed as followss

Sucrose 254784

NH4N03 Ag.

KH2P04 ‘ 13,61g.

MgSOA. 7H20 1.,23g.

FeSOA’.' 7H20 0] eOZg .

Minor elements 1lml, minor element solution (see below).
Distilled water. 11,

The pH of this medium was 4.4.'

(c) Minor element solution

A stock solution was made up in glass distilled water

as follows:

compousa I oot Boemneled Bloment tn stoch
CuS0y,.5H,0 78 ,6mg. Cu 20

ZnS0, J7H,0 220mgs Zn 50

Na }Mo0,2H,0 25 .2ng . Mo 10
MnSO,4H0 2,03,  Mn 500
NayB, 074 10H,0 4e406g. B 500
Water 11,

(d) Vitamin solutions
The solutions of aneurine hydrochloride, pyridoxine

hydrochloride, calcium panthothenate and biotin were prepared
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according to the methods described by Barton-Wright (1946),

(e) Modified basal medium

This medium was used for the produétion of pectic and
cellulely¥ic enzymess Glucose, pectin, sodiun ‘polypoc’:;tate,
carboxymethylcellulose and Solka Floc wood cellulose were used as
carbon sources. Solutions were adjusted to pH 540 with O;INSNaOH.

The medium was composed as follows$

Carbon source 1Gg.,

Casemino acids - 8g.

(Difco vitamin free)

KH PO, 584

MgS0, . 7H,0 0458,

FeS0, J7H,0 0.02¢gs
" Yemstrel x o 1g.

Minor elements 1ml, minor élement solution (see above).
Distilled water 11,

¥obtained fiom Brewer's Food Supply Company Ltd., Edinburgh,

(f) Sterllizatlon

All llquld media were sterilized-by autoclaving at 15 peseie
for 20 minutes,

(g) Culture vessels

WPyrex! conical flasks fitted with cotton wool plugs and
containing 50ml, of medium were used,

(h) Inoculation and incubation

Bach culture vessel was inoculated with lml, of dense
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spore suspensions Cultures were either grown in stationary culture
in the dark at 25°C, or in shake culture on a mechanical Shaker
in the light (fluorescemt) at 23°C. * 1°,

(i) Assessment of growth

Growth was calculated from dry waight of mycelium. After
harvesting by filtraﬁion through No. 541 Whatmen filter paper and
transferring the mycelium to & weighed alininium foil cup, the
mycelium was dried at 70°C, for 24 hours, cooled over 0&012 in a
desiccator and weighed,

(j) Collection of Culture filtrates

Culture filtrates for pectic and cellulolytic enzyme
work were cOllectéd after 5 days incubation in shake culture,
Lifter removal of mycelium the filtrates were centrifuged at |
9,000 r.p.m, for 10 minutes to make cell free. The cell free
solutions Were then stored in McCartney tubes at -20°C, until
fequired.

H, Estimation of fctivity of pectic and cellulolytic enzymes

The activity of two enzyﬁeé, polygalacturonase (PG) and
pectinmethylesterase {PME), acting on pectic substances were
studied, PG hydrolyses l:4 glycosiaic linkages-between anhydro=
galacturonic acid units (GA) in a GA polymer and its activity was
estimated by ifs ability to reduce the viscosity of NaPP and P
solutions. PME removes the methyl ester groups-from_GA ﬁnits of P
polymers. Its activit& was measured by titration of liberated

carboxyl groups with alkeli (Kertesz,1951, P.362).
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Collulase, Cx (Siu and Reese,‘1953), hydrolyses ls4 glucosidic
1ink&gesvin cellulose molecules and its activity was estimated by

its ability to reduce the viscosgity of (MC solutionse

L. Estimation of viscosity reducing activity

The viscosities of reactién solutions were measured in
Cannon-Fenske size 200 viscometers in a water bath at -
25(= H°. Tho flow time for each viscometer was found with 10 ml,
distilled waters | f

Reaction mixtures 6onsisting of 5 mle 1% pectic substance,
or 0.35% GMC, X wl,0.LN NaOH or.HGL bobring bo bhe-desized. p,
(2-X) ml, distilled water and 2 ml, 0.05M sodium citrate tuffer
were pipetted intotthe viscometers, One ml. culture filtrate was
added at zero time and_mixed by bubbling air through the mixture.

- Flow times were measured at regular intervels froﬁ time zero,
Control flow times were determined with culture filtrates, previously
held at 100°C, for 5 minutes and cooled.

.The relative viscosity of a particular solufion was foﬁnd by
dividing its flow time by the flow time for water in the same
viscometer, This is permissible because the.densities of the
mixtures were very close to that of water,

hctivity was calculated from the curves drawn by plotting
relative viscosity against time. Activity = 100t where {t' is the
time in minutes for (a) 10% reduction in viscosity of GMC and P
golutions using infected and healthy rind extracts or (b) 254 and

504 reduction in viscosity of CMC and P, or NaPP solutions,
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respectively using culture filtrates of the fungus,
2, Egtimetion of liberated carboxyl groups

Reactions were performed at a room temperature of 21° i

1°C4 in Ypyrexh glasswafe;

" Reaction mixtures consisted of 15ml, 1% pectim, X mls 01N NaOH
or HOL to bring to the desired pH and (3-X) ml, distilled water.
To the miiture /. ml, dulture filtrate or rind tissue extract
(Po 48 ) were added at zero time,

The pH of the reaction mixture was recorded at time zero on
a Cambridge pH meter end maintained at this pH by the dropwise
addition of 0.01N NaOH with condtant:sstirding, ~The:velimes
of alkali used after known intervals weré recorded and the reactions
were allowed to contimue for 30 minutes, Oulture filtrates or
rind tissue extracts previouslj held at 100°C. for 5 minutes end
cooled, were uséd as controls; |

The difference bctuween the volumes of NaOﬁ‘to neutralize
carboxyl groups in the control and the reaction mixture is equivalent
to the weight of methyl groups removed,

Ecuivalent weight of methoxyl group (CHBO) = 31

Iml, 0,01N° NeBH= 0.3lmg, methoxyl group.

The methoxyl groups present in pectin ﬁere calculated from the
fresh weight of pectin and the methoxyl content was estimated at
7¢5% e

PME activity was expressed as percentage hydrolysis of methyl

ester groups in the polymer.
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# hydrolysis = nge methngl group liberated in time x 100
nge methoxyl group originally present

Y

3. Determination of Macerating Enzyme Activity

Culture filtrates and extracts of infected rind tissue were

tested for macerating activity by the disc method of Brown (1915).

Potato discs, 8 mm, diameter and O.5mm, thick, were cut from
cylinders of tuber medulla tissue that had been previously injected
with distilled water for 30 minutes under a pump. The discs were
then thoroughly washed in distilled water.

Four mls of culture filtrate, or infected rind extract solution
were adjusted to pH 5,0 by addition of X mle 0.1N HC1 and (1.1-X)
ml, distilled water, Three ml, of each test solution was transferred
to shallow glass jars and ten potato discé were placed in each
solution. Disks suspended in distilled water, adjusted to pH 5 as
above, were used as controls. | |

The maceration time (minutes) was determined from the mean time
for the 10 discs to lose their coherence. This is called the
reaction time (R.T,) and macerating activity is redorded as 1OO/B..T.

4e Preparation of healthy and infected rind extracts

Infected rind tissues were obtained by inoculating Shamouti

fruit, wounded with a multiple pricking device with an agueous
suSpensidn of spores from an atomiser, Fruit were incubeted for
3 days in plastic boxes at 2400. as described on P, 36 . Infected

rind tissues, which had reached the “white mycelium" stage in
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development were removed by hand and stored in screw cap bottles
for 48vhours before preparation of salt extracts.

One hundred g. of infected rind tissues on removal fron
storage were macerated in O,ZM'Nacl,iﬁ a Moulinex liquidizer,
Extraction of.the enzymes was completed by transferring the macerated
tissues (pH 3.3)to a 1 lebeaker, the pH was adjusted with N NaOH
to 7.0 and maintained at this value for 30 minutes, during which
time the mixture was stirred magnetically.

The macerated tissues were transferred to a graduated cylinder
and made up to 1 lewith 0.2M N1, Crude fibre was removed by
straining and squeezing through 4 layers of muslin, followed by
filtration through No,541 Whatman filter paper. The filtréte was
made cell free by centrifugation at 9,500 r.p.m. for 10 minutes
and the supernatants stored in McCartney tubes at -20°C.

Salt extracts of healthy rind tissues were prepared as

described for infected tissues above,
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SECTION TIT - EXPERIMENTAL RESULTS

A, THE FORMATION OF LESIONS IN FRUIT UNDER CONTROLLED CONDIT IONS

The diagnostic features of lesions formed in the field have
been descfibed earlier (P.14 ). There follows a description of the
symptoms that appear on Shamouti fruit inoculated in a standard

manner and incubated under carefully controlled conditions,.

o

~

Ten fruit were inceulated with 0,01 ml, agueous spbre suspension
containing 20,000 spores (approx.) after one site per fruit had been
pricked Six times into, and between the oil vesicles to a depth of
4 mm. The fruit were incubated at 22-24°C, as described on P,26,

Twenty_foﬁr hours after inoculation abwhite Yhalo¥t of
germinating spores appeared at each inoculup site, but it was not
until 48 hours after inoculation that lesions could be distinguished,
By this time lesions were approximately 6 mm, in diamater, the
infected rind was smboth and water soaked, and growth of hyphae
appeared at the points of pricking on'moét fruit (Plate 6 ).

Three days after inoculation, the inoculum sites were covered
by a white growth of mycelium and tufts of‘hyphae had burst through
the stomata (Plate 7 ). Lesions were now 1~3 cm.’in diameter,

After 4 days the first sporulétion was dbserved in the centre of
’ the mycelium mat and appeared as a change in'coléur from bright
white to dull, olive-green, At this stage the advancing edge of
each 1esion:consisted of a water soaked band, l=l.5 fm, wide
surrounding the central mat of mycelium. In different fruit, lesions

varied from 4 to 8 cm, in diameter, reflecting the variation in
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resistance to spread of the fungus,

Five days after inoculation there was heavy 3p§rulation in
the central part of each lesion, which varied from 5 to 9 cm. in
diameter, This area was surrounded by a white band of mycelium,
2-3 mm, wide, which in turn was enclosed by a water sozked
advancing front that showed no supgrficial mycelium,

Most fruit were infected completely 6 days after inoqulation
and remained fairly firm in consistency. Little shrinkage of
Weoveredh fruilt was observeé initizlly and this only becane

notdceable after a prolonged storage period.

Vel
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B, INFECTION OF JRUIT THROUGH UNINJURED RIND

1. Infection of fruit by en inoculum of spores in water

The aim of this investigation was to determine whether or not

frult could be infected through uninjured rind when inoculated with
an aqueous spore suspension.

Fruit were inoculated in two ways and the fruit selected for
“inoculation by each method werc carefully examined with the aid of
a dissecting miscroscope (X 12) in order to:avoid the occurrence
of woundé at ihoculum sites. |

Using the first method of inoculation oranges of the Valencia,
Navel and Shamoutivvarieties were used., Forty fruit of each
"‘variety,‘all having green stems, were ﬁsed in separéte experiments
with each variety.
In an experiment, fruit were inoculated with 0,01 ml. aqueous
spore suspension (1) at 4 sites/fruit 2 mm, from the stem endj
(2) at 4 sites/fruit 2 mm, from the blossom end; (3) on stems of
fruit end (4) into cavities left after removal of stems. Teh fruit/
treatment were used and fruit were incubated as déscribed_on P. 26
for 50 days. The results of theée experiménts are summarized below,

No lesions developed on fruit inoculated at the stem and stylar
ends and growth of mycelium was not observed at these sites either.
However, this did not mean that spores had rot ggrminated at these
sites (see P.187). |

Fruit inoculated over the stems frequently showed sparse growth
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of hyphae but lesions were produced only in 2 Shamouti fruit.
These lesions developed after an incubation of 30 days and a Brcwn

Rot caused by Diplodia natalensis (P.245), wés found at the sites

of developing lesions, This suggestedvin'mind of the other results

that the primary infection was not caused by P.digitatum.

There were no Ilesions on fruit inoculated after the removal of
the stems although in most cases there was sparse growth of hyphae
in the cavities,

These results agree with those of Green (1932), but not‘with
those of Bates (1936), who claimed to heve infected through the rind
of uninjured fruit at the stem end,,

The method of inoculation used by Bates was not the same as
that used above and an experiment using Batcé' method is describad
beloﬁ.; &

Shamouti fruit free from visible injuries were placed on their
stem ends, blossom ends and on their sides in the bottbm half of
petri dishes containing 10 ml. of dense spore suspension in sterile
water; 10 fruit for each position were used., The lesions developed

within 20 days of inoculation are shown in Table 1 .

3
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Table 1. Infection of Yuninjured" Shamouti oranges placed cn their

stem ends, blossom ends and on their sides in 10 ml. of spore

suspension in sterile water contained in the bottom half of

-

petrl disghes

Number of lesions amongst 10 fruit in each series
Days in spore Fruit placed on Fruit placed Fruit placed on
suspension stem ends on sides blossom ends
4 . 2 1 1
6 6 2 4
8 10 3 4
11 10 6 6
13 10 8 7
R0 iO 8 7

Lesions déveloped in all fruit standing:on their stem ends and
also in those placed in other positions but more slowly and to a
somewhat lesser extent., . |

These results are in contrast to those obtained by the other
method of inoculation and would seem to suggest that fruit are
infected throughluninjured rind when fairly 1arge areas of fruit
surface are suspended in an aqueous suspension of spores.

However, fruit from the same consignment stained with a solution
of 0,1% Light Green in 70% ethyl alcohol, revealed small wounds on
.the rinds, Stain, absorbed by the wounds remained after the fruit

hed been washed in cold water, and was readily detected by means
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of a dissecting microscope (X 12).

Wounds were larger and more numerous at the stem end than at
the other positions inoculated, These probably resulted from
damage caused in handling and clipping at the stem end during
harvesting. It was also observed that when fruit were suspended
with their stem ends in water cracks eppeared in the outer rind after
5 days. These cracks probably resulted from differences in expansion
of the flavedo and albedo, which was spongy and may have absorbed
more water. The formation of cracks and the greater number of wounds
were the cause of the more rapid development of lesions at the stem
end, |

The lesions formed at other positions were probably the Tesult
of infection through minute wounds. The development of these was
aided by substances leached out from the rind which promoted
germination of spores in water in contact with fruit.

When those spore suspensions contaihed in petri dishes, in
which fruit had remained éound after a 20 day incubation period,
were examined microscopically it was found that germ tube growﬁhr
was profuse. This growth however was not sufficient to cause lesions
in the absence of a suitable avenue for infection.

The technique of Bates used above seemed unsuitable for
determining whether wounds were necessary for infection and in
experiments to be described in the text later it was rejected in
favour of a technique in which a much smaller inocﬁlum site and

defined quantities of inocula were used as described on P.24 ,
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2, Infection of fruit by an inoculum of spores in rind extracts and

orange ‘juice

In the last experiment it wag seen that Shamouti fruit

vere not infected even when inoculum sites were covered by growth
of hyphae, |

In this experiment Shamouti and Navel fruit were inoculated
with 0,01 ml, suspension containing 10,000 spores in (8) water, |
(b) water extract of flavedo, (q’ water extract of albedo, (d) water
extract of complete rind and (e) orange juice to see if growth of
hyphae in these media promoted. infection of fruit through uninjured
rind, Extracts of rind tissues were prepared as described on P, 34,

In this and other experiments in this section there was one
inoculum site/fruit and 10 fruit/treatment,

Table 2 shows the number of lesions 30 days after inoculation,

Table 2, -Infection of Muninjured® Shamouti oranges by spores

suspended in water, water extract of rind tissues and orange

juice
Number of lesions out of 10 in each series
Variety Suspensiofi medium
, Flavedo 4Albedo Complete Orange
i Water  extract  extract  rind extract Juice
Shamouti| 0O 0o 1 0 1
Navel 0 1 0 0o 1
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Growth of spores in the rind extracts and orange juice was such
as to allow the development of clumps of sporulating hyphae at the
inoculum sites but resistance to infection was not overcome (Platets )._
It was clear,‘thérefore, that in spite of this good groﬁth the fungus
did not penetrate the unbroken cuticular layer of the epidermis,

The results of this experiment did not agree with those of
Green (1932) who infected Spanish oranges in the absence of wounds
‘using an inoculum of spores in orange juice,

In view of this, Shamouti fruit were again inoculated with
spores in orange juice and an attempt was made to break the rina
resistance by increasing the volume of inoccula to 0,05 ml, or -

04l ml., In the controls, spores iﬁ 0.01 ml, water were used,

"Perspex! rings, 1 cm, diameter and 1 cm, deep, were sealed to
the fruit with Vaselinevto keep inocﬁla in position,

Tablé 3 shows the number of lesions formed within 25 days of
inoculation, |

Table 3.; Infection of “uninjured" Shamouti oranges by spores

suspended in orange juice

Spores in orange: juice Spores in water

 Days after )
inoculation  |0.05 ml./site 0.1 ml./site - Qel mle/site

4 0 0 0

6 0 1 0

8 1 1 0

11 1 2 0

25 1 2 0
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The results of the previous experiment weré confirned. Only
a few lesions developéd in fiuit inocuiated with spores in juice and
these developed slowly, The action of acids in the jgice'on small
superficial wounds was thought to result in infection (see P,123),

~Another experiment repeated the above with Navel fruit and
gave similar results, Only one lesion developed on a fruit
inoculated with 0.1 ml, inoculum in juice within 15 days of
inoculation, ‘

Although Green (1932) infected Spanish oranges with an
inoculum of spores in orange juice in- the absence of wounds it is
possible that minute wounds did oécur on-these fruit. The presence
of such wounds would not have been detected unless. the fruit
surface was stained specially to reveal them and this was not done
by Greén. Alternatively, the inféction of uninjured Spanish

~oranges by her could have béen & characteristic of the fruit used.
Whether this was a varietal characteristic is not known aé the
variety used by Green was not stated,

3. Infection of fruit by an inoculum of spores in citric acid
Green (1932) successfully inoculated Spanish oranges

with spores in citric acid in the absence of wounds. 4 gimilar
experiment with Shamouti oranges is described below.

Sites on fruit specially éelected as being free from visible
wounds were marked with indian ink and around each a'“perspex“ ring,

1 cm, diameter and 1 cm, deep, was sealed with Vaseline,
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Inocula of spores in 0,3 ml. of 1%, 3% and 5% solutions of
citric acié. were\used. ACon’c.rols were inoculated with spores in
water, The development of lesions after different periods of
incubation is shown in Table 4 ,

Table 4, Infection of “uninjured® Shamouti fruit by spores

-

suspended in citric acid

Number of lesions out of 10 in each series

T | 0. 0 o 0

) o o 1 0
2 | 1 1 2 °
13 1 € ? °
15 1 2 2 °

~ Few lesions developed and these did so very slowly. After
incubation of fruit for 3 days slight depressions in the form of
small pits developed on some fruit inoculated with spores in 3%
and 5% acid solutions, With further incubation, growth and
sometimes éporulation of the fungus was seen at these sites. Growth
of mycelium on some fruit caused lesions to develop (Plate 9 )
while on others growth was confined to the rings at each site and
. only depressions were formed (PlatelO ), Thifteen days after

inoculation growth of the latter type was found on 4, 6 and 7 fruit
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treated with spores in 1%, B%Eand 5% citric acid solutions
respectively., Penetration of the rind tissues hy the fungus was not
observed,

These results are in direct contrast to those of Green (1932)
who found thét all inoculations gave lesions after 8 days incubation.
The period of incubation in the above experiment was double that used
by Green, |

Growth of spores at inoculum sites was not é direct result of ‘
stimulation of growth by the acid, because very few spores germinated
when suspended in 1% acid and incubated on sterile glass slides for
24 hr. at 24—2500. The spores did swell considerably however,

Gfowth of the fungus on the fruit may have depended on an increase‘in
the passage ofvsﬁimulétive suﬁstances from the rind after it had been
damaged by the citric acid, |

4e Infection of sound fruit by contact with infected fruit

Fawcett (1936) stated that infection may start by comtact
of sound fruit with fruit already infected by the fungus, but that
this did not take placeﬁso readily as with Blue Mould caused by Ea
italicum, ,

To clarify this point, three experiments with Shamouti,
Valencia and Navel fruit were done, Ten sound fruit of each variety,
free from distinguishable surface blemishes, were chosen, Bach fruit
was attached to a fruit infected with Greén Mould, by a tight elastic.

band so that the periphery of that lesion on the adjacent infected
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fruit came into contact with the sound fruit. The fruit were then
incubated for 6 days,

In each experiment a distinct softening of the rind tissues of
the sound fruit adjacent to the infected fruit was detectable after
removal of the elastic bands. These soft areas'subsequently developed
into green sporulating lesions, |

In another experiment with Navel-fruit, sound fruit, placed
in contact with Green Mould infected fruit as before but not under
pressure, did not become infected,

It appears therefore that under pressure sound fruit are
infected by contact with infected fruit,

Undep tfaﬁﬂporttconditions the development of wastége in sound
fruit after contact with Green Mould infected fruit was frequently
observed. One of the factors contributing to this spread is the

pressure under which the fruit are packed in cases,



G, INFECTION OF FRUIT THROUGH WOUNDS

The infection of fruit through wounds was investigated to

discover the part played by injury in providing avenues for infection

by the fungus,

Valencia fruit were wounded by pricking each fruit three times

‘into or between the oil vesicles to varying depths. An inoculum

of

0,01 ml., aqueous spore suspension containing 10,000 spores was applied

to the wounds at each inoculum site, There was one site/fruit and

10 fruit/depth of prick, Fruit were incubated for 39 days and the

results are shown in Table 5 ,

Table 5, Promotion of infection by P.digitatum through wounds of

varying depth into or between the oil vesicles of Valenéia

oranges, using spore suspensions in water.

Three wounds per fruit,

L

T
S, emB e .

' Number of lesions out of 10 in each series
Days after

Inoculation |younds between oil vesicles Wonnds into 0il vesiocles

Depth of Prick (mm,)

~

0e25 0o5 1.0 2.0 3.0 440} 0425 045 140 2.0 3,0 4,0

8
10
10
10
10

0
0
0
0
0
0
0 10

O~ r~whl
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O
w Qs\u/naxozu
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3

9
10

10
10
10
10

9
10

10
10
10
10

The results show clearly the effect of wounds on infection.

Fruit were infected more. readily when spore suspensions were put into
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the oil vesicles compared with between the oil vesicles, Generally,
the rind begtween vesicles was resistant to infection and this
resistahce wés very marked to inocula placed 2 mm, deep or lesse
Lesions develOpéd nore slowly in the "intér-vesicle" zone and the
increase in number of lesions formed with increased depth of prick
was not as striking as when vesicles were inoculated directly,
~ Bates (1933) also found that vesicles provided a suitable

avenue for infection but the reéistance of the "inter-vesicle"
flavedo to infection by Sporés in water was not reported,

The further experiments on wounding between and into the vesicles
will now be considered later under separate headings,
1, _Effect of heal;ég wounds on infection of fruit

A process called “wilting" of‘fruit and prbbably'more correctly
described as “healing® of wounds on fruit is practised widely
throughout the Citrus industry, In this fruit harvested in the
field are left for approximately'l day before being treated in the
packhouse, During this time injuries made on the fruit during
harvesting have time to heal and thus it is found that fruit, left
to Wwilt" in this way, heeome less wasty than those receiving
packhouse treatment immediately after harvesting,”n__~__K\

The effect of healing wounds on the initiétion and development

of lesions from wounds into and between oil vesicles was studied

as described below,
[ P

Shemouti fruit, pricked three times into the oil vesigles to a

&
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depth of 2 mm, or between the vesicles to a depth of 4 mm, were
left at room temperature for 1 and 7 days to allow the wounds “to
heal before being inoculated, Fruit were inoculated with 0,01 ml.
aqueous spore suspension containing 10,000 spores and the number of
lesions that developed within the 20 day period of incubation is
shown in Table 6 ,

Table 6+ Effect of healing wounds, 2 mm, deep into or 4 mm. deep

between oil vesicles of Shamoutl oranges, on infection by

P.digitatum spores in water

Three wounds per fruit,

Number of lesions out of 10 in each series
Wounds between oil vesicles| Wounds into eil vesicles

Days after Days between wounding and inoculation
inocculation 0 1 7 0 1 7
2 4 2 0 3 0 0
4 9 2 0 8 3 0
5 9 4 0 9 4 0
6 9 4 Y 9 4 1
8 9 4 2 9 4 R
10 9 6 6 9 4 4
20 9 6 6 9 4 4

Healing of wounds increaged the resistance of fruit to infection
from inoculation into or between the oil vesicles, This was.
slightly more striking in fruit pricked into the vesicles. Healing
of wounds for longer than 1 day did not increase this resistance. -

Not only was the number of lesions less in the Wwilted" fruit but
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the lesions that did develop did so more slowly because with both
:bypes of wound the longer the period of healing the greater was the
incubation period necessary for the first appearance of lesions.
Fruit, pricked into the vesicles and inoculated :i..nunediatelyr after
wounding developed lesions after 2 days, whereas those left to heal

for 7 days did so only 6 days after inoculation.
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‘Q& INFECTION Or FRUIT THROUGH WOUNDS BETWEEN THE OIL VESICLES

1. Resistance of Shamouti fruit to infection

Fruit of the Shamouti variety were used to give a comparison
with the results obtained in the previous experiment with Valencia
fruit,.

The methoévof inoculation was the same as that used with Valencia
oranges except that the number of pricks/site was increased to 6
&nd the number of fruit /treatment to 12. The effect of increase
| in depth of prick on infection was looked at more closely by having
nore intermediate values in prick depth than in the previous
experiment,

The fruit were incubated for 49 days. The rate and development
of lesions at the different depths inoculated is given in Table 7 .

Table 7e Effect of depth of wound between oil vesicles on infection of

Shanouti orenges by an aqucous suspension of Ph.digitatun spores

Six wouhds per fruit,

=

Number of lesions out of 12 in each sé%ies

Deys after - Depth of prick (mm.)

inoculation 0 0.25 0,5 0,75 1.0 15 240 245 3.0 3.5 4.0 5,0
3 0 O 0 0 0 o 0o 3 1 4 10 7
4 0 0 0 O 0 o 2 3 3 4 12 11
5 0 0 0 0 0 0 2 4 3 4 12 12
6 0 O 0 1 0 0 2 4 3 4L 17 12
8 0 0 0 1 0 0 2 4 3 4 R I
19 0 O 0 1 0 0 2 4 3 4 1B 12
49 0 © o 1 1 2 2 4 3 4 12 12
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It is clear that the tissues of the inter-vesicle zone of the
rind of Shamouti fruit has considerable resistance to infection.
This resistance was very marked at a depth of 1,5 mm, and somewhat
less at a depth of 3.5 mm.‘ After incubation for‘ZQ days there was
a slight decrease in this resistance because more fruit became
infected but after this prolonged period occasional infections from
fungi other than P.digitatum developed at the stem ends of fruit.

These were mostly caused by Alternaria citri and Diplodia natalensis,

Infection by these fungi might have reduced the resistance of the
fruit to infection by P.digitatum and so the results after 49 days
are best overlooked,

Wounds deeper than 3.5 mm, showed no resistance to infection,
and the development of lesions from these wounds was very rapid.
Pricks 5 mm. deep were still within the outer rind and had not
penctrated into the juice ﬁesicles.’

At infection sites which did not develop into lesions, red
marks or stains were frequently observed around the pricks. The
occurrence of these red spots is dealt with in another section (P.115).

The marked resistance observed with wounds novdeeper than 1.5 mm,
corre5p6nded to the 1limit of the oil=bearing flavedo tissue in the
outer rind, this tissue extending into the rind to a depth of 1.5 mm,
approxinately, Thus one could more accurately attribute this marked
resistance to infection to the inter~vesicle tissues of the flavedo
layer,

The underlying factors and mechanisms capable of breaking this



- 70 -

fesistance were subjects of further investigation later on in the work,
2. Resigtance of Navel fruit to infection

Registance of the inter-vesicle tissues of Shamouti and
Valencia fruit to infection has already been described. It was
" now of interest to investigate if Navel fruit also showed this
resistance because fruit of this variety are frequently described
as being more wasty i,e. more suécéptible 1o Gisease than Valencis
fruit., |

The same procedure ﬁasvused‘as iQ“the corresponding experiment
with Valencia fruit. The fruit Q9ré/incubated-for 36 days to
establish whether an extended period ofrincubationvafter lesion
formation appeared to be complete, had any effect in lowering
resistance to inféction. The number of lesions develOped afterv
differeht periods of incubation is shown in Table 8 .

Table 84 Effeet of depth of wound between oil vesicles on infection of

Navel oranges by an agueous susgpengion cof P,digitatun spores

Three wounds per fruit.

Number of lesions out of 10 in each series
Depth of Prick (mm.)
Days after
inoculation |0 0.5 1,0 240 - 3.0 4«0
2 0 0 0 2 3 5
3 0 o 0 2 6 8
4 0] 0] 0 3 7 9
5 0 0 0 5 7 10
36 0 0 0 5 7 10




o

Like the othex varieties, Navel fruit show a resistance to
infection in the inter-vesicle tissues of the flavedo to a depth of
between 1 and 2 mm, in the rind, A large proportion of inoculations
into the tissues of this zone were successful only when they were
made to a depth of 3 or 4 mm,

A careful examination of fruit still sound 10 days after
inoculation revealed that red spots were again present in the form
of halos around the pricks, After 19 days it was found that 16 out

of 20 fruit pricked to a depth of 0.5 and 1 mm, showed these spots
on close examination, Fruit pricked to the same depths but not
ingculatea did not develop red spots. ‘

At one inoculum site where profuse'growth of sporulating hyphae
vwas observed ﬁo lesion was formed (Plate 11). The occurrence of
good growth of hyphae in inter-vesicle flavedo wounds would not,
therefore, appear to be a prerequisite for the formation of lesions
within the period of incubation.

It was, however, observed thet the number of lesions formed
after inoculation at depths of 2 and 3 mm, weré more than twice as
numerous as those formed at corresponding depths in Valencia fruilt
although the conditions of beth experiments were identical, This
may explain, at least in part, the fact that un@er commercial
conditions Navel fruit are more susceptible to infection by
P.digitatum than are Valencia fruit.

3., Variation in susceptibility of Navel and Valencis fruit to

infection

Although in earler work on infection it was observed that
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the 3 varieties Navel, Valencia and Shamouti; all showed avdefinito
resistance to infection following inoculations into the inter-vesicle
flavedo tissues, nonetheless a certain variation in this resistance
was exhibiﬁed by fruit of any one variety. Examples of this are
shown in Tables g aﬁd 10 which contain the results of a number of
experiments done at different times with Navel and Valencia oranges
taken from different consignments,

In each experiment 10 fruit of either Navel or Valencia variety,
from different consignments A-L, were wounded by pricking three
times to 1,0 mm, depth between oil vesicles and inoculated with
0,01 ml. aqueous spore suspension containing 10,000 spores., The
number of Navel and Valencia fruit developing 1esion$ is shown in
Tables 9 and 10 ArGSPectively.

Table 9. Variation in resistance of Navel oranges, from different

consignments A-H, to infection by an agueous suspension of

spores of P.digitatum when inoculated through pricks 1,0 mm, deep

between oil vesicles _

T ha W

. Three weunds per fruit, ‘ e

- ' Number of lesions out of 10 in each geries

| Days after

inceulntiod A - B c D B F G H
#’ 0 o 0 0 ¢ o 1 7

0 0 0 0 o 3 5 8

8 0 1 0 0 0 2 6 8
10 0 1 0 0 0 2 6 8
11 0 1 0 3 0 2 .6 8




Table ]Qe Variation in resistance of Valoncia oranges, from

different consignments I-M, to infection by an agueous

suspension of spores of P, digitatum when inoculated through

pricks 1,0 mm, deep between oil vesidles.

Three wounds por fruit;

_ Number of lesions out of 10 in each series
Days after
inoculation I J K L M
3 0 0 0 1 0
5 1 1 0 3 0
8 1 1 0 5 0
11 1 1 0 5 0

It is clear that in the different experiments the résistance-of
the fruit varied cbnsiderabay and that in most experiments, most of
the fruit were'resistant. |

Keeping in mind that fruit of both varieties were chosen at

random, the results of the experiments taken as a whole suggest

that Navel fruit are less resistant to infection than Valencia fruit.
This corresponds with field observatlons because Navel frult in
transit normally develop more wastage from infection by P.digitatum

than Valencia fruit.

4.' Resistance ogﬁgnter—vesicle flavedo tissues at the stem and

blossom ends of fruit to infection

In this experiment the resistance of the inter-vesicle
flavedo tissues at the stem and blossom ends of orange fruit was

studied, This was of particular interest because infections at the
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stem end by P.,digitatum are much more frequent in the field then at

other parts of the fruit.

Two experiments, one with Shamouti and the other with Navel
frult were done,.

In the first experiment, Shamouti fruit were pricked three
times/inoculum site between the oil vesicles to a depth of 1 and
1,5 mm, at the stem and blossom ends of each fruit., Ten fruit wvere
used for each depth of prick and 0,01 ml, aquedus spore suspension
containing 10,000 spores was applied to each inoculum.site. The
fruit were placed on their sides before inoculation and the inoculum
drops were kept in‘position.by a smear_of Vaseline; The fruit were
incubated forﬂlo days and the number of lesions developed within
this period are shown in Table 11,

Table 1ls Resistance of the inter-vesicle flavedo tissuese at the

stem and blossom ends of Shamouti oranges, to infection by

a_suspension of P,digitatum spores in water

Three wounds per inoculum site,

Number of lesions out of 10 in each series

Depth of priék (mme)

Days after '
inoculation 1.0 15

Stém end Blossom end Stem end .Blossom end

3 1 0 : 1 0

10 1 0 1 0
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A definite resistance to infection was shown at both ends of
‘the fruit but lesions did develop at the stem ends in 2 fruit.

A similar experiment was done with Navelloranges.

No lesions had developed at either end of the fruit at both .
depths of inoculation after incﬁbation for 11 days.

Therefore, the flavedo tissues at both the stem and blossom ends
of the fruit are resistent to infection and the greater susceptibility
of fruit to infection at the stem end in the field cannot be
attributed to lower resistance of the inter-vesicle tissues of the
flavedo at this part of the fruit.

The increased infection known to occur at the stem end in the
field probably results from the fact that this end of the fruit is
more easily injured because it is ﬁhe part most exposed in the
handling of the fruit at harvesting when clippers are used to remove
the stems, Such injuries would rupture the oil vesicles and provide
the type of wound through which the fungus readily enters the fruit.

5. Registance of lemop and grapefruit to infection

In studying the infection through inter-vesicle flavedo
tissues of different varieties of orange it was seen that most lots
of fruit showed some resistance. It was now of intereét to see if
‘there were similar resistance in other species of Citrus in which
the rinds of the fruit have the same basic structure as that of
orange.

| Lemons and grapefruit were used for this purpose. Ten fruit -
of each were pricked three times/inoculum site to a depth of 1 mm,
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between the oil vesicles, then inoculated with 0,01 ml. aqueous
spore suspension containing 10,000 spores and incubated for 11 dazys, -
No lesions developed on any of the fruit, So it would seem
that these fruit have a resistance to infection in the flavedo

inter~vesicle tissues similar to that observed for oranges.

6. Effect of spore numbers in the inoculum drop on the production
of lesions ° |

The effect of spore numbers in the inoculum drop on infection
was investigated with Shamouti fruit which vere pricked between
the oil vesicles 6 times/inoculum site to a depth of 4 mm, There
were 16 fruit for each freatment.

Spore concentration was altered by dilution and the densities
were checked by the use of a hasmacytometér counting cell; 0,01 ml,
aqueous spore suspension was applied'to each inoculum site, The
fruit were incubated for 24 days and the number of lesions developed

within this period is shown in Table 12 ,
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Ipble 12¢ Effect of spore numbers én the infection of Shamouti fruit,

pricked bétween the 0il wvesgicles to a depth of 4 om.

8ix wounds per fruit,

Number of lesions out of 16 in each series
Days after Number of spores/0,01 ml, inoculum

Amoculation g 000 2,000 200 20 0
2 9 1 0 0 0 0
3 13 11 R 0 0 0
4 16 15 2 1 0 0
5 16 15 2 4 0 0
6 16 15 4 4 0 0
8 16 15 5 4 1 0
9 16 15 5 5 1l 0
11 16 15 5 5 1l 0
1R 16 15. 5 6 2 0
13 16 15 5 6 2 0
1 16 15 6 6 2 0
24 16 15 6 6 2 0

- Increasing the spore load led to an increase in the number of
lesions formed and the rate of lesion formation was more rapid in
fruit inoculated with the most spores,

An inoculum of 2 spores resulted in the férmatién of 1esions
in 2 out of 16 fruit end these did not develop until after an
incubation period of 8 to 12 days. In contrast, all lesions developing
in those fruit inoculated with drops cdntaining 2,000 and 20,000
spores did so within 4 dayss With smaller inocula however lesions
: continued to appeér and develop until the fourteenth day of

" incubation,
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In summary, therefore, the effect of larger inocula at the
inoculation sites was to increase the ;peed at which lesions developed
and the total number of lesions formed,

Next an experiment was carried out using those fruit, wounded
to a depth of 4 mm,, that had remained.sound in the above experiment.
These were thought to have remainsd sound:because the inocule were
too small, It was thought that reinoculafion of the inoculum sites
on these fruit with a denser spore suspension would result in
infection in most of the fruit,

Twenty edight fruit were inocuiated with 0,01 ml. aqueous
suspension, containing 10,000 Sporég, at aachvinoculation site,

After incubation for 22 days only one fruit became infected,

a rather surprising resﬁlto

Examination of the inoculum sites with a dissecting microscope
(X 12) revealed that the orifiées of the pricks were traversed by
hyphae and that these hyphae were visible without staining; growth
vas not extensive, Transverse sections of the rind, cut through the‘
pricks and stained with lacto—phan;I in cotton blue did not show
penetration of the flavedo and albedo tissues by hyphae,.

| ThevresistanCé to infection observed in the wounded fruit
above was similar t0, but more striking than, that observed with
fruit of ﬁhe’same variety, left to heal at room temperature (P, 65),
" The iﬁealmg 5f w'éunds, which is thought to be responsible for the
increﬁsed,iesisﬁance of frﬁitlio infection, would therefore appear

to be more effective in resisting infection when.fruit,'wounded
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between the oil vesicles, are kept &t a high humidity in closed
plastic boxes than at comparatevely lower humidity at room
temperature,

7 Effect of variation in number of pricks at the inoculum site

on the production of lesions

The effect of varying the number of wounds at the inoculum
‘site was studied in this experiment, Shamouti fruit were pricked
1, 2, 4 or 6 times/site to a depth of 4 mm., this depth ensured
high infection, 411 wounds were made close to one anothsr to allow
coverage by the inoculum drops; 0,01 ml, équeous spore suspension
containing 10,000 spores was applied to each inoculum site, Fruit
were incubated for 11 days and the number of lesions developed
within this period is shown in Table 13 .

Table 13. Effect of number of pricks/site on the development of

lesions in Shamouti oranges, wounded between the oill vesicles

to a depth of 4 mm, and inoculated with an agueous suspension

of P, digitatum spores

Number of lesions out of 10 in each series
Days after ‘Number of pricks/site
inoculation . (6 L 2 1 .
2 6 i A 3 5
3 10 8 8 7 0
4 10 10 10 8 o
5 10 10 ‘ 10 9 0
i 10 . 10 10 9 .




Incubation for 2 days was necessary and suffidient for ﬁhe
formation of lesions. The greater the number of pricks/site the
faster did lesions develop but even pricking only onee/site to this
depth caused lesions in 9 out of 10 fruit, Thus, spores in
conjunction Qith one very small wound on the fruit can produce a
lesion that can result in total wastage of the fruit.

8. Effect of inoculating fruit by different methods on the

production of lesions
In this experiment Navel oranges were pricked to a depth of
345 mm, i.e. into the albedo., There were 6 pricks/site and 10
fruit/treatment, |
The fruit were inoculated in the following waysi=

(a) By.an inoculum of 0,01 ml, aqueous spore suspension containing
10,000 spores applied to each inoculation site: after wounding,

(b)  &yanagueous spore suépehsion as in (a), which was applied to
inoculation sites and left to dry at room temperature for
approx. 2 hours before the fruit were wounded,

(¢) By wounding fruit with an inoculation pin coated with dry
spores,

(a) By wounding fruit with arpin coated with dry spores, after
which 0,01 ml, sterile water was added to each inoculation
site.

(e) By brushing dry spores on a camel hair brush overiinoculation
sites wounded shortly beforehand,

After inoculation the fruit were incubated for 30 days and
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the number of lesions developed within this period is shown in

Table 14—.'
Iable 14 Effect of inoculating Navel oranges in different ways on
the production of lesions i 1

94x weunds, 3,5 mm, deep between the. oil vesicles, per fruit.

Number of lesioné out of 10 in each series
Days after Method of inoculation
~inoculation  |(a). (R) (¢) (a) (%)
2 10 0 4 9 3
3 10 0 6 10 4 |
4 10 1 7 10 4
5 1o 1 7 10 5
7 10 1 7 10 5
10 10 1 T 10 6
13 10 1 7 10 6
23 10 2 7 10 6
30 10 2 7 10 6

These results clearly indicate the effect of water at the
inoculum site in promoting infection. The formation of lesions in
the presence of water was completed within 3 days, wheresas with dry
spores lesion development was slower and lesioﬁs did not‘deve10p
at 3 or 4 of the inoculated sites. The inefficiency of nethod (b)
is particularly striking and is not easily understood in light of the

results by method (c).
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’

9. Effect of emanations from fruit infected by P.digitatum on

resistance of flavedo to infection

The use of ethylene in some Citrus packhouses to Wdegreen!
fruit, and the fact that this gas is produced by growth of P,digitafum
in culture and on Citrus fruit suggested an investigation of the
effect of emanations from fruit infected by this fungus on the
resistance of the flavedo tissues to infection,

Biale and Shepherd (1941) found that gaseous products from
lenons infected by P, digitatum caused a marked increase in the
rate of carbon dioxide evolution b} green fruit and accelerated
‘ coléur development in the same fruit.

The occurrence of wastage of oranges in clumps or Mpockets!
in packing cases also suggests that volatile products emanatingk
from infected fruit weaken the resistance of adjacent fruit to
" infection, | |

© Navel fruit were pricked to depths of 0,5, 1.0 and 1.5 mm.
between the oil vesicles and inoculated with 0,01 ml, aqueous
suspension containing 10,000 spores. There weres 3 pricks/inoculation
site and 5 fruit/depth of prick, Fruit were-incubated in closed
plastic boxes after the introduction of two frﬁit infected by

P, digitatum to each box, Controls each of 5 fruit/depth of prick

were incubated in the absence of infected fruit,
After incubation for 20 days none of the inoculated fruit became
infected., This suggested that the increased wespiratory rate of

the inoculated fruit; resulting from the emanations from the infected



-8 -
fruit, did not result in an increase in susceptibility to infection.
After 20 days had elapsed and no lesions had formed, each
of the inoculated fruit was. placed in conmtact with a fruit infected
by P,digitatum as described on P, 62 ., Within one week of doing this,
lesions had developed on all ﬁhe fruit attached in this way.

From this therefore, it would appear that emanations from

fruit infected by P.digitatum have iittle effect on resistance to
infection and that spread by contact appears to be the cause of the
WpocketsW of wasty fruit that are common during transport and
storage,

Further studies on the effect of emanations on the germination

of spores in vwater is described on P, 180,
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E, INFECTION OF FRUIT THROUGH WOUNDS INTO THE OIL VESICIES

1; Effect of depth of wound on the production of lesions

In an earler experiment (P.64 ) it wes seen that Valencia
oranges vere ;eadily infected by inoculation through the oil
vesicles, Navel oranges were also used in a similer experiment.

Ten fruit/depth of prick were pricked into adjacent oil vesicles
" 6 times/inoculum site to depths varying from O to 5 mme To each
inoculum site 0,01 ml, aqueous suspension containing 10,000 spores
was added, The frult were incubated for 21 days and the leslons

- formed within this period are shown in Table 15,

Table 15. Effect of depth of wound into oil vesicles on infection

of Navel oranges by an aqueous suspension of P,digitatum spores

Six wounds per fruit.

Nunmber of lesions out of 10 in each series

Depth of prick (mm,)

Days after o
inoculation 5,0 40 365 3.0 265 2.0 15 10 0475 0,5 0,25 0

2 10 8 g9 7 & 7 3 1 0 1 0 O
3 10 10 10 10 10 10 8 L 1 2 1 0
5 10 0 10 10 10 10 109 5 4 5 4 O
6 10 10 10 10 10 10 9 é6 5 5 5 0
8 10 10 10 10 10 109 6 6 5 6 0
10 10 10 1010 10 109 6 7 5 6 0
13 10 10 10 10 10 109 6 7 6 6 O
21 10 10 10 10 10 109 6 7 6 6 0
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It was seen that with wounds of 2 mm. deep, and deeper, lesion
formation was completed withinIB dayss With wounds less than 2 mm,
deep a considerably longér incubation was necessary to allow all
lesions that were goiég to develép to do so; as long as 13 days
for some treatments, Even with the most shallow wound, only 0,25 mm,
deep, lesions did ultimately develop in as many as 6 out of the 10
fruit inoculated.

Quite minor damage to the rind at the site of an o0il vesicle
will therefére produce a site through which the fungus can enter
into the fruit, and the fact that the oil vesicles do pfovide
such an easy avenue for infection is of considerable practical
inferest as this is most probably the main way in which infection
occurs after the fruit are harvested. 4 scratch by a £horn or by
the finger nail of a packer, or by a splinter in a packing case will
rupture many oil vesicles and sc provide a number of avenues for
entry of the fungus.

The effect of the essential oils that are released on wounding
the oil vesicles on the spores of the fungus are described later
(r.188).

2, Effect of variation in the number of pricks intog the albedo

. on the production of lesions

Navel oranges were used and the number of pricks/inoculum
site varied from 1 to 63 the pricks were 4 mm, deep and 10 fruit/
treatment were inoculated., The pricks were made into adjacent oil

vesicles to allow coverage by an inoculum consisting of 0,01 mil,
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aqeuous suspension céntaining l0,000;SpOféS. Fruit were incubated
for 20 days and the gumber of lesions developed within this period
is shown in TableAlég .

Table 16, Effect of humbq; of pricks/site on the development of

 lesions in Navel oranges, wounded into the oil vesicles to a

depth of 4 mm, énd inoculated with an agueous suspension of
P, digitatum spores

Number of lesions out of 10 in each series

Nuzber of pricks/site

Days after

inoculation 6 5 A 3 R 1 0
2 10 10 10 10 8 4 0
3 10 10 10 10 8 6 0
20 10 10 10 10 8 6 0

An incubation period of 2 days was necessary for the formation
of lesions in the most favourable circumatances, The greater the
number of pricks/site the more rapidly did the lesions develop.

Only 1 prick/site in the presence of spores in water was needed to
allow a high proportion of the inoculations to give lesions. At

the inoculum sites of fruit remaining sound after 3 days, germinated
spores were obgerved as a white halo around the pricks and this was
agsoclated with a red staining of the tissues around the pricks,

It would appear that substances passing into the inoculum drop
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as a result of wounding provide mutrients sufficient to ensure
germination of the spores and growth of the germ tubes but this
still did not permit infection of the fruit.

3. Effect of variation in the number of pricks into the flavedo

on the production of lesions

The procedure adopted was the same as in the pfevious
experiment except that fruit were pricked into the flavedo to a
depth of 0,5 mm, The fruit were incubated for 27 days and the
nunber of lesions developed within this period is shown in Table 17,

Table 17 Effect of number of pricks/site on the development of

lesions in Navel oranpes, wounded into the oil vesicles

to a depth of 0.5 mm. and inoculated with an agueous suspension

of P.digitatum sporesg

Number of lesions out of 10 in each series

Number of pricks/site

Days after .

inoculation |6 T4 3 2 1 0
2 0 0 1 0 0. 0
3‘ 1 0 3 0 0 0
1 1 1 3 0 0 0
23 1 2 3 0 0 0
27 1 2 3 0 0 -0
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Thé fruit appeared resistant te infectibn through the oil
vesicles at this depth and there was nc obvicus relation between
the number of pricks and the formation of lesions,

These results are unlike those found in earlier experiments
with Valencie (P. 64) and Navel fruit (P.85 ) which became infected
to a greater extent with this type of treatment. A repeat of the
above ekperiment confirmed this result.

It seems that apart from differences in susceptibility between
varieties there are alsoc differences in susceptibility between
fruit of the same variety to infection by the fungus,

| Germinated spores arocund the pricks were observed at most
inoculum sites and red steining at the pricks accompanied this
growth of germ £ubes°

be Effect of spore numbers in the incculum drop on the production

of lesions

The effect of spore load in the inoculum drop was
investigated with Navel oranges which were pricked into the oil
vesicles 3‘times/inoculum site to a depth of 4 mmj 10 fruit/spere
concentration were uced,

The 3p§re”cdncentration was altered by dilution and spore
coﬁnts were made with a haemacytometer counting cell; 0,01 ml, of
the different spore suspensions was applied to each inoculum site,
The fruit were incubated for 22 days and the numbef of lesions

developed within this pericd is shown in Table 18,
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Table 18, Effect of gpore numberg on the infection of Navel oranges,

pricked into the oil vesicles to_a depth of 4 mma

Three wounds per fruit.

Number of lesions out of 10 in each series
Number of Spores/b.dl nl,inoculum

Days after :

;noculaﬁion 40,000 20,000, 2,500 625 150 40 20 10 1
2 | 1 0 0 0 0 b 0 0 0
3 9 7 1 2 0 0O 0 0O
4 10 10 8 7 3 4 0 00
6 10 10 10 9 4 5 1 20
7 10 10 0 9 4 6 1 20
10 10 10 100 9 4 6 2 3 1
11 10 - 10 10 9 5 6 2 3 b}
22 1010 10 9 5 6 2 31

The mumber of lesions and the rate st which they appeared
increased with increase in the spore load, However, a concentration
of less than 625 spores/drop had a marked limiting effect on lesion
production, A&n inoculum of 1 spore/drop produced lesions invl out
of 10 frﬁit and this required an incﬁbafion period of 10 dayse
Generally the more dilute the spore suspension the greater the

period needed to complete the formetion of lesidns.
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The occurrence of red spots around the pricks of the fruiﬁ
remaining sound was again frequently observed, fruit showing this
coloration around the pricks did not become infected within 22 days
of inocﬁlation. Whether this red "spotting" at the pricks indicates
some kind of resistance to infection by the fruit is not known but
this aspect will be considered in greater detail on P,115,

5, Effect of inoculating fruit bx different methods on the
ggoduction of lesions

The effect of various methods of inoculation on the production
of lesions following inoculations between the oil vesicles has
already been described. 4 similar experiment was done with Navel
fruit pricked into the o0il vesicles to a depth of 4 mme There were
3 pricks/site and 10 fruit/treatment.

The fruit were inoculated in the following ways i
(a) By an inoculum of 0.0lml. aqﬁeous spore suspension containing

10,000 spores applied to each inoculation site after wounding.
(v) By an aqueous spore suspension as in (a), ﬁhich was applied
to inoculatién sites and left to dry at room temperature for

approxe 2 hours before the fruit were wounded.

(c) By wounding fruit with an inoculation pin coated with dry
sporese ‘
(d) By wounding fruit with a pin coated with dry spores, after

which 0,01 ml, sterile water was added to each inoculation site,.
(e) By brushing dry spores on a camel hair brush over inoculation

sites wounded shortly beforehand,
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After inoculation the fruit were incubated for 7 days and the
number of lesions deveiOped within this period is ghown in Table 19,

Table 19, Effect of inoculating Navel oranges in different ways

with am ggueous suspension of P, digitatum spores

Three wounds, 4 mm. deep into the oil vesicles, per fruit,

Number of lesions out of 10 in each series
Days after
inoculation | Method of inoculation
(2) (b) (c) (a) -~ (e)
2 3 0 6 a 8
310 10 10 10 9
7 10 10 10 10 9
/l

Withiﬁ 3 days lesions had appeared}at 49 of the 50 inoculatipn
sites, No differences were produced by the different methods of
inoculation except'perhaﬁs in the number of lesions appearing after
2 as compared with 3 days incubation and these differences are not
likely to be significant.

These results stand in marked contrast to those obtained when
the inoculations were made between the oil vesicles (P, 8l), when
method (b) proved to be an inefficent metﬁod of inoculation and

method (e) only about half as efficient as method (&) and (d).
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F. INFECTION OF FRUIT THROUGH INSECT WOUNDS

The suggestion of Bates (1936) that scale infected oranges
were more liable to infection than sound oranges was investigated, |

The occurrence of scale insects (Coccidae) on Citrus fruit is
of great economic importance because no fruit infested with scale
to any extent is allowed to be exported,

Scale insects feed on plant tissues by means of a proboscis
thrust into the superficial cells. Like other insects they avoid
the oii vesicles when inserting the proboscis. Once the proboscis
has been inserted into the fruit it remains fixed in the same
position throughout the 1life of the scale and persists after
death of thé scale (Plate 12).

Two experiments with fruitvinfécted by scale insects were
carried out to see if such fruit were more liable to infection,

In the first experiment Shamouti fruit, infected with Black

Scale, Chrysomphalus gonidum were inoculated as follows:

(a) By an inoculum of 0,02 ml, agqueous spore suspension
containing 20,000 spores applied to 1 scale insect/fruit,

(b) By an inoculum of 0,02 ml, aqueous spore suspension
containing 20,000 spores applied to each fruit after the removal
of 1 scale at the inoculum site.

(c) By an inoculum of 0,02 ml. spore suspension containing

| 20,000 spores in orange juice applied to 1 scale/fruit.

(a) By an inoculum of 0,02 ml, spore suspension, containing
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‘20,000 spores, in orange juice applied to each fruit after the
removal of 1 scale at the¢ inoculum site.
Ten fruit/treatment were inoculated and incubated for 17 days,

The number of lesions that developed within this period is shown in
Table 20 , ‘
Table 20, Bffect of inoculating scale infested Shamouti oranges with

B.digitatum spores suspended in water and orange juice..

: Number of lesions out of 10 in each series "
Days after
inoculation .
Method of inoculation
; | | ,
(a) (@) (c) (a);
5 0 0 0 0]
6 0 0 1 0
17 0 0 1 0

The inoculation of the scale insects, or the marks left after
the removal of scale insects did not lead to the formation of lesions
.and although there was profuse growth of hyphae after fruit had been
inoculated with spores in orange juice only one fruit + scale
inoculated in this way becamé infected 6 days after inoculation,
In the second experiment each fruit vas ihocﬁlated with 0,05 ml,
spore suspension in (a) distilled vater and (b) orange Juice

containing 50,000 spores. The inoculum was held in position by a
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glass ring 1 cm. dianster, sealed o the surface of the fruit by
Vaseline., Ten Shamouti fruit, with one scale/inoculun site were
inoculated in each treatment. The fruit were incubated for 17 days
and the lesions formed within this period are shown in Tabls 21,

Table 2ls Effect of inoculating scale infested Shamouti oranges

with P, digitatun spores suspended in water and orange juice

One scale insect/inoculun site.

Nunber of lesions out of 10 in each series
Days after A
Spores suspended in Spores suspended in orange
inoculation , water : juice
5 0 1
10 | 0 2
17 0 - 2

' Two lesions developed following inoculation of fruit with
gpores in orange juice,
The results of these experiments suggést strongly that the

points of attachment of the scale insect Chrysomphalus aonidum are
not suitable avenues for the entrance of the fungus into the rind
from a suspension of spores in water,

There was a limited amount of infection from spores suspended
in orange juice but this may have been due to the action of écid
bn‘other wounds at the inoculum site and not to wounds caused by

the proboscis of the insect, It would of course be difficult to
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distinguish-between these.

The low anount of infection in fruit + 1 scale/inoculun site,
ihoculated with spores in orange judce is in general agreement with
thet of Bates (1936). Bates however found that fruit containing
3 scales/inoculation site were readily infected by spores suspended
- in orange juice,

An experiment to confirm this was not carried out as the area
needed to cover 3 scale insects would have been much greater than
that area, 0,4 sq. cm., used in othef experiments, Neither the
area covered nor the amount of inocculun used by Bates was stated in

his work,
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G. A MICROBGRPIC STUDY OF THE PENETRATION OF HYPHAE IN WOUNDS

INTO THE RIND TISSUES

It was shown in Section D ‘that the inter-vesicle tissues of-the

' flavédo were resistant to infection., This resistance was lost when

the oil vesicles were ruptured by wounds of comparable depth, In

this section the growth of hyphae in wounds into, and between the

0ll vesicles was studied microsc0picaily.

 Navel fruit, pricked three times to depths of 0425 to 4.0 mm.

between the vesicles, and into the vesicles, were inoculated with

an aqueous suspension of spores and incubated for periods of 24,48

and 72 hours. . .

~After each period of incubation the inocuiated tissues were

fixed in fofmalin—propiono—alcohol. 4Lfter fixation for 24 hours the

material was dehydrated, embedded and stained as described in the

Meterials and Methods (P. 31 ).

l.“Penetratioﬁ by hyphae in wounds between the oil vesicles

Table 22 summarizes the sequence in penetration of the rind

tissues by hyphae in wounds between the oil vesicles 48 and 72 hours

after inoculation,
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Iable 22, Penetration of rind tissues by hyphae in wounds of

different depth between the oil vesicles

Depth of Prick Time (hours) Flavedo Albedo
ma, ) after inoculation Spores penetrated penetrated

0,25 48 Germinated No No
045 48 n " "
1.0 48 " " "
1.5 48 " " "
1.5 _ 72 ' " u
3.0 48 " u Yos
3.0 72 " " "
40 48 o " "
440 72 - " Yes "

{a) Colonization of flavedo

(1) Wounds 0425 to 1,5mm, deep
Spores germinated in pricks 0425 to 1,5 mm. deep into the
flavedo tissues. Transverse sections through pricks lmm, deep 48 hours
after inoculation are shown in Plate 13 and through pricks 1,5 mm,
deep after 72 hours in Plate U4 .
Hyphae, 3 p in thicknoss, were observed in all pricks within
this range of depths These hyphae penetrated the ruptured cells that

resulted from wounding but they did not invade the compact cells of
the flavedo,
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(b) Colonisation of albedo

(1) Wounds 3,0 mm, decp
A longitudinal section through a prick 3 mme doop is

shown in plate 15, Germination of spores resuiting fronm wounding'
led to initial penetration of the albedo tissues after 48 hours,
Penetration of the flavedo tissues before invasion of the albedo
tissues was not observed (Plate 16). |

‘Soventy two hours after inoculation the invading hyphao 3.5
to 6 p thick had dissolved the albedo cell walls (Plate 17).
(11) Wounds 4,0 mm, deep

LAfter 48 hours dissolution of albedo cell walls by

invading hyphae was observed (Plate 18)s Hyphao did not penetrate
the flavedo cells on initial entry into the pricks,

Seventy two hours after inoculation hyphze had penetrated the
compact flavedo cells but not exténsively (Plate 19)s A4t the
orifice of each ﬁound' the flavedo cells although not penetraﬁed
bj hyphae iqst" their coherence (Plate 20). |

Extensive peﬁétration of the é.lbedo tissues by hyphae reéulted
in dissolution of cell walls to a distance of 1 mm, from each
prick, Hyphae were both intercellular and intracellulér and
wWMﬁmwummﬁm@mmahnwmmm
thickness from 3 to 7 Jte : ' -

2 Pgng&r_a_ﬁ jon by hyphas in wounds i!ﬂil o_the oil xgéiclgg

Table 23 summarizes the sequence in kpenetrafion- of the
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rind tissues by hyphae in wounds into the oil vesicles,

Table 23 ,Penetration of rind tisggeé by hxghae'in wounds of

different depth into the oil vesicles

Depth of Time (hrs.) Oil vesicle  Inter-vesicle Albedo
prick (mm,) after cells flavedo penetrated penetrated
“ inoculation penetrated ¥

0425 24 Yes No No
045 24 v " "
1.0 24 o N "
1.5 24 " | ' " "
340 24 " Yes Yes
4e0 24 " " "
0¢25 48 n " No
1.0 48 " Y Yes
1.5 48 " S i
3,0 48 u ‘ " "
4s0 | 48 ! " "
0.25 72 ! o I
0.5 72 \ " " v

(a) Penetration of tissues 24 hours after inoculation
(1) Wounds 0425 = 1,5 mm. deep -

Hyphae were confined to the dead eover cells of the oil

vesgicles and initial penetration of the oil vesicle cells wes

observed (Plate 22 ). The cover cells of the oil vesicles were
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dead before being penetrated by the h&phae and the death of these
cells resulted from the absorption of phytotoxic essential oil
released after wounding the oil vesicles (Plate 23 ).

(ii) Wounds 3,0 =4.0 mm. deep

The hyphaé penetrated down into the albedo fissues through
the thin walled cells of the oil vesicles and caused complete
dissolution of these cells (Plate 24 ). FPenetration of the flavedo
tissues was limited to those cells adjacent to the oil vesicles,
Initial penetration of the albedo tissues was also observed,

(b) Denetration of tissues 48 hours after inoculation
(1) Wounds 0.25 mm, deep

Flavedo cells adjacent to the 0il vesicles were dissolved
by invading hyphae (Plategs )., Penestration of the albedo tissues

was not observed,

(i1) Wounds 1,0 ~ 1,5 mm, deep

Initiel penetration of the oil vesicle colls was followed

by penetration of the inter-vesidle flavedo‘tissués (Plate 26 ).
This was followed by penetration of the albedo tissuese The hyphae
in the flavedo and albedo were 3 to 14 p in thickness and were both
intercellular and intfacellular (Plate 27 ).

(1ii) Wounds 200 = 4,0 mm. doep

Penetration of the albeéo tissues, followed by an extensive
invesion of the flavedo tissues by granular hyphae from the albedo

tissues led to sporulation on the fruit surface (Plate 28 ).
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The flavedo cells when first penetrated by hyphae, 12 p thick,

were not extensiveiy disintegrated by the invading hyphae (Plate 29 ).
Subsequentlg‘however, they were completely ramified and disselved
by hyphae where sporulation occurred (Plate 30 ).

it the edge of a lesion the epidermal cells were filled with
hyphae (Flate 31 ). Nearer the centre of the lesion these hyphae
clumped together (Plate 32 ) and then ruptured the cuticular layer
to sporulate (_Platé 28 ). |

In the older parts of the lesion growth and spérulation of
hyphae in the space containing the oil was observed (Plate 33 ).
(c) Penetration of tissues 72 hours»after inoculation

(1) Wounds 0,25 = 045 mm, deep

Lesions were formed as described above,
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H, DEVEIOPMENT OF RED SFOTS

Shamouti, Valeﬁcia, and Navél oranges inoculated with an
aqueous spore suspension into the flavedo tissues frequently
developed red spots at the periphery of pricks at inoculum sites
3 to 6 days after'incubation. _

Generally, these spots denoted & resistance of the fruit to -
infection by the fungus., Only occasionally did profuse growth at
the points of inoéulation lead to infection in the presence of red
spots. Plate 11, (P.72 ) shows one site with red spots, where |
profude growth and sporulation of the fungué 20 days after
incubation did not result in thé formation of a lesion and in an
experiment with Navei«fruit’only 4 out of 50 fruit inoculated
showing red sﬁbts at the priqks developed lesions,

| Having established that resistance to infection was frequently
accompanied by red spoﬁs at the points of pricking, the formation
of these spots.was studiedjin some detéil.

Navei fruit, pricked to a depth of 0,5 and 1.5 mm. between,
and 0.5 and 1 mm, into the oil vesicles, were inoculated with
1.0 ml. ggusous spore suspensionvcontaining.10,000 spores and
incubated for 7 days., After this périod, sites showing red spots
and those not showing red spots, were cut out from the rind and
fixed in formalin-propiono-alcohol (P. 30), Serial microtome
sectlions 12 p thick were then cut and stained with carbol~thionin

and orange G by the method already described on P, 3L, Microscopic

!
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axamination of these sections showed the reaction of the flavedo cells
'~ and the mode of penetration of these cells by the fungus.

With tissues not éhowing red spots, hyphae were detected in the
pricks at a depth of 0.5 mm, betweeﬁ the vesicles, but there was no
distortion of cells other thén thoée ruptured in wounding. .

The same picture was obtaiﬁed with prické made at a depth of
1.5 mm, between the vesicles (flate 3'4)'. :

With tissues showing red spots growth of hyphae in the pricks
was observed at deopths of 0,5 and 1.5'mm;-between the oll vesicles,
The cells of the compact flavedo bordering thevpricks had lost
their coherence to each other and appeared to have been dead at the
time of fixation (Plavts 35 . Yo fﬁngal_hyphae were detected in these
dead colls although they did stain blue with carbol;thi?nin.

Good growth of hyphae was observed in ﬁricks of 0,5 mm, depth -
into the vesicles, - The sub-epidermal cells of the flavedo around
the periphery of the}pribks had lost their coherence and this |
rosulted in the appearance of the red spots éround the pricks on
the surface of the fruit (Plate3é ). ,

With inoculations made i.Q mm., deep into the vesicles numerous
dead cells causing the red spots on the surface werc present in
the sub-epidermal cells of tho flavedo tissues. Those tissues were
".not extensiveoly penctrated by hyphao and the growth of hyphae
appearcd restrictod to the flavedo tissues (PLaté 37 .

These cxaminations showed that red spots were caused by the

dead, sub-epidermal cells of the flavedo on the periphery of the

pricks and that therc was growth of hyphae at all the red spots,
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But in some pricks, growth of hyphac did not result in red spots
developing after 7 days incubation. |
| The lack of coherence in the sub—epidérmal cells appearad to
result not from growth of hyphac through these cells but rather to
éubstances produced by growth of hyphae in the pricks and the
production of thesc substancos by the fungus scemed limitad to the

immediate vicinity of the pricks.

1, appeara 0 ots in inoculated orangos mons_and
gropefruit

In studying the resistance of tho inter-vesicle tissucs of tho
flavedo to infection it was obscrved that for any one mcthod of
inoculation, thc number of fed spots éeveloping*varied considerably
betwaeﬁ varictics of orangé."

In this experiment the appeafance of red spots was investigatod
using Navel and Valencia oranges, grapéfruit and lemons,

Ton fruit of each type worevinoculéted three times. into the
flavedo between tha oil vosiclos to a depth of 1 mm, Each fruit
was inoculated with «01 ml aqueous spore suspénsion coﬁtaining
10,000 spores. The appearance of the 'spots! with timo is recorded

in Table 24.
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Table 24, The appearance of rod spots in Navel and Valencia

oranges, lomons and grapefruit inoculated with an agqueous

suspension of spores of‘P.digitatum between the oil wvesicles

Throo pricks, 1 mm. deop/inoculum site.

Number of red spots out of 10 in each series
Ddys aftor ' , _ :
inoculation Oxenges - feuone Gzapefrult
Navels . Valencias
A B C D BE
3 6 4L 6 3 6 6 A 9
7 6 5 9 4 7 7 5 9
11 6 5 9 4 7 7 .5 9

Navels A,B and C were part of different consignmehts from the
same packhouse, 7

The development of red spots was noﬁ followed by the formation
of lesions in any fruit. 'Spots' devecloped at the points of
inoculation of both varicties of orange, lemons and grapefruit.
There wore marked differences in the number of 'sbots' developing
in each type of fruit, Even Navel orangesgfrom the same packhouse
varied in the number of !spots! produced.

As it was possiblé that the 'spots! may have doveloped as a
result of chemical treatmert in the packhouse, untreated fruit were
used in the following exporiment,

Navel fruit were inoculated BE 8bove. Four out of a possible
10 fruit developed red spots within 6 aays. So it would appear that

'spots! at the points of inoculation can davelop in chemically
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untreated fruit,.

It can be concluded that the deyelopument of these spots is
a character of various Citrus fruit, and-that it is probably a
resistant reaction to infection. The development of 'spots! is
accompanicd and possibly caused by growth of the fungus at the points
of inoculation and is not thought to be caused by the application of

chemicals in the control of wastagec,



Xs EREAKDOWN OF RESISTANCE OF FLAVEDO TQ INFECTION

It has been shown that fruit inoculated between the oil vesicles
wi£h an équeous spore suspénsion show a resistance to infection but
that this resistance is largely lost when the wounds extend into
the albedo. There is also little resistance when wounds are made
into the oil vesicles. The problem now is thiss why are the
intensvesicle tissues of the flavedo resistant, and why are the
albedo tissues more susceptible to infection?

With this problem’in view a further study of resistance of
the flavedo was made paying particular attention to the role of
different substances in the rind that might be released on
wounding and which might‘therefore alter the resistance of the

tissues to infection in the presence of spores,

1, Effect of rind extracts in the inoculum drop on resistance of

flavedo to infection in Shamouti, Navel and Valencia fruit

In this experiment Shamouti fruit were used and spores
were suspended inh water infusion extracts of the flavedb, albedo
and compleite rind,orange juice (see P, 34), 1% citric acid and
orange rind essential oil. In this and all subsequént experiments
fruit were wounded by priéking three times between the oil
vesicles to 1,0 mm, An inoculum of 0.02 ml, of the appropriate
medium containing 20,000 spores (approx,.) was applied to the wounds
at each inoculum site, There were 10 fruit for each treatmen£ and

each fruit was inoculated at one point. The fruit were incubated



for 24 days and the number of lesions formed are shown in Table 2%,

Table 25, Effect of P.digitatum spores suspended in different rind

extracts and. citric acid on resistance of flavedo in Shamouti

fruit to infection

Three wounds, 1,0 mm, deep, between the o0il vesicles per

per fruit,

r‘h Number of lesions out, of 10 in each series
Days ater Flavedo Albedo Gomplebe Orange 1% Citric Bssential
after extract extract rind Juice acid oll
ifoculation) . extract

2 0 o 0 0 0 0 1
3 0 0 1 2 5 7 3
4 o 3 L5 7 8 5
6 0o 5 8 ¢ 10 9 5
8 0 5 9 8 10 9 6
11 0 5 9 8 10 ' 9 6
13 0 5 9 8 10 9 7
24 0 5 9 8 10 9 7

As éxpected spores suspended in water did not cause lesions to
be produced but substantial numbers of fruit inoculated with spores
in rind extracts, citric acid and essential oil produced lesions
through the wounds 1,0 mm, deep.

Orange juice was the most efficient treatment in promoting
infection. Citric acid was almost as good although it had been found

to have no direct effect on the growth of the fungus (P. 62). Of the
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rind extracts the flavedo ﬁas the leasgt effective end the albedo
extract the best, Each of the rind extracts, and the orange juice
allowed the fungus to grow and sporulate well at the inoculum
sites prior to infection, |

Essential o0il also promoted infection but not so well as the
other treatments. The oil killed the cells bordering the wound
gnd in so doing probably provided the fungus with a suitable
" substrate for growth and this promoted infection and colcnization
of thebhealthy rind tissues, The oﬁher substances probably
promote infection in the same way but their action is more direct
in the sense that they are also readily available energy sources 8o
that growth of the fungus is stimulated immediately, This probably
explains why they are somewhat more effective in promoting infection
than ic the essential oil, However, the fact that flavedo extract
vas not able to promote infectibn so efficiently as the other rind
extracts could not be explained on this basis because the fungus
grew vexy well on this medium (see P,153). |

This leads to the jdea that some factor is pfoduced by the
growth of the fungus in albedo and complete rind e#tracts which
reduces thevresistance of the rind to infection and that this factor
is less readiiy broduced in the flavedo extracﬁ.

| It must also be assumed that the factor is produced after growth

in.orange juice, and in qitric acid at the site 6f a wound., It

would appear that good growth of the fungus at the inoculation
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site does not necessarily mean that the faetor is pr&dﬁceﬁ-iﬂ
sufficient quantities to ensure infection, Once sufficient of the
factor has been produced to ensure infection, it can be assumed
that it is then produced cumulatively after growth on the dead
tissues of the expanding lesion sé that a progressive lesién is
formed, |

In another experiment the ability of spores suspended in rind
extracts to promote infection through wounds between the oil |
vesicles in Navel fruit was investigated.

The methods used were those already described for the

experiment ﬁith Shamouti fruit, The number of lesions formed
within 19 days after inoculation ére shown in Table 204

Table 26. Effect of P.digitatum spores suspended in different rind

extracts on resistance of flavedo in Navel fruit to_infection

Three wounds, 1,0 mm, deep, between. the oil vesicles per fruit.

Number of lesions out of 10 in each series
Days after Floavedo Albedo Complete rind Orange
inoculation Water extract extract extract juice
3 0 1 4 ' 3 3
5 0 3 6 5 10
7 0 3 8 6 10
19 0 3 8 6 10

All extracts promoted infection tut to a varying degree,

Again the juice was most efficient in doing this and of the rind
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infusion extracts the flavedo was least efficient and the albedo
best, | |

In general, these results agree with.tﬁose obtained in the
experimont with Shamouti fruit, The ability of the juice, albedo
and complete rind extracts to promote infection substantially and
the lower ability of the flﬁvedo extract to do so were confirmed,

A further experiment dea}t with the effect of Sporés suspended
inrrind extracts in promoting infection through wounds between the
oil vesicles in Valencia fruit.

The fruit were incubated for 19 days after inoculation and the
number of lesions formed within this period are shown in Table 27.

Tokle 27, Effect of P,digitatum spores suspended in different rind -

extracts on resistance of flavedo in Valencia fruit to

infection

Three wounds, 1,0 mm, deep, between the oil vesicles per fruit.

Nunber of lesions oﬁt of 10 in each series

Days after Flavedo Albedo Complete rind Orange
inoculation Water extract extract extract Juice
2 0 0 1 o p)
4 0 4 8 4 9
> 0 5 9 4 10
8 0 6 9 4 19
15 0 6 9 5 10
19 o S 9 5 10




- 127 =

Infection was promoted most readily by using the orange juice,
Of the rind extracts the albedo extract promoted infection best,
The results are therefore in general agreement with those of the
earlier experiments with Shamoutivaﬁd Navel fruit and that the -
capacity of spores to break the resistance of the flavedo to
infection is shared by all three varieties of fruit tested,

2., Effect of rind extracts in the inoculum drop on resistance of

flavedo to infection in Shamouti frﬁit wounded 0,5 mme

deep between the oil vesicles
In this experiment the effecf\pf spores suspended in rind

extracts on the resistahce of flavedo to infection was investigated
when 3 wounds 0,5 mm, deep were made between the oil.vesicles.

The method of inoculation and incubation was the same as in
the last éxperiment. The fruit were of the Shamouti variety but
were taken from a different shipment than were those used previously
(P.123). |

The lesions formed within 19 days after inoculation are shown

in Table 28 .
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Table 28, Effect of P.digitatum spores suspended in different rind

extracts on resistance of flavedo in Shamouti fruit to infection

Three wounds, 0,5 mm, deep, between the oil vesicles per fruit,

Number of lesions out of 10 in each series

| Days after : Flavedo  Albedo Complete rind Orange
gnoculation Water extract extract extract . juice
3 0 0 4 1 1
5 1 0 5 3 10
7 2 2 6 4 10
11 2 3 6 4 10
19 R 3 6 4 10

The ability of orange juice to cause infection was not reduced
by the more shallow wounding whefeas with the other extracts it was,
The flavedo extract had very little effect in promoting infection
and the albedo extract, while 8till quite active in the promotion of
lesions, was less so than when déeper wounds were used, The complete
rind extract was also considerably less effective,

The effect of orange juice in promoting infection through very
ghallow wounds was thought to result from the action of acids in
the juice, mainly citric and malic acidsyon tﬁe cells exposed by the
wounds, The results of another experiment supported this view,

By Yitration the amount of acidé in the juice Qas estimated

at 13, so each Shamouti fruit was wounded three times to a depth of



0.5 mm, and inoculated with 0.1 ml. of spore suspension in ¥ citric.
acide Within 5 days of incubation 10 lesions out of a possible_
10 had developed,

In the juice the organic é;iés oceur mostly in the free'férm,
whereas in the peei they are present largely as salts (Kafford;i959).
This together with the fact that the concentration of organic
radicals in the peel is much lower than in the juice would explain
in part at least, why peel extracts are less effectlve in promoting
infectlon.

3. Effect of flavedo extract in the inoculum drop on resistance

of flavedo to infection in Shamouti, Navel and Valencis

fruit wounded to different depths

In the previous experiment it was seen that with pricks
0,5 mm. deep the effect of flavedo extract in promotlng the

formation of 1e51ons was not very marked, ‘

In this experiment it was decided to\invéétigate the effect
of depth of wound in the promotion of infedtion by an inoculum
of spores in flavedo extract, to see if by increasing the depth
of wound there would be a correSpondixgincreése in thé ability of
the spores to reduce the resistance to infection.

Wounds 045, 1.0 and 1,5 mm., deep were made between the oil
vesiclés. After inoculation the fruit were incubasted for 20 days

and the lesions formed within this period are shoun in Table £9.
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Table 29, Effect of depth of wound between il vesicles on infection

of Shamouti oranges by P.digitatum spores suspended in flavedo

extract

Three wounds per fruit,

Number of lesions out of 10 in each series

Depth of prick (mm.)

Days after
inoculation '
» 0 045 1,0 1.5
- Flavedo Flavedd Flavedo Flavedo
Water emtract| Water extract Water extracti Water extract
3 0 0 6] 0 0 8] 0 2
5 ‘0 0 1 2 0 2 1 6
Vi 0 0 2 2 1 3 1 6
8 0 0 2 2 1 3 1 7
9 0 o 2 2 1 4 1 8
13 0 0 2 3 1 5 1 8
20 0 0 2 3 1 5 1 8

With the extract the deeper the wound the shorter was the period

-of incubation necessary for the formation of lesions and the more

effective was the promotion of infection. Depth of wounding had no

effect on the mumber of lesions forméd; or on the speed of formatien

~when the spores wers in waters

It thus appears that although the resistance of flavedo can’

be broken by suspehding the spores in flavedo extract this is
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effective only when wounds ere sufficiently deep,

4 similar experiment was done with Navel fruit,

After

inoculation the fruit were incubated for 20 days and the lesions

formed within this period are shown in Teble 30,

Table 30, Effect ggrdepﬁh’of wound between oil vesicles on

infection of Navel oranges by P, digitatum spores suspended

in flavedo extract

Three wounds per fruit,

Days after
inoculation

Number of lesions out of 10 in each series

Depth of prick (mm.)

9
20

0 0.5 1.0 1.5
Flavedo Flavedo Flavedo Flavedo
Water extract{Water extracti{Water extractiWater extract
o 0 0 0 0] 0 0 0
0 0 0 1 0 4 0 4
0 0 0 ) 1 5 0 7
0 0 ] 2 1 5 0 7

Again, suspending the spores in flavedo extract promoted

infection, the efficiency of this depending on the depth of

wound made,

The deeper the wound the more efficient the extract

was in proméoting infection.

In another experiment Valencia fruit were used.

‘are shown i ¥able 31.

The results
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Tablé 31. Effect of depth of wound between 0il vesicles on infection

of Valencia oranges by P.digitatum spores suspended in flavedo

extract.

Three wounds per fruit.

Number of lesions out of 10 in each series

Depth of prick (mm.)

Days after
inoculation 0 0.5 L 1.0 1.5
Flavedo Flavedo Flavedo Flavedo
EWater extracti{Water extractiWater extractWater extract
2 0 0 0 0 o 0 0 1
4 0 0 0 0 6 4 0 -5
8 0 0 0 1 0 6 0 6
15 0 0 0 1 0 6 0 7
19 0 0 0 1 0 6 0 7

Wounds 1.0 mm, deep were necessary for promotion of infection

with an inoculum of spores in flavedo extract,

Increasing the depth

to 1,5 mme only resulted in a slight increase in the number of

lesions formed. In general; these results agree with those obtained

with Navel and Shamouti fruit,

The effect of deeper pricks in promoting infection in the

three varieties is attributed to the fact that the deeper the wound

" the thinner is the layer of cells which is able to resist

penetration by the fungus,
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A

4e Effect of il oil in the ipoculum d

" resistance of flavedo to infection in Shamouti fruit

In an earlier eiperiment with Shamouti fruit (P,123) orange
essential oil substantially promotéd infection through wounds 140 mm,
deep between the oil vesicles, This effect was now studied in more
‘detail,-

Spores suspended in essential oil were éppliéd to unwounded
fruit and to those wounded 0,5, 1.0 and 1,5 mme deep between the oil
vesicles, The fruit were incubated for 19 days and the number of
lesions that developed within this period is shown in Table 32,

) E
Table 32, Effect of P.digitetum spores suspended in orange essential .

0il on resistance of flavedo in Shamouti oranges to infection

Three wounds per fruit.

Number of lesions out of 10 in each series

- ?iﬁiuiitsﬁn' Depth of prick (mm,)

ima 0 OS5 ... 10 1.5
2. -0 0. - ‘1 R
3 0 0 4 9
5 0 0 6 10
15 0 0 7 10
19 0 0 7 10

Infection was not promoted in the absence of wounds nor with

wounds 0.5 mm, deep, With wounds 1.0 and 1,5 mm. deep the formation
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of lesions was pfomoted and there were more lesions with the deeper
wounding.

In fruit wounded to a degth of 1.6 and 1.5 mm. contact of the
essential oil with the cells at the inoculum site résulted in a
slight sinking of the tissue between the 0il vesicles in the rind,
go that the oil vesicles stood outiprominehtxy at the.affected
areas, This symptom developed within 3 days,

These spots are the result of rapid penetration of the rind
cells by the oil, which is phytotoxic and kills the cells at the
surface, The development of these 'oil spots! in the field is known
as 'olleocellosis!, |

Although it can be aésumed that the death of the surface cells
followed contact with the oil, nonetheless with this method of
inoculation infection through the uninjured cuticle or through
pricks 0,5 mm, was notbpromoted presumably because the deeper cells
of the flavedo were not affected,

It would seen that the oil promotes infection because it kills
the flavedo cells, and not because it has,any’direCt effect in -

- promoting groﬁth of the fungus (see P.ESEQg

5. Effect of carbohydrates and nitrogen compounds in the inoculum

drop.on resistance of flavedo to infection

It was seen in earlier experiments that spores suspended in
albedo extract and orange juice were very effective in the promotion

of infection when shallow wounds were made between the oil vesicles,
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It was suggested that in the orange juice it was the action of acids,
such as citric and malic acids, on the exposed flavedo cells of
the pricks which was responsible for incieasing the infection rate
by spores. However, because the acid content of the ‘albedo is Yow
(Kefford, 1959), it was thought that some substance other than acid
might play a part in overcoming resistance to infection by spores
suspended in albedo extract,

Ih the following experiments the effect of suspending spores
in solutions of carbohydrates found in orange rind on the breakdown
of resistance of flavedo to infection was studied in an attempt to
ascertain what components of the albedo extract were active in the
promotibn of infection, Solutions of some nitrogen containing
compounds were also tested for their effect on spore germination.

(a) Effect of buffered solutions of carbohydrates in the inoculum

drop on resistance of flavedo to infection in Shamouti

and Navel fruit

In this experiment the methods used were similar to those
described in earlier experiments (P, 122), Fruit were wounded
between the oil veslcles to a depth of 1 mm. and inoculated with
spores suspended in 1% glucose, fructose, sucrose and pectin
solutions containing 0,01M phosphate buffer (Sorensen's) at pH5.2.
This pH was selected as it was within the pH range of the peel
(540 = 545)s The fruit were incubated for 16 days and the number

of lesions formed within this period are shows in Tabls 33,
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Table 33. Bffect of P,digitatum spores suspended in different

carbohydrate solutions containing 0,0IM phosphate buffer

(pH 5.,2) on resistance of flavedo in Shamouti oranges to

infection

Three wounds, 1,0 mm, deep between the oil vesicles, per fruit.

Number of lesions out of 10 in each series
Days after .
inoculation Suspension medium
Buffer 1% Glucose 1% Fructose 1% Sucrose 1% Pectin
3 (0] 1 0 0 1
5 1 1 1 1 4
8 1 2 1 1 6
10 1 2 1 1 g
16 1 2 1 1 10

Poctin vas the’only compound effective in promotihg lesion
formation through wounds of this type. |
Growth of germpﬁubes and the formation of red spots were observed
at those sites inoculated with spores in glucose, fructose and
sucrose but the number of lesions formed as a result of these
treatments did not appear to be significant,
This experiment was repeated with Navel fruit, with the results

shown in Table 34..
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Table 3 digi ended in differen

carbohydrate solutions containing 0,0IM phosphate buffer

(pH 5.2) on resistance of flavedo in Navel oranges to infection

Three wounds, 1.0 mm, deep, between the oil vesicles per fruit,

Number of lesions out of 10 in each series
Days after B ‘ . :
inoculation Suspension medium
Buffer 1% Glucose 1% Fructose 1% Sucrose 1% Pectin
3 0] 0] ¢} 0 3
5 0] 0] 0 0 7
7 0] 1 0 0 9
9 0 . 1 0 0 10
20 0 1 o 0 10

Again, only spores suspended in pectin solution promoted
infection.

(b) Effect of concentration of buffered pectin in the inoculum

drop on resistance of flawedo to infection in Navel

fruit

In this experiment fruit were pricked between the oil
vesicles to a depth of 1,0 mm, and inoculated with spores
suspehded in 0,018, OL%, 0.5% and 1% pectin solutions buffered
ﬁith'0.0lM phosphate buffer (Soretigen's) at pH 5.2. The fruit

were incubated for 27 days and the number of lesions produced
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within this period are shown in Tabls 35, ~

Table 35, Effoct of P.digitatum spores suspended in buffered pectin

solutions of different concentration on resistance of flavedo

in Navel oranges to_infection

Three wounds, 1.0 rm, deep,between the oil vesicles per fruit.

Number of lesions out o£ 10 in each series
Days after . '
inoculation Suspension medium
Buffer 0,01% Pectin 0,14 Pectin 0.5 Pectin 1% Pectin
2 0 0] 1 0 0
A 1 1 5 7 4
6 2 1 7 9 9
v 2 1 8 9 9
9 2 1 8 10 10
27 2 1 8 10 10

Concentrations of pectin in range 0.1 to 1% were effective in

promotion of infection,

(c) Effect of depth of prick on resistance of flavedo in Navel
£ruit to infection by spores suspended in buffered pectin

In this experiment fruit were wounded between the oil
vesicles, to depths varying from O to 15 mm.; and inoculated with
| spores suspended in 0.5% pectin solution conteining 0.01M phosphate

buffer (Sorensen's) at pH 5.2. Corresponding treatments with spores
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in water acted as controls, The number of lesions formed within an

incubation period of 20 days is shown in Table 36 .

Table 86, BEffect of depth of wound on resistance of flavedo in Navel

oranges to infection by P.digitatum spores suspended in buffered

0.5% pectin solution

Three wounds, between the oil vesieles per fruit,

Number of lesions out of 10 in each series

e . Weter Pectin | Water Pectin| Water Pectin] Water Pectiy
Days after '
inoculation Depth of prick (rm, )
0 045 1.0 1
2 0 0 1 0 0 0 0 1
4 0 0 1 7 0 7 0 10
6 0 0 1 10 0 9 0 10
9 0 0 1 10 0 10 0 10
20 0 0 1 10 0 10 0 10

Spores did not promote infection in the absence of wounds but
when suspended in pectin solution infection took place even with
wounds as shallow as 0.5 mme g

It would thus appear that spores in pectin are oniy effective

in promoting infection when some sort of superficial wound has been

made in the fruit,
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(d) Effect of polysaccharides in the inoculum drop on resistance

of flavedo to infection in Navel fruit

In the preceding experiments it was seen that fruit,
wounded 1,0 mm, between the oil vesicles, were infected by spores
suspended in tuffered pectin, It was now of interest to see if
spores suspended in unbuffered pectin and other polysaccharide
solutions infected fruit wounded in a sinmilar wey.

Spores were suspended in 0.5%:solntions of the following
buffered and unbuffered polysaccharides, pectin (P),.sodium
polypectate (NaPP), and'éarboxymethwlcellulose (eMC)s The buffered
solutions contained 0,01M phosphate buffer (Sorgnsen's) at pH 5.2,
The fruit were pricked between the oil vesicles to a depth of 1.0 mm.
pfior to inoculaﬁion. The fruit were incubated for 25 days and the
lesions formed within this period are shown in Table 37 .

Teble 37, Effect of P.digitatum spores suspended in different

polysaccharide solutions on resistance of flavedo in Navel

oranges to infection

Three wounds, 1,0 mm, deep, between the oil vesicles per

fruit,
Days after - Number of lesions out of 10 in each‘series
inoculation Suspension medium
Water Buffor P B-P NaPP B-NePP (MC BmOMC
3 0 0 2 4 0 0 0 0
5 0 1 2 9 0 0 0 0
7 0 2 2 9 0 0 0 A
10 2 2 2 9 0 2 0 7
22 2 2 3 9 0 2 0 7

4B - = Buffered,
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Both buffered pectin and buffered carboxymethylcellulose
solutions promoted infection whereas unbuffered solutions of these
polymers did note. This would seem to indicate that the phosphate
buffer aids in the promotion of infection,

| Another experiment with ﬂavel fruit from a different
consignment was carried out to confirm the observations above. The
design, method of inoculation and incubation were the same as in the
previous experiment, The lesions formed after 15 days incubation

are shown in Table 38,

Table 38.Bffect of P.digitatum spores in differsn¥ polysaccharide

solutions on resistance of flavedo in Navel oranges to infection

Three wounds, 1.0 mm. deep,between the oil vesicles per

fruit,
Number of lesions out of 10 in each series
Days after Suspension medium
inoculation )
Water Buffer P B-P NaPP B-NePP (MC B-OMC
15 1 . 1 8 10 4 3 1 1

Spores suspended in buffered and unbuffered pectin solutions
promoted infection but unbuffered pectin did so to a lesser extent,
/The production of lesions was stirmlated to a slight extent by sodiunm
bolypectate also. |

Gompafing the results of the two éXperiments it is seen that

only spores suspended in buffered pectin were consistent in
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promoting infection,
In an aﬁtempt to clarify some of the inconsistent results
observed in the two previous experiments a similar experiment was
done with Valencia fruit. The fruit were incubated for 14 days and

the number of lesions formed within this period are shown in Table 39.

Table 39 Effect of P.digitatum spores in different polysaccharide

gsolutions on resistance of flavedo in Valencia oranges to

infection

Three wounds, 1,0 mm, decep, between the oil vesicles.per fruit.

Number of lesions out of 10 in each series

‘Days after [~ -
inoculation ~ Suspension medium

fpseurer

Water Buffer P B~P NaFP B-NaPP CMC B=CMC

3 1 3 9 10 5 1 1 o
4 1 3 10 10 6 2 1 0
5 1 3 10 10 7 L2 2
1, 1 3 10 10 7 L2 2

Buffered and unbuffered pectin and to a lesser extent unbuffered
sodium polypectate promoted infection,

Thé results of this experiment are consistent with those of
the previous experiment with Navel fruit. The results of the three
experiments as a whole show that spores in buffered or unbuffered
pectin promote infection through wounds into the flavedo between

the oil vesicles, Infection is also promoted but to a lesser
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extent with spores suspended in unbuffered sodium polypectate but
carboxymethylcellulose is ineffective.

(0) Effect of buffered pectin in the inoculum drop on resistance

of flavedo %o infection in Valencia it from di

packhouses

In this experiment Valencia fruit from different packhouses
(1) - (iv) were used, Fruit wsre wounded to a depth of 1,0 mm,
between the oil vesicles and inoculated with spores suspemded in
0.5% pectin solution buffered with 0,01M phosphate buffer (Sorensen's)
at pH 5,2, The number of lesions formed within an incubation
perlod of 10 days is shown in Table 40,

Table 40, Effect of Pedigitatum spores in buffered pectin on

sistance of f odo_to infection in Valencia oranges on

d;gférent packhouses

Three wounds, 1,0 mm, deep, between the o0il vesicles per fruit.

Number of lesions out of 10 in each series

bays»aftes I iackhéuae (i) F?okhouse (ii) Packhouse (iii)J_Packhouse(iv)
dnoculation | = Suepenaion medium L
BE% 0,5 B BESS 0,5% B-PX| BEr% 0.5% B-zﬂiBfr" 0.5% B-F]
3 0 6. 0 8 1 8 0 9
5 1 9 5 10 1 10 0 10
7 1 0 5 10 1 1 0 10
10 1 10 5 10 1 0 0 10
Bfr¥ = Buffer

BE = Buffered Pectin
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Resistance of flavedo to infection was overcome in all fruit
inoculated with spores in buffered pectin solution. & veriation
in the ability of spores in buffer to promdte infection with fruit
from the different packhouses was also observed.

The ability of spores susPended in buffered pectin SOiutioné
to break the resistance of flavedq to infection was therefore found
in the three varieties of orange Shamouti, Navel and Valgncia.
Three modes of action of the buffered pectin in pfomotiné the
development of lesions in the presence of shallow wounds seem .
possible, The pectin could act either in the.productioﬁiof )
gern tubes,in pfomotidn.of germ tube growth or by its_efféct on tpe
metabolism of the host. The effect of carbohydrates (iﬁciu&ing
pectin) on spore germination and hyphgl growth is examined oﬁ-?.169
and.199"f68pectivély, while the pectic enzymes producéd in vivo
and # vitro by fungus are studied on P.ZG? and 200 .
(£) Effect of spores suspended in culture filtrates of the fungus

grown on synthetic media, and 0.2M NaCl extract of infected rind

tisgues on flavedo resistance to infection

In this experiment spores were suspended in cuiture filtrates -
of the fungus grown on basal medium containing 1% pectin, NaPP, CMC, and
3013& Floc wood cellq;OSevand glucose, and in 0,2M NaCl extract of
infeéted rind tissue. Drops of inoculum, O.2ml., containing 2,000
spores were added to each inoculum sité on Shamouti fruit. Drops were
kept in position by a circular ring of vaseline., Each site was pricked
3 times between the 0il vesicles to a depth of 1,0mm, and there were
10 fruit for each treatment. The number of lesions formed are shown

in Table 4l.
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Table 41l¢ Promotion of infeetion through wounds between the oil

vesicles in the rind of Shamouti fruit using spore suspensions

in water, culture filtrates of the fungus grown on synthetic

media and 0.2M NaCl extract of infected orange rind

Three wounds, 1,0 mm, deep, per fruit.

Number of lesions amongstr-lo oranges |
, in each series
4 B
j Med i1
. sdinm Days after inoculation
, 4 5 6 12 1
Basal medium + 1%pectin filtmte 0 0 0 0 0
A B T ™ u 0 1 ]_ 1 1
noon s 19 NaPP 0 0 0 1 )
A n nooen. o I 0 0 0 o 0
" 4+ 1% CMC n 0 0 0 0 0
A u 4+ N n T 0 0 io 0 0 -
1 1 % vl% Hood » ‘
o@lliiose filtrate 0 o. 0 1 1
A 0w " 4+ B on " 0 0 0 0 0
" "+ 1% glucose " 2 3 5 5 5
A 1 o4 LI 1 1 1 1 1
0,2M NaGl axtract of infected .
rind tissue 1 1 ' 1 1 1
A ] 1 ] f 1 ) O O O 0 O
Water S 3 2 2 2 2

A = autoclaved for 10 minutes at 15 1b.pesei.
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Sporcs suspended in culture filtrate of the fungus grown on
1% glucosce promoted infection to some extent and this efféct was
eliminated by autbolaving.

Spores suspended in tho.other autoclaved and non-autoclaved
culture filtratoes of the fungus and infected rind extract did not
promote infection, However the non autoclaved culturc filtrates of
the fungus grown on glicose, pectin and NaPP did causc a browning
reaction around the pricks as shown in Platos 38, 39 and 40
respoctively, "Browning" was most oxtensive with that culture
filtrate of the fungus grdwn-on»glucose. Autoclaved culture
filtrates of the fungus grown on glucoso, pectin and NaPP did not
result in "browning“ at inoculum sites and culture filtrates of
tho fungus‘grown on CMC and wood cellulose did so only to a vory
slight axﬁent. |

"Browning" occurred in depressions at inoculum sites and
was goneraily accompaniod by growth of hyphae in pricks but\in
somc fruit it was observedvin the absence of visible_growth.

This rcaction is distinet and usually morc cxtensive than the
"rod spots™ roesulting from growth of sporcs in pricﬁs as described
on P.ilS.

~ Promotion of infection by spores suspcnded in the culture
filtrato of the fungus grown on glucose was confirmed in a subsequent
experiment with fruit from thé samc consignmont,

The ability to promote infection with this filtrate is

thought therefore to be caused by the prescnce of some thermolabile
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J, GROWTH OFﬂMXCELIUM IN CULTURE

The aim of these experimehts was to investigate the growth of
the fungus in rind extrect media and also to determine whether or
not the fungué can gro@ in é synthetic medium with no vitamins added.
1. Effect of temperature on growth in agar media

The effect of temperature .on growth ih flavedo extract,
albedo extract, complete riﬁd extréct, orange juice, V8 juice and
2% malt extract agar was studied at 5°, 99,.18%, 24%, 25° and 30°C,

After 10 days incubation the optimum temﬁerature for growth on
the different media veried between 19.5°C, on orange’juice to éBOC. 1
on V8 juice aga® (Fig.l ). The optimum femperéture for grﬁwth of
the fungus in fruit was near 2490. as Qbsefvedmhy Fawcett and Bargér
(1927), and by Savastano and Faucett (1929).

- Growth and sporuiétion were recorded at all temperatures with-
iﬁ the range 5-3090; No growth was recorded at 30°C, ‘within the
* 11 day period of incubation. |

Growth was most rapid on V8 juice.‘ Differences in the rate of'
growth on rind extract media were nﬁt very marked bgt a comparison
of growth at the 0ptimum temperature for each medium after 10 days
showed that growth Qas best on aibedo extiact and least on orange
jﬁice.

At 24° and 25°C,.colonies ggArind extraét media-were 'ragged!
in outline (Plate 41) while at 18%C. and lover temperatures they
were more circular in outline (Plate 42). This ‘'ragged’ appearahcé

of colonies was caused by the accumulatioﬁ of staling products
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in the rind extract media,

The effect of staling products 6n linear groﬁth in complete
rind extract agar a; 259, is shqwn’in Fig. 2 . Growth at 25°C,
on this medium vas initially more rapid then at 18°G.,'howevé¥, a
reduction in rate of growth due to the accumulation of staling
products at 25°C, within the first 4 days of incubation resulted
in a more répid rate of growth at 18°C,. ‘A sﬁeady‘rate of growth
was maintained at 18°C. throughout the 11 day period of incubation
(Fig. 2 ). |

At 18—25°G; gporulation was heavy on V8 juice, fairly heavy
on malt extract, flavedo and complete rind extract; good on albedo
and orange juice media. At 5° and‘9°G; sporulation was light on
all media., | | |

2+ Growth in liquid rind extract media

The growth of the fungus in flavedo extract, albedo
extract, complete rind‘extract and orangeAjuice in’liquid media
was studied to determine whether any significant‘differehées in
growth were found on thesc media. Another aim of the gxperimént
was to observe the changes in pH with growth, It waé éuggested iﬁl
earlier experiments (P 128) that pH may be a possible: factor
affecting the- suSCGptlblllty of the inter-vogisle flnvado tissues
to infection,

Cultures were incubated in the dark at 25°C. in statlonary
“culture. Three repllcates per treatment were removed after 3,7,11

and 16 days. After harvesting the mycelium the pH of the filtrates

-
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was determined using a Cambridge pH meter. The mean dry weight
of mycelium for each treatment and period of incubation are
shown iﬁ Fig. 3 , the corfe5ponding pH changes in the media are
showun in Fig.}. o

Maximum growth was produced on all media after 10 days,
growth was best on flavedo oxtract (Fig. 3 ). Platc /3shous
growth and sporulation in the 4 media after 16 days.

-Bporulation was fairly heavy in'flavedo, albedo and complete
rind extracts but light in orange juice.

Drift in pH in the different media resulting from growth
in the rind extracts is shown in Fig. 4 » The lowest pH in each
medium was recorded after 7 days, at that time the pH of the
flavedo extract was 4,0 compéred with 2,9 for albedo extract and
3.2 for orénge_juice. Therefore, the better growth in flavedo
extract did not result in & lower pH of this growth medium,

These results suggest that the low infection of fruit through
intervesidle flavedo wounds by a spore suspension in flavedo extract
was not caused by less growth in this medium.‘ The increased infect-
ion through inter~vesicle flavedo wounds by spores in albedo extréct
and orange julce ﬁéy be partly due to the effect of the low pH
of these extracts, resulting from gféwth of spores, in overcoming
flavedo resistance, |

3+ Effect of vitamins and Yeastrel on growth

In a study of the effect of a mixture of vitamins and

0.1% Yeastrel in Fergus' synthetic medium the following treatments
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Qere used s

(a) 50 ml, basal medium + 1 ml, water.

(v) 50 mi, basai medium containing 0.1% Yoastrel + 1 ml.vwater.

(¢) 50 ml, basal medium + 1 ml, vitamin solution containing

20 pg. ancurine hydrochloride, 40 PEe pyridbxine hydroch-
loride, 30 pg. calciun panthothengte and 0.2 pg. biotin,

The techniquesrand media used are described in Materials and
Mathods. I |

Cultures weré incubated invthe dark at 25°G.Vin stationary
culture. Four replicates per treatment were removed after 3,7,11,16,
19 and 22 days and the mean dry weight of mjcelium for each treate
ment and pqriod(bf‘incﬁbation aré.shown in Figs5 o
' Both rate of growth and the amount of mycelial growth was
greatest 1n that medium containing 0.1% Yeast;el (Flg. 5 ). Addition
of a mixture of v1tam1ns to the basal medlum allowed an earlier
initiation of growth but the maximum mycelium produced was practically L
the same as that in the twsal medium alone, Growth and sPorulation in
the 3 média after 12 days incubation is shown in Plate 44.

Sporuiation was fairly heavy in basal medium + 0.1% Ycastrel
and light in the other.media.

Thgse_rgsults agree Qith those of Pratt (1944) and Fergusr(l952)
but direcfly contradict those of Wooster and Cheldelin (1945), who
found that thiamin or tﬁe_thiazole,moiety of thiamin was required
for growth.

It is thought that either a vitamin (or vitamins) other than
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the four used in the vitamin mixture above, or some other
stimulating substance (or substances) such as purines, pyrimidines
or amino acids is present in the yeast extract and resulted in the

increased growth,
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K. . SPORE_GERMINATION

oA

The nutruitional requirements for spore germination were
studied to determine the effect of some known rind components on
germination, This was done with the aim qf acquiring information
on which water soluble substance or sﬁbstances, diffusing from

wounds, stimate germination of spores on the fruit'surface.

1., Germination of spores in synthetic media ,
(a) Effect of spore concentration in 1% glucose solna on germination

of spores

Spore suspensions of varying concentrations in 1% glucose
were incubated for 24, 53 and 72 hours. Percentage germination in

each treatment after the 3 periods of incubation is shown in Table 2.

Table 42 Effect of spore concentration in 1% glucose soln. on spore

germination after 24, 53 and 72 hours incubation

% Germination
Incubation time (hr,)
Spores/ml,
o 24 53 72
1,090,000 0 0o 0
€20,000 0455 0 0.35
610,000 o 0.63 | | 1455
460,000 1.8 28 2,06
340,000 3.88 ' - -
170,000 10,32 - -
90,000 13.65 - -
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Germination increased with decrease in spore concentration
but only to a limited extent, Few spores germinated at concentrations
greater than 610,000‘Spores/ml. and germination was low even at a
concentration of 90,000 spores/ml,
Extending the period of incubation from 24 to 53 and 72 hours
did not increase germination significantly, |

(v) Effect of glucose, fructose and sucrose concentration on

stimilation of spore germination at a high spore concentration

Sporeg were suspended in 1-6% concentrations of glucose,
fructose and sucrose solutions at a concentration of 1,350,000
sﬁores/ml. Percéntage germination and average gern tube length
after 24 hours is shown in Fig. é and Table 43 r§Speétiv51y.

Table 43 Effect of glucoée, fructose and sucrose concentration on

germ tube growth at a concentration of 1,350,000 spores/ml.

% Conen, of medium
Medium ;
- 1 2 Lo 6
Average 8earn tube length (p)
Glucose 28,5 - 40,0 33.8 5993
Fructose 2640 3943 Lhe9 4649
Suerose ‘ 1207 50.3 37.6 41,0
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The optirum concentraticn of each sugar solution for percentage
gernination was /%, Gernination was best in glucose solutions
at all concentrations tested, Germination in sﬁcrose solutions was
less than that obtained in the water controls,

Germ tube growth increased with the concentration of the
sugar solutions,

It would appear that an increase in sugar concentration at
high spore concentration doeé increase spore germination but only

to a 1imited extent,

(c) Effect of spore concentration on germination of spores in
1% buffered glucose and water '

Spore suspensions of different concentrations were
prepared in 1% glucose containing 0,01M phosphate buffer
(Sorensen's) at pH 5.2, and distilled water., The results expressed
as percentage spore germination and average germ tube length after

2/ hours are shown in Table 44,
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Tabld 44, Effect of spore concentration on germination in 1%

byffered glucose and distilled water

”‘% Gernination’ Averag;ﬁizzz 2:;8 )
8pores/ml, Hediun
1% Buffered 1% Buffered
’glucose ' Water glucose Water
1,330,000 2468 0,11 7947 1745
660,000 12.4 0.06 1042 175
330,000 82,53 0,82 120,0 - 40.0
170,000 81490 0.76 1360 64T
80,000 89422 0475 169.3 8440
40,000 90.57 6467 91.5 9544
20,000 86452 2435 155,3, 4be3
10,000 53475 6,10 16443 1126,0
5,000 95,35 8489 192.3 S W:
3,000 85,11 1,1 139.3 80,5
1,000 93448 - 24349 -

- Germination increased with decrease in spore concentration in
both buffered glucose soln. and distilled water, The addition of
Sorensen's phosphate buffer to 1% glucose soln, resulted in .a
narked stimulation of germination at concent:rations less than

330,000 spores/ml, (see P.162). Germination in water though
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comparatively low at all spore ;oncentrations increased significantly
at concentrations below 40,000 spores/ml.

In both buffered glucose and distilled water a decrease in
spore concentration resulted in an increase in germ tubc length.
There were however, certain inconsistencies in this respect,

(d) Effect of buffers in 1% glucose on germination of spores

‘ Speres were suspended in distilled water, 1% glucose
and 1% glucose containing each of the following buffers at pH 5.2,
0,01M phosphate (Sorensen's), 0.015 M citrate, and 0,02 acetate,
Concentration of spores was 420,000/ml. Percentage germination and
average germ tube length after 24 hours are shown in Table 45,

Table 45, Effect of buffers in 1% glucose on spore germination

. Ave 1 tube
Mediun % Gormination T nath (}1‘)’

Distilled water , 0.6 50,0
1% Glucose 240 68,0
1% Glucose + phosphate
1% Glucose + citrate

buffer 6249 2335
1% ¢ lucose + acetate

buffer 1.8 125,0

The buffers differed in their ability to stimulate spore

germination., This suggested that stimulation of germination in



- 168 -

1% glucose soln, buffered with phosphate in the Iﬁrevious experiment
was not caused by a pH effect alone.

Although glucose + écetate buf fer did not increase percentage
spore germination it did promote germ tube growth as did the other
buffers + glucose,

In another experiment the same buffers, in the absence of
glucose, and at the same spore concehtration as above, did not
stimilate the germination of spores after 24 hours. |

The stimulation of germination in glucose + buffer therefore
appears to be due to both components in the mixture,

(e) Effect of different concentrations of glucose and buffer on spore

germination at high spore concentration

In an earlier experiment it was seen that increase in
glucose, fructose and sucrose concentration resulted in stimulation
of spore germination at high spore concentrations. It was of
interest to see whether a similar effect was observed when spores
vere suspehded in phosphate buffered glucose of different
concentrations, |

Spores were suspended in water and 1-8% glucose solutions
\ containing 0,01M phosphate buffer (Sorensen's) at pH 5.2. 4
concentration of 3,200,000 spores/ml. was used, Germination after

2/, hours is shown in Table 46 .



Table 46, Effect of glucose concentration on_spore germination

Medium % Germination
Hater + buffer Ol
1% Glucose + buffer 3e25
% w4 v 05
L " + 1.25
6% n + L} 3,64
87 0 + U 3,49

No increase in germination was observed with increase in
glucose concentration,

(f) Effect of buffered solutions of carbohydrates on gpore

germination

The stimulation of spore germination in a 1% glucose-
phosphate buffer mixture led to an investigation on the effect of
adding the same phoéphate buffer at pH 5,2 to solutions of other
carbohydrates,

Spores were suspended in buffered and unbuffered 1% solutions
of different carbohydrates and buffer solution at a concentration
of 220,000 spores/ml. All buffered solutions contained 0.01M
phosphate buffer (Sorensen's) at pH 5.2. Percentage germination _

and average germ tube length after 24 hours are shown in Table 47,



Table 47+ Effect ofkbuffered solutions of carbohydrates on spore

germination.
% Germination Average gernm tube Lengthfu)
Carbohydrate | Brffered  Unbuffered | Buffered  Unbuffered
Xylose 6745 542 29.5 (30)  103.3 (30)
Ambinose 18.8 2.2 64.0 (30) 224.0 (18)
Glucose 8543 3.8 109.0 (30)  157.5 (27)
Pructose 7040 1.6 9344 (30) 22,1 (21)
Galactose 27,0 2.1 92,9 (30) 153.1 (21)
Sucrose 69,0 644 175.8 (30)  75.8 (30)
Garboxymethyl-
cellulose 242 \IWA 299,0 (12) 113.7 (6)
Pectin 0.3 0.6 161.9 (4) 62,1 (4)
Water 361 0.2 149.8 (19)  175.0 (5)
( ) Number of gérm tubes measured, .

Germinatibn was stimulated by all carbohydrates except pectin
in the presence of phosphate buffer, Germination was low in buffered
pectin, carboxymethylcellulose, and all unbuffered sclutions,

No consistent promotion of germ tube growth was observed in

buffered solutions of carbohydrates and solutions of xylose,

arakingse and gelactose reducéd germ tube groﬁth.
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(g) Effect of nitrogen compounds and vitamins in glucose on spore

germination

Spores weTe suspended in distilled water; 1¥ glucose-
nitrogen compound mixfures containing 0,00125M N;1% glucose solution,
containing each of the following separately 0,025% Yeastrel, 0,02
pP.p.m. biotin, and 0.2p.p.m. thiamin, Concentration of spores was
180,000/m1. Percentage germination and average germ tube length
after 24 hours incubation are shown in Table 48 .

Table 48, Effect of nitrogen compounds, vitamins end Yeastrel in

1% glucose on spore germination

Average germ tube

Medium | : % Germination length (PO
1% Glucose ;1540 158.2

W+ NalOg L1209 T 146.6
n + NH/NO, 3362 ' _'87‘.5
" + NHelL 38.3 134.1
" + cassmino acids
| (vitamin free) 784 R Lol
" + 0,025% Yeastrel ;82,1 | 287 .5
u + thiamin 37,0 129.6
"+ biotin 16.5 9346

Vater 0.4 -

Thiamin, Yeastrel and all nitrogen compounds/except sodium
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nitrate in the presence of glucose increased percentage spore
germination. -

Percentage ger;ninati'o'n, and germ tubs growth was best in Yeastrel-and
casamino acid - glucose mixtures, |

Extension of the 'period of incubation to 40 hours in another
experiment, using the same media and spore suspension yielded similar
results,

(h) Effect of biotin, thiamin and Yesstrel on spore germination

Spores, 370,000/ml., were suspended in the following media:

(i)  Biotin sclubion, conc, 0.02 <DaDelle
(ii) Thiamin (aneurine hydrochloride) solution, conce 042 pepefe
(iii) Biotin + thiamin, conce 0,02 and 0.2 p.p.m. Tespectively.
(iv) 0.025%' Yeastrel, |
(v) Water.
Results after 24 hours incubation are vshown in T.able 49 .

Table 49, Effect of biotin, thiamin amd yeastrel on spore germination

Medium % Germination
Biotin ‘ 044
thiomin ' . 3.0
Blotin + thianin 0.3
0.25% Yeastrel B _ Re3

. Water | : 0.4

+ Yédastrel contains 11,2 p.p.m. riboflavin and 395.2 p.p.m. niacin.
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Biotin, thiamin or Yeastrel did not stimulate spore

germination significantly.

(i) Effect of nitrogen compounds and salts solution on spore
‘ germination

In this experiment spores were suspended in buffered and
unBuffered solutions of nitrogen compounds containing 0.0025 M N,
buffer scln,, and distilled water and a salts solution. The pH of
all solutions except distilled water was 5.2,'and each buffered
goln, contained 0,01M phésphate buffer (Sorensen's) at the same pH,
Gorminatioﬁ at a concentration of 300,000 Spores/ml. after 24 hours

is shown in Table 50,

Table 50. Effeét of nitrogen compounds and salts solution on spore

-

germination
4 Germinetion
Medium Buffered Unbuf fered
NaXi0, 1.0 0
NH4N03 0 142
NH401 0.8 0.3
Casamino acids 1.8 . : -0
Distilled water 0.4 . 063
+
Salts soln. 0.3 0.4

+ Mineral soln, (Fergus, 1954,) contained 38, NH4N03; 24228,

Mg804.7H20; 2459g. KHyPO, 5 2.21g. KoHPO, 5 % 1l,distilled water. pH

wes adjusted to 5.2 with N HC1,
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Spores were not stimulated to germinate by nitrogen or a mixture

of nitrogen and salts,

(j) Effect of nitrogen compounds in pectin and carboxymethylcellulose

on _spore geriination

In this experiment spores were suspended in buffer,water,
and in buffered 0,54 sclutions of pectinvand carboxymethylcellulose
containing 0.00ZEﬁlisuppliea by different nitrogen compounds. Each
soln, was buffered with 0.005M phosphate buffer (Sorensen?s) at .
pH 5.2, and contained 230,000 3pores/m1, Percentage germination and
average germ tube length after 24 hours incubation are shown in
Table 51 .

Table 51, Effect of nitrogen compounds in buffered pectin and

carboxymethylcellulose (CMC) on spore germination

Medium % Germination Average germ tube
| length (p)
045% Pectin 648 7545
"4 NaN03 15.9 - 135.4
" Y+YNH4N03 1449 15544
" 4 NH 401 8¢5 : 1_29.6
"+ Gasamino acids 18.1 1517
 0.55 OMC 2.2 7504
R NalNO, 1.8 J 89.6
no. NHANOB 29 . - 131.5
N4 NHLCl 2e3 9743
"+ gasamino acids 3.7 133¢5




=175 -

Germination was low in solutions of pectin and carboxymethyl-
celluloée but addition of nitrogen compounds to pectin resulted in
increased germination.

Percentage germination and germ tube growth were best in a
pectin=casamino acids solution,

2e Germination of spores in extracts of rind tissues

A study of the germination of SpOTGSVin water extracts of
rind tissues was made as the conditions for germination in such
extracts were thought to closely resemble those existing for spores
in water droplets in wounds on the fruit surface,

(a) Effect of spore concentration in complete rind extract on spore

germination

Spore suspensions of varying concentration were prepared
in a water extract of complete rind tissues, Percentage germination
in each treatment after 24 hours is shown in Table 52,

Table 52. Effect of spore concentration in complete rind extract

on spore germination.

Spores/ml. % Germination
1,340,000 | 95.5
750,000 9840
560,000 100,0
320,000 100,0
: 80,000 100.0
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Good germination was recorded at high spore density and
germination was not markedly decreased by increasing the spore

concentration to 1,340,000 spores/ml.

(b) Effect of incubation time on germination of spores in rind
extracts
In this experiment spores, suspended in water extracts
of flavedo, albedc and complete rind tissues were incubated for
various periods of time. Concentration of spores/ml. was 400,000,
Percentage germination and everage germ tube length for each
period of incubation are shown in Figs, 7 and & respectively,
Germination as recognised by the production of germ-tubes
was first observed in the 3 extracts after 6 hours incubation and
was almost completed after 10 hours incubation. Percentage
germination (Fig. 7 ) and germ tube growth (Fig.8 ) was about
the same inbeach_of the three extracts,
The high germination in flavedo extract suggests that the
inability of an inoculum in flavedo extract to promote infection
through inter—#esidlé&lavedo wounds is obvicuély not caused by

inhibition of germination in this extract,

(e) Effect of rind extract dilution on germination of.spores

In this experiment spores were suspended in distilled
vater and flavedo; albedo and complete rind extracts at the
following dilusions V1, V5, W10, Va5, V50 ana 100, The

concentration of spores/mls was 400,000, Percentage germination :
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end average germ tube length after 12 and 18 hours incubation is

shown in Table 53 .

Iable 53, Effect of rind extract dilution on spore germination

Incubation time (hours)

Mediun Dilution 12 18 12 18
ng.dry
wt./100 mld % Cermination | Average germ
extract tube length ()
Flavedo 1 :
extract N/1 70 k939 1000 | 22443  Weft
u N/5 - 148 8843 90,1 | 185.5 341,7
" N/10 - (7 5646 65,3 | 102,9 185,9
i N/28 29,6 3642 3364 | 50,0 167.2
" N/50 14.8 | 23.4 28,6 | 342 11149
n N/100 T, | 1146 25,8 | 25.2  75.8
Albédo
- extract N/1 770 98.9 100,0 | 2067 Weft
" N/5 154 83.8 8745 | 150e4 238.9
i N/10 7 4542 4841 | T3eh 16309
v N/25 30.8 11.8 15.9 | 48,7 94eb
i N/50 1544 545 12,1 | 35.6 8442
" N/100 77 | 543 12,5 | 335 709
Gompiete rind
extract N/1 865 100,0 10040 | 243.8  Weft
L N5 173 731 Th | 1185 235.4
a N/10 86,5 | 5542 7546 | 90.5 198.3
u /25 36 16,3 118 519 L8
ﬁ N/50 17.3 | 138 960 | 4242 840
" N/100 806 648 6.5 | 37.3  68.8
Water -

- 0eR 0.3




Spores germinated in all extracts diluted to N/100 indicating
that very small amounts of stimulant in the extracts were necessary

for germination,

3« Effect of emanations from P, digitatum on spore germination

Emanations frompure cultures of P, digitatum causing

epinasty of pote;bo plants were first reported by Miller et al, (1940).
Growth of the fungus on potato dextrose agar produced emanations
which induced epinasty in pea seedlings and also accelerated the
respiration and ripening of lemon fruit (Biale and Shepherd, 1941),

Chemical proof that part at ieast of the fungus emanation is
ethylene was provided by Young efi al. (1951), Fergus (1954) over—
looked this work but he and other workers stydying this emaﬁation
assumed that the active emamation from the fungus was ethylene,
This was based mainly on the fact that it is the only volatile
chemical known to arise from biological processes and cause
epinasty in plants, _

The effect of emanations, from P.digitatum and other fungi
ceusing wastage of Citrus fr?it, on the germination of spores was
studied in & number ofexperiments.,

(a) Bffect of emanations from P.digitatum on orange rind on

germination of spores in water

Van Tieghem cells, each cdntaining plugs of rind cut from
Navel fruit, were inoculated with spores of P.digitatum, Controls

composed of (i) cells + sterile distilled water and (i) cells + rind
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plugs + sterile distilled water, as_éescribed in Materials and
Methods (P. 36) were used. There were 4 replicates/treatment and
the concentration of spores in the hanging distilled water drop was
210,000/ml, Germination of spores after 24 hours incubation is
given‘ih Table 54 .

Teble 544 Effect of emanations from P. digitatum on germination

[

of spbres in distilled water

Treatment % Germination Average %erm tube
length
ngth(p) . 3

Cell + rind + P.digitatum 2045 29.6 (20)
Cell + rind + sterile’ :

distilled water 247 10,8 (20)
Cell + sterile distilled

: water 0 -

( ) Number of germ tubes measured,

Emanations produced as a result of growth df the fungus on
orange rind stimulated germination of spores in water.

In another eXperiment carried out as above, the effect of
emanations éroduced by the fungus on Valencia and Shamouti fruit on
germination of spores in distilled water was investigated,
Experimental conditions were identical with those of the preceding
experiment except that the concentration of Spofes/ml. in the
distilled water hangihg drop was 170,000, Germination in each

treatment after 24 hours is shown in Talle 55 .
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Table 55, Effect of emenations from P.digitatum on Valencia and

Shamouti orange rind on germination of spores in distilled water

Treatment Variety % Gefrmination Average germ tube
’ length (P)
Cell ¥ rind + P.digitatum Shamouti 1e3 29.8 (87)
W o+ W 4 sterile water " ' l.Ov' 1549 (17)
Cell + rind + P.,digitatum Valencia 10.4 . 29,2 (58)
o+ u W 4+ gterile water " 045 10.4 (17)
Cell + gterile water - | 0
( ) Number of germ tubes measured,

Emanations produced by the fungus on both varieties stimulated
germination of spores,

Germination\was.lower than that in thd preceding experimgntl
and may have been influenced by the density of spores in the hanging
drops The effect of spore concentration in the hanginggdrop, in
the presence of emanations on germination, is described later (P3183).

(b) Effect_of emanations from P.digitatum on V8 juice agar on

germination of spores in water

In this experiment Van Tieghem cells each containing a
plug of V8 juice agar of similar volume to those used in preceding
experiments were inoculated with P,digitatum, The concentrations

of spores/ml. in henging drops of distilled water were 170,000




and 220,000 in different treatments. Cells containing sterile
water were used as controls for each gspore concentration, There
were / replicates/treatment. Germination after 24 hours incubation

is shown in Table 56,

Table 56, Bffect of emanations from P.digitatum on V8 juice agar

on germinatibn of spores in distilled water

Treatment Spores/ml. # Germination Average germ tube|
length {n)
Cell + V8 juice agar
+ Phdigitatum 170,000 34 5442 (37)
Cell + sterile water 170,000 0.1 -

Cell + V8 juice ager

+ Pidigitatum 220,000 1.0 3946 (5)
Cell + sterile water 220,000 0 -
( ) Number of germ tubes measured

Stimilation of germination by emanations produced by the fungus
on V8 juice agar was not very marked, This may have been caused by
a Yow yield of emanations by the fﬁngus on this medium. This point

was not investigated further.

(e¢) Effect of spore concentration in hanging drops in the presence

of emanations from P.digitatum on spore germination

In this experiment Van Tieghem cells, each conteining a plug
of rind from Shamouti fruit, were inoculated with spores of .

P.digitatum., The concentration of spores in the hanging distilled
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water drop in each treatment varied as below (Table 57 ), GControls
composed of (i) cells + sterile distilled water and (ii) cells + rind
plug + sterile distilled water were used only in that treatment
in which spore concentration in the hénging drop was 170,000/ml,

Germination after 24 hours is shown in Table 57 .

Table 57. Effect of spore cencentration in hanging drops in the
presence of emanations from P,digitatum on spore germination

~Treatment Spores/ml.in % Germination  Average germ
hanging drop . tube length (J)

Cell + rind +

P.digitatum 1,220,000 727 20,7 (90)
Cell + rind + :

P,digitatum 690,000 3640 2244 (120)
Cell + rind.+ ’

P, digitatunm 170,000 143 29.8 (58)
Cell + rind + _ |

sterile water 170,000 1.0 15,9 (17)
Cell + rind +

sterile water 170,000 0 -

( ") Number of germ tubes measured,

Germination of spores increased with increase in spore numbers
in the hanging drop;

This result contrasts with thaf obtained with spores suspended
in glucose and glucose-phosphate media where a decrease in percentage

germination with increase in spore concentration was observed,
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(d) Bffect of emanations from various fungi on germination of

spores in water

It was of interest to study the effect of emanations,
from other fungi causing wastage of Citrus fruit, on germination of

P.digitatum spores in distilled water.
In this experiment Van Tieghem cells, each containing a plug
of rind from Navel fruit, were inoculated with the following fungi

(1) P.digitatum (ii) P.italicum (iii) Trichoderms lignorum and

(iv) Geotrichum candidum., Each of 3 replicates/treatment were

inoculated with‘O.Z ml, aquecus spore suspension éontaining
2x106Sporéa/ml. (approx.)s OCells containing (a) sterile distilled
water and (b) rind + sterile distilled water were used as controls,
Concentration of spores/ml, in ﬁanging distilled water drop was
220,000, Germination after 24 hours incubation is shown in Table 58,

Table 58.Effect of emanations from various fungi on germination

of spores in distilled watexr.

Treztment % Germination Average germ tube
1ength }1) *
Cell + rind + P,digitatum 17.2 6640 (56)
¥ + " 4 P,italicum 1.0 373 (9)
e w4 T,lignorum 043 ! 5640 (2)
"+ @ 4 G,candidum 1.5 . 28,6 (11)
u + N + Sterile o ’
distilled water 045 : 35.0 (4)
"+ gterile water 0 -

( ) Numbers of germ tubes measured,



Only ememations produced by Pydigitatum on orange rind resulted

in an increase in percentage germinatién of spores,

Le Germination of spores on fruit surface

(a) Germination of spores in the presence of minute wounds

Germinatién of spores in the presence of minute wounds
on Valencia fruit was studied using the distilled water agar disk
technique which is described in Materials and Methods (P. 38 ).

Two experiments were done and in each experiment 8 fruit from
2 different consignments of unwaxed Valencia fruit were used.
- Mimute injuries, caused in the field or in packhouse treatment of
fruit, were.covered by an.agar disk. The nﬁmber»of wounds-'
covered by each disk was counted after the area covered b& a
disk was marked with a wax pencil prior to removal of the disks
for germination counts. The minute injuried within each site
were detected by staining with a soln. of 0,1% Light Green in
70% .alcohol as described on P, 54 .

In the first experiment with fruit of consighment A,

germination of spores after 24 hours incubation is showrr in Table 59,
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able o Germination of ores in the presence of minute wounds

on fruit. from consignﬁent A

Fruit Number of % Germination  Average germ tube

wounds/site _ ~ length ()

1 1 84 | 23,9 (18)

2 10 1.3 7.0 (3)

3 5 ~ 0u4 - 7.0 (1)

4 140 5245 176 (30)
5 13 0 ‘ ’ -

6 10 1642 19.7 (30)

7 10 142 35.0 (4)

8 7 043 3.5 (1)
El&fe’cod%rq; - | : 0 -

‘Germination on the different fruit varied. This was caused.
partly by variation in‘the number and size of wounds at each site,
Numerous small wounds causing high percentage germination on fruit
/, and few wounds causing low percentage germination on fruit 2
are shown in Plate 45 and 46 respectively.

The presence of wounds did not stimulate germination always
as can‘be seen in fruit 5, Inhibition of germination on this frﬁit
may have been caused by residual fungicidé on?the fruit surface
after washing, Fruit of consignment A had been rinsed in 0¢5% soln,

of sodium ortho~phenyl-phenate (SOPP) as part of normal packhouse



Platc 45. Wounds at dnoeulum sitc on fruit 4. X6.
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Plate 46, Wounds at inoculum sitc on fruit 2.

X6,




procedure,
In the second experiment with fruit of‘éonsignment B,

germination of spores after 24 hours incubation is shown in Table 60 o

Table gg; Germination of spores in the presence of minute wounds

on fruit from consignment B

Frudt- Number of . % Germination Average germ tube

wounds/site ' length (1)
1 34 94 9849
2 B TR R Theb
3. 2% ‘9743 18445
b 7. 982 . 2525
5 58 S 97.6 . 122,6
6 70 9.7 g
7 52 98,1 | 10643
\ | ”
o8 82 , 97.8 123.8
Platé eontrol - 0.1 38

Germination was high on all fruit. Wounds on fruit from this
consignmeﬁt were‘in general larger and more numerous/sité than
found in fruit of consignment A, An exgmple of sgch wounds as
found on £ruit 6 ave shown in Plate 47 o

These two experiments illustrate the extent to ﬁhich
germination can vary on fruit of the same variety taken from

different consignmenfs.
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Although small injuries, revealed by the presence of the dye,
stimulated germination of spofes this did not mean that thesev
injuries were favourable infection courts for spores of the
fungus. The number of injuries hewever do indicate the care in
handling and the subsequent decay that may be éxpectéd.

(b) Effect of artificial wounds between and into oil vesicles

~

- on spore.germination

Germination of spores was studied using the same

- technique as described in the previocus experiment. Five Valencia

fruit/treatment were used. Fruit wounded 3 times between the

0il vesicles, and‘3:timeé into the o0il vesicles to depths of

1,0 and 3,0 mm, were used in each treatment. Confrols consisted

of 5 fruit that had not been wounded artificially, 1 plate conmtrol

and 2 box controléwas’described on P. 38 . .
Germination and average germ tube length after 8 houms

incubation is shown in Tables 61 and 62 re5pectively.‘

Table 61, Effect of artificial wounds between, and into oil

vesicles of Valencia fruit on spore germination.

Depth of Between oll vesicles Into oil wvesicles
prick (mm). % Germination Standard % Germination SHtandard
deviation deviation
3,0 82,59 * 5,67 91.69 Z 153
1.0 77 459 L 9,09 87463 l1.88
o 1 633 Z6.33 - -
Box somtrol 3470 L VA - -

Plate aantrol ' 0 - - -
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Table 62, Effect of artificial wounds between, and into 0il vesicles

of Valencia fruit on germ tube growth

Between oil vesicles Into oil vesicles
‘Depth of ‘
prick. (mx\n) . |Average germ Stendard Average germ Standard |.
tube length ( p/  deviation | tube length ()1 ) deviation
3.0 1729 Z3.25 24422 Xo.88
1.0 18,34 Z 3.88 24470 a1
0 8433 = L.47 - -
Box control 7.70 421 - -
Plate conf’oro{i‘ 0 - - -

Table 61 shows that‘woundS‘into and betweenroil vesicles
increase percentage spore germinaticn and that germination in the
presence of wounds into the oil vesicles was not significantly
greater than in the presence of wounds between thé.oil vesicles,

‘Table 62 shows that wounds of both types increased the growth
of germ tubes and that wounds into the oil vesicles promoted slightly
better growth then wounds of combarable depth between the oil
veaicles, | |

Another experiment inVesﬁigaﬁing the stimilation of spore
germination by wounds into and between oil vésicleslof Navel fruit
was carried out simultaneously and under the same experimental

conditions as above,
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Percentage germination and average germ tube length after

8 hours incubation are shown in Tables 63 ond 64 respectively,

Table 63, Effect of artificial wounds between and into oil.veéicles
of Navel fruit on spore germination |

Between oil vesicles

Into oil vesicles

Depth of
prick (mn) % Germination Standard % Germination Standard
deviation deviation
+ +
3.0 86,83 ~-7626 77.57 =7.86 .
+ +
l.O 87028 "4009 85-51 "3070
0 22,11 217,24 - -
Box control 4493 24402 - -
Plate control 0 ‘ - - -

Table éég Effect of artificial wounds between and into oil wvesicles
of Navel fruit on germ tube g;owth'

Into oil vesicles

Depth of Between oil vesicles
prick (mm)
Average germ - Standard Average germ  Standard
tube length (P) deviation | tube 1engthgu) deviation
+ ' +
3.0 23 .66 =4 o8 15.09 ~/ ¢ 88
1.0 20,23 Xa,77 19,6 25.87
Box control 9.03 . x2.67 - -
Plate control 0 - - -
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Tableg 63 and 6/ show that percentage germination and germ
tube growth are increased‘in the presence of wounds of both types -
but that neither type of wound is significantly more stimulative
than the other,

The results of these two experiments clearly indicate the
response of spores to wounding in both Navels and Vaiencias is very
similar;

The resistance of wounds, 1,0 mm, deep between the oil
vesicles, to infection is therefore not éaused by an initial inhibition
of growth of hyphae in these wounds but results from some form of

resistance becoming effective later,
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Ls ACTION OF QRANGE ESSENTIAL OIL

It was seen in an earliex oxperiment (P.133 ) that fruit,
pricked between the oil vesicles into the flavedo and inoculated
with spores suspended in orange essential oil, were readily infected,
This was not because growth of the germ—tubegwas promoted by the
oil, but was a result of the phytoxic effect of the oil on the
exposed flavedo cells, This made them susceptible to infection,.
The following experiment demonstrated this directly.

Qe Growth of spores in orange essential oil

Drops (0.02ml,) of spores suspended in orange essential
oil were placed‘on glass slides and incubated for 24 hours as
described for spore germination experiments (P. 35 ).

No germ~tubes were produced within this period of incubation.

2i Effect of irradiated essential oil on growth of mycelium

Zukerman (1951;1956) found that limonene, the main
constituent of orange essential oil, after irradiation by exposure
to sunlight inhibited growth of a mumber of fungi thet cause westage
of Citrue fruit. P.digitatum was included amongst these. Zukerman
suggested that thevinhibition results from the formation of
peroxides, especially the one formed by, the oxidation of 1imopene.

In this experiment 5ml, orange essential oil contained in

a quartz cell were irradiated in bright sunlight for 5 hourse The

irradiated essential oil was then tested for its effect on the

viability of P.digitatum spores.
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To each of 3 petri dishes O.lml, irradiated oil was added,
followéd by 12ml. V8 vegetable juice agar which had béen previously
seeded with_P.digitatum spores at 4500. Controls with non-irradiated
oil were used., The petri dishes were incubated at 22°c.

After a 5 day incubation period‘grcwth and sporulation was
observed in all petri dishes.

It would therefore appeaz that orange essential oil irradiated
as above was not toxic to the spores, or to mycelium,

In another experiment, the antifungal activity of'irradiateq
and non-irradiated orange essential oil was tested with a techniéue
similar to that used by Maruzella and Balter (1959),who found that
& number of essential oils were toxic to certain phytopathogenic
e .

. Twelve ml, V8 vegétable juice agar were added to each of 8
sterile petri dishes. The solidified agar in each dish was seeded
with a suspension of Pedigitatum spores and to the centre of each
dish a disk of Whatman No, 1 filter paper (émm, diam,) that had
just previously been socaked in either non-irradiated or irradiated
essential oil (as described above), was added, There were 4
vreplicates per treatment, The petri dishes were incubated at
22-24°C. for 5 days. |

No zones of growth inhibition around the filter paper disks
were observed in either treatment,

Ihese results show that although orange eéséntial 0il does

not stimulate germination of spores or support growth of mycelium



of P,digitatum, reither does it show any marked toxicity to P,digitatum,

Irradisted oil behaves in the same way,
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M, PECTIC 4LND CELLUIOLYTIC ENZYMES PRODUCED IN CULTURE

It was seeﬁ in earlier experiments in Section I (P.138) that
aﬁ inoculum of spores in pectin broke down the resistance of
Vinter~vesicle! flavedo tissue to infection in the bresence of wounds.
This suggested that infection may have resulted from the adaptive
secretion of pectic enzymes in the inoculum drop.
1. Growth of the fungus on pectin, cellulose and glucose in liquid

culture " |

‘\ Culture filtrates, used in the stuéy of extracellular

pectic and cellulolytic enzymes were prepared as described on P, 44,
after the fungus had grown on d basal medium containing 1% pectin,
glucose, NaPP, CMC and Solka Floc wood cellulose for 5 days in shake
culture at 239, = 1° (see P.43 ).
| The effect of the different carbon sources on growth expressed
 as mge dry welght mycelium after this period of incubation is showm -
in Table 65, ’

Table 65, Effect of different carbon sources on growth

Medium Mean dry wt. mybelium
| (mgs) of 7 replicates
Basal medium + 1% Pectin | 101,1 = 6,0
n "+ 1% NaPP A 102,5 = 10,3
K "o 19 OMC | 423533
" ® 4 1% Wood cellulose Sparse growth ®
" "+ 1% Glusose 207,9 = 25,6

“Mycelﬁnm impregnated with fibres of wood cellulose.
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Growth was best on glucose, Growth on pectin and NaFP while
being less thon on glucose, was much better than on CMG. ILittle

growth was observed on wood cellulose,

2+ Pectic Egzmes

(2) Pectin methylesterase (DME)

B activity was measured by titration of liberated ]
carboxyl groups with 0,01N NaOH as described in Materials and
Methods (P.46). | ‘

(i) Effect of vH on BE activity

The effect of pH on the activity of PE in a culture filtrate
of the fungus grown on basal medium containing 1% pectin
as above is shown in Fige 9.
DE ac'bivity_ was highest at pH 3,.5.
Thi‘s result contrasts with those of other workers who fourﬂ
that the pH optimum for activity of fungal PME occurs in the range

PH 440 —"5.5 (see Kertesz, 1951, Pe370) .
(1) Effect of carbon source on production of PME

The fungus was cultured on basal medium containing 1% pectin,
NaPP, glucose, CMC and SOlka Floc wood cellulose as described on 9,19'9".
The activity of PME in the different culture filtrates at pH 3.5
is shown in Fig, 10, . V
PME was produced in culture filtrates of the fungus grown on
all carbon sources tested but the culture filtrate. of the fungus
grown on CMG was most active.

It therefore appears that PME is produced both adaptively and
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constituitively, '
(v) Polygalacturonase (FG),

K activity was estimated by measuring the reduction in
viscosity of pectin and NaPP solutions as described in Materials
and Mothods (Pu45 ). Activity was calculated as 100/t where 14!

is the time in minutes for 50% reduction in viscosity of pectin

and NaPP solutions by culture- filtrates of the fungus.,

(1) Effect of fH on FG activity

Two experiments were carried out to study the effect of pH
on I activity.

In the first experiment, the FG activities of culture filtrates
of the fungus grown on basal medium containing 1% pectin and 1% NaPP
on pectin solution are compared at pH 4e5 = 6,0 (Table 66),

Table 66e Effect of pH on B¢ (visc, =P) activi tz.oﬁ culture filtrates
of the fungus grown in basal medium containing 1% pectin and

s _ .

PG Activity

Carbon source in basal medium | pH

4e5 5.0 5¢5 640

Pectin 5,6 6,1 5,0 3.6

Na PP . 1008 1203/ 803 609

The optimum pH for PG activity of both cﬁlture filtrates of the

fungus was 5,0,
In the second experiment the FG activity of the same culture - -

filtrates of the fungus as above was tested on NaPP solution at



- 20/ -

Table 67, Effect of pH on PG (visc.-NaPP) activity of culture

filtrates of the fungus grown on basal medium containing
1% pectin and 1% NaPP

PG Activity

Carbon source in basel medium pH

45 5.0 5e5 6,0
Pectin 509 B 307 3'4 2.4
NaFPP 8.0 11,1 8.3 48

The optimum pH for PG activity of the fungus grown on pectin
and NaPP was 4.5 and-5.0 respectively. .

In both experiments PG activity of that culture filtrate of
the fungus grown on NePP was almost double that of the culture
filtrate of the fungus grown on pectin, At optimum pH, culture
filtrates of the fungus grown on pectin or NePP were equally active

in reducing the viscosity of pectin and NaPP,.

(1i) Effect of carbon source on production of PG
In tﬁis experiment culture filtrates of the fungus
prepared after 5 days growth on basal medium containing 1% pectin,
NaPP, glucose, CMC and Solka Floc wood cellulose (P.199) werei

tested for PG activity on pectin and NaPP solutions at pH 5,0

(Table 68),
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Table 68,1G activity of culturc filtrates of the fungus grown on

pasal medium containing different carbon sources

B activity
Carbon source in basal medium
’ Test Solution
7 Pectin ~ NaPP
Pectin : 6.1 3.6
NaPP 11,1 847
CMC 243 . 3.0
Wood cellulose ' 2,0 1.9
Glucose 12,1 0

Culture filtrates of the fungus when grown on glucose and NaPP
were most active when tested on pectin solution. That culture
filtrate of the fungus grown on NaPP was most active when tested
on NaPP solution, No EG activity was found in a culture filtrate
of the fungus grown on glucose and tested on NaPP solumtion.

The reéults obtained with culture filtrates of the fungus grown
on glucose were confirmed in another oxperiment.

(c) Cellmlase (Cx) |

Cx activity was estimated by the reduction in viscosity
of CMC solu£i;ﬁ as described in Materials and Mothods (Pa45 )
(1) Effect of pH on Cx activity -

The offeet of pH on Ox activity of culture filtrates of
the fungus groﬁﬁ on basal medium containing CMC énd Solka Floc-wood
cellulose is shown in Table 69, Activity is exprossed as 00/t

wherc 't is the time in minutes for 25% reduction in viscosity of CMC,
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Teble 69, Effect of pH on Cx (visc.~CMC) activity of culture filtrates

of the fungus grown on basal medium containing 1% CMC and 1%

wood cellulose

Cx Activity

Carbon source in basal medium pH

45 5.0 5.5 6.0

CMC 2.9 363 34 2.7
Wood cellulose 0 0 0 ¢}

The fungus grown on CMC produced a filtrate of low activity and
on wood cellulose an inactive filtrate (éee below). pH had little
effect on activity.

Although from the above Table 69it would appear that growth of
the fungus on §olka Flo¢ wood cellulose produced an inactive filtrate
this was not so. A filtrate of very low activity was produced on this
medium and activity at pH 4.5 - 6,0 is shown in Table 70, Activity
is expressed as 1.Oo/t where- 't' is the time taken in minutes for 20%

reduction in viscosity of CMC solution.
Table 70, Effect of pH on Ox (visc.=CMC) activity of culture filtrate

of the fungus grown on basal medium containing 1% wood cellﬁlose

Cx Activity

Carbon source in basal medium pH

he5 5.0 5.5 6.0

Wood cellulose - - 0.9 1.6

Activity was greatest at pH 6.0,
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N, PRODUCTION OF PRCTIC AND CELIULOLVTIC ENZYMES TN VIVO

The production of pectic‘enzymeé by the fungus when grown on
pectin, NaP? and glucose in vitro suggested that the ability of the
fungus to produce these enzymes in vivo might play a part in
determining whether or not the fungus was pathogenic,

The production of pectic enzymes by the fungus in vivo was
anticipated as the accumulation of pectin in the cell walls of the
rind is a characteristic aﬁatomical feature in the development of
Citrus fruit (Bain,‘l9585. Orange rind contains comparatively
~ large amounts of pectin and many reforences to the pectin content
of this tissue are found in the literature, e.g: Sanisch and Cohen
(1949), Money and Christian (1950) and Rouse (1953). |

The PME, PG and Cx activities in 0,2M Nall extracts of healﬁhy
rind and rind infected by the fungus was investigated using Sh&méuti
fruit., The preparation of extracts is described on P.47 ,

1. Pectiﬁ methylesterase (IME)

Enzyme preparations of healthy and infected rind tissue were
tested for PME activity as described on P.46 .
(a) Effect of pH on PMB activity of 0.2M Nafl extract of healthy

orange rind
Before investigating the PMB activity of infected rind

éxtract; the offect of pH on PME activity of healthy rind was
investigated.

Fip.)y: shows the relation between percentage hydrolysis of
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methyl ester groups with time at pH 3;5-7.2.

; Initial rete of hydrolysis of methyl ester groups was
greateét at pH 4.6 but the enzyme was inactivated after 10% methyl
ester grouﬁs haé been hydrolyzed, Inactivation of the enzyme also
occurred at pH 3.5 and 4.2 when 10% of the methyl ester groups
present.had been hydrolyzed. At pH 5.0-7.2 activity bore a linear
relationship with time and increased_with pH,

"The inactivation éf PME at pH values below 5.0 was not observed
by McDonnell et al. (1§45). They assumed that rate of hydrolysis
was constant until more than 50% of the methyl ester linkages
had been hydrolyzed: This assumption was based on the work of
Lineweaver.and Ballou (1945) who studied the rate of de-estér—
ification of pectin.in 0.1M NaGl solution by peétinesterase from

two sources, alfalfa and pea vines,

(b) Effect of pH on PME activity of 0.,2M NaCl extract of infected
orange rind o
In this experiment the effect of pH on PME activity of
0.2M Nalll extrect of infected rind vas investigated, Fig.12 shous
percentage hydrolysis of methyl éster‘groups with time at pH 3.7-6.8,
Within the 30 minute reaction.period PME activity was greatest
at pH 3.7 and decreased with ihcrease in pH, little activity being
observed at pH 6.8. ‘
At pH 3.5 the enzyme was inactivated affer 1/,.% (approx.)
hydrolysis of the methyl ester groups had occurred, 4 more gradual

reduction in rate of hydrolysis with time was observed at other
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pH values.,

(c) Comparison of PME activity of 0.2M Na®l extreels of healthy and

infected orange rind

In this experiment the activity of PME in healthy and
infected rind extracts was compared at pH 3.5 as this was very
close to the pH of infected rind 3,3, (Table 71).
Table 7L, Comparison of TME activity of 0.2M Nall extracts of healthy

and infected orange rind at pH 3.5

PME activity expressed as % hydrolysi?

0.2M NaCl extract -} of methyl ester groups in 10 minutes
Healthy rind 6.0
Infected rind ’ 11,0

PME activity is greater in the infected extract than in the
healthy extract, so it would appear that PME is produced by the fungus
in perasitizing the rind. It could also happen that the presence of
the fungus in the rind tissues stimilates greater production of PME
by those tissues. The former suggestion, however, seems more
plausible as the production of IME by the fungus when grown in vitro
has already been shown (P.800). “

2. 20'11" galacturonase (Pd)
PG activity of 0.24 NaCl-extracts of healthy and infected

rind tissues was estimated by measuring the reduction in viscosity .
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of pootin and NafP solutions as doscribed on Pe45 e Qctivity was
calculated asg 100#5 where 't! is the time in minutes for 10% reduction
in viscosity of pectin and NaPFF solutions,

(a) Effect of pH on PG activity of 0.2M NaGl extracts of healthy

and infected orange rind

In this experiment PG activity in 0,2M Na(l, extracts of
healthy and infected rind was compared at pH 3.5-6.5.
No PG activity was observed in either extract at pH 3.5=6.5,
when tested on NaFP solution,
PG activity in both extracts whep tested on pectin solution is
shown in Table 72,

Table 78, PG activity (visc.— P) of 0.2M NaCl extracts of healthy

and infected orange rind at pH 3.5-6.5

PG Activity (visc. =F)
pH ,
3.5 beb 5.0 5.5 645

0.2M NaCl extract

Healthy rind 0 0 0 0 0
Infected rind 0 22 440 Leb 1.3

No PG was detected in the healthy rind extract. 4Lctivity in
the infected rind extract was very low having a pH optimun at 5.5.
This activity is not thought to be of significance,

3. Cellulase (Cx

Cx activity was estimated by the reduction in viscosgity
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of CMC solﬁtion as described on P.45 . Activity is expressed as
100/ uhere 't' is the time in minutes for 10% reduction in viscosity
of CMC solution, |

(a) Effect of pH on Cx activity

The effect of pH on Cx activity in 0.2 NaCl extracts of healthy
and infected rind . at pH 4e5-6.5 was investigated and the
results are showun in Table 73,

Table 73, Effect of pH on Cx activity in 0,20 NaCl extracts of healthy

and infected orange rind

Cx Activity

0,2M NaCl extract . pH
45 5.0 545 6.0 6.5

Healthy rind 0 0 -0 0 0

Infected xind 1.5 2.1 242 2.8 1.0

No activity was observed in the healthy extract, Activity was
very low in the infected extract and had a pH optimum at 6.0. The

activity of Cx in the infected extract is not thought to be significant,
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0, MACERATING ENZYMES PRODUCED IN VITRQ AND IN VIVO

le. Activity of Macerating Enzymes in culture filtrates of the

fungus grown on synthetic media ana 0.2M Nall extract of

infected rind tissue

In this experiment the macerating.activity of culture
filtrates of the fungus grown on bagal medium containing 1% pectin,
NaPP, CMC, Seilka Floc wood cellulose and glucose, and 0,2M NaCl
extract of infected rind tissue were compared at pH 5,0 according to
the method described on P,4#°. The results are shown in Table T4

Table 74e Macerating Enzyme activity of culture filtrates of the

fungus grown in synthetic medium containing different carbon

sources and 0.2M NaCl extract of infected rind tissue

Medium Macerating Activity
Basal medium + 1% Pectin 2.7 * 0,9.
LR + 1% NaPP 3.1 % 1,1,
U oo + 1% CMC 1.9 < 0.5
oo + 1% wood cellulose 1.5 L 0,6.
" n + 1% glucose ' 3.0 z 1,1.
0.2M NaGl Extract of infedted +
rind 0,9 = 0.1
Water ' 0

Macerating.activity was greatest in culture filtrates of the
fungus grown on pectin, NaPP and glucose whereas that of the infected

rind extract was comparatively low,
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Conclusions

From the results of this and the preceding experiments it
appears that 0,2M NaGl extract of infected.rind tissues contains
only active PME, The activities of the other endymes'PG, Cx and
Macerating Enzyme are so low that it is suggested that if they are
important in pathogenesis, then they must have been inactivated in
the rotted tissues after they had produced their effects.

The low Macerating Enzyme activity of infected extract is in

agreement with the results of Miyakawa (196é2), who found that

Uprotopectinase® activities of both P.digitatum and P.italicum are

much lower then those of less pathogenic species P,expansum and

P.purpurogenun,
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SECTION IV. — DISCUSSION

The experimehtal resulfs described above show clearly that
uninjured oranges inoculated with an aqueous suspensicn of spores of
Po.digitatum do not become infected, This was found to be true for
all parts of the fruit,

Bates (1936) found that Valencia fruit, inoculated with
an aqueous suspension of épores, vwere infected at the stem ends
in the absence of wounds. However, the exact point of entry was
not determined, &4 relatively crude method wés used for inoculation
and Bates did not study the inoculated surface for the pfesence of
wounds not visible to the naked eyes The method of inoculation
used in the present work largely eliminated these déficienpies.
Another report on the infection of uninjured fruit is that of
Gioelli (1930) who stated that P.digitatum. may penetrate the stem
end of mandafin fruit growing under adverse conditions in the
absence of wounds.

Uninjured Shamouti and Navel fruit were not infected when
inoculated with spores in 1-3 per cent citric acid, orange juice,
~and other rind extfacts although good growth of mycelium was
obgserved in these media, This result was in contrast to that of
Green (1932) who infected Spanish oranges with inocula of spores
in 1~5 per cent citric acid and orange juices, It is suggested that
the results of Gréen could have possibly been caused by the

presence of minute wounds on the fruit surface or alternatively
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could have been a characteristic of the fruit used by her,

The presence of wounds wes a prerequisite for the infection of
Navel, Valencia and Shamouti fruit by an aqueous suspension of
Spores. Howéver, as had been observed by Bates (1936), not all
wounded fruit inoculated in this way became infected. 1In the
present work it has 5een found that Navel, Valencia and Shamouti
fruit wounded into the flavedo‘between the 0il vesicles, showed
a marked resistance to infection from an aqueous suspension of
spores, |

4 study of inoculated fruit showed that the fruit were
resistant to infection although hyphae from germinated spores had
‘ penetrated the wounds, This resistance was characteristic of
the flavedo cells and was less marked when deeper wounds into the
albedo were mede. |

The mechanical barrier provided by the compact flavedo éélls
to pénetiation byyhyphae may have played a part in‘this resistance.
In contrast, it seems that the spongey albedo with its large
intercéllular spaces yields more feadily to thé fungus when this
tissue is exposed by wourds betweén the oil vesicles, The fact
that hyphae in wounds into the albedo between the o0il vesicles
did not penetfate the flavedé cells around the pricks on initial
entry into the wounds, but instead grewvdown to the albedo layér
supports this vieu,. B

The infection of fruit, wounded into the oil vesicies by an

aqueous suspension of spores, which was observed by Bates (193331936)
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was .confirmed,

& miqroscopic study of the penetration of hyphae from
germinated spores in wounds into and between the oil vesicles
yielded useful information on the mode of entry of the fungus into
the fruit through wounds. |

Of most interest perhaps was the fact that hyphae, in wounds
into the flavedo between the oil vesicles, did not penetrate the
cells of ﬁhe flavedo after an incubation period of 72 hours, and
that when fruit were wounded between the o0il wesicles into fhe
- albedo the hyphae penetrated the albedo before invading the flavedo
tissuc.

In fruit wounded into the oil vesicles the hyphae first
penctrated the oil vesicle cover cells and then invaded the thin
wallod cells of the oil vesicles before penetrating the albedo,
Only slight penstration of the flavedo by hyphae was observed on
ihitiél entry into the wounds and this was probebly restricted to
-those’cells killed by the essential oil which was released after
the oil vesicles héd been wounded.. :

Theéé facts ghow clearly that the hyphae, coming from spores
in watéf.and in wounds into or between the oil vesicles, must
reach fhéléibedo tissue before lesions can dévelop in Navel fruit,

| Navel, Valéncia and Sﬁamouti fruit, which were resiétantfto
infeétion‘after 5eing.wounded and inoculated, frequently developed
réd spots around the bricks et inoculum sites. = The red spots

résﬁlted from the loss in coherence of the sub~epidermal cells’
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around the pricks and this loss in cohcrence of cells appeared to
result from substances produced by hyphae in the wounds. Whether

in fact these spots are part of a mechanism of resistance of fruit to
infection seems to be worthy of further investigationm,

4 study of the germination of spores in extracts of rind
in vitro and in the presence of artificial wounds on the surface of
Navel and Valencia fruit showed that germination was promoted by
the presence of wounds, and that germination around wounds into the
0il vesicles ﬁas not significantly greater than arouﬁd wounds
between the oil vesicles, Increasing the depth of wound did not
result in a significant increase in germination, It would appear
therefore that depth of wound p¥obably affected infection of
fruit not because the spores germinated better in deep wounds
tut because the deeper the wound the easier it was for the -
gerninated spores to reach the more suscep{iblo albedo tissue,

Differences in the resistance of Valencia and Navel fruit to
infection Qould not be atfributed to differences in the stimulation
of germination ef spores in wounds of similar depth in fruit of these
two varietbies.

The observation that hcaling of wounds in Shamouti fruit
increased resistance to infection is of some practical importance
because the incubation time necessary for the;formation of lesions
is markedly increased by prolonging ﬁhe perioé between wounding
and inoculation (i.e. the period of healing).

Green (1932) working with P,digitatum and P,italicum also
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found that by leaving oranges, wounded to a depth of 3.5mm. to
dry outM (heél) for 7 days before inoculating with spores in water,
a marked resistance to infection was acquired,

In similar work Bates (1936) used Navel oranges wounded to a
depth of 3 mm. both into 4nd between the oil vesicles, and then
left them to Wwilt" (heal) for 1, 4, 7 and 11 dayé. L very slight
increase in the resistance to infection was apparent in fruit
wounded between the oil vesicles after one day's wilting, but
longer periods of wilting did not increase this resistance £o any
appreciable extent, Similar wounds into the oil vesicles, however,
were more resistant to infection after wilting than were those
between the vesiclés of Navel fruit, In the present work it was
found that Shamouti fruit, wounded to a depth of 2mm, into the
0il vesicles and left to heal for 1-7 days, were more resistant
to infection than Shamouti fruit, wounded between the oil vesicles
to a depth of 4mm, and left to heal for the same period. Increasing
the perlod between wounding and inoculation from 1 to.7 days did not
make the fruit more resistant to infection.

In studying the resistance of the inter—vesicle flavedo
tissues to infe@tion it was found that Navel, Valencia and Shamouti
fruit, pricked between the bil vesicles and ipto the flavedo, and
then inoculated with spores suspended in albedo extract became
infected whereas the same fruit wounded and igoculated with spores
in flavedo extraet became infected only to a slight extent. This

was so although germination and growth of spores were equally good
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in both extracts,

This suggests that some factor is produced by the growth of

the fungusvinvalbedo extract, which reduccs the resistance of the
inter-vesicle flavedo tissues to infection, and that this factor
is less readily produced in flavedo extract. If this be so then
the same or similar factor is also produced after growth in orange
juice and citric acid at the site of wounds bécause/Spores
suspended in these media also overcame the resistance of the
flavedo to infection. It appears that good growth of the fungus
at the inoculestion gite does not necessarily mean that the factor
is pfoduced in‘sufficient-quantities to ensure infection. Once
‘sufficient of the factor has been produced to ensure infection

it can be assumed that it is ﬁroduced cumulatively after growth
on the dead tissues of the expanding lcsion so that a
progressive lesion is formed,

Orange essential 0il did not promote germination or growth
of spores but did promote infection through wounds into the -
inter~vesicle flavedo tissues presumably because it killed the
flavedo and albedo cells, thus making them a suitable medium for
growth of the fungus and so made it easier for the invading hyphae

~ to reach the albedo tissue and hence form lesions,

It was of interest to note that uninju£ed Shamouti fruit and

Shamouti fruit, wounded to a depth of Ou5mme were not iniected by
spores suspended in essential oil. These fruit were not infected

presumably because the deeper layers of the flavedo were not killed
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by the oil.

The resistance of the inter-vesicle flavedo tissues to
infection was also found in lemons and grapefruit, 4 similar
observation had been made by Bates (1936).

The ability of spores suspended in buffered pectin to infect
Navel, Valenbié and Shamouti fruit, wounded into the inter-vesicle
flavedo tissues, whereas spores in other carbohydratés did not

~was particulerly interesting because pectin 1s onc of the main
components of orange rind, From work done on the germination and
growth of sgpores in pectin and a study of the extracellular
pectic and cellulolytic enzymes produced by the fungus in vivo
and in vitro it is suggested that spores in pectin had this effect
because of the production of some factor in this medium which
reduced resistance to infection,

The possibility of the whole or part of this factor being
enzymlc seemed reasonable and was supported by the fact that PG |
and PME were produced in vitro in a medium éontaining pectin and
NefP as the_carbon sources.' It must be pointed out however that
the PG activity of such culture filtrates in vitro was lower
than expected should PG have been the oniy factor involved in
overcoming resistance to infection,

PG and Macerating Enzyme activity was low 1n 0 M NalCl extract
of infected rind but PMB was active. This then suggests that if
PG and Macerating Enzyme are produced extensively in the production

of lesions in fruit (this would seem to be a reasonable
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assumption because of the high pectin: content of rind) then
they must be inactivated in scme way efter they have produced their
effects, |

From an abstract of work by Miyzkawa (1963) it was learned
thaf he found high polygalacturonase activity following invasion

of Satsuma oranges by P. digitatum and Psitalicum and 2 per cent

of the acid was detected at an early stage of infection, Neither
fungus produced titrable free D-galacturonic acid in culture
media of peel extract unless pectin was added. The acid promoted
infection of unripe fruits and this suggests like other acids,
it'destroys resistance to infection in the rind tissues,

The production of PG and FME in vitro by P.italicum (Blue

gontact Mould of Citrus fruit) was shown by Collins and Sledjeski
(1960) tut the disorganisation of rind tissues'by the fungus was ﬁot
related to the production of these engzymes nor to the Macerating
Bnzyme activity of the fungus.

Macerating Enzyme activity was greatest in culture filtrates
of the fungus grown in basal medium containing pectin, NaPP and
glucose whereas that of the infected rind extract wes comparatively
low,. |

Miyakawa (1962) studying the decomposition and wutilization of
pectin by P.diéitatum and Peitalicum showed th%t‘protopectinase
(Macerating Egzyme)'was produced by both fungi%but that activity

of both species was much lower than those of the less pathogenic

P.expansum and P,purpurogenum,
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The observation that PG was active in that culture filtrate
of the fungus grown in basal medium containing glucose suggests
that PG is prodﬁced constituitively as well as adaptively,
Maceratiqg Enzyme activity'wés also comparatively high in this
: filtrafe and it was of interest to note that Shamouti fruit wounded
into the flavedo between the oil vesicles and inoculated with
spores in thisbculture filtrate were more readily infected than
similar fruit inoculated with spores in Sther culture filtrates,

The part played by the pectic, cellulalytic and Macerating
Enzyme complex in pathogenesis needs to be studied further,

No evidence was found to support the view of Bates (1936) .
that scale infested fruit were more liable to infection than vere
. ﬁhose.free from scale insects,

A study of the effect of adding a mixture of vitamins to
a synthetic medium on the growth of mycelium supported the view
of Fergus (1952) that such a mixture only allowed an earlier
initiation of growth tut did not increase the yield of mycelium.
Wooster and Cheldelin (1945) on the other hand found that thiamin
or the thiazole moiety of thiamin was required for gréwth.

ds P.digitatum is almest specific to Citrus fruit it was
thought that a study of the germination of spores in vitro might
yield some useful informetion on the nature of the germination
promoting stirmlant found in the rind,

4s had been observed by Deller€ (1953) spores do not germinate

in distilled water, A suitable mutrient source was needed for good
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gernination and such a nutrient was supplied by a 1 per cent
glucose soln, buffered with O.1M phosphate (pH 5.2) when the
spore concentration was 330,000 Spores/ml. or less. Germination
wag also good in 1 per cent xylose, fructose and sucrose solns,
buffered with 0,IM phosphate at pH 5.2,

The promotion of spere germination by a sugar-phosphate
nmixture was particularly interesting as it compared favourably
with the work of Miyakawa (1958). He found that orange rind
extract stimulated germination of spores and that the
stimulating factor was readily extracted from the rind by water
and absorbed on activated charcoal. The component of ﬁhe>rind
extract absorbed by charcoal was releacged by 60-80 per ceﬁt
acetone and the concentrafed material from acetone extract
stimulated germination only when added with the filtrate (charcoal
treated extract) or with a very small amount of phosphate.

Thus, the phosphoric compounds were found to activate the
germination stimilant, Frém the work described here it would
seem at least possible that the germination stimulant of
Miyakawa cquld have been a sugar or a mixture of sugars.

The stirmlating effect of emanations from rind infected
with P.digitatum on the germination of spores in water was noted
but the effcct was not studied further,

Fronm the many experiments carried out here it seemed that the

rinds of Valencia fruit were tougher.than those of the more

susceptible Navel fruit generally. Data to support this view
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however were not obtained.

A study of rind toughness i.e, finding the pressure required
to wound the rinds of different fruit into and between the oil
vesicles, together with experiments with the same fruit wounded
and inoculated with an aqueous suspension of spores might result
in a better understanding of the variation in resistance of fruit
to infection.

Since it ié clear from this work that wounds, especially
wounds into the oil vesicles, are necessary for the infection of
oranges by ggg;gitaﬁum then it could happen that fruit, in which
the oil vesicles are less frequent, could be more resistant to
infection. The orchard conditions at time of harvesting which
meke the fruit more susceptible tb wounding should be sought out
and avoided if possible, Careful handling in harvesting and
packhouse treatment of fruit and keeping the spore content of
the air as iow as possigle, are essentials in the control of
wastage, From in vitro experiments it would appear that healing
(wilting or drying out) is a worthwhile prgctice and the suggéstion
that rind boughness may be a factor in disease resistance seenms

worthy of investigation.
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SECTION V = SUMMARY

Ls FORMATION OF IESIONS

P The development of lesions in wounded Shamouti fruit, kept
under controlled conditions, was studied, The first lesions were

obgerved after 48 hours incubation,

Be INFECTION OF FRUIT THROUGH ﬁNINJURED RIND

1. Uninjured Shamouti and Navel fruit were not infected by
an inoculun of spores in water,

2o Uninjured Shamouti fruit, inoculated with spores in water
extracts of rind tissues, orenge juice or 1-3 per cent citric acid
solutions, were not infected to a significant extent.,

3, » Sﬁread of the fungus from Green Mould infected fruit to
sound fruit was observed with Shamouti, Valencia and Navel fruit.

Cp INFECTION OF FRUIT THROUGH WOUNDS BETWEEN TPE OIL VESICLES

1. Shamouti, Navel and Valencias fruit, wounded into the
flavedo and inoculated with an aquecus spore suspension, showed a
mérked resistance to infection.

s Variation in the resistance of inter—vesicle flavedo
tissues to infection was observed with Navel and Valencia fruit taken
from different'consigﬁments.

3 The bloésom and stem ends of Navel and Valencia fruit,
wounded into the fiavedo, were equally resistaﬁt to infection.

4 Grapefruit and lemons, which were wounded into the

flavedo, were also resistant to infectione
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5e. The number of lesions and the rate at which they
developed in Shamouti fruit, wounded to a depth of Jmm,, increased
with increase in spore load. |

6. The greater tho mumber of pricks/inoculun site the
faster lesions developed in Shamouti fruit wounded to a depth of
4mm, One prick/ihoculum site was sufficient for the formation of
lesions,

T Navel fruit wounded to & depth of 3.5mm, were inoculated
by different methods. The results showed that the presence of
water at the inoculum sites greatly increased the number and rate
of development of lesions,

8. The resistance of Navel fruit wounded into the flavedo
to infection was not reduced by emanations from fruit infected by
P.digitatum,

9, Shamouti fruit, wounded to a depth of Amm, and left to
heal for 1 day, werec more resistant to infection th@m were freshly
wounded fruit, |

D, INFECTIQON OF FRUIT THRCUGH WOUNDS INTO THE OIL VESICLES

1 Valencia and Navel fruit were infected when pricked to

a depth of 0.,25mm, before inoculation,. The number of lesions formed

increased with depth of prick up to a depth of 2mm,
2, The greater the mumber of pricks/inoculum site the more
rapidly lesions developed in Navel fruit wounded to a depth of 4mm,

Lesions always formed in Navel fruit wounded three times/inoculun

site.
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3, The number of lesions and the rate at which they

developed in Navels, wounded to a depth of Jmm,, increased with
‘increase in spore load,

4‘> Four methods of inoculating Navel fruit wounded to a depth
of 4mm. showed no marked differences in the number of lesions

formed,

5, Shamouti fruit, wounded to a depth of 2mm, and left to
heal for 1 aay, were more resistant to infection than were freshly

wounded fruit.

Eo INFECTION OF FRUIT THROUGH TNSECT WOUNDS
1 Scale infested Shamouti fruit were not more susceptible

to infection than Shamouti fruit free from scale insects,

B MICROSCOPIC STUDY OF THE PENETRATION OF HYPMAER IN WOUNDS INTO

THE RIND TISSUES

1, The penetration of hyphae in wounds 0,25~4.0mm. deep into,
and between the o0il vesicles of Navel fruit after incubation
periods of 24,48 and 72 hra,;was studied microscopically,

(a) Wounds between the cil vesicles

(i) In wounds up to 1.5mm. deep and after an incubation period of
72 hrs, hyphae penetrated the ruptured cells that resulted from
wounding. They did not penetrate the compactéflavedo cells or the
cells of albedo. ;

~(ii) In wounds 3 or 4mm. deep 48hrs. after i£ocu1ation hyphae
penetrated the albedo near the pricks, but did not penetrate the

flavedo on initial entry into the wounds,
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(iii) Seventy two hours after inoculation hyphae in wounds 4mm,
deep penetrated the fiavedo to some extent and had grown extensively

in the albedo,

(b) Wounds into the oil vesicles

(1) Twenty four hours after inoculation hyphae in wounds 0.25=1,5mz.
deep had entered the cover cells of the oil vesicles and had also
penetrated the thin walled oil vesicle cells to some extent,

(ii) Twenty four hours after inoculation, hyphae in wounds 3=-4mm,
deep had penetrated down the thin walled cells of the.oil vesicles
and had reached the albedo, Penetration of the flavedo was
confined to those cells adjacent to the oil vesicles,

(1ii) Forty eight hours after inoculation, hyphae in wounds
1-15mm, deep had penetrated the inter-vesicle tissues of the
flavedo, and also the albedo,

ifter the same period, with wounds 3-4mm. deep hyphae had

moved from the albedo into the flavedo which was extensively
invaded, and the fungus was now sporulating on the surface of the
fruit,

(iv) When wounds 0,25-0,5 mm. deep were jnoculated, sporulating
byphae appéared on the fruit surface 72 hours after inocculetion,
Ge RED SPOTS

1y Nevel, Valencia and Shamouti fruit that hed been treated
with fungicide chemicals and which were résisﬁant to infectioh
after being wounded and inoculated, frequently‘developed red spots

at the periphery of the pricks at inoculum sites.
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A The formation of the red spots was associated with a
lack of coherence of the sub-epidermal cells around the points of
wounding, |

3 Lemons and grapefruit resistant to infection when
inoculated, after pricking between the oil vesigles fo a depth of
lmm., also developed similar red spots.

bo Red spots developed in Navel fruit that had not been
treated with chenicals and which had been inoculated after.wounding

between the oil vesicles to a depth of lmm,.

H, BREAKDOWN OF RESISTiNCE OF FLAVEDQ TO INFECTION

Resistahcé of the inter-vesicle tissues of the fiavedo
was studied by inoculating fruit, wounded to a depth of 1lmm,
(generally) between the oil vesicles, with spores suspended in
different media,
1, Infection of Navel, Valencia and Shamouti fruit was
promoted when spores were suspended in extractsnof albédd, complete
rind and flave8ojyorange julce, orange essential oi} and 1 per cent
- citric acid,
2e Flavedo extract was least effective in promoting
infection bf Navel, Shamoutl and Valencia fruit, This extract
became more efficient in promoting infection as the depth of the

wound was increased,

3a Inocula of spores in orange essential oil were effective
in promoting infection of Navel frult, wounded between the oil

vesicles, only when wounde deeper than 0,5 mm. were made.
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L The effect of different carbohydrate solutions on flavedo
registance in Navel, Valencia and Shamouti fruit to infection was
studied, Only spores suspended in buffered pectin solution
promoted infection consistently. Infection was promoted in
buffered 0.1=1,0 per cent pectin solutions, All Navel fruit were
infected when wounded between the oil vesicles to a depth of
0.5mm, and inoculated with spores in 0.5 per cent buffered pectin
solution. |
5 Culture filtrates of the fungus grown in a basal medium
containing 1 per cent pectin, sodium polypectate, carboxymethyle
cellulose and Solka Floc wood -cellulose as carbon sources did not
affect flavedo resistance to infection in Shamouti fruit. Howevery
2 culture filtrate of the fungus with glucose as the carbon source
did promote infection to some extent, An extfact (0,2MNaCl) of
infected rind did not promote infection,

I. SPORE GERMINATION

1, Spore concentration had a marked effect on germination

in different media,

Ze Increase in sugar concentraticn at high spore concentration
only increased spore germination slightly.

3e Germination was good in 1 per cent glucose buffered with
0,01M phosphate (pH 5.2) and at a concentration of 330,000 spores/ml.
or less,

Lo Germination was also good in one per cent xylose,

fructose, and sucrose solutions buffered with 0,0IM phosphate (pH 52)



5, A mixture of 1 per cent glucose and 0,025 per teat Ieastrel
extract or casamino acids, allowed good germination,

6. Different nitrogen compounds, a mineral salts' solution,
and vitamins did not stimulate germination,

7. Spore germination was good in extracts of flavedo, albedo
and complete rind,

8, ' In rind extracts, germ tubes were first observed after 6
hours and the production of germ tubes, was essentially complete

10 ,Jhours after incubation,

9. Emanations from rind of Navel, Valencia and Shamouti ffuit
 infected with P.digitatum stimulated the germination of spores in
water, Emanations from rind infected by certain cther fungi did
not stimulate thc germination of spores in water,

10, Wounds into, and between the o0il vesicles of Navel and
Valencia fruit stimuleted germination of spores on the surface.

The effects of wounding between and into the vesicles were similar,
Increase in depth of wound did not result in a significant increase
in germination of spores,

Jo ACTION OF ESSENTIALL OIL

1. Orahge essential oil did not promote germination of spores.
R Irradiated and non~irradiated. ossemtial oil was not'toxic

to Pedigitatum,
K « GROWTH OF MYCELIUM IN CULTURE

1, Growth on different ager media was studied and was best



on V8 vegetable juice agar. The optimum temperature for growth
varied with the different media but was always within the range
19.5-23°C.

2a Growth in liquid media containing rind extracts was best
in flavedo extract. Lt o temperature of 25°C, maximum growth vas
produced in all media 10 days after inoculation.

3e Growth in Fergus! synthetic medium showed that addition
of a mixture of vitamins did not increase growth significantly but
that the addition of O;l per cent yeast extract added to this medium
did, |

by 4 study of the effect of different carbon sources in a
basal medium showed that growth was best with glucose and much less
‘with pectin and sodium polypectate,

'I%‘PECTIC LND GELLULOLYTIC ENZYMES PRODUCED IN VITRO

1, Pectinmethylestcrase (FME)

(a) PME was produced in a basal medium containing 1 per cent

peétin, sodium polypectate, carboxymethylcellulose or Solka Floc wood

cellulose, FPME was most active in the culture filtrate of the culture

on carboxymethylcellulose,

(b) IME wac most active at pH 345,
2, Polygalacturonase (PG)
(a) PG was most active in filtrates of cultures of the fungus

‘grown in a basal medium containing 1 per cent glucose or sodium

polypectate as carbon sources .
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(b) PG was most active on pectin and sodium polypectate at pH
540, .
3, Cellulase (Cx)

(a) Ox activity (visocosity-carboxymethylcellulose) was very
low in a filtrate of cultures grown in a basal medium containing
carboxymethylcellulose and almost absent from cultures grown in
basal medium containing Solke Floc wood cellulose.

(b) Cx was most active at pH 5.0,

M, PECTIC 4ND CELLULOYLTIC ENZYMES PRODUCED IN VIVG

(2) There was more PME in.an 0.2MNaCl.extract of infected.rihd:than
in a similar extract of healthy Tind. |

() The PME in an 0.2M NaCl extract of infected rind was most
active at pH 3.7,

Ze EG

(a) PG was not found in an 0.2 NaCl extract of healthy rind,

In a similar extract of infected rind PG wlso showed very little
actiﬁity.

(v) PG was most active at pH 5.5,

3, Cx

(a) Cx wes not found in en 0.2M NaCl extract of healthy rind and
Cx activity was very low in an 0.,2M NaCl extract of infected rind.

(b) - Cx was most active at pH 6.0,

N, MACBRATING ENZYMES PRPDUCED IN VITRO 4AND IN VIVO

1, Macerating Enzyme was most active in culture filtrates
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of the fungus grown in basal mediuﬁ containing 1 per cent pectin,

sodium polypectate and glucose., There was little activity in an

0.2M NaCl extract of infected rind,
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SECTION 1 . TWTRODUCTION

An account of transport experlmen'bs, which were part of a
* programme of the South African Co~operative Citrus Bxchange Co. L‘bd.
to control wastage in oranges while in transport and storage, is
given here, These experiments were carried out during the 1961
>‘and 1962 packing seasons, |

Dr.R.i, Christ, plant pathologist for the Citrus Exchange
designed the experiments and supervised the treatment, packing -
and examination of fruit in South Africa (when necessary)s The
rest of the experimental work was done by me after the fruit had
landed in the U.K. -

A . Summayy of experimental procedure from harvesting to shipping

Generally, the fruit were treated in the packhouso on the .
day of harvesting. 6r one day later, Cleaning, sizing, grading,
SOPP (sodium~o-phenylphenate) rinse, and waxing are included in
pa.ck}wuse_ treatment. Fruit were ma.lnly packed in wooden packing
cases but in some experiments telescopic cartons were used.v

Fruit ﬁere then sent by rail to a sea port where they were .
inspected. In some experiments where wastage was high wasty fruit
vwere rasmoved and the sound fruit repacked at the port of departure;
Dr, Christ examined the fruit at this point.

The fruit were then placed in a pre-cooleri at 39°F. for 2 days
before being transferred to a refrigerated ship (40°Feapprox.),
and transported to Southampton. 4fter arrival at Southampton

2
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the fruit were moved to Covent Garden, Lbndon, where they were -
examined by me,
Be Bxominetion of fruit
Cases (or cartons) were placed on a flat table before

examination of fruit, The 1lid was removed, the fruit were
uhmrapped layer by layer and the unwrapped fruit examined one
by one for wastage. Unmarkétable fruit are described as wasty,
The wasty fruit from each case were put to one side, classified
(see.below) either as Green Mould, Water Rot, Blue Mould, Sour
Rot or Brown Rot and the results recorded, The sound fruit were
then repacked and the number of fruit/treatment was obtained

by adding the wasty and sound fruit in each case.

q"Qomen post harvest diseases of oranges imported into the

U.Ke from South Lfrica
The more common fungal diseases found in oranges imported
into the United Kingdom from South Lfrica are described belows
1, Green Mould
Greeﬁ Mould caused by P.digitatum Sacc. is by far the most
common cause of wasbtage in oranges. The disease symptoms are
described on Pe 14 o
2, Water Rot
Water Rot is the name given to émail water soaked areas
of rind, ﬁhiéh have no mycelium on the surfacé. It is éiéilar to

the first stage of Greeh.Mould infection and isolations made fron

fruit infected with Water Rot almost invariablybyieldgd the Green
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Mould fungus, Pedigitatum. However, bectuse the first stages of
infection by Peitalicum and other fungi ere indistinguishable

from Green Mould, the tefm Water Rot is used.

(3) Blue Contact Mould

Blue Contact Mould, caused by Pe.italicum Wehmer,
results in much less wastage of fruit than does Green Mould,
it starts from growth of spores at injuries or from contact of
uninjured fruit with Blue Mould infected fruit. It is characterized
by a blue poWdery sporulating area, surrounded by a narrow white
fringey which in turn is surrounded by a halo of watér soaked
-tissue. ‘Under commercial conditions it is found that there is
no marked tendency for the paper wrapper to adhere to the Blue
Mould infected fruit as happens with Green Mould,
(4) Sour Rot |

Sour Rot is a soft slimey decay caused by Ggotrichum
capdidum (Ferrs) var. gitri-aurantii. It produces & buff-coloured
watery rot in which the white superficial wrinkled mycelium forms
a skum under-moist conditions. Decomposed fruit flatteh into a
watery-rass which drips and results in spread by contact to other
fruit; It usually has a putrid sour odour which is especially
attractive to fruit flies, Mixtures of the Séur Rot fungus with
other fungi, and in particular P.digitatum, gﬁeatly speed up
decay. Injuries, defects and devitalized butéons are thought to

~ contribute to ease of infection, ‘
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%,  Trichoderms Rot

Trichoderma Rot is a firm pliable decay caused by
Trichoderms lignorum (Tode) Harz, It is brown to cocoa brown
in colour and under moist conditions meadow green spore masses
aere produced in clumps; ‘The fungus itself usually has a cocomute
like odour,
.6, Alternaria Rot

Alterparia Rot or Black Rot of oranges oceurs as a
brownish or black slow decay at the stem end or the stylar endA

of fruit and is caused by Llternaris citri., Fruit affected by

this disease often look sound on the exterior but when cut have
a dry, black decéyed area within, It is commonly found in
Navels where infection occurs at the navel end.
.7, Anthracnose Rot

Anthracnose Rot like Anthracnose Spot, which is a hard,

firm brown rot usually affecting the rind only, is caused hy

Colletotrichum glososporioides. Anthracnose Rot may develop

from an anthrécnosa spot inwardly but it usually appears as a

firm to semi-pliable small brown area around the stem end. Later,
the area enlarges‘and a soft pliabie rot develops wﬁich may be dark
brown or black in colour. The decay advances slowly along

the core, imner rind and pulp. A4nthracnose Ro? is usually élow

unless the fruit is overripe or of low vitality.
| |

8, Diplodia Stem End Rot
Diplodia Stem End Rot is caused by Diplodia natalensis,
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4t first it develops as an almost imperceptible discolouration
around the stem. This is soon followed by a leathery; pliable,
brown discolouration of the rind. Later the decay usually
becomes darker, externally and internally and develops quickly
~through to the stylar end where it shows on the surface before
all the rind is affected., 4s it develops from the stem end

it often shows wide bands on the surface corresponding to the
diviéions of the segments within,

9, rPhomopsis Stem End Rot

PhomoEsis Sﬁem End Rot is caused by Diaporthe citri

(Faws) Wolf, It starte wifh very slight softening and an almost
imperceptible discolouration around the stem button and later
changes to brown and drab with greater pliability. Inside, the
light-browun decay advances most rapidly along the éentre and the
inner portion of the peel. Internally the tissue does not
discolour or darken so rapidly as in Diplodia Stem End Rot, which
it closely resemﬁles. |

10, Black Spot
Black Spot usually appears as small reddish~brown to

black spots on the surface of fruit and is caused by Guignardia

citricarpa Kielly (Phoma citricarpa Kielly, Mc.dlp.). Although

the spots are usually small they may spread up to 1 em, in
diameter and sometimes the spots mey coalesce making the fruit
unmarketable, As a spot matures a reddish-brown raised margin

forms around the outer edges, while the centre sometimes becomes
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depressed and assumes a light-tan colour, Lesions not only occur
on the surface but also extend into the rind tissues from 1 to 2mm.
Occasionally, where the spots coalesce the deeper layers of the

rind may be affected,
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SECTION. 11 -~ TRANSFORT EXPERIMENTS, 1961

A+ Effect of SOPP on the control of wastage

Varietys Midseasons (Dan Williams Seedlings),

Packhouse:

Examination:

White River Fruitgrowers' Co-op,

At London, 10~11 days after arrival at

- Southampton i.e. 43-44 days after packhouse treatment.

Replicates: 5 cases (count 216 i.e. 216 fruit/case) per

Wrappers:

Results are shown in Table 75 .

treatment.,

Sulphite, (plain).

Table 22,"Effect of SOPP on the control of wastage in Midseasons

(Dan Williams Seedlings, count 216)

| ¢ Wastage
Rinsed after . Green Water Brown Sour Blue
Treatment  treatment Total Mould Rot Rot Rot Mould
Water No 362 3ol 0.1 - - -
0.15% SOPP No 30 3.0 - - - -
0.5% SOPP No 2,7 1.6 0u, 0.3 04 =
le5% BOPP Yos 3,0 24 01 = Oel 0.1

SOPP d;d not control wastage.

Greoen Mould was the most common rot found} Sour rot, Blue

Mould and Brown Rot also occurred but o a much lesser extent.

Brown Rot was caused by Trichoderms lignorum,
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B, Effect of rinsing fruit in SOPP on dey of harvesting and one day

after harvesting on the control of wastage

Variety: Navel,
Packhouge: Hall and Sons:

Examinations At London, 10-11 days after arrival at

Southampton i.e. 38-40 days after packhouse treatment,
Replicates: 3~/ cases (count 126) per treatment,
Wrappers: Sulphite.
Results are shown in Tables 76 and 77 .

Table 764 Bffect of SOPP on the control of wastage in Navels

(count 126) treated on day of harvesting

% Wastage
Rinsed after g Green Water Blue Brown Sour
Treatment tregtment !Total Mould Robt Mould Rot Rot
Water No 6o 50 = = 0.8 0.5
.15 SOPP Mo 53 42 03 = - 0.8
0.5% SOPP Mo 56 2.9 = 0.3 03 2.1

N.5% SOPP Yes 54 344 - - 0e2 148
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Table 77, Effect of SOPP on the control of wastage in Navels

(count 126) treated one day after harvesting

] % Wastage
f

Rinsed after | Green Water Blue Brown Sour
Treatment  treatment 'Total Mould Rot Mould Rot Rot

Water No | 504 4e0 - - 042 1.2
0.15% SOPP No 640 heh  0uh w02 1,0
0.5% SOFP No 3.2 13 = 0,3 0.6 1.0
1.5/ SOPP Yos 3.0 1.6 0.2 - 0.4 0.8

Treatment with SOPP one day after picking was much more
effective in the control of wastage., Treatment on the day of
picking was almost ineffective. Wastage was controlled besﬁ by
rinsing in 0,5 and 1.5% SOPP one day after harvesting. |

Green Mould. was the mosf common waste types Sour Rot also
occurred to‘“a considerabie eictént and Biue ‘M_ould Aand Bfown Rot less

frequently; Brown Rot was caused by'Trichoderina lignorum, -
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day after harvesting cn the control of wastage
Variety: Navel,

Packhouses

Hall and Sons,

Examination: A4t London, 12 days after arrival at

Sou'bhamp'bon. i.e.

L6=47 days after packhouse treatment.

Replicates: .3~/ cases {count 126) per treatments

Wraggers:
Results are shown in Tables 78

Sulphite,

and 79 .

Egble'78. Effect of SOPP on the control of wastage in Navéls

{(count 126) treated on day of harvesting

846

% Wastage B
RiASed after Green  Water  Brown Sour
Treatment treatment Total Mould Rot Rot Rot
Water Ho i2.1 | 11.1 - 0.2 0.8
0o015% SOPP No 7.7 - 6.5 0.2 0.2 0.8
0.5% SOPP Yos 5.8 ok = 0.2 1.2
1.5% SOPP Yes 643 0ud 14 0.4
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Table 79, Effect of SOPP on the control of wastage in Navels

(count 126) treated one day after harvesting

% Wastage
' _ Rinsed after Green 'Water Brown Sour
Treatment treatment Total Mould Rot Rot Rot
Water No 662 564 O¢t - Ood,
0.15% SOPP No 4e8 440 0.3 0,5 =
0.5% SOPP Yos o6 346 042 044 0.4
1.5% SOPP Yos R4 14 - 0.6 Oes

Treatment with SOPP one day after harvesting was much more
effective in reducing wastage than treatment on the day of harvesting.
Wastage was controlled best at 1,5% concn, one day after harvesting,

Groen Mould wos the predominant weste type. Scur Rot and Brewn
Rot were also found., Brown Rot was caused mainly by Trichoderma

lignorum and to a lesser extent by Alternaris citri and Diplodia

natalensise.
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D, Effect of SOPP and diphenyl wrappers on the control of wastage

Variety? A Newel,
Packhouse: Kiepersol Co=op.
Examination: &4t London, 11 days after arrival at
Southampton i.€. 41 days after packhouse treatment.
Replicates: (a) 2-3 cases (count 126) per treatment.
(b) 2-3 cases (count 150) per treatment,
The wastage found in fruit of count 126 and 150 are shown |

in Tables 80 "and 8L respectively.

Table 80, Effect of SOPP on the control of wastage in Navels

(count 126)

% Wastage

Binged after Green Water Brown Sour
Treatment +treatment -  Wrapper |Total Mould Rot Rot Rot

Watep No Sulphite 31.7 2346 0.3 - 8.0
0.15% SOPF No " 16.7 1109 004 OOZI- 400
0.56 SOPP .. Yes W 21,6 1heh 2.8 0.8 3.6

1.5% SOPP C Yes M 34,1 23,7 8.8 0.3 1l
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Tablo 8ls Effect of SOPP and diphenyl wrappers on the control

of wagtage in Navels (count 150)

Rinsed after

% Wastage

Greén Water Brown Sour

1.5% SOPP Yes

Treatment +treastment Wrapper | Total Mould Rot Rot Rot
Water No Sulphite 22¢3 17.7 043 0.3 4.0
0,15% SOPP Yo " 22,1 16.3 2.5 0.4 2.9
O.5% SDPP Yes n 28.1 21, 4.7 - 243
1.5¢ SOPP Yes i 19.7 1544 3.0 0.3 1.0
Warter | No Diphenylx 11.3 8.6 2.3 - 0.3

" 12,0 9.8 1.8 Oed -

4 Diphenyl wrappers contained 45 mg,. diphenyl per 100 sq.in.

Treatment of count 126 fruit with 0,15% and 0.,5% SOPP reduced

wastage bubt even with thege treatments a considerable amount of

wastage was sti1l found, Control, however, was better at 0,15%

concn. (without rinsing).

With count 150 fruit diphenyl wrappers reduced wastage

congiderably, Wastage was not reduced further by rinsing in SOPP

prior to packing with diphenyl wrappers.

Green Mould was the most common cause of wastage in both

count 150 and 126 fruit, Sour Rot was also fairly frequent.

Brown Rots weré caused by both Alternaria citri and Trichoderma

dignorums,
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. Eggéct of SOPP and diphenyl wrappers on the control of wastage
Varietys | L Navel,
Packhouses: Kiepersol Co-op.
Examinations 4t London, 11 aays after arrivel at
Southampton-i.e. 39 days after packhouse treatment.
Replicates: 2 cases (count 126) per treatment. |

The wastage found on examination is shown in Table 82

Table 82, Effecct of SOPP and diphenyl wrappers on the control of

wastage in Navels (count 126)

% Wastage
Green Water . Brouwn Sour
Treatment Wrapper Total Mould Rot Rot Rot
None Sulphite 61,8 = 56,6 0.8 4 o0 044
None Dipheggl 32,9 3l 0. 1.2 -
(SOAQJ“ »
0.15% SOPP Sulphite 21,1 19.9 1.2 - -
0.15% SOPP  Diphenyl 22,6 18,7 2.0 2,0 -
| (8.40) |
0.15% SOPP  Diphemyl™ 17.1 1548 044 - 09
(A435) |

% Diphenyl (S.40) wrappers were ex Sweden, strip impregnated and
contained 40 mg. diphenyl per ‘100 sq. in,

X Diphenyl (ﬁm35) wrappers wer; ex Fruit ﬁrappers Ltd., (produced
and whole surface impregnated in the U.S.A.) and contained

35 mg. diphenyl per JO0 sg. ine



Both SOFP rinse and diphenyl wrappers used alone reduced

vastage., Best control was obtained in fruit treated with 0,15%

SOPP and wrapped in diphenyl (A.BB)KWrappers;

Green Mould was the predominant waste type. Sour Rot and

Brown Rot were also found. Brown Rot was caused by Irichoderma

lignorumn

¥, BEffect of different fungicides on the control of wastage

Variety: DNavel,

Packhouse: White River Fruitgrowers! Co-ope

Packhouse treatment: Fruit received full packhouse

The
(a)

(b)
(c)
(a)

(e)
(f)

(g)

treatment (no SOPP or wax was applied). Fruit of
all treatments except (g) (see below) were dipped into
a suspension of Green Mould spores and left to dry.
following treatments were then applieds |
24 Potassium sorbate in Citrashine wax applied with
normal wax applicator,
0.1% Pomarsol (TMID) at 100°F., not rinsed after
treatment.,
0,1% R1526 (Ricdel de Ha¥n) at 100°F,, not rinsed after
treatment, |
0.5% Ethyl-p-hydroxy benzoate a‘bl 100%F., not rinsed
after treatment. ’ | |
0.15% SOPP at 120°F., not Tinsed after treatment.
No tfeatment after dipping frui'l:E in suspension of Green
Mould spores.,

No treatment,
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Replicates: / cases (count 126) in all treatments
except (g) in which there were two,
Wrappers: Sulphite,
Examination: Two examinations were carried outs
(i) it Capetown 20 days after treatment. 411 cases
were examined except one case in treatment (g)e Wasty
fruit were removed and untreated fruit were added to
f£ill slack cases.
(ii) At London, 11-12 days after arrival at
Southampton i.e, 47=48 days after treatment.
Wastage (expressed as % of fruit examined) found at
Capetown is shown in Table 83 . Wastage (expressed
as % of treated fruit arrivingfin London) is shown
in Table 84 . |
Table 83+ Effect of fungicides on the control of wastage in Navels

(count 126)

Examination at Capetown 20 days after treatment.

Rinsed in suspension

Treatment of Green Mould Spores % Haetagé ¥
2% Potassium sorbate  Yes 30,0
0.1% Pomarsol (TMTD) Yos _ 22 o4
0.1% R1526 (Riedel de Haén) Yes | 20,0
0.5% Ethyl p~hydroxy benzoate Yes | 3042
0415% SOPP Yes 2640

" NONE Yes 34e5
NONE =~ No 7.1

-

¥ Expressed as % of fruit examined,
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Table 84, Effett of fungieides on the eastrol of wastage in Navels

{count 1296) repaicked after removal of wast

treatment

L 20 days af

Examinatiol 4t Iohdonj 27-28 days after repackitig or 4748 days

aftor treatmeﬁ£;

| Treatmetit Rinsed in suspn,

% Wastage x '

30,1

~ Green Water Sowr Brown
. of Green Mould spéres | Total Mould Rot Rot Rot
2% Potassium o . \ ,
dortdte Yes b 42,0 0,9 1.5 0.3
0415 Pomsyso), | | .
(TMID) Yos 245 2244 = 241 =
Gul@ RIS26 | | ,
(Riedel de Habn)  Yes 2347 20,9 0,8 2,1 -
0,5% Ethyl
p~hydroxy , ‘ L v
‘bengoate ) Yos 410 3943 063 ;-4 -
0,159 SOPP ~ Yos 3044 2946 0 0u4 = |
None : Yes 27,1 271 . - = -
None No

) !
27,8 048 0,8 0,8]

*E}:pressed ags % of treated fruit arriving in London,

None of the treatments were really effective in reducing wastage.

Wastage was however reduced slightly by R1526 and TMID,

In addition to Green Mould, Selir Rot andiBrown Rot were also

found, The Brown Rots were mainly caused by Diplodis natalensis.
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SECTION 1311 - TRANSPORT EXPERIMENTS, 1962

.
-,
. .

4, Effect of spore concentration on the development of wastage
Varietys Navel. |

Packhouses = Ngonini Estates, Swaziland,

Packhougse treatmentt Fruit received full packhouse

treatment whiéh included rinsing in 0,15% SOPF but no
 wax was applieds On the same day, the fruit were dipped
in an aqueous suspension of Green Mould spores at the
following concentrations:s '
(a) lO6 sPores/ﬁi.’
(b) 104 u'/ uA.
(e) 102 ‘ﬁ /M.
(a) Nil, ,

After dipping the fruit were left to dry, wrapped in plain

wrappers and packed for export,

Examinations At London, 12 days after arrival at

Scuﬁhampton i.e. 37 days after dipping in spore suspension.
Replicateg: 6 cases (count 150) per treatment,

Results are shown in Table 85 ;
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Table 85, Effect of spore concentration on the development of

wastage in Navels (count 150)

% Wastage
Green Water Brown Sour Blue
Spores/mi, | Total  Mould  Rot Rot .~ Rot Mould
100 66 5.6 04 Cd 0.3 0.
104 3.6 3.2 0.2 hand haad , Ool
2 ,

10 3.1 243 0.4, - 0.3 -
Nil R.1 .7 - 0,3 0.1 -

Waétage inpfeased with spore concentration.
In addition to Green Mould, Sour Rot and Brown Rot caused by

Trichoderma lignorum also occurred,

B, Effect of spore concentration on the development of wastage

Variety: Valencia.
Packhouse: .Ngonini Estates, Swaziland.
Packhouse treatment: Fruit received full packhouse
treatment which included rinsing in 0,15% SOPP but no
wax was applied., One day later, the fruit were dipped in
an aqueousvsuspension of Green Mould spores at the following
concentrationss

(a) 107 spores/mls (approx.),

(B) 100 & /o (w0,

(c) 103 ] / 1] ( " ).
(d) 101 " / " ( i )'

(e) Nil.
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JAf'ber dipping the fruit were 1éf'b to dry for 2~3hr,, wrapped
.in plain wrappers and packed for export,
Examihafion: At London, 17 and 19 days after arrival
at Southompton, i.e. 39 and 41 days after dipping in
spore suspens.ion.
Replicates: 5 cases (count 226) per treatment,
Results are shown in Table 86 |

Table 86_l Effect of spore concentration on the development of.

wastage in Valencias (count 226)

. % Wastage
Spores/ml, _ Green Water  Brown Sour
?approx.) Total Mould Rot Rot Rot
107 8.4 803 - Oll -
105 3'0 2.8 Ocll 0.1 -
103 i 1.8 ’ 1.6 0.1 - s 0.1 —
¥il 245 1.9 0.3 0.3 Oul

Wastage was only markedly affected by spore concentrations
greater than 103/m1. |
In addition to Green Mould, Sour Rot and Brown Rot caused by

Colletotrichum gloesporioides were also found,.

Qs Effect of spore concentration on developmén‘b of wastage

Variety: Mediterranean Sweet,

Packhouse: White River Fruit Growers' Co-op.
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Packhouse treatment: Fruit received full packhouse

treatment which included rinsing in 0,1% SOFP and
waxing with Citrashine wax. Two days later, the fruit
were dipped in an aqueous suspension of Green Mould
sparee at the following concentrations:

(a) Ni1,

(b) 10 spores/ml. (approxy.

(e) 102 n/ow (o

)e
(@ 100 v/ o0 (o),
(&) 0% W/ w ( woy,
(£) 100 W/ ow (o),
(e) 10w/ (e,

After dipping the fruit were driea, wrapped in plain wrappers

and packed for export,

Examination: Two examinations were carried out at London:
(1) 11-12 days after arrival at Southampton i,e. 34=35
days after 'dippingﬁ(kll.wasfy fruit were removed
and healthy‘fruit wére wrapped and repacked) o
(ii) 24 days after arrival at Southampton i.e. 47-48 days
after "dipping",.

Replicates: 4 cases (count 252) per troatment,

The wastage, expressed as % of treated fruit, found at the

first and second examinations is shown in Tebles 87 and 88

respectively,
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Table 87, Effect of gpore concentration on the development of

wastage in Mediterranean Sweets (count 252)

Examination 34-35 days after “dipping"..

eiiun, . % Wastage o |
Spores/mls Green  Water Brown Blue
(approx.) = |Total - Mould = Rot Rot Mould
0 7 L3 - b -
10 1 2.1 1.5 - 0.6 -
10° 245 2.1 0,1 0.1 042
107 247 2.6 - 0.1 -
104 o heb bod - 0.1 -
105 10,0 9.8 - 0.2 -
106 11,0 10,3 0.3 0.4 -

Table 88, Wastage found in Mediterranean Sweets (count 252) 12-13 days

after first examination

. — % Wagstage

Spores/ml,.: Green  Water Brown Sour Blue

(approx.) . |Total Mould Rot  Rot Rot Mould
0 1.8 0.8 - 0. - 0.6
10% 243 1.6 - 0,2 - 05
10° 243 1.5 0 - 0,5 0.l 042
10° 49 35 = 10 = O
10% 63 6.0 - Ol | - 0.2
10° g2 75 01 02 - 0us
10° 1l 105 03 0.3 - 03
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4 further development of wastage was observed after the first
examination, At both examinations the amount of wastage increased
with increase in spare.concentration, .

In addition to Green Mould, Blue Mould, Sour Rot and Brown
Rot were also found. The Brown Rot was caused mainly by Diplodia

natalensis and Colletotrichum glososporloides, and to a lesser

extent by Irichoderms lignorum,

D, Effect of spore concentration and age of trees on the control of

wastage
Variety: Navel,

Packhouses Boschkom Estates,

Packhouse treatmenﬂx Fruit received packhouse treatment

but no SOFF or wax wes applied. ifter packhouse washing,
fruit were treated as follows:

(a). Fruit (count 150), taken from trees 53 yrs. old,
were dipped into a suspension of Green Mould spores,
containing 10° spores/ml, | |

(b) Fruit (count 150), teken from trees 53yrs. old,
were dipped into a suspension of Green Mould spores,
containing 104 spores/ml.

(¢) Fruit (count 150), takeﬁ from trees 53 yrs, old
were not treated further, 3

(d) Fruit (count 126), taken from trees 5 yrs. old, were
dipped into a suspension of Green Mould spores,

6
containing 10 spores/ml.
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(e) Fruit (count 126) taken from trees 5 yrs. old,
were dipped into a suspension of Green Mould spores,
containing 10% spores/ml,
(£f) Fruit (count 126), taken from trees 5 yrs. old,
were not treated further, .
Examination: At London, 11 days after arrival at
Southampton, i.e. 39 days after packhouse treatment,
Replicatess 3 cases (Eount 150 dr 126) per treatment,
Wragpefs: Plain,
Results are shown in Table 89

Teble 89, Effect of rinsing,fruif in Green Mould spores and age of

trees on the development of wastage in Naveis (count 126 and 1202

| % Wastage
Fruit Concn.of Green Age of trees Green Water Brown|
~Gouny Mould spores  (yrs.) Total Mould Rot Rot
150 15/m. 53 62,1 549 6.0 1.l
150  10%/m. 53 133 90 43 -
150 0 53 29 249 02 =
126 106/1111. 5 429 4043 16 L0
126 10%/ml. 5 12,7 11,7 1.0 -
126 0 ~ 5 0.3 03 = -

Fruit from old trees consistently appearedimore susceptible to
wastage than fruit from young trees. This is sé irrespectige of
whether the fruit had been dipped in spore suspension or not. The

more dense the spore suspension the greater was the amount of wastage

found.
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In addition to Green Mould, Brown Rots caused by I;‘bernaria.

citri and Trichoderma lignorum were also found.

EJBffect of mouldy fruit in the orchard before harvesting on the

development of wastage

Variety: Navel and Pineapple,
Packhouse: Hall and Sons, Mataffin,

Packhouse trestmentt Fruit received full packhouse treatment

which included Tinsing in 0.15% SOPP and waxing with
Flavourseal.
Examination: At London, 11 days after arrival at

Southampton i,e, 38-~41 days after packhouse treatment.

Replicatess 5 cases per treatment, Navels and Pineapples

were counts 150 and 216 respectively. -

Wrappers: Plain,

Results are shown in Table 90 ,

Table 90, Effect of mouldy fruit in the orchard before harvesting on

the development of wastage in Navels (count 150) and Pineapples

(count 216)

% Wagtage i
No.of mouldy ' o :
Variety  Orcleard fouit/tree 6=7 days Jgp of Greon Wier Sar PBr. |
before harvesting fiee (wrs) (Total Mould Rob Bot Rot|
Navel B.S.25 ] l.6 43 : 8.1 7 .l 0.8 L 0.3
Navel MM 1.2 . 53 | 645 5.5 0.8 0.3 =
Pineapple MJW.31, 02 30 25 207 = = =
Pineapple BM.104 le2 . 21 048 045 0.1 001 -
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Navels were more wasty than Pineapples. With Navels, the fewer
the number of mouldy fruit in the orchard before harvesting the less
was the wastage thah developed subsequently. |

The reverse held for Pineapples. |

With both varieties Green Mould was fhe predominant waste type.
Brown Rot and Sour Rot also occurred. Brown Rot was caused 'by
Irichoderma lignorum and Alternaria citri,
¥o Effoct of mouldy fruit in the orchard before harvesting on the

development of wastage

Variety: Mediterranean Sweets
Packhouses Hall and Sons, Mataffin,
Packhouse treatments Fruit i'eceifred full packhouse
frea’bment which included rinsing in 0,15% SOPP and
wexing with Flavourseal, ,
Examination: 4t London, 10 days after ai‘rival at
‘Southampton, i.e. 41 days after packhouse treatment,
Replicategs 10 cases (count 216) per teeatment,
Wrepperss Plain, |
Resulte are shown in Table 91 ,
Table 91, Effect of mouldy fruit in the orcherd before harvest on ..

the development of wastage in Navels {count 216) .

_ % Wastage
No.of/mculgy A 3 - ‘
Orchard (MJ¥, fruit/twe 8 daygs 4ge of __ | | Green Vater Soxr Bron
° (M a7) befare harvesting trees (yr.) [Btel Muld Rot Rot Rt
Sanitated 001 ) 38 6.1 5.7 0{3 001 0,‘1

Non=Sanitated 1845 38 63 546 044 0e2 0,1
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The sanitary conditions in the orchard did not appear to

affect the amount of wastage found after harvesting,
Green Mould was the most common cause of wastage. Brown
Rot and Sour Rot also dccﬁrred‘ Brown Rot was caused by
Trichoderma ligporum and C ggtog:lghgg W
G. Effoct of mouldy fyuit in the orchard before harvest:_l,gg and
diphenyl wrappers on W 5'.ta‘
Emi,z_ Navel.
Packhouse: Hall and Sons, Mataffin.
Packhouse treatment: Fruit received full packhouse
treatment which included rinsing in 0.15% SOPP but wax

was not applieds The fruit were then wrapped in plain

or diphenyl wrappers, containing 2lmg, diphenyl/100 sq.in.

Examination: At Lond'on, 11~12 days after arrival at
Southampton i.e. 33=34 days after packhouse treatment.
Replicates: 6 cases (count 150) per treatment,
Results are shown in Table 92,
Table 92, Effect of mouldy fruit ip the 6;gham hefore harvesting
and diphenyl wrappers on the deyelopment of wastage in Navels

(count 150)

- {Wastage
No of mouldy Green Water Sour Blne
Du Roi Omhard frult/tree prior Wrappers Totel Muld Rot Rot Mould

‘ to harvesting , :
Sanitated 0.05=0,1 Plain 1.8 0.8 - 0,7 0,3
Unsanitated he5 Plain 0,8 0,6 = - 043
Sanitated 0,050,1 Diphenyl 0,9 0,7 = .= 0,2
O‘l

Unsanitated L5 Diphenyl 1.9 1.2 043 0.3
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The results were inconclusive,

Hi Bffect of SOPP on the eontrol of wastage

Varicty: V'Mediterranean Sveet,

Packhousei - Crocodile Valley Citrus Estates.

Packhouse trestment: The fruit received full packhouse
treatment which included finsing in 0,154 SOPP but no wax
wag applieds

On the same day the fruit received the following
treatments in SOPP tankz“

(2) Cold water at 60°F,

(b) Hot water at 110°F.

(c) Hot SOPP (appréx; 0.,153) at llOOF.
Exémination: At London, 10~1l days after arrival at
Southampton i.e. 35-36 days after treatment,
Replicates: 10 cases (count 252) per tfeatment.

Wrappers: Plain,

Results are shown in Table 93

Table 93,

Effect of SOPP on the control of wagtage in Mediterranean

Sweets (count 252)°

% Wastage .
, Temperature _ Grecn Water Brown Blue
Treatment of dip.soln. Total Mould Rot Rot Mould
Water 60°F e 522 5.0 0.l - -
Water 1100F 408 4-6 Ool Dol -
0 ‘
0415%- SOPP 110 F, 145 1.3 - Ol 0,1
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SOPP at 0.,15% conen, and llOoF. was quite effective in the
control of wastage,
Green Mould was the most common cause’of westage. Brown Rot
and Blue Mould were also found., Brown Rot was caused mainly by

Trickoderma lignorum,
I, Effect of SOFP pH on the control of wasbage

Varictys Valencice.
Packhouse: White River Fruitgrowers' Co-ope

Packhousc treatments The fruit wore washed, graded and

sized and received no SOPP or wax treatment. They were
then passed through a suspension of Green Mould spores and
after drying, were left for 2 days, After this time the
following treatments were applied as rimses in a tanki-
(2) 05% Preventol Ue 5921 + 150p.pems Trilon B Powder
(BASF) at pH 10.5,11.5 and 12,5 - measured at 48 Ce
(b) 0.5% Sofonate + 0425¢% Hexamine + 150p.pems Trilon B
powder (BASF) at pH 1046,11.5 and 12,5 =~ measured
at 48°%C. |
(¢) Control: Water at 45°C.
(a) and (b) are different SOPP = buffer formulations.
After treatment the fruit were dried, wrapped in sulphite
wrappers and packed for exporte.
Examination: At London 6~7 days after arrival at

Southampton i.e. 35-38 days after packhouse treatment.

Replicates: 3 cases (count 216) per treatment,
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Wrappers: Sulphite,.
Results are shoun in Table %
Table 94, Effect of SOPP pH on the control of wastage in Valencias

(count 216).

% Wastage .
Green Water Blue Brown Sour
Treatment pH Total Mould Rot Mould HRot Rot
Re5% WI--Uaml' .
150p.pem. Triolon B 10,5 1R.4 10,1 0,8 0.2 0 09
Powder (B4SF) : .
n _ 1105 1907 16.7 2.3 - 002 005
0 1245 177 17,1 043 - 02 042
@ 5% Bofonate Q259 |
Hexamine + 150pepeTs 10,6 17,5 15,9 De3 - 045 08
Trilon B Powder :
(BASF)
_‘ 11,5 1546 14?2 065 - 043 0+6
n 1245 15,9  Lhel 049 - 0.8 0.2

Water ~  34e3 32,9 lel 0 = 0a2 042

Both Preventol Ue 5921 and Sofonate-Hexamine were effective

in the control of wastage,

| The pH of Preventol Ue 5921 Solutions had an‘éffect on the
éfficienqy'of this fungicide. Least wastage was found in.those fruit
treated with this soln, at pH 10,5, | “

Varying the pH of Sofonate-Hexamine did not Bave a marked effect

on the wastage found,
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As expected Green Mould was the most common cause of wastages
Blue Mould, Sour and Brown Rots were also found., Brown Rots

were caused bty Fhomopsis citri ($tem End Rot), Trichoderme

lignorum, Albternaris citri and Guignardia citricarpa (Black spot).

Jo Effect of SOPP and TMTD on the control of wastage

Varietz: Navels
Packhouses Hall and Sons, Mataffin.

Packhouse treatment:s Fruit received full packhouse

treatment (no wax was applied), On the same day fruit
were treated as follows:

(a) Not dipped.

(b) Dipped in water at 120 F, for 3 min, and rinsed,

(c) W W 0,15¢ SOPP at 120°F, for 3 min,

(a) non 1,58 SOPP at 120°F, and rinsed,

()  ® M 0,1% TMTD at 120 F, and rinsed.

(£) Spréyed with a nutrient soln,, composed of 200ml,
orange concentrate, 50g. .sucrose, and 2g. (NH4)2504
in 2 1, water, kept moist for 2 days and then
dipped in 1,5% SOFP for 3 mirutes and rinsed (i.es
treated with SOPF after pregermination of spores).

Egaminations At London, 11 days after arrival at
Southampton i.e, 41 days after packhouse treatment,
Replicates: 5 cases (count 150) pef‘treatment.
Wrapperss Plain, o

Results are shown in Teble 95



Cmam e

Table 94, Effect of SOPP and TMTD on the control of wastage in

Navels (count 150)

% Wastage
Green Water Broun Sour
Treatment Total Mould Rot Rot Rot
NOI’I@ 3 .2 2 .9 0 .1 haaed O ol
Water + Rinse 5.1 Lok 0.3 0.3 0.1
0.15% SOPP 1.7 1,5 - 0.3 -
1.5% SOPP + Rinse 244 23 - - 0.1
0.1 act, TMID +
Rinse 2e3 2.1 0.1 - -
l;ﬁ% SOPP + Rinse
after

pregermination 243 1.7 ) - 0e5

 Wastage vas controlled most effectively by rinsing in 0,15%
SOPP. Pregernmination of spores followed by rinsing in 1.5%; SOPP
was only slightly more effective in controlling wastage than rinsing
in 1.,5% SOPP only.

Green Mould and to a lesser extent Brown Rot and Sour Rot were

the causes of wastage.

K. Effect of SOPP and nickel sulphate on the control of wastage
Variety:s Mediterranean Sweet.
Packhouge:. Hall and Sons, Mataffin..

Packhouse treatment: Fruit receivedipackhouse treatment

tut no SOPP or wax was applied. Fruit were treated as

follows on the same days



(a)
()
()
(a)

(e)

(£)

;t27£'4
Not dipped, -
Three min. dip in tank + water at 120°F,
Three min. dip in tank + o§15% SOPP at 110°F,
Three min. dip in tank + 1.5% SOPP at 120°F. then
rinsed, r ‘
Three min. dip in tank + 0,1% NS0, at 120°F.” then
rinsed, |
Sprayed %ith a nutrieht soln,, composed of 200ml,
orange concentrate, 50g. sucrose, and 2g. (NH ) 804
in 2 1. water, kept modst for R days, then
dipped for 3 min, in tank contalnlng 1,5¢ SOPP at

1209F. and then rinsed,

Examinations A4t London, 10-11 days after arrivel at

Southampton i.e. 40-41 days after packhouse treatment.

Replicatess 5 cases (count 216) per treatment.

Wrappers: Plaing
Results sre shown in Tablc 96e .
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Table 96, Effect of SOPP and nickel sulphate on the control of wastege

in Mediterranean Sweets (count 216) ;

. % Wastage

Temp, of Green Water DBrown Sour Blue

Treatment dipysoln, | Total Mould Rot Rot Rot  Mould
NOne - 17 .3 3.4.8 1‘1 0.1 0.3 100
Water ]20°F 8.2 7.9 0.3 - 0.1 -
0.15% SOFP 110°F 3.9 3.6 0.1 0,1 0. -

o
1.5% SOPP 120 F 649 504 045 0.1 0.9 -
0,17 180, 120°F 1504 1244 046 04 1ob6 065
Nuite Solne + o ' ,

1.5% SOPP 120F 9.0 6.0 0.8 0.3 19 -

Only 0,15% SOPP was effective in the control of wastage.

Green Mould was again the most common cause of wastage.
Rot, Sour Rot and Blue Mould were also found but less frequently.
Brown Rot was caused by Irichoderma lignorum and Colletote-richum

gloeosporioides,

Brown

L.. Effect of different fungicides on the comtrol of wastage

Varietzbz Navel. '

Packhouse: White River Fruitgrowers' Co=ope

Packhouse treatment:. Fruit received full packhouse

treatment which included rinsing in 0.15% SOPP but no wax

wag applied.. On the following day, the fruit, except those
/ |

in treatment (g), were dipped in a suspension of Green Mould

spores (loéspores/ml-.)“ and left to dry, -




On the
(a)
(b)
(c)

(a)
(e)
(£
(g)

o 296
same day the fruit were treated as followss-
No treatment, |
Water at 4800.
0ol I\T:'LSO4 (di.e .453‘.5g7.NiSOA.7H20 in 251, water)
ot 48°C. |
0.1% Hgll,(1.e. 25g.Hg0L,in 25 1. water) at 48°C.
1.5% Preventol-Hex~-NaOH (SOPP)(i.e. 1875 ml,
Preventol Hexamine + 100g.NaOH) at 48°C.
0.15% SOPP at 48°C, in tank,

No treatment (no spores).

Examination: A4t London, 211-12 days after arrival at

Sou‘thamptoh i.e6 41~42 days after dipping in spore suspension.

Replicates: 5 cases (count 150) per treatment,

Wrappers: Plain,
Results are shown in Table 97 .

Table 2:2.,' Effect of different fungicides on the control of wastage in

Navels (count 150)

% Wastage

Rinsed in suspension Green Water Brown Blue

| Treatment  of Green Mould sporeg [Total Mould Rot Rot Mould |
None Yos | 25,2 22,8 2.3 - -
Water Yos * 14e5 1342 1.3 - -
0.1% Niso4 Yes . 14.8 14.4. 044 - -
0.1% HgCL, Yos 37 35 03 - -
1.5% SOFP Yes ° - 4O 36 03 - 04
0.15% SOPP Yes 9.9 9.7 0.l - -
None No ! 1.7 1.5 0.l 0.1 -




Both HgCl, and 1.5% SOPF were effective in the control of

wastage.

In addition to Green Mould, Brown Rot and Blue Mould wers also
fqund but infrequently.

My _ Bffect of diphenyl wrappers on the control of wastage
Variety: Navel, '

Packhouse: Sundays River Co-op.

Packhouse treatment: Frult received full packhouse
treatment which included rinsing in 0.15% SOFF but no
wax was applied, This was followed by dipping the fruit
into a suspension of Green Mould spores, containing 1053poros/
ml. and then wrapping as followsi~
(a) 1In sulphite (plain) wrappers,
(b) In diphenyl (Sundays River Co-opd wrappers,
conteining 54 mg. diphenyl/100 sq.in.
(¢) 1In diphenyl ("Sax")¥* wrappers, containing 55 mg.
diphenyl/100 sq. in,
¥ugex! is a brand name for paper.

Exanination: At London, 12 days after arrival at

Southamnton i.e. 36 days after packhouse treatment,
Replicates: 5 cases (count 150) per treatment.

Results are shown in Table 98
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Table 984 Effect of diphenyl wrappers on the control of wastage in

Navels !count 1502 ‘

% Wastage
' " Greaen . Wabter Brown Sour

Wrapper Tolal . Mould Rot Rot Rot

Sulphite 945 8.8 0.3 0.3 0.1
Diphenyl (S.R.Ci) _
54 mg./100 sq. in, 349 3.9 - _— -
Diphenyl (Sex)
55 mgo/loo 5Qein. 7e3 603 0.8 0.1 0.l

Only SeR.C, diphenyl wrappers controlled wastage effectively,
In addition to Green Mould, Brown Rot, caused mainly by
Colletotrichum gloesporioides, and Sour Rot were also found.

‘Mo Effect of diphenyl wrappers on the control of wastage

Varietxi Midesason Bailidge Early.
Packhouse: Sundays River Co-op., Hermitage.

Packhouse treatment: Fruit received full packhouse

treatment which included rinsing in 0,154 SOPP and waxing
with Flavourseal (no bleach was applied), On the same day
or one day later all fruit were dipped in an aqueous
suspension of Green Mould spores, contailning 150 mg, spores
in 30 1, water, left to dry for 2=4 hr 4 and then wrapped
in Qrappers of the following types bef?re pécking:~

(2) Plain wrappers. |

(b) npsw X diphenyl wrappers, contéining 60 mg. dipheryl/

100 sq. in.
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(a) "Sax"x diphenyl wrappers, containing 60mg.diphenyl/

100 sq. in,
(d) SOPP wrappers.
X Wrsh and WSax" are the brand names for paper of
different manufacturers.

Examination: At London, 10 days after arrival atb
Southampton i.e. 40-41 days after dipping in Spbre
suspension.
Replicates: 4 cases (count 252) per treatment,

Results are shown in Table 99

Table 29-Effect of diphenyl wrappers on the control of wagtage

in . Midsoasons~ Bailidge Barly (count 252)

% Wastage
: Green Water
Wrapper: Total Mould Rot
Plain 3.4 3-3 Ool
T5 Diphenyl : ,
(60 mg./100 sq.in.) 1.6 1.6 -
Sax Diphenyl
(60 mge/100 sqg.in.) 047 0.6 0.l
SOPP 1.3 1.2 Oel

Sex wrappers were the most effective in the control of wastage.

0, Effect of wrappers and inserts in cartons on the control of

wastage
Variety: Midseason Bailidge Early,

Packhouse: Sundays River Co~op., Hermitege.
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Packhouse treatment: Fruit received i‘u]_l packhouse

treatment, which included rinsing in 0,15% SOPP and

waxing with Flavourseal, On the same day or one day later

all fruit were dipped in an aqueous suspension of Green

Mould spores, containing 150 mgi spores in 30 1. Watei',

left to dry for 2-4 hrs. and then with or without wra?pers

were placed in cartonm as follows with -

(a)
(b)

(c)

(a)

¢ (e)
(£)
()
(h)
(1)

Plain wrappers,

.|IT5nk diphenyl wrappers, containing 60mg. diphenyl/

100 3] Y inu

USax"% diphenyl wrappers, containing 60 mg. diphenyl/

100 8g. in.

SOPP wrappers.

No wrappersa.

Sax" tissues between layers,
Diphenyrl padse

SOPP strips,

DBTCE .{ di-~bromo~tetra~chlor=ethane) stripsa.

Fugaxt and"T5" wrappers are produced by different paper

manufacturers,

Examination: At London, 10-11 days after arrival

at Southampton, i.e, 40~42 days after dipping in spore -

suspension,

Replicates: 8-9 cartons (125 fruit/carton) per treatment.

Results are shown in Table 100,
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Tablel00, Effect of different wrappers and inserts on the control
of wastage in Midseasons Bailidge Early.

% Wastage
: Green Water Brown Bluse
ITreatment : Total Mould Rot Rot Mould
Plain wrappers 2.8 2.8 - - -
T5 diphenyl
wrappers 0.8 0.6 0.2 - -
Sax diphenyl ,
wrappers 142 1.2 - -~ -
SOPP wrappers 1.3 1.2 - 0.1 -
No wrappers 8.9 8.6 0,2 0.1 -
Sax tissues
between layers 2.1 2.1 - - -
Diphenyl pads 4e0 3.8 0,1 0.1l -
SOPP S'bI‘ips 6.4 , . 6.0 001 001 0.2
DBTCE strips 2.1 20 - 0.2 -

Wrappers resulted in a marked reduction in wastage, Best
control was found with T5 diphenyl wrappers.

With the unwrapped fruit best control was obtained with Sax
and DBTCE tissues, The control obtained by these was not as good
as when fruif were wrapped. The main effect of wrapping was to
pfevent spread of Green Mould by ‘contact!,

Gréen Mould wes the most. common cause of wastage although

Blue Mould and Brown Rot also occurred, Brown Rot was caused

byVColletotrichum gloeosporioides mainly.



P, Effect of different wrappers on the control of wastage

Variety: Navel,
Packhouset White River Fruit Growers! Co-op.

Packhouse treatment: Fruit received full packhouse

treatment which included rinsing in 0,15% SOPP it no |

wax was applied. On the following day the fruit, except -

those in treatment (g), were dipped into a suspension of

(Green Mdﬁld spores (le5 x 166 spores/ml,), dried and

wrapped in the following types of wrapper:

(a) Sulphite wrappers (plain),

(b) Diphenyl wrappers containiﬁg 12 mg, diphenyl/100 sq.
ine |

(c) Diphenyl wrappers, "Zebediela! containing 59 mg,
diphenyl/100 sq. ine .

(d) Diphenyl wreppers, "Sax"* strip impregnated,
containing 53 mge diphenyl/lOO sq. in,

(e) SOPP wrappers (plain wrappers impregnated with SOPP).

(f) Permachem™ wrappers, (plain),

(g) Sulphite®™ wrappers (plain),

+Diphenyl wrappers; "Zebediela", are ex Zebediela Citrus

Estatess | .

*gaxh WPermachem! and Sulphite are brand names for paper

of different manufacturers. ;

Examination: At London, 12-13 days after arrival at
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Southampton i.e. 43=44 days after dipping in spore
suspension;
Replicatess 5 cases (count 150) per treatment.
Results are shown in Table 101 .

Table 101, Effect of different wrappers on the control of wastage

in Navels {count 150)

% Wastage ‘
A _
, Rinsed in suspension Geon Wler BRrown
Wrapper of Green Mayld Spores  !Total Mowld Tob . &Kot
Sulphite (plain) Yes 4187 4041 1.3 043
Diphenyl (12gyg./100
5q. in.) Yes 16.0 15.1 0.9 kel
Diphenyl (Zeb.,59ng./ _
100 sq.in,.) Yos 6.2 6,0 042 =
Diphenyl (Sax,53mg+/
100 sq. in.) Yes 55 5¢1 0e3 0,1
SOPP Yes 11,9 11,3 0e4 0ol
Permachem (plain) Yes 32.3 3044 146 043
Sulphite (plain) No 2.8 27 -~ 0.1

Zebediela and Sax diphenyl wrappers were quite effective in the
control of waStage, this was so because of the high amount of diphenyl
in them,
| As expected Green Mould was the predominant fungus causing
wastage., The Brown Rots were most commonly cau%ed by Oolletotrigggm
gloeosporioides, with Alternaria citri, Trichodérma lignorum and

Diplodia natalensis occurring less frequently,




| - 2% - |

Qe Effect of Flavourseal wax, SOPP and dighegxl'on the controi

of wastage
Variety: Valencia.
Packhouse:; Fruit were ex white River Fruitgrowers' Co,;op.,
where they were washed, graded and sized. No SOPP or wax
was applied,

Packhouse itreatment: Fruit on arrival at Nelspruit

Research &tation were rinsed in a suspension of Green
Mould spores in 2% citric acid, After drying the fruit
were left until the following day when the waxing
treatments were applied as follows:~

(a) Flavourseal.™ -

(p) Flévourseal D,1l. (incorporating SOFP),

(¢) Flavourseal D,D. (incorporating SOPP and dephenyl).

x Flavourseal is wax; SOPP and diphenyl are the active

fungicides,

Replicates: 5 cases (count 216) per treatment,

Wrappers: Sulphite.

Examination: Two examinations were carried out:
(1) At Cépetown,9—10 days after treatment, One case
of trestments (a) and (c) were exgmined by Dr.
Rehe Christ and the wasty fruit removed,
(11) At London, 6~7 days after a?rival at Southampton

' i.e, 36-38 days after treatment.
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Wastage (expressed as % of fruit examined) found at

Capetown is shown in Teble 102, Wastage (expressed as %

of trested fruit arriving in London) is shown in Table 103 .

Table 102, Effect of Fla vourseal wax, SOPP and diphenyl on the '

control of wastage in Valencias (count 216)

Examination at Capetwon 9-10 days after treatment.

Treatment

% Wastage x

Flavourseal

+ diphenyl)

Flavourseal D.l. (incorporating SOPF)

Flavourseal D.D, (incorporating SOPP

Not examined

9.3

8.6

¥ Expressed as & of fruit examined .

Table 103,Effect of Flavourseal Wax, SOPP_and diphenyl on the control
of wastage in Valencias (count 216) -

Examination at London, 36-38 days after treatment.

% Wastage *

!

_ Green Water Sour Brown Blue ;
Treatment Total Mould. Rot Rotb Rot Mould

Flavourseal 26,3 24.6 1.0 0.3 044 -
Flavourseal D.l,

(incorporating SOFP) 30.8 28,5 1.0 0.7 045 043
Flavourseal D.D,

(incorporating SOPP + L

diphenyl) 23.8 21,8 0.8 0.5 O -

i:Expressed as % of treated fruit arriving in London.
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Only Flavourseal wax with SOPP and diphenyl incorporated
reduced wastage to a very slight extent,

In addition to Green Mould, Sour Rot, Blue Mould and Brown Rot

were also found, Brown Rot vwas caused by Phomopsis citri and

Erichoderma lignorum.
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