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FPOREWORD

The author was scconded by African Explosives and Chemical
Industries Limited to Consolidated Citrus Estates Limited
(Schlesinger Organisation) in July 1959 to investigate the citrus
black spot problem at Letaba Estates., When investigations
commenced losses due to black spot were close to R200,000 per
annum, Research was therefore aimed at a practical solution,

For this reason particular attention was paid to control

measures and cortain aspects on the epidemiology of the disecase.

I declare that the thesis submitted herewith for the

degree of Doctor of Science to the University of Pretoria has

never before been submitted for a degree at any other
University.
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1, INTRODUCTION

CENERAL

Lotaba Estates is tho second biggest Citrus Company
in the Republio of South Africa and 1is expanding rapidly.
The present total tree population is close to 320,000 of
whioh approximately 200,000 trees are in various stages
of production. All commercial plantings are on rough
lemon rootstock. Slightly more than 50% of the bearing
trees are of the Valencia orange variety. Black spot is
particularly troublesome on Valencia oranges, mainly
because ripening of this variety coincides with the onset

of warmer weather conditions which favour black spot lesion

development,

LOCALITY
Letaba Bstates is situated in low lying bushveld of

the Northern Transvaal. It is 15 miles North-East of
Tzaneen, at latitude 30 19' and longitude 23 52Y. The
altitude varies between 1,690 feet and 1,900 feet.

CLIMATIC CONDITIONS

The climate is subtropical. In Table 1 the average
monthly rainfall, minimum and maximum temperatures, taken
from 1945 to 1962 are presented. The temperatures were
determined by means of a recording thermograph in a

Stevenson screen at a height of about 4 feet above ground.
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TABL® 1,

Summary of the monthly mean rainfall 1n millimeters,and
minimum and maximum temperatures in degrees Fahrenheit as
recorded at Letaba, 1945-1962,

Month Rainfall Temperature (degrees Fahrenheit
r ~inimm | Veximm
September 17.0 53.6 ' 8l.6
October 46,2 60 .4 84.3
November L 84.6 - 63.8 _ 8445
December 1377 6545 84.9
January 168.1 67.0 8445
February 146,.8 67.0 84.4
March 117.3 65.1 83.5
April 503 60,2 82.0
May 24.9 5142 78,6
Tune 8.4 4445 4.7
July T4 44 .6 T4 .6
August 4763 18.4

5.3, | _
Total | 814.0  { = | -

From Table 1 it is evident that the summers are very hot
and the winters mild., Daily maximum temperatures during the
summer months often go well over 100°F in the shade. Frost is
uncommon but does occur occasionally in a mild form during

July and August.

Rains may come through thunderstorms, but soft penetrating

rains are often experienced from November onwards.

D. HISTORICAL REVIEW,

The Black Spot disease of citrus, caused by Guignardia
citricarpa Kiely (Phoma citricarpa Mc Alp.) was first noted
and described in Australia nearly 70 years ago. It became
a major problem to citrus growers on the central coast of
New South Wales and Queensland, but is absent in the inland
citrus-growing areas (Kiely,1957)¢ The disease has inflicted
the greatest damage in Australia and South Africa (Calavan
1960). The fungus is known to occur also in Argentine, Brazil,
West Indies, Portugal, Mozambique, U.S.S.R., India, Indo-China,
China, Formosa, Japan, Philippines, Hawaii and New Zealand,
according to lLee (1920), Kiely (1948),'Wager (1952) and Cala~
van (1960). The disease has not yet appeared in the continen-
tal part of the United States of America and has not become
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very important in the Western portion of any continent.
(Calavan, 1960)
In South Africa, Doidge (1929) identified the disease near

Pietermaritzburg, Natal and Wager (1952) reported that

"the disease spread slowly in the area, fluctuating from
season to season'., Wager stated further that "considerable
damage" was caused in 194C in that area. In 1944 "alarming®
losses were caused near Pietermarifsburg and the disease
appearéd in relatively dry areas. After an intensive sur- |
vey of the ocdﬁrrance of black spot throughout South Africa,
Wager (1952) reported that "the disease is causing heavy
losses in all citrus orchards in Natal and certain areas

of the Eastern and Northern Transvaal". He also found the
fungus on dead citrus leaves and latently in green leaves
in all parts of Eastern, Northern and Western Transvaal,
throughout the Eastern Cape and in one district in the

Western Cape.

According to Wager (1952), "a few infected fruits on
smooth lemon treesﬁ were found at Letaba Estates in 1946.
No indication could be found in the record books at Letaba
Estates or elsewhere that black spot appeared at Letaba
Estates prior to 1946.

The smooth lemon trees that Wager referred to were
pulled up that same year and burned. These trees were
grown for domestic purposes in the residential area at
",eeufontein" in the centre of Letaba Estates, *;t is known
that lemons are very susceﬁtible to black spot and it is
possible that the causal organism, Guigniardia citricarpa,
was unknowingly introduced to these lemon trees by the resi-
dents of "Leeufontein", who brought in infected plant
materials from another area.

If black spot at Letaba Estates originated through na-
tural speead of airborne spores it is a strange phenomenon
that the disease started in the centre of a relatively big
block of citrus trees. The results of Buchanan and Kimmey
(1938), Bateman (1947) and Gregory (1952) on spore disper-—
sal, and the data of Van der Plank (1949), suggest that the
disease should first have been noticed around the borders
of the citrus estates. On the other hand, it may be argued
that the disease was first observed on the lemon trees
because of their greater susceptibility. Such reasoning
would not be strictly valid because old [emon and grape-
fruit trees were scattered over the entire estates - .

and some of these trees were close to the borders.



University of Pretoria etd — Kotze JM 1963

4o

Although the infec¢ted lemon trees were burned, it is
extremely doubtful whether the infected dead leaves on the
ground were destroyed. 1t is doubtful because the impor-
tance of dead leaves in the epidemiology of black spot was
not fully appreciated at that time.

After the destruction of the lemon trees no black spot
" was observed until 1949. Wager (1952) recorded that "a few
infected fruits were found on the grading table" in 1949.
During the 1953 picking season a considerable percentage of
fruit from o0ld Valencia trees at "Leeufontein " showed
black spot and during the 1953 - 1954 season 19.7 acres in
this area were sprayed once only for the control of this
disecase, During the 1954 - 1955 season the same acreage
were sprayed, but the number of applications were increased
to three. In 1955 and 1956 these old Valencia trees were
pulled up and burned, but the epidemic was already on such
a firm footirig that large scale spraying was carried out
during the 1957 - 1958 season. Since then, spraying against
black spot became a practice and a spray programme was in-
troduced. In desperation all big trees were sprayed 4 times
during the 1959 -~ 1960 season. The following year some of
the Navel trees received only three sprays. As this proved
to be a safe procedure, most of the bearing Navel trees
received only three sprays, during the 1961 - 1962 season.
TABLES 2Ze

Annual &creages treated in controlling the black spot
disease of citrus at Letaba Estates, 1953 -~ 1962,

Acreage receiving

1 Spray 2 Sprays 3 Sprays 4 Sprays
1953 =54 19.7 0 | O O
1954 -55 0 o 19.7 O
1955 -56 No spraying Infected trees burned,
1956 ~-57 Nospraying -
1957 =58  426.7 - O 52.1 0
1958 ~59 8.20 0 2251 .32 0
1959 ~60 33.85 51.60 147.30 1890.03
1960 =61 8.00 95.10 386 .49 1635.90
1961 ~62 T.30 37.90 905.57 1201.73

Mm

Through this brief review of the history of black spot
at Letaba Estates, it is evident that it took about eight

years from the time the disecase was first observed until it
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became an epidemic. One may also speculate that a sound
knowledge of the epidemiology of the disease and the imple~
mentation of quarantine measures might have delayed the

epidemic, This point is discussed later .,

E., ECONOMIC INPORTANCE OF BLACK SPOT.

Black spot causes unsightly lesions which spoils the
sales appeal of the fwuit. The effect of the disease on
tree health must be regarded as negligible if anything at
all. The relatively few lesions that occur on the leaves
can not possibly effect the efficiency of the leaves on a
tree as a whole.

Letaba BEstates produce oranges primarily for the export
markets. The tolerance for black spot at the packhouse is
zero for export fruit. The infected fruit is sold on the
internal markets or goes to ths juice faotory.

As far as the export markets are concerned, the attrac-
tiveness of the fruit surface is an important factor in
determining the sales value of tke product, A fruit with
spots is.less attractive than the unblemished one, ceteris
paribug. Should 1t be possible to educate the consumers
that the internal quality of the spotted fruit is as good
or even better than the one without spots, black spot will
loose considerable economic prestige., Such a campaign would
be a formidable undertaking indeed.

An accurate assessment of the direct and indirect losses
to the South African Citrus Industry on account of black
spot, is a difficult task. Most workers try to estimate
the losses. According to Loest (1958) "gnormous fTinancial
losses are suffered"” annually. Kiely (1948) estimated that
the annual losses due to black spot vary betweer £450,000 anti

A 150,000 in New South Wales, Australia.

For the purpose of this discussion, Letaba Estates will
be taken as a unit for the determination of direct losses.

1. DIRECT EFFECT.

In order to investigate the direct economic effect of
the black spot disease at Letaba Estates, the 1960 -~ 1961
season was taken as an example, mainly because complete
records were kept since 1960 and market results were
available.

With a total of 192,000 trees during 1960 - 1961,

(all varieties and various age groups) Letaba Estates pro-
duced631,055 cases ( + 72 1b per case) of oranges. To con-

trol black spot 7,199,875 gallons of spray mixture were
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applied at a total cost of R54,388 {including operational
costs, labour cost of materials,etc.) In spite of the
capital spent on control, 10.1% of the total crop failed
export standards as a result.of black spot. This represents
63,737 cases or 148,719 pockets which had to be marketed
locally. The average nett realisation per pocket for the
scason was 21.83 cents, or R32,465 for all the diseased
fruit. But the packing cost was 9.47 cents per pocket or
R14,084 for all the diseased fruit. That leaves the grower
R18,381 to pay for production, picking,etc.

If 100% disease control could have been achieved by
spraying and the additional 63,737 cases did not influence
the overseas market prices, then at 278.07 cents per case,
R177,233 could have been realised. Packing cost of these
fruit@ét 71.93 cents per case would have been R45,846 which
left a gross reslisation of R131,387.

The loss is therefore R131,387 - R18,381 = R113,006,
plus the cost of spraying (R54,388) which brings the total
figure to R167,394.

Summary of economic effect of black spotl on the c¢citrus
crop at Letaba Bstates 1960 - 1961 season :-

No. gallons spray mixture applieds 7,199,875
Spraying cost (operatinnal,materials,eto.)...... R§4,§88 A
Total No. cases (72 1b) produced.... 631,055
No. cascs culled due to black spot.. 63,737 (a)
i.e. 148,719 pockets (b)

Nett realisation per case F.0.R.
Growers station (export) cesscsenses 278,07 cents (c)

Loss non-exportable cases due to
black SpOt (a X 0) es v s e e a0 sat e R177,233 (d)

Nett rcalisation per pooket F.O.R.
growers station (local market) e.e.s 21.83 cents (o)

Realisation from pockefs (local)
(b X ©) ceunveeees R32.465 (£)

Total loss (c - f) € 600000008 06000080C0cCRPEORS Rl&&:i68 B

Packing cost if fruits were exported
@r71.93 Oent per CO8C eqeossvesvseccses 345’846 (g)

Packing cost for local market
@ 9,47 cent per pocket eeeescescnccn R14,084 (h)

Diff@renoe : (g _— h) O S G G B OO S 0609 8N s DSOS R31:i62 C
Total expenge (losses) caused by disease

(A +B=0C) eeasese R16T,304

The overall losses vary from year to year and depend

on the degree of control schieved by spraying and the local

and overseas market results. The control programme will
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remain fairly constant for the next number of years. Al~-
though the cost of control measures during the 1961 - 1962
season was almost the same as the previous year, only 0.8%
of the fruit could not be exported on account of black spot.
The final overseas market results are not yet available, but
it is estimated that the total losses on account of black
spot during the 1961 - 1962 scason, were reduced to approxi-

mately R65,000 (including cost of control measures).

2. INDIRECT EFFECTS.

Apart from the direct and caloulable losses, the occur-

rance of the disease has further repercussions.

At preéent copper fungicides are used to cpntrol black
spot, There is no fungicide outside the copper group which
is quite as effective, except Dithane Z78 which may be used
under special circumstances. There is therefore, every
chance that copper fungicides will be used for many more
vears. The danger of copper toxicity in our soils can not
be overlooked. Although there is no cause for alarm yet,
according to Mc Onie (1961), toxicity is an imminent problem.

Direct spray damage to fruit can show up in several ways.
The most alarming fact is that a symptom which was described
as "wind damage" in the past, occur by far more on fruit
which had been sprayed with copper fungicides., This lesion
is possibly caused by an insect or mite, but the damage is
undoubtly accentuated by the application of copper fungicides.
This kind of spray damage caused severe losses during the
past three seasons in the Nelspruit area and appeared last
secason for the first time at Letaba.

It is customary in South Africa to spray calcium arse-
nate on the Valencia orange variety during October or Novem-
ber for early maturity (Basson, 1959)., The writer observed
that where calcium arsenate is sprayed as a combined spray
with a cbpper fungicide, there is no effect on the sugar -
acid ratio. Subsequently, Mr. Cc:n'lx'.:-auil:i.e'E carried out experi-
ments over two seasons and confirmed the above observation.
The earlier'Valencia.oranges are picked the less are the
chances of black spot to dewelop. It is also easier for
the packhouse to continue packing, than to have breaks of

several weeks per season with an idle labour force.

¥ Bntomologist, Letaba Estates. Unpublished data.
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Kiely (1950) and Wager (1952) claimed that applications
of Bordeaux mixture cause an increase in the incidence of
red scale (Aonidiella aurantii) and other insect pests. There
is no irrefutable evidence that fixed copper fungicides
have the same effect, but it is possible,

Three to four spray applications are normally carried
out for the control of black spot. The spray programme
requires a big labour force at a time when other cultural
practices such as weeding, irrigation etc, need attention. With
the native labour which becomes scarcer and wages going up,
this may become & real problem in future,

During a packing season such as 1960 when a high per-
centage of the fruit is infected, the packhouse performance
is seriously effected. When the packhouse output is alowed
down, the season is extended and chances are better for
lesion development, with the result that less fruit can be
exported., This creates great inaccuracies in crop estimates
and booking of shipping space which may result in payment
of dead freight. The position was so bad during the 1960
packing secason that a considerable amount of cépital was spent
to enlarge the packhouse. The erection of a Jjuice factory
at Letaba BEstates at the cost of R1,000,000 was partly due
to the losses caused by black spot.

Although perfectly lesion~free fruit may be packed,
considerable disease development may take place in transit
to the coast. This is especially a problem with Valencia
orange fruits which are harvested from the end of August
onwards. Repacking has to be done at the coast which is a
coatly procedure. Losses may be so great in transit over
long distances that exports through Durban and Capetown
ports have to be stopped completely. This actually happened
in 1960 and 1961. Lourenco Marques can only handle a limited
amount of fruit. Glut conditions develop inevitably on
local markets during bumper crop seasons,

Finally, there is the questions How would the market
prices be effected if black spot wgs non-existing and all
+he fruit was available for export? This is difficult to
ovaluate because the export market is extended every year.

Tt is the writer's opinion that the depressing effect on

the oversea's prices would not have heen great. The effect
on the looal market, which is limited would be considerable.

The less fruit available for local markets, the higher the

price will be.
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Exports to the United States of America would be wel-
comed by the South African Citrus Industry. One factor
which hampers possible exports to the U.S.A. is black spot,

"mainly because of American import regulations which protect

their own industry against the introduction of this disease.
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II EPIPHYIOIOGY 10.

A SOURCES OF INOCULUM

Le INTRODUCTION

Under Australian conditions Kiely (1949) showed that the
first infections were established in the early stages of
fruit development, shortly after petal-fall until approximately
5 months later. These infections survivé in a latent form
in the outer tissues of the flavedo until the onset of warm
weather the following spring when the fruits mature.

Earlier Australian workers accepted that these latent
infections were initiated by-pycnidiOSpores, produced upon
black spot lesions of affected ripe fruitse. This view was
based on considerable circumstantial evidence, since the

time of lesion development on mature fruit coincided with the
time of fruit setting in Australia. [Furthermore, new lesions
continued to develop on apparently healthy mature fruit,
hanging on the trees during the subsequent 3 to 4 months
after blossoming. This period of lesion development
coincided with the period during which the following season's
young fruit, which was also hanging on the trees, were
susceptible to infection. Kiely (1948) proved, however,
that the removal of diseased fruit, prior to blossoming,

did not.reduce the severity of the disease the following

Seasoll,

Kiely examined dead wood and twigs on the trees with
negative results but found numerous pycnidia and eventually
perithecia of Guignardia citricarpa on dead leaves under the
trees. It is difficult to judge to what extent Kiely was
influenced by the work of Frey and Keitt (1925) and Keitt
and Jones (1926) on Venturia inaequalis (CKe) Wint,,but he
was evidently aware of these publications ahd he saw the
similarity between the life cycles of the two organisms.

The fact is that Kiely considered ascospores on dead lsaves

as the most impartant source of inoculum.

Sueda (1941) and Schiiepp (1961) believed that the
fungus spread from infected stems into fruit tissues and

that subsequent activity of the fungus lead +to lesion

development.
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Enough information is now available to assume that
infection of fruit may be caused by ascospores or pycnidio-
spores or by mycelium (systemic infection). It is accepted
that ascospores are more important than pycnidiospores or
mycelium under most circumstances, but it would be wrong to

ignore other sources of inoculum in investigational work.

Wager (1952) inoculated smooth lemon trees with ascospores
from dead leaves and another lot with pycnidiospores from
ripe fruits, About 9 months later typical black spot lesions
were observed on young leaves which appeared at the time of
the inoculation. In a similar experiment Wager also produced
fruit lesions., . The infected material with wlhich these trees
were inoculated was placed in wire baskets over the troes. 1t
ig also known that dead lecaves may hafbour large numbers of
pycnidia (Kiely,1948). The fact that Wager found ascospores
on the dcad leaves with which his inoculations werc carried
out did not rule out the possibility of the presence of
pycnidiospores. There is therefore, a certain factor of
doubt about these results. Ascospores were not yet found on
fruit, and Wager therefore proved, like Kiely (1948) that

pycnidiospores causel infection.

A survey of the sources of inoculum was undertaken at

Letaba Estates during the course of these studies.

2. OCCURRTNCE OF PYCNIDIA

Pycnidia, containing typicai pycnidiospores were found
in large numbers on dead lcaves under the trees throughout
the year but were more abundant during the summer months.
These fruiting bodies were mostly found on leaves from onec
month to three monthe after the lcaves dropped and developed
in greater nurbers on old leaves than young leaves when
picked and exposed to natural conditions on the ground in
orchards. Pycnidia also developed sooner and in greater
numbers when leaves dropped during the period from October

to March. Those are the hottest and rainiest months of the

years.

Pycnidia were observed in black spot lesions on out-
of- scason and in- scason fruit throughout the year shortly
after tho lesions appoared. This aspcct was alrecady de-

scribed by Kiely (1948), Wager (1952) and Calavan (1960).
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On 17th December, 1959 a decad twig of about 3 to 5 mm.
thick was picked from an 0ld healthy Valencia trece on which
pycnidia were found. These pycnidia were isolated with a
sharp necdlc and oxamined microscopically ~ftcr they were
flattened between two glass slides. ive of these pycnidia
contained spores, which were identical 10. pycnidiospores of
P. citricarpa. Efforts to grow cultures from these spores

on PeDeAo—medium failed,

Large. numbers of twigs were examined after this but the

pycnidia of Phoma citricarpa were not seen again on twigs

on trces. It is possible, however, that pycnidia are more

prevalent in certain years on dead twigs and fruit stalks

on the trees than this rccord indicates,

On dcad twigs on the orchard "floor" pycnidia with
pycnidiospores were found twice. The first twig with
pycnidia was in an advanced stage of decay and was covored
by lecaf littcr undér an old Valencia trec. These pycnidia
were found in large numbers, grouped together in patches of
about 5 cm. in diameter. Fruiting bodies of Diplodia
natalensis were also prevalent, but did not occur amcng the
pycnidia of Phoma citricarpa. This obscrvation was made on
15th January, 1960,

| The second twig with pycnidia was found on 19th March,
1960 in the same orchard. This twig was as thick as a

poncil and was coverecd with grass and other weeds. The
pycnidia were not groupecd together but were scattered over the
bark surface between pyenidia of Diplodia and fruiting bodies

of other fungi.

Schiiepp (1961) also mentioned that pycnidia of Phoma

citricarpa were found on dead twigs.

3. OCCURRENCE OF PERITHEUCIA

a, Citrus

During the course of these studies, hundrcds of twigs
picked from old and young trecs as well as twigs which were
collected from the ground, were examincd for perithecia.

Results were negative exccept oncee.
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A dead twig was collccted under old Valencia trees on
plot 786 at Letaba Estates on 2nd February, 1960, on which

altogether 8 perithecia with ripe ascospores were found.

More perithecia-like structures were found but they
contained no spores. It was possible that spores had

already becn released.

The perithccia which contained spores were isolated
with a sharp necdle, crushed between two glass slides and
compared with perithecia and spores of Quignardia citricarpa

from dry lcaves. No differences werc observed.

An intensive investigation was carried out on dead
twigs in this particular orchard and others, but results

remainced negative.

It is possiblc that pycnidia and perithecia of G. citri-
carpa occur more frequently on dead branchos or twigs on trees
or under trees than our rccords suggest, but they are difficult
to detcct. At Letaba, dead twigs are usually covered with
fruiting bodies of Colletotrichum spocies, Diplodia and other
fungus species. This makes an identification of perithecia

and pycnidia of G, citricarpa most difficult.

+b. Other Hosts

Kiély (1948) discovored the perithecial stage of
Guignardia citricarpa in Australia and Wager (1952) was tho
first to obscrve perithecia in South Africa on dead clitrus
leaves., Another notoworthy observation by Kiely was that
perithecia of G. citricarpa occurred mnot only on citrus
leaves but also on leaves of many other plant 5pecies% such
as Telopca speciossima, Smilax sustralis, Syncarpia laurifolia,
Ccratopotalum iferum, Callistcomon lanccolatus, Dendrobium

speciosum, and Camcllia japonica.

Latent infoctions were also found in the lcaves of

Magnolia, Illex, Rubus and Amygadalis species.

Wager (1952) reportcd that pycnidiospores were found
on leaves of Bucalyptus species after they were subjected %o
the wilting treatment doscribed by Kiely (1948). Wager
also reportod that ascosporss were found on dead leaves of

Smilax kraussiansa,
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Schilopp (1961) claimed that hce found the fungus on

dead leaves of Lagerstroemia indica, Roycna lycioides and
Combretum suluonsc. The author also found perithecia with

ascosporcos on dead rose leaves. The morphology of the
porithecia and spores woro rather similar to those on Citrus
leaves but no infection studies on citrus wers carried out.
The host range of G. citricarpa appears to be very wide, but

studies may show that the fungus has a number of strains.,

No onc has so far been able to prove that inoculum from
various host plants other than citrus can infect citrus,
Mc Onie (unpublished report, 1962) reported that this aspect

is being investigated.

4. INVESTIGATIONS

In order to get sonpe idea of the importance of thc
diffcront sources of inoculumy, a trial was laid out on three
year old Valencia trces in tho field. Lack of suitable
laboratory facilities and skilled assistance dectormined the
course of the experiment. As tho rosults are regarded as

important, the experiment will be discussed in detail.

& e Methods and Materials
The difforcent treatments were as followsse

Troatment A. Dry twigs were picked from old
Valenci treccs where black spot was scvere on the fruit
the previous scason. From the same orchard, dead
twigs woere collected under the trees.,  These twigs
were placed on wire mesh frames (9' x 9') over the
young treces on 10th October, 1959 (Plate 1). On
BOth.Novémber, 1959 the old twigs on the wire frames
were removed and replaced with fresh dry twigs,
collected from the same locality as before. About
10 1b. of dry twigs were placed above 4 trecs as

shown in the plan.

Troatment B. Maturc Valencia oranges, showing
largo numbers of black spot lesions with pycnidia of

Phoma citricarpa were placed on wire mesh frames as

in A. One hundred infected fruits werc placed above
cach of four trecs. The oranges were cvenly spaced
over tho entire frame. On 10th October, 1959 the

first batch of inoculum was placed ovcr the trces.
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The old fruits werc rcmoved on 25th October,
15th November, lst December, 1959 and replaced with

freshy, infocted Valencia oranges on each occasion.

Trcatment Cs»  Green leaves, showing black spot

lesions were picked from the same trees as wore used
for trcatment A, and also from anothcor block of old
debilitated Valencia trees wherc black spot was severe
-the provious yecar. In many of these lesions pycnidia
with pycnidiospores were observed About 500 of these
leaves were placed above cach of four trees on the same

dates as in trcatment B.

Trcatment De Doad leoaves, were collectod from thoe
orchard "floor" under badly infcected o0ld Valencia
orangec treos, About 10 1b. of dry leaves were
placed under cach of four young Valencia trees about
15 feet away from the ncarest trece of the previous
treatmcnf. A wiro mesh, anchored in the ground, was
placed ovor the leaves under cach trec. The first
lots of dead lcaves wore placed under the trees on
15th October, 1959, A large number of these leaves
were o¢xamincd for the presence of ascospores, but
although pycnidiospores wecre prevalent, ripoe perithecia

were found on less than one per cent of the leaves.,

On -15th ﬁovember, 1959 a fresh lot of lcaves was
collected and used to replace the previous lots.
Examination showed ripc perithecia on about four percent
of theso lecaves, It was hoped that perithecia would
develop further under young trees to provide enough

inoculune

Before this experiment commenced all out-of-sgason
fruit and as much dcad wood as possible were removed

from the experimcental trecs.
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Plate 1

Wooden frame with wirc-nctting used in a trial
to test the importance of various sources of

inoculunm.
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On 15th February 1960 the wire frames and all

sources of inoculum were rcecmoved from the experimental

block,.

PLAN OF EXPERINMENT:

Legends

Al,
Bi,
c1,
D1,

P1,
21,

Road
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A2, A3, A4. Source of inoculum
B2, B3, B4. Source of inoculun
c2, €3, C4. Source of inoculum
D2, D3, D4. Source of inoculum
P2, P3, P4. Untreated
z2, 23, Z4. Untreated

peOY

dry twigs
infected oranges
green leaves

dead citrus
lecaves

control trees (first harvest,

control trees (2nd harvest)
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De Resultss

On 8th August, 1960, one tree per treatment,
viz. Al, Bl, Cl, and D1 and an untreated control
tree (P1l, P2, P3 and P4) for each treated tree
were picked and examined for black spot and

"melanose". (see plan)

TABLE 3

Percentage fruit infected with black spot and
"melanose" on 8th August, 1960 after exposing
the fruit to different sources of inoculum

during the first four months after blossoming.,

Percentage fruit

with black spot l

s Py

Number | .
Treatmont | Codd  of <5 | >5 Po?oentage fruit
: spots | spots Total | with "melanose"
fruits
per per A ‘
fruit fruit i
Twigs Al | 259 13.9
Control Pl 268 643
Control P2 541 .6
?reeﬂ c1| 188 | 2.1
caves
Control P3 356 2e3
Dead
leaves Dl 275 | 8.0

Control | Pal 272 | 6.2
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On 29th Septcmber the rest of the experimental trecs were
harvested and examined for black spot and "melanose'". For
every 3 trees per trecatment, an untrcated tree in the adjacent

row was barvested for comparison (21, Z2, Z3 and Z4)

TABIE /.

Results on the incidence of black spot and "melanose"

on the fruit of young Valencia srange trces after the
application of inoculum from differcnt citrus plant

materials.

Number: fruits

- Percentage <fruit Porcentage fruit
|
; infected with
| Number with black spot . "melanose'
Treatment GRS 1. Gk <5 —>>5 | Total %| Mean

spots| spots| black | of |
Iharvested per boT | Mean
fruit] fruit
Twigs % 0.1
| ' 445
1 63;8: 5:5 i 6.7
| Fruit
N . 5663
il 318 | 46.8 | 5342 3744
leaves | |
| C3 342 4447 h 15a 6 60,3 ; 57+ 6
L C4 368 35.1 | 44.0 | 52.5i 41.6 | 45.5
| Control | Z3 | 330 16.6 | 12.85 2944 ! ? 0.6 |
| l ' | - ;
Dead - D2 293 1.3 i 11,0 1243 : 3l
leaves . i
D3 ’ 325 11,7 1567 27 ¢4 ‘ 0.0
D4 | 220 ;27.9 | 24.4! 52.3| 30.7; 0.0 | 1,0
| |
i Control | Z4 221 909 | 10.9' 20 .8 22:8' 6.3 | 199
i mean percentage fruit with black spot for all controls.,

+ mean percentage fruit with "melanose" for all controls.
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5 _DISCUSSIOX

On bhoth dates of harvesting inoculum from twigs, fruit
and leaves above the trees causcd an appreciably higher
incidencs of black spot than in the controls or where dead
leaves were plac.d under tac trecs. Trece B4 had an unex-—
peccted low incidence of black spot, for which there may be
many explanations., The tree did not look diffcerent from
the others, except that it was slightly smaller. Where
dead leaves were placed under the trees the incidence of
black spdEfEZt higher than the untreated controls, except
D4 (Table 4). This tree, (D4) was as healthy as the others

with no outwafd signs of debilitation.

1t was stated bafore}that ripe perithecia were found
on only a low percentage of the dead leaves wlhich were used
in trcatment D. It is almoet impossible to give a true
refiection of the inoculum potential on such leaves.  But,
the leaves came from a badly infected old Valencia orchard.
A large number of leaves on which ascospores were found were
placed undcer cach trec. A1l this suggests that ascospore
inoculum was present. It is known that fruit on young trecs
is less prone to black spot than fruit on old trees, It is
also possible that the ascospore density must be greater for
young trees to causc infccetion and symptom expression. The
spore density around D4 might have been higher than D1, DZ,

and D3. The inoculum potential could have varied considerably

throughout this trial.

The results scem to discredit the idea that ascospores
are important in the cpidemiology of black.sﬁot, but such
a conclusion is undoubtly premature. Environmental
conditions in a young orchard are very different from those
in an orchard of old treces., There may also be considerable
physiological differences between fruits from young trces

and fruits from }jld treos.

A large percentage of black spot lesions on the fruit
of trecs where infected fruits were used as an inoculum
source, must have been due to infcction by pycnidiospores.
Ascospores ware never found on fruit and there was no doubt
about the presence of pycnidiosSporcs. Like all the other
treecse a certain amount of "natural infection took place as

shown in the results of the untrcated trees.
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Where green leaves with black spot lesions were used
as a source of inoculum pycnidiospores were likely to have
been the causc of infection. Whon the leaves were removed
they were examined and, although pycnidia developed in large
numbers while the leaves were above the trees, not a single
perithecium was found. Yet, the human eye is fallible and

a possibility of ascospore infection from these lcaves can

not be cxcluded,

There is considerable doubt as to the cause of infection
where twigs were used as a sourcc of inoculum,. Examination
of the twigs revealed large numbers of fruiting bodiscs of

Diplodia and Collctotrichum species but no pycnidia or peri-

thecla of G. citricarpa were observed. Nevertheless, the
possibility that onc or both kinds of sporecs were present
cannot bc discarded. Neithser can one ignorc the possibility
of infection by mycelium fragments which could have becn

washed down by rains from the twigs.

The incidence of "melanose" forms an intercsting pattern.
"Mclanose" symptoms were rarc in the uatreated controls,
the twig treatment and wherc dead leaves under the trees were
used as a source of inoculum, but abundant where green
leaves and infected fruit were used. No pycnidia orxr
perithecia of Diaporthe citri were observed on any of the
citrus plant materials used as inoculum sources. According
to Fawcett and Lee (1925), fruiting bodies (pynidia) of

D citri are found on dead branches, but very rarcly on

fruit.

1f one disregards treatment A, where considerable doubt
oxists as to the cause of black spot infection, "melanose"
was severe on the fruit where thecrewss a reasonable degree
of certainty that pycnidiospores were the cause of infection

(trcatments B and C).

It is also possible that the so-called "melanose" symptoms
are caused by pycnidiosporces and/br ascospores of G. citricarpa
when infection takes place at a certain stage of fruit develop-
ment., There 1s more evidence in support of this theory which
will be discussed later. It is perhaps unfair to make firm
conclusions on the results of this experimont, which has many
shortcomings., The reosults indicate strongly, howevcr, that
ascospores from dead leaves are not the only source of infection
and that dead twigs, infected fruit and green leaves with

lesions must not be overlooked entirely.
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Boe SUACONAL  DLVELOPVMENT OF PIRETHECIA

The role of ascospores in the epidemiology of black spot
was discussed by Kiely (1948) and Wagor (1952).

Kielyy in particular discussed condition§ﬁdﬁgh must be
fulfilled for ascospore development. He demonstrated that
spermatogonia, pycnidia and perithecia developed from latent
infections present in green leaves., Alternative wetting and
drying of green leaves favourad the devolopment of these
fructifications., Kiely also pointed out that leavcs which
dropped during wet weathcer were often overgrown by acervuli of
Colletotrichum glocosporioides or were broken down by bacteria
without developing fructifications of Q. citricarpa. He also
found that lcaves that fell during moderately hot weather and
wilted initially, when evening dows followed hot weather,
rreves were most liable to develop fruiting structures. Very
hot weather during the first few days after leaf drop did not

favour fructification,

1t appears thereforc thaty, az in the case of Venturia
inacqualis (CKe) Wint. and related fungi, climatic conditions and
time of leaf fall vitally influence perithecium formation and
agscosporce development, Kicly (1948) maintained that ascospores
are present in the orchard atmosphere throughout the year, but
our results revealed that spores are only trapped during periods
of rain and that many morc ascosporcs arc caught during summer

than the winter months.

le INVUSTIGATIONS

In ordor to investigate the cffect of the time of leaf

fall on perithecium dovelopment, leaves approximatoly one to

two years old, wcere picked at different timos of the ycar and

exposcd to orchard conditions. In all cases the leaves were

picked from old severely infectced Valencia orange trecs,

each date as indicated in Tables 5, 6§ and 7 below, 50 leaves

were picked by hand. Wooden boxes filled with a sandy loam

orchard soil were buricd in an old orange orchard. The soil

in the boxes was level with the so0il in the orchard. Tho

ilecaves were placed on the soil in the boxes and covercd with

wire mesh for protcction. The leaves were examined for
perithecium development at least once a weeck and sometimes

more often.
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Effect of time when leaves were picked on ascospors

development when leaves were exposed to natural cédnditions,

1959 - 1960.

;Date when

Loaves woTre |

Nunmber of days
after picking

were observed

Date when firstl cxposure period

.y e --IPiPC BSCOSPOTCH}.
Spermatogonia | First ripd P P

Rain during

ount

Ficked observed '§§:Zi$g§e~ t(mm) doys |
f 10/8/5% 20 88 6/11/59 46,2 10 i
- 1/9/59 15 70 10/11/59 2Ce3 10 ’

30/9/59 16 55 | 24/11/59 6440 15 |
| 25/10/59 | ~ 54 | 18/12/59 19949 19 |
| 25/11/59 11 49 13/ 1/60 282.0 17

3/ 1/60 | 10 51 | 23/ 2/ 185.9 22 l
; 14/ 2/60 | 14 56 9/ 4/60 1102, 6 17 ]
TABLE 6

Effect of time when leaves were picked on ascospore development

when leaves weroe exposed to natural conditions

Date when
~ leaves were

i
I

First ripe ascospores

observed

eXxposure

1060 -~ 1961,

Rain during
period

|

i picked No. days

| after

! picking

| _

25/ 5/€ -

- 20/ 6/60 130

| 23/ 7/60 104

| 21/ 8/60 15 1
1/11/60 50 21/12/60 |

Mean 89,8 - 8.8

+ Asci with immature sporus,

| further observations.

Decay too far advanced for

% Only fragments of leaves laf+t.

W*
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TABLE 7

Bffect of time o tHmme when leaves were picked on ascospore

development when leaves were exposed to natural conditions
1961 - 1962,

First ripe ascospores | Rain during
observed exposure period
Date when '
leaves were No. days "7
picked fter Date LZE
picking angy
| | - '
6/ 6/61 145 29/10 /61 87.7 10
12/ 1/61 119 - 8/11/61 101.7 8
8/ 8/61 | 92 | 8/11/61 83.2 T
1/ 9/61 - - 8/11/61x 73.7 | 5
10 /10 /61 | 63 ' 12/12/61 91.1 T
| Mean ' 104.8 - | 87.5 | Te4

# Asci with immature ascospores were observed, but the

date of the first mature ascospores was not recorded,

2e  DISCUSSION

- It is remarkable that in all three scasons during which

these observations wcre made, ascospores matured rapidly
towards the end of October to the beginning of November. In
most cases immaturc asci were observed long before the first
ripe ascospores worc seen. Rain, dewy, atmospheric humidity
and temperature play important roles in the dcvelopment of
perithecia (Kiely, 1948). Observations during 1959 - 1960
scem to indicate that there was a correlation between tho
period of ascospore formation and the amount and frequency
of rain, but results during the subsequent scasons did not
support these observations. Rain or water is undoubtedly

an important factor for perithecium development.

One point must be made clear: The fact that ripe
ascospores werec found on a certain date does mot indicate that
all the perithecia on such leaves were ripe at that time.

In most cases ripe perithecia werse found on the same leaves

for long periods - up to six weeks. During the 1961-62 season
for example, the first ascospores were found towards the end

of October to beginning of Novembor, but the same leaves were
litcrally loaded with ripe ascospores towards the end of

November. This observation is important.
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Under Letaba conditions considerable leaf-drop occurs
from the end of May to the end of July, largely due to
deamage caused by citrus red mite (Panonychus citri Mo GregoT)
The spores which develop on these leaves may play an important

role in the epidemiology of black spot.

Presumably most of these leaves produce ripc perithecia
during November, which is a rainy month. During spells of
rain these sporecs are discharged and may cause infectione.

If rains are dslayed, until the cnd of November (which was
the case in 1961) large numbers of spores are available to
cause infection with the onset of the summer rains. The

spore trap results confirmed this,

On the other hand, relatively small numbers of périthecia
with ripe spores were found on leaf fragments during June,
July, August and September. As thesc observations were made
on dead lcaves which occur naturally under orchard conditions,
there is no record when they actually dropped. These
leaves were usually very old and decayed and seldom harboured
many perithecia. Tlie determining factors for ascospore
maturation are still obscure, and predictions of ascospore
availability cannot be made by studying weather racords, yet.
By exposing leaves at different intervals every year and by
careful exemination of these leaves, as well as dead leaves
which occur naturally in the orchards, one can gain valuable
information whereby infection periods can be predicted.

This mothod was used last scason at Letaba Istates with
extremely good results. Regular examinations of dead
leaves are laborious, but worthwhile. If such data can
be correlated with weather records, predictions should be
comparatively easy and more reliable. Investigatione on

these lines are strongly recommendéed.

Ce DISCHARGE OF ASCOSPORES

Kiely (1948) obscrved that the ascospores of G. citricarpa were
liberated with explosive violence when a dead citrus leaf with
mature asci was moistened with water. A perithecium was
regarded as "ripe" when the asci protruded partially from the

"ostiole" of the perithecium after wetting for about 30 minutes.

1. DISTANCE OF EJECTION OF SPORLS

The nature of ascospore liberation was studied by

basically the same method as used by Kiely (1948).
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PLATE 2, Agci with ripe ascospores of gé_oitriCarEa

after pressing the perithecium between twoc glass-slides,

PLATE 3, Ascospores of G. citricarpa, caught with a

Hirst spore trap on vascline-coated glass-slides.
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2 Method

One centimeter square picoccs were cut from dead

leaves bearing maturc ascuspores. These pieces were
placed inside a Petri dish on two laycrs .f filter
papcr 1n a centre position with perithecia uppermost.
4 mioroscope slide, treated with vaseline was fixed
with sticky tapc to the insidc of the Petri dish
COVCT. The filter papcr and the pieccs of leaf were
wetted with tap water and the dish replaced. The
distancc betwsen the leaf tissue and the vaseline slide
was regulated by inscriting thin slices of cork under
the filter papers, for shorter distances, or by
lifting the dish cover for longer distances.
Distances betwecn the leaf tisuc and the slide were

cstimated with the aid of calipers in each cass,

b Results

The slides were examined at hourly intervals. The
shorter the distance between the slide and the leaf
tissue, thes more spores were found. At a distance of
le2 cmy only an occasional spore was found., The number
did not increase after 14 hours at l.2 cm, 0.9 cm,
and O.T7 cm but did increcase when the distance was
shorter. Kiely (1948) maintained thet the distance
to which a particular ascospore was ojected depended
on the tire after the first ejection commenced in a
particular perithecium and that the vertical throw

dcecrecased as the time interval increased,

This type of experiment was repeated several times
with minor modifications, but the gene¢ral picture
remained the sanme. These results arc in agrccment with

Kiely's observations,

2. BFFECT OF TEMPERATURE ON ASCOSPORT LIBTRATION

Using the same method as described above, 10 Petri

dishes were prepared with slides and leaf pieces., Five
dishes were placed in a refrigerator at 500 and five at

2500 for 1 hour. The dishes were then taken out and the
filter paper and leaf pieces were thoroughly moistencd with
tap water which was also kept at the respective temperatures.
The Petri dishes woere placed back in the refrigerator and
incubator respectively, but in such a position that the spores

could be shot down un to the vasceline slidcs. All the slides

were examined microscopically after two hours.
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Fresh vaseline coated slides were put in the same

position as the previous ones and examincd after 12 hours.

TABIE 8

summary of number of ascospores liberated 2 and 12
hours after wetting at 500 and 2500.

Temperature Time after wetting ! No. spores cjected

4

BOC j 2 hours 100
2500 ; 2 hours 170
5°G | 12 hours 261
25°C 12 hours 312

This experiment showe that 38008porés are liberated

at cold temperatures.

3. EFFECT OF WATER ON EJECTION OF ASCOSPORES
Water plays an important role in the liberation
processes of spores of most fungi. For the liberation of

ascospores in the Ascomycetcs, water plays an essential role.

Kiely (1948) maintained that ascospores were trapped
"consistently throughout the spring, summer and autumn" under

Australian conditions and the number of spores trapped, "did

not appear to be correlated with periods of rainfall'. He
believed that dew wag important for the liberation of asco-

gpores in Australia.

With the aid of Hirst Spore trap (Hirst 1952) asco-
spores have been trapped on vaseline coated microscope slides
since 1950, These slides were carefully examined under the
microscope and detailed records wure kept of the numbers of

spores caught, as well as of weather conditions,

Spores were never found in the orchard atmosphere in
the absence of rain. Neither were any spores caught during
or after flood irrigations, not even when irrigation water
was applied during the periocd November to February. A
possible explanation for this is that irrigation water cools
off the soil and, although spores are released, they do not
recach the convection streams and thercfore ncver reach the
spore trap orifice. Preliminary temperature measurements
indicatecd that this theory may be valid. Mc Onie (un-
published report, 1962), who has used the same technique of
trapping ascospores since 1960, prescnted data which is in

gencral agreemont with the writer's rcsults,
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e maintained that irrigation water is given mainly

during winter when mature ascospores are not abundant and
that the water penetrates sandy soils too rapidly to cause
thorough wetting of the dead leaves, This explanation is
not accepted here. The writer trapped large numbers of
ascospores in Junc 1961 during rain, but no spores were
caught in the same orchard during flood irrigations. But
under the right atmospheric conditions, (e.g. on a cold day)
it is possible that ascospores will reach the fruit on the
trees after an irrigation via alir currents. One does not
expect that such spores will infoct since there is no free
water on the fruit for germination and penetration. On
the other hand, if such sporcs arc able to remain viable
for long periods on the fruit in the abscnce of watery,; the
picture is changed. Results so far indicate however, that
this aspect is not important in practice undecr Letaba |
conditions. I+ will be surprising if ascospores are not
trapped during sprinkle irrigation operations. Letaba
Estates introduccd sprinkle irrigation on a limited scale

lately and this aspect should be investigated.

Rain was found to be essential for ascosporcs to be
liberated in nature. The amount of rain was seldom im=-
portant. Also, spores were not caught with every raine
On 7Tth December, 1960 a heavy thunder shower fell from
2.00 peme t0 2,30 pem. The temperatures were 840F at
2,00 pem. and 82°F at 2.30 p.m. During the first hour
after the rain commenced, 2491 spores were caught. Rain
continued again from 4 p.m. onwards till late that night,
but no further spores were caught. Altogether 47.5 mm

rain was rocorded for thc wholec period.

On 246th Novembcer, 1961 a very slight drizzle started
at 5.30 p.m. and continued for 16 hours. During the first
hour after the rain commenced 11 spores were caught.

Thorecafter, between 1 and 32 spores were trapped every hour

for 12 hours. Altogether 1.5 mm rain was recorded.

The following expceriment demonstrates how perithecia

from the same leaf and trcated the same way vary in behaviour,.

On 21st March, 1961 a lecaf with numerous mature perithecia

was collected from the orchard "floor" in zn old Valencisa

orangec groveée.
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Five pieces (1 sq. cm) were cut from this lecaf. To
the inside of each of 5 Petri dish lids a piecec of lecaf was
placed on four layers of filter papecr. A piece of fine
gauze wire was placed over each bit of lecaf and filter
paper and fixed with sticky tape. The lcaf tissues and
filter paper were thoroughly wetted with tap water. A
‘microscope slide, coatcd with vaseline, was placed directly
under each bit of leaf on a layer of wet filter paper in the
Petri dish. These slides were rcmoved at hourly intcervals

and replaced with other vaseline coated slides. All dishes

were kept in an incubator at 3000.

On the slides of the first Petri dish 560 ascospores
wore observed after the first hour. The number of spores
liberated during the second hour were 185, the third hour

81, the fourth hour 12, and thercafter nothing.

From the piece of leaf in the sccond Petri dish no
spores were ejected after the first three hours. After
four hours 26 sporecs were cqunted, but 102 were liberated
after five hours, 42 after six hours, 45 after seven hours

20 aftor eight hours, nine after nine hours and thereafter

nothinge.

Examination of the slides in the third dish showed no
spores for nine days. On the %9th day it was placcd in the
sun for %~hour and molstencd again. Spores were only

cjected for three hours and never again.

In the fourth dish 20 spores were caught after the
first hour. Between 6 and 41 sporcs were counted for the
next ten hours. There was nothing for two hours and then
a consistent, but low number of sporcs were observed for
seven days. When this picce of leaf was dried in the sun

for 4 hour on the eighth day and moistened again only 5

spores were caught during the first hour, but none afterwards,

In the fifth dish the pattern was much the same as in

the first, but spores wore observed for scven hours after

wetting,

An intercsting observation was that in all casces large
numbers of malformcecd ascospores were observed Jjust before
spore liberation stoppced completely. Thcese spores varied

much in size and shape and are shown on Plate 4.
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citricarpa.

Malformed ascospores of G.

PLATE 4.



University of Pretoria etd — Kotze JM 1963

These spores were given ample opportunity to germinate
and although normal spores germinated frcely, thc malformed
spores failed to germinatce even after nearly 100 hours at
2500 on P.Dsd. mediun. These malformed spores woere

froquently observed on slides of the Hirst spore trap.

A possible explanation for the difference in spore
liberation from the various pieces of the same leaf may
be due to variations in porithecial age and maturity.
It was often obscrved that perithecia may develop first on
one particular site on a lcecaf and when the leaf was placed
in another position new pcrithecia developed at another
site. On the same leaf one may therefore find perithecia
in various stages of development. From some bits of leaf
all the spores were releascd during a éhort period, whilc

in another case spores werc released over several days.

4o ASCOSPORE DISCH.RGE THROUGH THE YEAR

The consensus of opinion among all research workers

who published after 1948 is that ascospores on decad leaves
under the trceces constitute the major source of inoculum

for the development of black spote The evidence for this
assumption is circumstantial and it may still take many yecars

before this thecory is proved (or disproved).

An examination of dcad leaves for the precscncc of
ascospores provided useful information in the past as a
guide of the inoculum potcntial, It must be borne in
mind, howevcr, that sporcs may be rcleased, but fail to
rcach air currents for some rcasones Under these circum-
stances the spores are of no importance. In order to

determine the presence of ascospores in the orchard

atmosphere during the infoction period a Hirst volumetric

spore trap was used (Hirst, 1952). This instrument was

in operetion since September 1950,

Zhe 1959 - 1960 scason

The trap was placed in the centre of a plot of
0ld Valencia trees on a stand, with the orifice 5 fect
above the ground, Electric power was not available
at that stage and the suction pump was opcecrated by a
JelhePo petrol cngine. This engine worked fairly well
during thec initial stages but gave considcerable trouble

later. This was unfortunate because a breakdown

occurrcd sometimes during a period when spores werce being

caught. A native boy was on duty all the time to

report break downs, but when a break down occurred during

the night information was lost,



University of Pretoria etd — Kotze JM 1963

30.

The trap was in operation from 2nd September 1959
and the first rain fell on 13th Septcmber (ll.Bmm).
It rained again on 26th September (0.6 mm) and 19th
October (3.5 mm) but no spores were recorded during
that period as shown in Figure 1. The first spores
were recorded on 20th October. Until the middle of
November comparatively low numboers of spores were
caught, but the numbers increased considerably from
mid~November onwards. Although the results for
this scason are incomplete , the relatively low numbers
of spores trapped during September and October were

important information as later discussions will show.

b 1960 ~ 1061 season

The trap was placed in a 20-year old Valencia
orange Zrove. Once again the orifice was 5 feet
above the ground. Thce sporse trap operated from .
1st Soptember 19€0. The results. are presented in

Figure 2.

From mid~December 1960 to mid-March 1961, the
spore trap was not in operation due t0 an overscas
tour by the writer. The results are prescnted for
the rest of the season. As in the previous season
it rained twice during Seoptember but no spores were
caught. During October rain was recorded on four
days as in the previous year but spores were caught
only on two occasions. A total of 50 spores were
caught during October 1960 compared with 22 for
October the previous year. On 9th November, 320
spores were caught and again 56 on 10th November but
nothing was caught on the 1lth, in spite of 48.1 mm
rain for that day. This must be rocgarded as a possible
infection period as 3 wet days followed the rather

heavy spore discharge of 9th November.

Although a large number of spores wecro caught on
14th November, the wet period was probably too short

to cause many infections.

After 14th November spores were trapped regularly
during spells of rain. The number of spores trapped
during the first half of Decembor was higher than for
any othcr month. It is of interest that considerable

numbers of spores were caught in June 1961,
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Ce 1661 ~ 1962 season

The trap was operated by an electric motor during

the whole season. This was a great improvement on the

petrol motor.

During the 1961 - 1562 season the trap operated in
a l2-year old Valencia orange orchard, with the orifice

3 feet above ground. The results are presented as graphs

in Figure 3-

Although this was the only season when ascospores were
observed on spore trap slides during September, the numbers
were comparatively low (6). The months October, November
and December were drier than usual, Long periods of
continual rain did not occur during November and December
as in the previous seasons. The number of spores trapped
during November, December, January and February nevertheless

were relatively high as in the previous seasons.

Be DISCUSSION
It is of interest that from 8th to 15th November 1959

there was only one rainless day and 375 spores were trapped
during that period. A spray experiment carried out at the

same site where the spore trap operated showed that considerable

infection took place during that period.

The second highest number of spores ever caught on one
slide was recorded on 19th January 1960 when 20.3 mm rain was
measured. Not nearly so many spores were caught on any other
occasion in that year although it rained more than 20.3 mm on
9 different occasions while the spore trap was in operation.

It oftén happened that no spores were caught during light

rains .
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D. GBERMINATION OF ASCOSPORES

Germination studies were carried out with ejected ascospores
which matured under natural conditions in an old Valencia
orange orchard. Leaf pieces, with mature ascospores were
soaked in distilled water and fixed to the inside of a Petri
dish cover as described before. The srores were allowed to
shoot out for 25 minutes onto a microscope slide, which was
treated with a thick layer of potato-dextrose-~agar with a pH .
of 5.9. The slides were removed carefully and placed in Petri
dishes, lined with moist filter paper. Altogether nine slides
were prepared as above. The number of spores per slide varied
Ifrom 89 to 421. Three gslides were placed at each of the
following temperatures: 15°C, room temperature (21°- 23°¢)
and 30°C. *

The results are given below:-

TABLE 9. Germination of ascospores at different temperatures
on P.D.As medium, (pH 5.9).

germinated after

Percentage s
Temp.
15°¢

| 9
21-23°C
29.5" C

@ It was impossible to count all the slides

within an hour.

It was originally decided to examine these spores at
intervals until 100%'germination wag obtained. This was
impossible because saprophytic fungi overgrew the ascospores

and observations had to be abandoned.

Although observations on ascospore germination were
carried out on several occasions, using surface sterilized
citrus leaves, water suspensions and artificial agar medium,

the percentage of spores which germinated was never more

than about 75%.

Germinating spores did not absorb analine blue stain,
although the germ tubes were stained. The jelly caps at
the ends of germinating spores became clearly visible under
the microscope. The germ tubes appeared at the centre of the
spores and not at the ends as described by Wager (1952).
More than one germ tube was never observed per spore,

although the young hypha may branch immediately after leaving
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the spore.

Appressoria are brown in coloﬁr, and thick walled,
There is usually a hook at the end of the appressorium.
Appressorium formation was observed in one case, 18 hours
after the spores were shot out. In other cases up to 75 hours

passed before appressoria were formed, and occasionally no

appressoria were formed at all.

E. INFECTLCN
L SYSTEMIC INFECTION

Sueda (1941) claimed that infection of fruit and leaves
occurs by the movement of mycelium from infected tissues. He
established that the fungus spreads to new citrus plants
through the grafts which are already infected, but that the
growth of the fungus in the tissues of the host is slower than
the host. Schiiepp (1960), without giving much detail, claimed
that the mycelium of G.citricarpa grew more than 10 inches

through citrus plant tissue within 3 months.

a. Investigations
On 1lth November 1959, ten buds from old, heavily

infested Valencia orange trees were T-grafted on 3 young
Valencis trees in pots which were obtained from Zebediela
Estates. These young trees were kept on the verandah of the

laboratory where they were protected from rain and received no

more than two hours sunlight per day.

Nine of the buds grew. On 9th March 1960, nearly four
months after grafting, pieces of bark, 3 mm. square and 2 mm,
thick were cut from the new shoots. Three pieces were cut at
in 3igtances from the base of the shoot and then every inch,
+i1]1 a distance of 5% inches. Altogether 162 pieces of bark
were cut from the 9 shoots. These pieces Wwere first washed
for 1 minute in 90% alcohol and then for & minute in 0.1%

rercuric chloride. After five washings in asterilized water

s

they were placed on P.D.A. slants. Colletotrichum glocosporioides

grew out of 10 isolates. g, citricarpa grew out of 2 isolations.
These two cultures grew from two bits of bark, isolated from

the same shoot, 4+ inch from the original bud.

Eight months after grafting, 21l the lecaves from these
shoots were picked and treated as prescribed by Kiely (1948)
to allow fruiting bodies of G. citricarpa 1o develop.
Control leaves of the same age were collected from an old
Valencia orange tree. After submitiing these leaves for 33
months to this wilt treatment none of the leaves from the

grafts showed any signs of fructifications while those leaves
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from the old Valencia orange trees {(control) showed

spermatogonia after 3 weeks, and large numbers of pycnidia
developed later.

To investigate whether mycelium infects fruit systemically,
ten young Valencia trees in pots were left outside from
September 1959 to August 1960Q. From these 10 trees 24 fruits
were harvested in August and all showed "melanose" and typical
black spot lesions. Five of these trees were then placed under
the verandah of the laboratory, while the other five were left
outside. All the trees flowered normally and set fruit. On
28th August 1961, 13 fruits were harvested from the trees under
the verandah and 18 from the trees outside. All the fruit
from thé tress which were left outside showed "melanose"
symptoms and an average of 7.9 black spot lesions per fruit.

No disease symptoms developed on the fruit of the trees which
were kept out of the rain. After incubation of the fruit for
14 days at 28°C an average of 19.0 spots developsd on those

which remained outside, but no symptoms developed on the fruit

which were kept inside.

Ten isolations per fruit were made at random from each
of the "clean" fruits and the apparently uninfected areas of
the infected fruit after the incubation period. Not a single
isolation from the "clean" fruit produced any fungus growth
while 24% of the isolations from the outside fruit produced
Colletotrichum glocosporioides and 15% Phoma titricarpa.

During the 1961-62 season those trees which were under
the verandah were placed out in a 20 year old Valencia orange
orchard and those trees which were outside were placed on the
verandah. Only one fruit matured on the verandah, but no
symptoms appeared, not even after incubation for three weeks.,
Seven fruits matured on the trees in the orchard and all were

showing "melanose" and black spot symptoms.
b. Conclusion

The evidence of movement of mycelium into newly formed
twigs of Valencia orange trees 1s rather negative except in one
case where the mycelium moved approximately %-inch in 4 months,
No evidence cculd be found that fruits become infected by the
movements of mycelium. Where fruits were bagged at the time

of blossoming or shortly afterwards to prevent infection by

spores as described later, the fruit remained lesion free.
(See Tables 12 and 13).

It may be argued that factors such as rain, sunlight

and high temperatures are essential for the movement of the

mycelium from infected tissues to newly formed twigs, leaves
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and fruit. It is conspicuous however, that neither Sueda
(1941) nor Schitepp (1960 and 1961) who were strong supporters
of the "systemic infection theory"mentioned any of the above
factors. In the light of the information so far, systemioc
infection seems to be of minor importance in the epidemiology
of black spot on oranges. Schlilepp's results were apparently
obtained with lemon trees which were very susceptible to black

SpOt @
2.  INFECTION WITH PYCNIDIOSPORES

Kiely (1948) indicated that infections were caused by
pycnidiospores produced in cultures on sterilized Valencia rind
tissues. Wager (1952) also presented evidence of pycnidiospore

infection.

It was decided to investigate the possibility of

pycnidiospore infection.,

a. Investigations
The methods used were similar to Kiely's but slight

modifications were found necessary.

On 18th November 1959 several hundreds of unopened out-
of -season blossoms on five old Valencia trees were enclosed
in brown paper bags which were reinforced on the seams with
paraffin wax. On 3rd January 1960 the bags were removed on
a warm sunny day.Only T3 fruits set. All these fruits were
carefully cleaned with distilled water and cottonwool to remove

dust or any foreign spores that might have been present.

From 28 slant cultures of P. citricarpa, isolated from
jinfected Valencia fruit rinds, a spore suspension was obtained
by scraping the surface of the cultures gently with a blunt
sterilized needle and washing the spores off with sterile water,
A spore suspension containing approximately 1,500 spores per
cc., was evenitually obtained. Fifty of the fruits were then
dipped repeatedly in the spore suspension. Thin strips of
abasorbent cottonwool were then dipped in the spore suspension
and placed loosely over each fruit. After this, a small plastic
bag, containing wet cottonwool was slipped over all the fruits
snd tied with string, with non-absorbent cottonwool between
the twig and the plastic bag to prevent any spores that might
be washed in by rain. All this was enclosed in a brown paper

bag. After four days the plastic bags were removed, and the

brown paper bags were replaced,
Oon 2nd February 1960, 25 fruits were treated in the
same way e

The ages of the cultures used for the inoculations were
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25 days and 31 days respectively. Tiny fragments of mycelium

were also present in the spore suspension.

On lst October 1960, when the fruit appeared to be mature,.
all were picked and examined, The fruits were stored for 14 days

at 2700 and examined again., The results are given in Table 10,

TABLE:1O Table showing black spot lesion development on

fruit after inoculation with pycnidiospores of

Phoms, citricarga.

Total No. Black ; No.,fruit

Treat- Dates of
ment inoculation spot lesions, | showing
No. ' | i "Melanose
' 1 2 At | 14 days symptoms
picking incubation

A 3/1/60 | 26/2/60 5 (3fruits)] 13 (5fruits) | 2

3/1/60 - | T 32 (1fruit) 4 (2fruits) 0

C control 1 > O 0 | 0

The results in the above table indicate that
pycnidiospores infected the young fruits..

The prosence of '"melanose" symptoms is another indication
that P.citricarpa is is under suspicion as the cause of this
particular kind of symptom.

Laboratory experiments showed that the fungus enters
through stomata of lecaves. Five young Valencla orange leaves
(approximately one month 0ld) were picked from young trees which
were growing in pots under the laboratory verandah. These
leaves were thoroughly cleaned with cottonwool and distilled
water. One leaf was placed with its underside up in each of
five Potri dishes which were lined with moist filter paper.
From a threc week old P.citricarpa culture on P.D.A. medium,
blocks of 2 cm. square woere cut and placed on the leaves,

Those blocks and the leaves were kept moist with sterile water.
The Petri dishes were scaled with scotch tape and placed in

an incubator at 2700. Aftor 72 hours the leaves were examined
microscopically and numercus gorminating pycnidiospores were
observed as well as mycelium penetration through the stomata.
By using the cellulosc acetate film method, described by
Petersen (1956) a photograph was taken of this phenomenon

(Plate 5.)

Tn other cxpeoriments where pycnidiospores were used for
snfection studies on leaves as described above no success was
achieved. The penetration of the stomata as shown on Plate 5.

was presumably the result of mycelium infection and not by
germinating pycnidiospores.,

—
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PLATE 5., Mycelium penetrating stomata of a citrus leaf,



University of Pretoria etd — Kotze JM 1963

37.

b, Conclusion
Results presentcd by Kiely (1948) Wager (1952) and the

results discussed here, show that pycnidiospores can cause

infection. The relative importance of pycnidiosporcs in
nature will depend on the availability of inoculum in the trees
on whether or not they are airborne; their viability and

weather conditions.

During continuous spells of soft rain, pycnidiospores
ooze out and into the water drops on the fruit, carrying
concentrated spore suspensions, Tear stain marks are often
observed on fruit which might have been caused by such drops

containing heavy spore loads,
3 INFECTION WITH ASCOSPORBS

The fact that ascospores did not develop freely on the
artificial media used in these studies hampered investigations
on infection. Dead Valencia orange leaves with ripe ascospores
were used in these studies. These leaves were carefully
oxamined for the presence of other fungi. Five leocaves were
eventually found with very many ripe perithecia and no fruiting
bodics of other fungi. It is of course highly possible that

saprophytic organisms were present in the leaves.

a, JInvestigations

This exXperiment was carried out on the fruit of an old
Valencia tree. Large numbers of blossoms were covered with
brown paper bags on lst. Scpiember 1960, On 3rd December the
paper bags were removed and the fruit thoroughly cleancd with
distilled water and cottonwool. The old leaves with the
ascogpores were soaked in water for about 10 minutcs., A leaf
was placed on each of five fruits to allow the spores to shoot
out onto the rind of the young fruits. Aas described before,

o thin strip of moistened cottonwool was placed over each

leaf and covered with a small polythene bag containing moist
cottonwool. Paper bags wore slipped over the plastic bags

and were firmly fastencd. Two days later, the bags were romoved
and the old lecaves and cottonwool were moistened again. The
plastic bags were removed five days after commencement of the

experiment, but brown paper bags were replaced until the fruits

were picked on the 15th September 1960,

Soventcen fruits which were left as controls received

oxactly the same trecatments as the 5 inoculated fruits, oxcept

+that the old leaves with the ascospore inoculum were left out.

When the fruits were picked none of the control fruit

showed any disecase lesions, but on one fruit two lesions
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appcarcd on the "shouldcers" after incubation of 14 days at

2700. These two lesions might have been the result of spores
that washed in along the stalk by rains. The possibility of
systemic infcction as described carlier cannot be excluded
however. Of the five inoculated fruit, 3 showed typical black
spot lesions (hard spot and freckle spot) but two exhibited
"melanose'! symptoms round the arca where the lesaves were
situated on the fruit. (Secc Plate 6,) After incubation all
five fruits developed hard and virulent spots. On the two
fruits showing "melanose" hard spots developed within five days,
just below the "melanose" ring but after 14 days about one third
of the rind surfaces developcd into one big virulent spot,

showing myriads of pycnidia.

The leaves with which the fruits were infccted, were
thoroughly examined before the inoculations. It is fairly
certain that no fruiting bodics of Diaporthe or Phomopsis

were present on these locaves,

It is suggested that a hcavy spore susponsion of G.citricarpa

which caused numerous infections close together, gave rise to these

"melanose" symptoms,

b, Conclusion

Kiely (1948), Calavan (1960) and Schllepp (1960)
considered ascospores as the most important source of
infection in the epidemiology of black spot. Although much
basic rescarch is still necessary on infection, considerable

information is available to substantiatec the theories of the

above workers.
4, INFICTION PERIOD

Earlier workers, both here and in Australia, showed that
the best control is obtained by applying a number of copper
fungicidal sprays during the first fow months after blossoming,
The major break-through was made by McCleery (1939) whoen he
showed that "the main infection period extends from blossoming
until approximately 20 weeks later". Kiely (1950) concluded
e ueess™f orange crops were to be protected from black spot,

preventure spraylng programmes would have to start when the

fruit was quite small, as infection commenced apparcently

shortly after blossomingeesece”

Wager cvidently accepted that Kicly's results are valid
under South African conditions. Wager (1950) recommended
that the first spray should be applied at the two-third pctal-
drop stage followed by two more sSprays at six weekly intervals,

This rccommendation was followed by the Citrus and
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PLATE 6., A Valencia orange showing "Melanose"
symptoms after the fruit was infectecd with ascospores
on a dead citrus leaf.

Note that no symptoms deve10ped under the leaf, but

around the area occupied by the dead leaf.
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Horticultural Resecarch Station at Nelspruit. Wager (1952)
reported thats "In different scasons.....both good and bad
results have been obtained when either the first or 3rd sprays
had becn omitted, or when all three sprays werc two or three
waeks latcr than they should have becen applicd. It probably
all depends entirely on how much rain or dew there is at that

time of the year.

Kotze, (1961) and unpublished reports of A.P.Fochessati ¢
and K,C, McOnie+ indicated that the onset of the infection

period is much later than the end of September (petal-drop).

For the establishment of a fungus epidemic, the

synchronization of threce conditions are roquired, viz:

a. Availability of a susceptible host,
b. Availability of the pathogen.

¢, Optimum weather conditions for infection.

Bvidence that fruit susceptibility decrecases with time
will be discussed later, The pathogen may be abundant in
‘the citrus orchards, but the availability of viable sporoes
depends largely on climatic conditions. Weather conditions
play a dominating role in the development of the spores, thelr
liberation, distribution, germination and infection. 4an
infection period during the stage of fruit susceptibility is

therefore guided by weather conditions and not the calender.

(Miller, 1959).

In Tablejy it canﬂbe seen that the average rainfall at
Letaba DBstates for Septcomber is only 17 mm. The blossoming
period is from the end of August to the 3rd week of September.

____—__-_____————————-——————-_—__—
¢ African Explosives and Chemical Industries Limited =

unpublished report 1961,

+ S, African Citrus BExchange, unpublished report 1962,
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TABLE 11. Rainfall in mm, at Letaba Estates 1945-1962,

—_—nmmm——

- Months lZMon‘ch.ly mean | | | |
| | 1945-1962  |1959-1960]| 1960~1961 1961-1962
11.9 Sl 21.7
| 24.4 | 21.6 14.0
| 67.1 118.4 4943
24443 310,6 | 63.6
40.6 42,9 | 7445
15943 208, 3 537
59.4 89.4 35.7
140,3 14343 89.8
May | 2449 21,6 | 4.1 4.2 |
June h 8.4 13.5 42,5 0.0
l July | T4 8.4 18.5 0.0 ’
| Aug. | - 543 0.0 E 9e5 2,0

|

814.0 790.8 1014,2 {  408.5

The full petal-drop stage is usually reached towards the
end of September, Small frulits are therefore available for
jnfection from the beginning of October onwards. The average
rainfall for October is 46.2 mm, which is higher than the
recorded October rainfall for any of the three seasons during
which this investigation was carried out. The number of

ascospores trapped during October were comparatively low for

the three seasons.

Preliminary investigations were carried out during the
1959-60 season on the infection period. This was done by

a, taking rain records,

b, trapping ascospores,

c. covering fruit at different stages and

d. spraying experiments.

The results a. and b, were given in Figure 1.

Brown paper bags were placed over approximately 50 fruits
on the following datess 15th October, 1959, 10th November, 1959,
19th November, 1959, 23rd December,1959, 20th January, 1960,
On 15th October 1959 an additional 50 fruits were tagged,
but were never covered. This experiment was carried out on
five 0l1d Valencia trees which received no sprays for the
control of black spot. - All the bags were removed on 31lst
July 1960 to allow the fruits to colour and mature under
natural conditions. The fruits were harvested on 19th.

September 1960 and stored in the laboratory at room

tempsrature for 15 days befors examining. The results are
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tabulated below:

TABLE:12. The effect of bagging of fruit at different intervals
on the incidence of black spot during the 1959-1960

ScasOIlle
| Period of exposure No,of ‘ Total Averag? number
| 40 infzction fruits 5 number of of lesions per
l surviving ' lesions frult
Blossoming 15/10/59 | 10 8
' " 10/11/59 21 | 28
" 19/11/59 | 18 | 108
" 23/12/59 | 25 1757
" 20/ 1/60 | 26 2080
L Never 34 | 3100
covered |

One can deduce from this expsriment that 1ittle infcction
took place between blossoming and 10th November 1959.
Infection that occurred from 10th to 19th November resulted in
an increase from 1.3 to 6.0 spots per fruit. From 19th November
to 23rd December there was a sharp increase in the number of
spots, from 60 to 70,3 per fruit, 1t is possible that some

infection took place even after January.

By following a staggered spray schedule the effect of
spraying with Bordeaux mixture (24: 23 100) on the incidence
of black spot was investigated, during the 1959-1960 season.

This was a randomized block exporiment with 7 treatments,
cach with 10 replications of singlc tree plots. An orchard
of old Valencia trees were used. Records were taken during the

first week of September 1960.
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TABLE 13. Table showing dates when Bordeaux mixture was

applied and the results obtained in an experiment
to determine the infection period of black spot

at Letaba, during the 1959-1960 season.

Treat- ¢ . Dates of Spraying Mean % |Inverse
ﬁent 11th 30th 23rd 14th  4th  3lst | fruit  jAro sine
O Sovt Sept  Oct N 7 D infected| trans- L
P SpP cv. . oV. eC. CC . ! Ifoma.‘bion
1 & 19 B | .. ) ..0 .o 1 @ l
1 X X X X
2 o | x X X
3 O O X X
4 r 0 BLY; 0 X
5 0 0 0 | O
6 0 0 0 O
T 0 0 o | O
¢ Full bdlossom (p=0.05)11.6
+ 90% petal drop (p=0.01)17.2
X saprayed

0 not sprayed

A1l the trces were harvested during the second week of

September 1960 and all the fruit was examined.

The results showed that there are no significant
differences between the treatments where spraying commenced
on 11th September 1959 until 14th November 1959. Where
aspraying was delayed to 4th December no better results were
achieved than where no sprays had been applied, The results
in this experiment agree with those obtained in the bagging

and follow closely the ascospore liberation pattern.

An identical experiment was done at Muden, Natal. The
results of that experiment were similar to the one above,
except that the critical time for spraying was in December,

about 3 weeks later than Letaba.

Results on ascospore trapping and weather conditions for

the 1961~-1962 season are given in Figure 3.

In order to determine the period of fruit susceptibility
and to get further information on the infection period
another bagging experiment was carried out., Twenty uniform
trees in a 12 year old Valencia orange orchard in which the
spore trap operated, were selected for.this purpose. There
were 10 treatments, using two trees per treatment on which
100 fruits were tagged and covered with brown paper bags,
except for the periods of exposure as set out below. All fraits
were covered since the beginning of petal drop (20th September)
excopt those in treatment 1 and 10, The fruits were harvested
on the 15th August 1962 and stored in the laboratory at 22-26°C

antil 1lst September when all fruits were examined.,

S
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According to the results in this experiment, no
infection occurred before 15th October. The rainfall was only
21,0 mm, till then and very few ascospores were trapped for the
corresponding period, The first infection occurred between
15th October and 15th November. Thercafter a sharp increase in
the disease incidence occurred as a result of infoection until
15th February., Infection which occurred between mid-January
and mid-February caused so many lesions that they coalesced
and an accurate count was not possiblec, This also applies to
the treatment where the fruits were exposed throughout the
scason, Only 30,8 of the fruit became infected from mid-February
énd to mid-March. Exposure after 15th March causcd no disecase
lesions, despite considerable rains and the presence of
ascospores, This seems to indicate resistance in the fruit of
some nature. There is a striking and rather unexpected
tesemblance between the periods of black spot and "melanose

infection,

To confirm the experiment just described, another was
carried out in the same block of trees. Approximately 150
fruits were covered on two trecs ecach time after a spell of
rain during the 1961-62 scason. The object of this was to
establish the amount of infection that took place during each
period of rain and to get some idea on the period of wetness
required for infection. In July 1962 all the paper bags were
removed to allow natural colour development and ripening.

All the experimental fruits were harvested on 15th August and
astored in the laboratory at 22° o 2500 until lst September,
A11 the fruits were then examined for the incidence of black

spot and "melanose" lesions. The results are summerized in

Table 15.
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TABIE:15, The effect of covering oranges after spells of

rain and ascospore discharges at different stages

during the infection period on the incidence of

black spot and "melanose" during 1961-1962 season.

Trecat- ] Total | % Fruit with Black % Fruit|Rain iﬁpprox.ﬂNo.Asco—{

ments - No., "spot lesions with t(mm) |number | spores |

Period of Survi- . | "Mela~ |be-~ |hours - during

Exposure ing <5 | >5 | | nose" |fore |wet rain

| fruit |spots| spots | Total | lesions|cov-
‘ ' | ering | |

Blossom- | | | | ! | | ﬂ
ing- 30/10/61] 63 6.3 146 | T7.91 1.6 |14.0 . 20 110 x

n o 6/11/61] 86 | 19.8] 1.2 | 21,0 3.5 [38.0| 45 | 43 |

" . 16/11/61] 175 26,7| 1.3 28,0 | 1.3 | 8.3 | 40 | 338

"o 27/11/61] 96 | 21.9| 2.1 24,0 | 3.1 | 1.5]| 10 %2 |

"~ 2/12/61| 93 | 46.3| 3.2 | 49.5, 2.2 |16.7 | 22 | 291

" - 8/12/61) 106 | 45.3)34.0 | 79.3} 8.5 |11 38 238

"o 15/12/61, 97 | 50.5] 33.0 83.5| 13.4 |10.2 | 40 365

"= 19/12/61. 89 51,71 32.6 | 84.3] 9.0 | 7.1| 15 12

n - 27/12/61| 109 39,5| 41.3 | 80.8| 7.3 [18.5| 30 | 75T

v - 12/ 1/62] 96 | 41.7|46.9 | 88.6| 20.8 |19.7T| 29 | 506 |

v _ 15/ 1/62| 92 | 37.0|47.8 | 84.8| 19.6 | T.0| 15 | 559 |

v - 19/ 1/62| 96 20.8| 68.8 | 89.6& 15.6 |28.0| 40 | 1047

"~ 22/ 1/62] 18 26.9 | 61.5 88.4| 19.2 | T.5| 26 348 |

v~ 30/ 1/62| 89 ﬁ 31,0 | 55.2 | 86.2} 18.4 | 12.3 l 27 568

n - 15/ 2/62] 65 | 15.4i 75.4 | 90.8| 24.6 |64.0) 24 |} 422

1 15/ 3/62u 90 i 7.8 86‘7 | 94.5 20uo {. 34.OJ 33 l 355

T 2/.4/621 89 7-9 92'1 | 100,.0 13.5 14-O 26 ‘ 411
' x° = 57343

DF = 16

Dead leaves were regularly examined after the beginning
of September. Until the end of November ripe perithecia were
found only occasionally on comparatively few leaves, but
immature perithecia with asci with non-differentiated spores
were prevalent., From the end of November onwards, ripe
perithecia appearcd on a high percentage of dead leaves. This
information, incidentally was used with great success to

indicate the best times to apply the commercial black spot

spray programme at Letaba Lstates.

Until the end of October 7.9%-of the fruits became
infected but only 1.6% showed more than 5 spots per fruit.
Until 2nd December the percentage fruit with less than 5 spots

increased but the percentage with more than 5 spots remained

From then on fruit became severely infected,

fairly constant.
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Less fruit fell in the less than 5 spot category after 19th
January and progressively more in the "severe" category. This
seems to indicate that infection occurred during that period.

The results of this experiment are given in a graph in Figure 3.

For further information on the infection period a

randomized block experiment was laid out on l2-year old

Valencia orange trees, There were 7 trceatments as set out in

Table 16 with 8 replications of single tree plots per treatment.

TABLE:s 16, Table showing dates when different trees were
spraycd with 2 1b Percenox per 100 gallons water
and the effect of the different treatments on the
incidence of black spot.
Treat— i % Fruit | Inverse
ment Gl RASED showing | Arc sine
' black trans-
No. | 10/10/61 |1/11/61122/11/61 |13/12/61 3/1/62: S0t | formation
| lesions
1 X . X X X X 0.22 2.15
2 X { X X X O 0.73 | 4.40
3 o | X X | X 0 0.93 | 5.48
4 O | X X 0 0 1.70 |  T433
5 | X | O X | 0 X 0.42 | 3465
6 | O X X 10 X 0.25 2,80
T o, 0 0 O 0 32,04 . -
X = Sprayed without control (p=C.05) 1.87
0 = Not sprayed (p=0.01) 2452

The fruit was harvested during the lst week of September
1962. All treatments showed a low incidence of black spot,
If picking could have been postponed to a later date, more
jegions would have developed to show bigger differences between
treatments, but that would have caused groat inconvenience to
the packhouse which finished operations early in September.
In the statistical analysis, the arc sine« transformation was
applied but the results of the untreated control were omitted

to detect differences between t+he other trcatments.,

Evidently, spraying on 10th October, lst November and
13th December had little offect on the control of the disease,
The sprays which were applied on 22nd November and 3rd January

were apparently important.
To a certain extent these results confirm the data

obtained with bagging.

5,  DISCUSSION

Investigations over three scasons lead to the conclusion

that the seasonal pattern of the discharge of ascospores is
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greatly influenced by the occurrence of rain, Hardly any
ascospores were trapped during September and comparatively
few were recorded in October. Correspondingly few ripe
perithecia were found on the dead leaves during that time.

A close relationship was found between the onset of ascospore
dischargss, the onset of rains and the onset of the infection

period,

The presence of spores in the air which settle on the
susceptible plant tissues are of no importance unless the
weather is suitable for infection. When a wet period lasted
a fow hours only, no infection resulted despite the presence
of éscospores. Ascospores germinate and form thick-walled
appressoria., Whether these appressoria can resist unfavourable
weather conditions is a matter to be investigated. I1f they
can resist hot and dry periods, thay may cause infection when

conditions become more favourable.

In February 1960 about three weeks after the pg%al-drOP
stage paper bags were placed over out-of-season fruits of young
Valencia orange trees, The péper bags were removed on the day
when the fruits were picked (15th September 1960). Eleven of
the seventeen fruits showed black spot lesions., These symptoms
could only have been the result of infections during the first
three weeks after blossoming. Considerable rain and ascospores
were recorded during this period. This observation, together
with Kiely's (1948) data suggest that fruit is susceptible to
infection immediately after blossoming. The fact that little
or no infection occurred during September and October must
thercfore be due to the prevailing weather conditions and

subsequently the absence of inoculum.at that time.

It was pointed out that ascospores wefe scarce on dead
leaves during September and October. A spell of rain during
that period may have serious consequences even in the absence
of ascospores, but where pycnidiospores are available. This

S
may be an important factor in the control of blachPespeclally

if pycnidiospores are alirborne. This aspect should be

investigated.

Results obtained with bagging suggest that fruit become
resistant to infection after February. This explains why

spraying with copper fungicides after January has little effect

on the control of the disecase,.

Fochessati (1959) suggested that the poor control of
black spot which growers sometimes experience despite a

three or four—spray programime, is due to the increase in
He pointcd out that the concentration of the

fruit-growth.




University of Pretoria etd — Kotze JM 1963

48

fungicide will decreasc in proportion to the increase of the
surfacc area of the fruit. According to his recsults, the
concentration of copper per unit surfacc will be approximately
16 times lower at the time of the second application (1.0
when the first spray was applied at petal-drop and the sccond
six weoks later). As the season advances the rate of fruit
growth decreases and the influence of this factor on the

residual deposit of fungicide becomes less important.

From the growth curve in Figure 3 the increase of surface
areca can be calculated., Consider a 3-spray programme,
starting at petal drop with a time interval of 6 wceks between
the sprays. Suppose that a fruit is sprayed at petal-drop
stagey that no weathering occurs and no redistribution of the
fungicide takes place. At petal drop (25th September) the
surface area of the fruit is 79 sqemm, and six weeks later
the surface area is approximately 1257 sq.mm. Twelve weeks
after petal-drop the surface arca 1is approximately 4540 sq, mm.
With no redistribution of the fungicide, the unprotected
surface ares six weeks after the first spray, is 1257-79 =
1178 sq. mm,, but six weecks after the second spray application
4540-1257 = 3283 sq. mm, will be unprotected. The unprotccted
surface area between the first and sccond spray is therefore
relatively smaller than the unprotected surface arca between

the second and the third spraye.

Consider another and more practical possibility.
In practice a copper fungicide is used and redistribution does
ocour. If we ignore the effect of weathering, the concentration
of the fungicide per surface area of the fruit, will be
approximately 16 times lower at the time when the second spray
(6 weeks later) is due. If a spray is applied six weeks after
petal drop, the fungicide concentration will be 3.6 times

1ower than the initial deposit, at the time when the third
spray is due (12 weeks after petal drop).

It appears therefore that the interval between the first
and second spray should be shorter than the interval between
the second and the third application., This was exactly what
Fochessati proposed. Our own results showed however, that
1ittle or no infection takes place from petal drop to the
ond of October under Letaba conditions. Under normal
circumstances, protection during the first month after petal

drop is not required. Our studics on the infection period

throe—-spray programme which commences towards

suggest that a
+he end of October should provide better protection

throughout the secason than a 3-spray programme which staris
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at petal drop. A programme which commences later in the
season will be less affected by the "dilution" of the
fungicide due to fruit growth,
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F INCIDENCE OF DISEASE,

Black spot lesions occur primarily on fruit but syﬁ%oms

slso appear on leaves and twigs (Calavan 1960),

1. THE OCCURRENCE OF SYMPTQMS ON LEAVES.

Descriptions of leaf symptoms were given by Kiely (1948),
Wager (1952), Calavan (1960) and Schuepp (1961).

Kiely (1948) stated that leaf symptoms in the Gosford
district of New South Wales are rare on orange leaves but
more common on lemon leaves. Kiely claimed that senile
leaves are more likely to show black spot lesions and that

pycnidia only develop occasionally on leaves.

At Letaba Estates leaf symptoms are now scarce. It is
the writer's impression that leaf symptoms Were more common
a few years ago. In 1959 and 1960 thousands of leaves with
lesions were collected from old Valencia trees in plots 616,
785 and 786 for experimental purposes. During 1961 and 1962
leaf symptoms were extremely scarce. In June 1962 it took
two Native boys nearly 1 hour to collect 200 leaves with lesions
from plot 786.

The apparent decrease in the number of affected leaves
may be due to an intensive pruning programme during the last
three seasons and general improvement in tree conditioen. An
improved spray programme might also have contributed to the

lower incidence of leaf symptoms.

. In order to obtain some information on the prevalence
of leaf symptoms, observations were made at three localities
2t Letaba Estates in September, 1959. Plots 118, 179 and 181
were selected for these observations. These plots were divided
into two equal areas with 40-year old trees on one area and
young 7 year old trees on the other. From each plot 100
jeaves were sampled at random from two old trees and 100

leaves from two young ireew. Care was taken that all data

trees were apparently healthy with no signs of decline.
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TABLE 17 .
Table showihg the incidence of black spot leaf symptoms

on young and old Valencia trees at Letaba Estates, September

1959,
ﬁ % leaves with Black V Average number of lesions'
Plot { Tree spot lesions. per affected leaf.
No. { No. ! - - _ |
Young tres| 014 trees | Toung treo:
118 1 0 2 - 20
| 2 0 0 - -
179 | 3 | o 7 . 12.0 |
} 6 ‘ 0 0 | - -

The trees from which data were taken were planted'on the
same soil type and environmental conditions for the old, and
young trees could not have varied greatly. The results in
Table 17 indicate that old trees have more leaves with black

spot lesions than young trees.

2, THE OCCURRENCE OF FRUIT SYMPTOMS

If discase symptoms occurred only on leaves, black spot
would have been of no economic importance. The fruit 1is

severely affected however.

Kiely (1948), Wager (1952), Calavan (1960) and Schilspp
(1961) described the disease symptoms on fruit in detail.
Kiely (1948) found it convenient to classify the fruit symptoms
into 3 categories, viz. "hard-spot" or "shot-hole spot",
nfrockle spot" and "virulent" or "spreading spot'. There are
various intergradations but Kiely's classification is

accepted and will be followed in this report.

5. Hard spots The type of lesion that develops, depends
mainly on the prevailing temperaturc and the maturity of the
fruit. Hard spots appear from the beginning of March onwards
on the in-season Navel fruits at Letaba and about one month
to six weeks later on Valencia oranges. Fruit of old
debilitated trecs show gsymptoms sooner than fruit on normal
trecos., The fruit rind may still be green when the first

symptoms are observed, but in such cases a vellow halo surrounds

cach lesions
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Hard spot is primarily a pre-harvest symptom but also
develops as a post-harvest symptom, cspecially when fruits are
harvested early in the season. Like the other types of black
spot symptoms hard spot develop more on that side 6f the fruit

which was exposed to the sun prior to'picking,.

b. Freckle Spot: Freckle spots usually occur on Navel
0 Tanges from May ‘onwards and was seldom noticed on Valencia
oranges before June. This type of lesion appears after
considerable yellow colour has developed in the rind and is
nearly always found on that side of the fruit which is exposed

to the sun,

Freckle spot was so named by Kiely because numerous
small light-brown to red spotis appear simultanéously on the
fruit. More than one wave of freckle spots may. occur on the
same fruit (Calavan 1961). The older spots are‘darker in
colour. Individual spots may be so‘close together that they

coalesce to form one big lesion which 1s rather similar to
s tear stain "melanose" lesion. The coalesced freckle-spot

1esions often develop into a virulent black spot lesion.

Calavan (1960) believed that freckle spots originate from
numerous individual infections. It 1is possible that freckle
spots are caused by dense populations of pycnidiospores or

ascospores in water drops during rainy periods.

¢c. Viruleht Spot: From the beginning of August onwards
virTulent spots appear. The appearance of this type of symptom
scems to coincide with peak maturity of fruit and the onset of
warmer weather., This type of spot usually causes heavy losses
to post-harvest fruit in transit to the coast. In most cases

virulent spot arises from apparently healthy but latently

infected rindse.

4. '"Molanosg" Symptomss According to Stevens (1912),
melanose is caused by Phomopsis citri. 1t is not the

intention to challenge any of the previous workers'® results

on melanose,

At Letaba Estates symptoms popularly called "melanose"
appear on fruit of all citrus varieties. During the course

of the investigational work at Letaba Estates, strong

circumstantial evidence was obtained which indicates that
these "melanose" symptoms (or at least some of the symptoms )

are caused by the same organism which is responsible for

blazk spot, viz. Guignardia (Phoma) citricarpa.

"Melanose" symptoms are usually observed towards the

beginning of February on Navel oranges 2t Letaba. On Valencia
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oranges these symptoms appear about one month later.
The most common symptoms are small raised brown dots up
to two millimeters in diameter. These spots start on
green fruits as yellow dots, which become darker and
eventually brown to black. While the fruit is still
green, a yellow halo of several millimeters may surround
the actual spot. The yellow halo disappears completely
as the fruit matures, but a tinge of green may remailn
round the spotsy some of thesc spots may develop into
typical black spot lesions, or the spot itself may be
raised and may look like a scale inscect at a glancc.
The necrotic corky tissue may be scratched off.s When
these lesions occur close together thils may form a con-

tinuous brown cruste.

Other symptoms look like a small brown fungus colony
growing on the fruit surface. There is no hard nccrotic
crust in- the centre. These lesions may be up to five
millimeters in diameter. The centre part usually
collapses with time and a typical "hard spot" lesion arises.

This type of symptom is less common than the previous one.

"Poar streak" symptoms are also commonly found which
are probably the results of hcavy spore suspensions in

rain drops.

3a ISOLATIONS FROM DIFFIRENT FRUIT SYMPTOMS.

Large numbers of isolations were made from the various

symptoms from 1959 to 1962.

ae Mcthods and Materialset Infccted fruits ware
obtained from Letaba Estates or from farms in the Letaba
district,. Isolations were made at various depths of the
fruit rind, by cutting small pieces with a sharp razorblade.
These pieces of rind tissuc were first washed in 90% alcohol
for 1 minute and then rinsed 3 times in sterile water,
VMercuric chloride at 0.1% was used for the next sterilization
which lasted % minute. The piececs of tissue were then
rinsed five times in sterile water, before the plieces wers

placed on P.D.A. medium. This method was standardized and

used throughout for this type of worke

b Roesultse: The results of isolations carried out during

the course of this investigation arc given in tablel8 and 19.
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TABLE 18
Isolations from different typcs of black spot and

"melanose" lesions and fungl isolated at various dates

from different orange fruits 1959 - 1961.

O e e e S S Pl AT SO ST, + . ?
| Type of { Depth )fANO. of Fungi isolated
‘ . Lesion 1 1solat10‘ 1§ola{ Phoma Collo~ | Othors
| Date Fruit | i | tion. totpie i |
| E | chum
f8/8/59 i Navel Hard ;Surface i 25 O E 11l f 1
} M B t Virulent " 25 4 E 13 - 1
s | | | '
110/10/59Valencial Hard 11 mm deep|{ 25 | 1 4 0
s 1 | Freckle |Surface 25 | 6 10 1
" M - Virulent |Surface 25 | 8 11 1
’ " TeaT  igiface | 25 | 15 | 4 | O
j Streak | 1 | ; =
| t "melanosge" ' 1 |
& - | }
8/6/60 [Navel | Hard |Surface 50 1 | T 1
u U - Freckle |Surface 50 20 | 15 2
" " | ' Melanose {Surface | 50 | 27 | 17 2
" P Melanose’ e | 0
} y crust 1 mm deop 50 { 31 4 |
1' 1 -1
1 | ' j |
i7/7/60 122;3;? | Hara |Surface | 20 | O 4 2
" |  Frockle |Surface | 20 5 | 12 0
1 n ! Virulent|Surface | 20 | 6 ! 10 1
jo" . | Melanose|Surface 25 | 19 3 O
;
130/5/61| Navel | Scabby i
! r | Mclanose{Surface |} 20 12 10 0
" n h Scabby ] |
J' _fMelanose}l mm deepy <20 15 | 0 0
[ " ] ‘Melanose | i
# § | greell 4 _ ‘f {
| | tinge Surface { 20 13 6 I O
Lo - | Mclanose |
| no green | |
| tinge Surface { 20 11 | T F 0
" n Hard ‘ |
| spot Border 20 o 4 O
| " B " | Hard
| - { spot 2 mm deept 20 0 O 0
L " | Freckle {Surface 20 ” e O
" P - Freckle {1 mm deep} <O 3 0 t 0
wooo| o Healthy | | |
| tissue }
| no sSymp
toms | Surface | 50 3 4 ) 1
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TABLE 19

Results of isolations from “"melanose" lesions on
Valencia fruits, shortly after the first lesions appeared
until lst August, 1962.

| No. of

i FE iIsolations Fung? Isolate%

i Phoma Colletotrichum Other

21/2/62 | 100 52| 38 8
9/3/62 100 59 1. 22 12

26/3/62 100 0 | 14 11

12/4 62 100 70 . | 16 1

; 2/5/62 { 100 71 25 3

118/5/62 | 100 - | 17 4

1/6/62 { 100 70 | 19 1

i 2 /71/62 100 67 ' 15 2

' 1/8/62 100 68 | 5 6

Results of isolations made from symptom=free, unsprayed,

in-season Valencia fruit at various intervals during the fruit

growing scason 1961 - 1962.

Fungi Isolated
Dato .No. o? |
 2/10/61| 100 0 0 0
7/107/61] 100 |0 0 -
0/10/61| 100 0 0 v
15/11/61{ 100 0 15 0
' 3/12/61| 100 1 32 ©
17/12/61| 100 2 30 .
4/ 1/62| 82 1 j 32 0
16/ 1/62| 100 2 | 40 4
>/ 2/62| 100 2 13 -
21/ 2/62| 100 - 53 !
9/ 3/62| 100 3 30 ;
6/ 3/62 | 100 5 18 4
2/ 4/62| 100 6 13 3
2/ 5/62| 100 3 26 2
18/ 5/62 1 100 3 17 4
1/ 6/62 | 100 3 | 18 4
{2/ 7/62 | 100 4 12 4
1/ 8/62 , 100 2 | 7 .

Coe Conclusions: Colletotrichum was regularly

isolatod from all types of fruit lesions; even from apparently

healthy tissues. Wager (1952) found that Colletotrichum

glogcosporioides was present universally in citrus leaf and

fruit tissues, but attached no special importance to that

resulte
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Calavan (1960) believed that Phoma citricarpa as well
as C. gloeosporioides are important in lesion development .
He concluded that ... "it is not apparent whether or not either
fungus, or both together are able to develop pre-harvest
lesions from latent infections without the involvemcnts of

an outside factor to weaken some cells in the outer pceel".

Inoculations with cultures of P. citricarpa and C.
gloeosporioides by the writer showed that both these fungil
cause lesions on mature Navel fruits. The ratc of lesion

development was slower with P. citricarpa than with C.
gloeosporioides.

Kiely (1948) maintained that in the course of hard spot
development a limited amount of fungal growth takes place
in response to a favourable combination of environmental
factors, but some physiological factors, associated with the
immaturity of the rind cells slow up the rate of growth of
the fungus, finally killing it. In Table 18 it can be scen
that P. citricarpa was only occasionally isolated from hard
spot lesions. Although Calavan (1960) was morc successful

in isolating Phoma from hard spot lesions, his isolations

were carried out in April, which is very early in the season

and the lesions must have been relatively young.

Isolations from freckle and virulent spots yielded

Phoma cultures consistently.

It was easier howover, to isolate Phoma citricarpa from
"melanose" lesions than from any of the recognised black spot
lesions. In table 19 tesults arc given of isolations made

from in-season Valencia fruits from February to August.,

Phoma citricarpa grow out of 52% to 72% of the pieces of fruit

losions. Frhomopsis citri was never isolated from these
lesions. Tsolations from "melanose!" symptoms on fruit from
o farm in the Letaba district, where typical black spot lesions

have never been observed in the past, yielded 85% Phoma.

It may be argued that the potato-dextrose- agar is not
a suitable modium for Phomopeils. This is doubtful. Fawcett

and Loe (1926) maintained that Phomopsis citri grows well ‘on

Ngtandard nutrient glucose agar" and it is almost certain

that Wager (1953) uscd P.DeA. medium in his studies on

"melanose'.
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If Phoma was present throughout the peel (systemic),

igolations from apparcently healthy tissue (Table 20)
should have yielded more Phomnma. This was not the case.
The Phoma isolated from healthy fruits is probably due %o

spore infcctions carlier on.

It was alrcady mentioned that "melanose" symptoms

usually appear towards the beginning >f February and about
‘a month later on Valencia oranges. Hard spot symptoms made
their appearance from the beginning of March, followed by

freckle spot and virulent spot.

e Methods At Letaba Estates fruit is picked and
transported to the packhouse in trailers which normally
contain the equivalont of 100 field boxes of approximately
2 tons of fruit. From each trailer a sample of 50 fruits
was taken at random at the packhouse and examined for black

spot and "melanose', throughout the scason.

In order to follow the development of black spot
and "melanose" on a scasonal basis, 100 unsprayed Valencia
fruits on 12 year old trces were tagged and the number of

lesions which developed during the scason was counted

fortni ght 1:},7 ®

De Resultss In Figure 4 it can be scen that the
percentage fruit with black spot leslons (hard spot,
freckleo spot and virulent spot) increascd sharply from the
beginning of August onwards during the 1960 picking season.
At that stage Valencla oranges were completely coloured and
the fruits wure rcaching peak maturity. The period also
coincided with a marked increase in temperature. Towards
the ond of August 1960, when more than 20% of the fruit became
discascd, the badly infected fruit was culled in the orchard

to case matters at the packhouse,

T+ will be scen in Figure 4 that at the end of the
Valencia orange packing season close to 90% of the fruit
narvested at that stage, showed black spot lesions. The
importance of black spot is demonstrated in no uncertain

manner . cspecially if onc bears in mind that four copper

fungicidal sprays weTe applicd earliecr that scason.
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FIG. 4. Graphic representation of the increase of
black spot during the 1959-1960 citrus picking season
ot Letaba Zstates. The weekly no. of hours above 60°f

s well as the average weckly maximurm and minimum

temperatures are given.
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The packhouse report for the 1960 packing swason
indicated that the percentage fruit With "melanose"
decrcased as the seagcn progresscd. Although regular
checks wcre made on the standards used for culling at tho
packhouse, it was thought that the deccrease was due to the
human factor, sceing that black spot was so severe.
Subscquent results slowed that some of the "melanose"
symptoms developed into black spot symptoms and that at
least part of the decrcase of "melanose" might have been
due to this fact.

In Figure 5 the dcvelopment of '"mclanose" and
'black spot during 1962 can be seen in the centre and bottom
graphs. On the fruit of these young unsprayed Valencia
orange trees the first "melanose" symptoms wore observed
towards the middle of February. Counts wcre made since
the beginning of April. The number of "melanose" symptoms
increased rapidly until the beginning of May. A slight
incrcasce occurred until mid-June and from then on the
number of "melanose" spots decrcascd. The black spot
lesions (hard and freckle spot) increascd steadily from
the beginning of June until early September when the fruit
had to be harvestoed. The graphs show clcarly an incrceasc
in both the percentage of fruit infected with black spot
and the number of spots., Some "mclanose" spots developed

into black spot lesionse.

When the porcentage infcocted fruit is determined
as in this eiperiment, the curve is inclined to flatten
when "necar-saturation' point is reached. This fact makes
ovaluation of differences hetween treatments difficult. 1t
will be obscrved that by counting the number of spots, an
ever-rising curve was obtained. The disadvantage is that
when the incidence of the disease is severe, an accurate
count of spots becomes most difficult, as the lesions
coalesce. For the purpose of the black spot curve in
the centre graph (Figure 5), the number of countable spots
were recorded, but to show that more "uncountable" spots
were present an arrow was uscd 10 indicate this on the
CUTVC e If all the spots could have been counted the cnd

point of the black spot curve (for number of spots)

would have been much higher.
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during the 1961-1962 citrus season 2t Letaba dstates.
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These results indicate that excellent use can
be made in black spot rescarch by adopting the table
of multiple infoction transformation of percontages to
infections as doscribed by Gregory (1948). According
o the results prescnted here, the error will be an under
estimation of the actual number of spots, as the number of
lesions in the case of black spot appear to be much higher

than Gregory's table indicates,

5e DISTRIBUTION OF DISEASE IN TREES

Kiely (1957) obscrved that black spot develop more on
the fruit on the Northern half of trecs and recommended that
those fruits slould be picked as soon as possible in the
S8ason. Calavan (1960) found at Nelspruit that more black
spot lesions developed on the North~-Western side of trees
than on the South-Eastern side. ¢ found that after 14

days storage bectween 75OF and 920F there was no difference
between the two sides, This indicated that the number of
latent infections on fruit of the N.W. and S.L. sidces was

he same. Calavan also found a higher incidencc of
black spot in the lower half of the trec than the top half,
Kiely (1948) could find no differences betwecn the upper and

the lower portions of mature Valcncia trees.

a. Mothods: During the sccond week of September 1960
three trceces in ecach of three unspraycd Valencia orange plots
(9 trecs) were divided in 4 quarters viz. North-East, North-
West, South-East and South~West, The fruit from cach

quarter was stripped and examincd for black spot.

On 28th June 1962 scven unsprayed trees in an old
Valencia orange orchard were divided in 4 quarters viz,
North, South, FTast and West. The fruit was stripped from

each guarter and cxamincd for black spot.

To determine the incidence of black spot on the
fruit borne inspde of the tree and those on the periphery,
three unsprayed Valencia orange trees on each of three

differcnt plots were taken for record purposes,

Observations on the incidence of black spot in

the upper and lowcer halves of trces werc mads in several

experiments.
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b Results

TABLE 21
Summary of the incidcence of black spot on the NE, NW,

SE and SW quarters of trees at Letaba Estates 1960,

_ i

: . | Mean % Fruit with - Inverse arc sine |
 Quarter of troe%‘black spot lesion . transformation. ‘
¥ i

i i

} North-East ! 4449 | 42 40

- North-West | 44 «5 41,8

| i

iSouthéEast % 26.6 30.5

| SoutlrWest | 16.8 24 .2

| | ]
p=0.05 10.7 =~ }

% mean of 9 replications of single trce plots
_______________________________________________—.—-’

e § o W P A sl

TABLE 22

Summary of the incidence of black spot on the North,

South. East and Western quarters on old Valencia orange
trees at Letaba Estatces in 1962.

o T B b s T i i i e i i d

Mcan percentage fruit with |
L] x
black spot lesions |

Quarter of trec

' North 1 50 .0
i_ south 34.9
| Bast 33.5
g West 50 .0
i T (p=0.05) 13.8 1
i = moan of 7 replications of single tree plots, |

; -_—_______—_—_.-.——-—————-ﬁ——_—-——_

TABIE 23

A comparison of the incidence of black spot inside and

sutside treces on the different plots of Valencia orange trecs

during 1959/60.

' Percentage fruit with black

: spot lesions Differcnce ..
Pair | _ | P in percentage ?ev1at10n D2
Numbe ! , | :nfocted | Fes Rigas. |
| Inside OQutside  Pruit. | i
1| 31.5 4540 1345 ; iy 2 .04
: 37.8 52,2 | 14.4 4. T 49
30| 3443 ; 47.6 | 13.2 | -4 .16
.-—_-_‘__________——n-—_——'—————__'——m 2 '

we o alemeieapieianinain

I '—_———_—-_—_-———'-—_—'_-..
e

£ = 13.4/76 = 39.52 From Fisher's tables (1946)

e 0 t (N=3) _
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The diffcrence of the inoidence of black epot
between the inside and outside fruit of the trees 1is

therefore signifiocant,.

In another experiment a comparison was made
between the upper and lower halves of trees, which received
no spraysy one, two, three, four, five and six copper

fungicide sprays.

TABLE 24

A comﬁarison of the incidence of black spot in upper
and lower halves of trees after receiving none to several
sprays of Bordeaux mixture (2%12:100) during the 1959 =

1660 season.,

| Inverse arc sine trans-
formation

{ Upper Lalf | Lower half Upper half Lower half

| Mean % FPruit infected =

| No spray

11 spray

| 2 Sprays

3 sprays
1'4 sprays
b sprays
| 6 sprays

Vean | 52.83 |  28.44 | 47.12 29.75 |

% Mean of 5 replications L.S.D. for upper and lower leaves
of treecs (p=0.05) 6,21
(p=0.01) 9.19
There was significantly morc discased fruit in the

upper halves of the trees than the lower halves.

Ce Conclusionss From a control point of view it 1is
T S R VS e e oy e AR

important to know where the incidence of black spot 1s

highest on the trec.

The results in Tables 21 and 22 indicate that the

fruit on the Northern and North-Western aspects of the trees

are more prone to black spot deovelopment under orchard

conditions. These results agree with thc report of Kiely

(1948) and results of Calavan (1960).
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Results in Table 23 confirm that the incidence of
black spot is higher on the fruit on the outside of the trec,

than on the inside, under orchard conditions.

According to Table 24 and results of other experi-
ments which will be discussed later, black spot 1s more
severe in the upper half than the lower. Kiely (1948)
reported that in Australia no differences were found in
the incidence of black spot between samples of fruit from
the upper and lower portions of old Valencia trees.,

Calavan (1960) worked with relatively small numbers of fruit
at Nelspruit, but indicated that more black spot occurred

on the lower halves of treces than the upper halves. This 1is
completely contrary to the observations at Letaba, This
phenomenon is probably due to differences in climatic
conditions in the upper and lower portions of the trees,
during the pcriod of diseasc development. Tre torps of

trees receive more sunlight than the lower portions. 1t

is unlikely that more infection takes place in the tree

tOpS ®

6. TBFFICT OF DROUGHT ON BLACK SPOT DEVELOPMGNT

Based on general observations Kiely (1950) stated that,
hot, dry winds at the time of frult ripening predispose
citrus fruits to black spot development. No experimental
ovidence was presented. 1t was decided to investigate the
effect of wilting of trees at various stages on the

incidence of black spot,

o, Methodss In an irrigation experiment at Alkmaar,

carried out by Mr. S.V. Hefer of the Citrus and Sub-tropical

Horticultural Research Station, Nelspruit, observations were

made which formed the basis of further experimentation at

Letaba Estates.

Mr. Hefer's experiment consisted of 10 tresatments
which represented a wilting reriod at different stages of
the year. BEach treatment was assessed by three selected
asgseseors for the incidence of black spot on 4th September
1959. The assessment indicated that wilting of trees during

June, July, August and September prior to picking increased

+he black spot incidence.
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be Experimental layouts: In May 1960 an expcriment
was cogpméenoed to evaluate the effect of drought periods at
different times of the ycar on the incidencc of black spot.
An 18 year 014 Valencia orange orchard, uniform in size
and without any signs of root discase, was selected for
this experiment. The treces received four copper fungi-
cidal sprays earlier in thc season. Bach treatment
consisted of four trees. The locality of each treatment
was randomized. To prevent interference by rain, the soil
surface was covered with corrugated iron sheets which
rested on bricks 1 foot above ground, to allow free
movement of air. When no rain was expected the iron

sheets were removeda.

When the fruit was harvested in October 1960
three wilt treatments had been completed. After harvesting
the experiment was continued. For the 1960-61 season the
trees received a Parathion spray for ‘the cantrol of scale insects

and one Perenox spray during the 3rd weck of November, 1960,

Ci Besults

TABLE 2>
Summary of the incidence of black spot after trees

were wilted at different periods, prior to harvesting

during 1960.

% disecased

Irgi;i‘gent * Wilting period
1. | Beginning August to 2nd Sept. '60 31.5
2 e JiMid—August to 19th Septomber, 19.m' 24 2
B, | Beginning Sept. to 6th Oct. 1960 i 1747
4o | Never wilted 174

 Least significant difference (p=0.05) 11.0
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TABIE 26

Summary of the effcct of wilting of trees during

1960 - 1961 scason on the incidcncce of black spot.

| Droatment A fnas v

le% Beginning August to 2nd Sept. 1960 39.6
| Qo ¥ Mid-August to 19th Scpt. 1960 . 37.6
| YN Beginning Sept. to 6th Oct., 1960 32,3
i 4 | Beginning Nov. to 6th Dece. 1960 27«4
:! De | End April to cnd May 1961 54 .1
i P | Bnd June to 24th July 1961 | e «8
| Te End July to 24th Lugust 1961 49,8
i 8 } Never wilted 31.0
L |

L.S.D. (p=0.05) 9,67

_ (p=0.01) 13:16

!E These trecs were wilted before, or during blossoming.

d Conclusionss By wilting trees during July and
August, blossoming was delayed by scveral weeks, but the
effect of drought on the incidence of black spot during
that period was negligiblc. A period of drought from April
onwards (prior to harvesting) incrcased the discase
incidence significantly. Normally, little'rain can be
expeccted at Letaba from April to Scptember, It appears
.therefore that if irrigations are regularly applied during
the winter months to prevent wilting, the development of

black spot can be reduccd.
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JIT, CONTROL OF THE DISEASE

Ao QUARANTINE

When Doidge (1929) reported the occurrence of black
spot near Pietermaritzburg, it was the first record of the
presence of this disease in South Africa. No attempt was
made at that time to establish the presence of latent infection
in other arcas. The disease caused no concern as it was thought
at that time that climatic conditions in most of the citrus
growing areas were unsuitable for a black spot epidemic. Wager
(1952) showed that the disease was present in visible form or
latently throughout the more important citrus growing areas

except Citrusdal and Clanwilliam.

One may therefore speculate that with a sound knowledge-
of this disease and strict quarantine measures, soon after the
discovery of black spot, the spread of the disease might have

been retarded.

Wager (1952) stated that "there scems little Goubt ...
that nursery trees from the infected Pieturmaritzburg areca
have been carrying either visible or latent infection to all
parts of South Africa. The suggestion was then made that
nursery trees should be stripped of all lecaves before despatch
to other arecas. Sueda (1941) and Shilepp (1961) showed that
the mycelium of the black spot fungus is present in young shoots
and it seems unlikely thaf the discase spread can be ¢liminated,

simply by stripping the leaves.

Where new citrus farms arc established far away from
infected citrus orcharde it may pay dividends to practise
quarantine methods by: (a) Planting trees from nurseries
where black spot was never observed in any form (c.g. nursery
trees from Citrusdal).
(b) Strict prohibition on the introduction

of any plant material which may be a potential source of inoculum.

B. ORCEARD SANITATION

The term "orchard sanitation" refers to the removal of

possible sources of inoculum from an orchard.
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1. PRUNING

Kiely (1948) and Wager (1952) pointed out that the
ircidence of black spot is high on the fruit of old
debilitated or "sick" treecs. Darnell-Smith (1916) indicated
that the removal of dead wood from trees contributed towards

the control of the disease.

Dr. Loest™ of the Citrus and Sub-tropical Horticultural
Research Station at Nelspruit, observed that black spot was
less severe on the fruit of lemon trees which were pruned
than on fruit of unpruned trees. Dr. loest demonstrated
the effect of pruning on the incidence of black spot further

on Valencia orange trees.

At Letaba Estates pruning of Valencia orange trees was
done annually on commercial scale to rejuvenatc old trees.

Four systems of pruning were carried outbs

(a) ‘'Dehorning', where all the branches are cut
off about 4 to 5 feet above ground level. This is a
rather drastic method of pruning and is only carried

out on a small scale.

(b) 'Skeletonizing', where the trees are pruned,

so that only the skeleton-like framework remains. In
this system, all the small branches and dead wood are
cut away, leaving only the main branches. (Sec
Batchelor and Webber, 1948, p. 435).

(¢) ‘'Haircut', where two to three feet of the
canopy, all over the tree is cut off, but the tree is

not skeletonized any further.
(d) 'Row pruning', where part of the canopy is
removed between rows. This method is also called

"hedge pruning".

Skeletonizing and row pruning are preferrcd to the other

systems at Letaba Estates.

e L ety T i LT

|
{
i

% Private communication
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Pruning was carried out for horticultural reasons,; as it

stimulates now growth and helps to restore tree vigour.

Pruning also helps to increase fruit size. Observations

indicated that black spot control was improved on pruned

trees.

This improved control can be due to the following

factors or combination of factors.

£in

(a) Better spraying and coverage of the fruit with the
fungicide are more casily obtained when the trees are

"open".

(b) Restoration of tree vigour is associated with
discase resistancee. Any factor which improves tree
health and restores vigour should help to lower the
incidence of black spote. Judicious pruning can
thercfore assist in obtaining better results with

fungicidal sprays.
(¢) Dead twigs may harbour spores, as shown earlicr
and a lower incidence of disease as a result of pruning

may be due to the removal of inoculum sources.

ERADICATION OF THE ASCIGEROUS STAGE

Se Introduction

Keitt (1939) reported success in reducing the
discharges of ascospores of Venturia inaequalis (Cke)
Wint, the cause of apple scab, by spraying the over-
wintering leaves with eradicant fungicides. Louw
(1946) proved experimentally that orchard "floor"
spraying with eradicant fungicides reduced the
incidence of apple scab considerably. Hutton (1958)
achieved great success on apple scab control in
Australia when phenyl mercuric chloride was sprayed
commercially. Phenyl mercuric chloride is used at
times on a fairly-large scale in the apple growing
districts of South Africa to eradicate the ascigerous

stage of Venturia inacqualis.

Since ascospore incculum of G. citricarpa is
regarded as the most important source of infection,
experiments were carried out to find out if fungicides

can effectively eliminate the ascigerous stage.
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b Preliminary Investigation.

Before laborious and expensive field experiments

could be carried out it was necessary to find out

which fungicides were the most effective against the

perithecial stage on dead leaves.

(i) Methods and Materials

Green, but old leaves were picked from old

Valencia orange trees where black spot was severe

on the fruit. These leaves were diviéed into

lots of 50 and dipped in the various chemicals as

set out belows

A,
B.
Ce.
D.
k.
r,

G.

H.
I.
Je
K.
L.

Copper sulphate 0.5% dipped for 1 minute.

Phenyl mercuric chloride O.l%9 dipped for 1 min.
Phenyl mercuric chloride O«5%, dipped for 1 min.
Phenyl mercuric chloride 1.0%, dipped for 1 min,.
Phenyl mercuric chloride 0.5%, dipped for 5 min
Cyprex (N-Dodecyl quanidine acetate) 0.1% dipped
for 5 minutes.

Cyprex (N-Dodecyl quanidine acetate) 0.5% dipped
for 5 minutese.

Sodium dinitro~O-cresylates 0.5%, dipped for 1 min.
Sodium dinitro-O-cresylate, 0.5%, dipped for 5 min.
Ammonium sulphate 1.0%, dipped for 5 minutes.

Lime Sulphur 2.0%, dipped for 1 minute.

Untreated control.

These leaves were dipped and then placed in

cement boxes filled with soil. To prevent rapid

drying out, a thin layer of grass was put over the

leaves to provide shade. During the first three

weeks the leaves were moistened with tap water; but

afterwards they were left entirely to natural clima-

tic conditions.

(ii) Results:

After three weeks a sample of 5 leaves from

each treztment were examined every 3 to 4 days for

the presence of ripe perithecia. The first ripe

asci were observed on several of the leaves 40 days

after the experiment commenced. All the leaves

were examined on the 40th day and thereafter.

The results are summarized below.
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TABLE 27
Summary of the effect of different chemicals on the
development of perithecia on dead citrus leaves.
40 days after E 62 days after
treatment i treatment
: f
e : | ] ' T i
reat- Lo i £
i i% leavesi Assess- Ripe % leaves Assess-. Ripe
§ent éTreatment with Pe—‘ mept of ‘asco- [with pe—} ment of! asco-
PE Trlthecla inéiden ‘sporesfrithecia} inciden-spores
| [ | ce of pejobser-: | ce of p?—ob—
; | i rithecialved | | rithecia served
| l 3 | . f '
| 4 ; 1 ! ¢
A ‘CuSO4 0.5% 1 min., 100 L giitr P Yo | 100 1 +trt | Yes
. a ; %
B }PMC 0.1% 1 min. { 72 | 4t Yes , 9 | ++++ | TYes
i } | | 1 :
: i ; i
C PMC 0.5% 1 min. ! 54 iy No - O 1 ++ Yes
D |[PMC 1.0% 1 min. | 4 o+ No | 8 l - No
E |PMC 0.5% 5 min. = 4 | + 1 Yo |6 ‘ + No
i | , ‘
F  |Cyprex0.1% 5 min.; 100 +++++ ¢ Yes | 100 | sv+++ | TYes
| | | |
G iCyprexO.5% 5 min.! 100 +++++ | Yes | 100 ! +++++ | Yes
! | i } : |
E  {DNOC 0.5% 1 min. | 6 | + ' No ! 8 |+ | Yes
! ; | ‘ : i |
; | ! {
I DNoe 0.5% 5 min. E 6 |+ 1| No | 6 |+ | No
J NH4SO41.O% 5 min.| 100 g et : Yes | 100 | ++i++ " Yes
? ! i ! ‘
i l I
X ;:L. Sulphur 2.0% 1 | ﬁ | {
i1 min. 100 | +++++ § Yes | 100 | ++++ | Yes
i | ; | _
L Control 100 | +++++ | Yes | 100 | +++++ . Yes
| : !
+ - very few perithecia present and scattered
++ ~ few perithecia present, scattered or in groups
4 ~ perithecia present, but clearly less than control
4+ - abundant perithecia, but less than control
+++++ - abundant perithecia.

(i1i) Conclusions
All the Phenyl mercuric chloride and sodium
dinitro~O-cresylate treatments reduced the number
of perithecia. The leaves in treatment B,C,D,E,
H and T did not decay normally as the other leaves
but remained papcr-brown and intact. They dis-

intergrated with time as & result of handling.
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None of the treatments prevented perithecium
formation completely, but although perithecia were
observed in treatments DyE,HE and I the asci
appeared to be disorganised and ascospores were
rever obscrved, except in treatment H. The
spores in the perithecia in treatment H varied in
size and shape and appeared to be slightly bigger
than normal spores. The asci were not erect but

malformed and irregular in shape.

It appeared therefore that phenyl mercuric
chloride and Bedium dinitro-O-cresylate were ths

most promising materials for a field experiment.

Field Trial
(1) Methods and Materials

A block of zpproximately 450 old Valencia
orange treecs with a bad black spot reccord was
sclected for this trial. The trees in this block
were fairly uniform in size and healthy except for
a few odd trees which were not used for record
PUTPOSCS. Before the trial commenced, all the
fruit was stripped from the trees and removed.
Pycnidiospore inoculum was therefore reduced as
far as possible. The 450 trces were divided into
5 blocks, more or less equal in size. The treat-

ments were as followss

Treatment A

The dead leaves and orchard soil surface were
sprayed on 27th August 1959, 2nd October 1959 and
15th November 1959 with 0.3% Sodium dinitro-0-
cresylate. About 4 gallons were sprayed on the

soil surface area occupied per tree.

The trees received 3 sprays of Bordeaux
mixture (24:2:100) which were applicd on 18th
Septecmber, 28th October 1959 and 3rd January 1960.

Treatment B

The dead leaves and orchard soil surface were
sprayed on the same dates 28 A, with 0.3% phenyl
mercuric chloride solution. About 4 gallons of
this solution was sprayed on the soil surface area

covercd per trce.
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The treces were not sprayed.

Trcatment C

All the dead leaves and twigs under the trees
were collected by hand by a team of Native women.
on 25th August,; 29th and 30th September and again
on 13th and 14th November, 1959. These leaves
were burned outside the orchard. The orchard
soil surface was then sprayed as in B. The trees

were not sprayed.

Treatment C(a)

Ten trees only in C received 3 Bordeaux

mixture sprays as 4.

Trecatment D
The orchard =soil surface and the dead leaves
were sprayed as B. The trees received 3 Bordeaux

mixture sprays as A.

Trcatment &
The trees received 3 Bordeaux mixture sprays
on the same dates as A. The soil surface was not

sprayed.

Treatment F

Unsprayed control,.
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(ii) Results

From each treatment, ten trees were harvested
during the first week of October 1960 in the centre
of the experimental blocks, All the fruit was

examined for black spot.

Summary of the effect of eradication of ascospores on

the incidence of black spot in a field trial during the

1959 - 1960 season.

; Summary of treatments -~ % Fruit showing
Treatment Dead Orchard Trees Black = "Mclanose"
code leaves i galeioielk sprayed Spot lesions
hand sprayed '  with i lesions
collected i Bordecaux
A No Yes (DNOG) | Yos 350! o 0.4
B No 'Yes (PMC) No | A6 | 24,8
B Yes Yes (PMC) | No ' A8 Te3
c(a) = TYes Yes (PMC) |  Yes ! Bla Wia 0sd
D No Yes (PMC) |  Yes 23.3 0.3
B No " Mo ko Fem 4 1743 0,1
F No ' No i No | Bl 19.0

(1ii) Conclusions:

It is difficult, laborious anf au exzpensive
task to carry out an experiment of this nature.
Kiely (1950) was unable to reduce the incidence of
black spot in an experiment where dead leaves were
sprayed with copper sulphate plus calcium arsenite

and ammonium sulphate.

He claimed that "the asci, both mature and immature,
Within the perithecia of G. citricarpa had been killed".
but no explanation was given on what grounds that
statement was made. Kiely blamed ascospores from
other host plants for the poor result. The results
in Table 27 show that copper sulphate and ammonium
sulphate vere ineffoctivein controlling perithecium

development.
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The results of the trial at Letaba Estates
arec equally disappointing. Not even where all
the dead leaves were removed by hand and the soil
surface was sprayed was any improved control

observed.,

The nature of this trial makes a2 statistical
analysis difficult and it is doubtful whether =
statistical analysis will produce anything that

cannot be ssen in the results as presented.

Possible explanations for the negative results
aret-—
(a) "Floor" treatment should have been continued
until February. Spores could have developed on
the leaves which dropped after the 15th November
and could have caused infection in January. In
Table 14 results arc presented which indicate that

infection can take place later than January.

(b) Ascospores of G. citricarpa are airborne and
could have been blown into the experimental trees
from other orshards. If Kiely's theory is valid
that ascospores which are produced on other host
plants can cause infection on citrus, then con-
siderable inoculum could have come from the adjacent

natural bush.

(¢) The citrus tree harbours inoculum on dead twigs,
fruits and spotted green leaves and infection could

have becn caused from such sources. Infected fruit
had been removed however, before the trial commenced

and can thercfore not be considered here.

The possibility of systemic infection seoms
remote, judging by the experimental evidence
presented carlier. Large scale experimentation
on the eradication of ascospores on an arca basis,
or on isolated citrus farms should be investigated.
But it is doubtful whether this method of control

will become a practical proposition.
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C. EVALUATION OF PROTECTIVE FUNGICIDES (V)

1. INTRODUCTION

Mc Cleery (1939) indicated that the main infection

period extends from blossoming until approximately 20 weeks
later. This marked a major breax-through on the black spot
problem, Since then, control measures were aimed at protection
of fruit against spore infection during the first 4 to 5
months after blossoming. Copper containing fungicides were
superior to other fungicides (Kiely 1950; Wager 1952;
Kotze.1961). Kiely (1950) found that "weak" home-made
Bordeaux mixture (13 1b commercial copper sulphate plus

11 1b hydrated lime in 80 gallons water)gave satisfactory
results under Australian conditions in a 3-spray programme.
Stronger concentrations of Bordesux mixture were also used,
but both Kiely (1950) and Wager (1952) claimed undesirable
effects on fruit quality. They also reported serious

outbreaks of red scalk (lonidiella aurantii Maskell) after

strong Bordeaux mixture sprays.

At the time when black spot research commenced at
Letaba Estates; the official recommendation for black spot
control by the Citrus and Sub-tropical Horticultural
Research Station at Nelspruit, was 3 Bordeaux mixture
(2%: 1z: 100) applications, sprayed at 6 weekly intervals,

and starting at petal-drop stagec.

2 METHODS AND MATERIALS

Ze Sites

014 Valencia orange trees were sclected as
experimental sites during the first year of investigation.
0ld trecs may vary considerably in condition and as trec
health may influence the incidence of disease; old trees
were not favoured in later investigations. Young trees
ar¢ easier 1o spray and harvest, and the discasc

incidence was high enough to show up treatment differences.

bl Bxperimental layout

The randomized block method was almost exclusively
used. Different treatments were indicated by different
colours, painted on metal plates 3 x 5 inches in size.
The colour plates were fized on the tree stems with nails,
so that the experimental trees could be easily recog-

nised from the dircction of the Spray pump.



University of Pretoria etd — Kotze JM 1963

76-

Single to 4 tree plots were used, depending on
the condition of the trees. The number of repli-
cations depended on the nature of the experiment,

condition of the trees, and availability of experimental

materials.
Ca Spraying

411 the spraying was carried out with high pressure
spray machines, commonly used on citrus farms in South
Africa. The pressure at the spray gun usually was
between 400 and 450 1b per square inch. Trees were
sprayed until all parts appeared to be properly wet,
but excessive run—off was avoided. A very large tree

received about 15 gallons of spray mixturce.

d. Recording of results

Trees were usually harvested when the unsprayed
control trees showed a high incidencc of black spot,
but before the fruit dropped as a result of black
spot.

Fruit from experimental trees were usually stripped
and the whole crop was examined by a team of specially
trained Africans. The results werc written down on
special forms. In all cases the number (or
percentage) of fruyit with less than 5 spots, more
than 5 spots and 'melanose" was recorded. In this
report, the total percentage fruit infected with
black spot will be presented, unless the "light" and
"heavy" categories bring out additional information.
Results on "melanose" will only be presented when it

is considered important.

G Statistical Analysis of Results

The statistical methods as set out by Saunders
and Rayner (1951) werc followed for the analysis of
most experiments. The incidence of disease was first
expressed as a percentage.of the total population of
fruit. In data where some percentages fell below 5%
or above 95% an inverse arc-sine transformation was
applied and the percentages were than expressed in
degrees. An analysis was then applied in one of the

following ways:-—
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(a) A simple analysis was applied wherc the data
only admitted of two factors (i.e. treatments and
blocks)

(b) 4 complete analysis was done where three
or more factors indicated possible significance

(i.c. treatments, blocks, picking dates, etc.)

In both (a) and (b) above, an analysis of variance
was obtained and by the "P-test" significance was
ascertained « Where the significance was obtained
the lcast significant differcnces (L.S.D.) was

applicd on the appromiate means.

£ Fungicides

(1) Preparation of Bordeaux mixture

Basically, the same method was followed for
the preparation of Bordeaux mixture as recommended
by Doidge (1910). "Standard Bordeaux" at Letaba
consisted of 2% 1b commercial copper sulphate (snow)
and 1% - 2 1b high grade hydrated lime per 100
gallons of water. The copper sulphate was first
dissolved in a small drum in enough water to bring
the salt into solution. The copper sulphate sclution
was then pourcd into the big spray tank which was
half filled with watecr. The lime wae first mixed
with water and while the spray tank was being filled
after adding the copper sulphate, the lime suspension
was slowly added. During the process the tank
agitators were in operation to sccure thorough

mixing.

It was found that it is important to use fresh
limo. It took about 2 1b of old lime to precipitato
2% 1b of copper sulphato, while 1 1b was sufficidnt

when fresh lime was uscd.

The concentration of Bordeaux mixture will be
given in an abbreviated form (e.g. Bordeaux 24:1s
100 will mean 2% 1b copper sulphate and 1% 1b lime,

mixed in 100 gallons water).
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(1i) List of fungicides:

Aerial Perenox, & wettable powder containing 50% metallic
copper in the form of cuprous éxide. A special
formulation for aerial application,

Agral €0, a liquid wetting agent containing 92% alkylated

phenol-cthylenc oxide condensate.

an emulsified light hydrocarbon oil, unsulphonated

residue 94%.

Brestan, a wettable powder, containing 20% of an oxperi-

Alboleum,

mental organic tin compound (possibly Triphenyl
tin acetate).

Brockman's Copper oxychloride, a wettable powder containing

50% motalic copper in the form of copper oxy-
chloride,
Captan, a wettable powder containing 50% N-trichloromethyl
mercapto-4-cyclohexene-1, 2-dicarboximide. :
Ciba's Copper oxychloride, a wettable powder, containing
50% Cu in the form of copper oxychloride.

Commercial copper sulphate (Snow) containing + 24% Cu.

Cop—o-Zinc, a wettable powder, containing 42% copper as
basic copper sulphate and 11% zinc.
Coprantol, a2 wettable powder containing 50% metallic copper
in the form of copper oxychloride.
Crag, a liquid containing 30% 2-heptadecyl glyoxalidine
acetate in isopropanol solution.
Cuprosyl, a wettablc powder containing 37.5% metallic copper
in the form of copper oxychloride and 22.,0% Zineb
(Zinc ethylene bisdithiocarbamate).
Cyprex, a wottable powdor, containing 65% N-Dodecylquenidine scetate.

Dithane 278, a wettable powder containing 65% Zinc ethylene
bis—-dithiocarbamate. (Zineb)

Dithane M22, a wettable powder containing 80% Manganese ethylene
bis-dithiocarbonate. (Maneb)

High grade hydrated Spray lime

Hyamine 3500, an aqueous solution containing 50% of alkyl

dimethyl bensyl ammonium chloride.

Nirit, a wettable powder containing 45% Dinitrophenyl
thiocyanate plus 5.05% trace clcments.

0-3818-B, an experimental fungicidec containing "one part of
nickel chloride and 2.85 parts of Zineb".

Omazine, a wettable powder. An experimental copper fungicide,
containing copper dihydrazinium sulphate.

Oxychlor, a wettable powder containing 50% metallic copper in
the form of copper oxychloride.

Perenox, a wettable powder containing 50% metallic copper in

tie form of cuprous oxidc.
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Phaltan, a wettable powder containing 50% N-trichloromethyl

thiophthalimidc.

Phygon XL, a wettable powder containing 50% 2y 3-dichloro-l,
4-naphthoquinone.

PHC, a water soluble powder containing 40% phenyl

mercuric chloride.
Pomersol, a wettable powder containing 65% Tetramethylthiuram
disulphide (thiram).

Sankyo Mercuric Bordeaux, a wettable powder containing 18%

Basic copper sulphate and 0.71% phenyl mercuric

chloride.

3. FIEID EXPERIMERTS

Be Copper fungicides

The object of this experiment was to evaluate
different copper fungicides and to ascertain the effect

of adjuvants to some treatments.

(i) Methods and Materials

This randomized block experimont was carried

out on o0ld Valencia orange trees. Four-trece plots
were used with four replications per trecatment,

The fungicidal trcatments zare given in Table 29.

The sprays were applied with a conventional
high volume spray-machine at a pressure of 400 1b
per square inch. All the experimental trees,
except the untreated control, were sprayed on the
following datess
Application No. 1 -~ 25th and 26th September, 1959.
Application No. 2 = 29th October and 1lst November 1959.
Application No. 3 - 18th and 19th December, 1959.

(ii) Treatments and Results

The fruit was harvested during the 3rd weck of
September, 1960. and examined for black spot.
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TABLE 29
Summary of different treatments and results of an
experiment to0 evaluate various copper fungicides

against black spot of citrus, during 1959 - 1960

Scason.
L ? Mban.% ' Inverse
Treat-% . Treatment ii::’ ] aig;zifo
ment j Material per 100 gallons water b3 ack | formation
spot
l :
A I Bordeaux (3:3:100) + 4Alboleum ¥ gallon. 41.86 40 .2
B ! Bordeaux (15:3:100)+ Alboloum & gallon. 55.05 i 47.9
c | Bordeaux (1%:13100)+ Alboleum % gallon. . 49.63 j 45.0
D i Bordeaux (25:15:100)+4ilboloum % gallon. . 44.13 ': 41.5
E | Perenox 2 1b ©11.00 | 18.9
F | Percnox 2 1b + lime % 1b + Albolcum % gal 15.85 @ 23l
G } Perenox 2 1b + lime % 1b + ALgral & fl. oz. 15.26 | 22.1
H ?.Brockman's Copper Oxychloride 2 1b + : }
| Alboleum 5 gallon. i 19.29 | 26.1
; Oxychlor 2 1b + Alboleum & gallon i 16,69 i P33T
!Ciba‘s Copper oxychloride 2 1b + ; i
i Alboloum 5 gallon P 29.88 | 32.6
K | Cuprosyl 2 1b - 33.60 - 35.6
L | Omasine 2 2% . B4.56 | 62.6
M ' Unsprayed Control : 89.74 | 72.9
L.S.D. (p = 0.05) 12.8°

(iii) Conclusions
Bordeaux mixture appeared to be less efficicnt as
the concentration of lime increased. This tendency was
statistically non-significant, but it was also
observed where lime was added to Perenox. All
the Peronox treatments were significantly supcrior
10 any Bordeaux treatment. Although Percnox
without additives gave the lowsst incidence of
black spot, it was not statistically better than

Oxychlor and Brockman's copper oxychloride,

Although treztments B, F, G, H and I all gave
better results than standard Bordeaux treatment,
such a comparison is not fair, becausc thc copper
content in the bound copper fungicides is considcrably
higher than the copper in standard Bordecaux. De Villiers
and Bester (unpublished data) and Fochessati (unpub-
lished data) showed, however, that Perenox was bettor

than Bordeaux mixturc, at the same lovel of COppers.
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ars Organic fungicides

This ecxperiment was carried out to evaluate some
organic fungicides which were used with success against

other plant diseases.
(i) Mothods end Materials

This randomised block experiment was conducted
on old Velencia orange trees. Four-tree plots
were uscd, replicated 4 times. The sprays were
applicd with a conventional high volume spray
machine at a prossurc of 400 - 450 1b per square
inch. All the experimental trece except the
untrecated control trees woere spraycd on the
following dates: 29th Sepiember, 23rd October,
20th November and 20th December 1959.

(ii) Treatments and Results

Harvesting amnd examination of fruit was carried
out during Septcmber 1960. The results are

summarized in Table 30.

TABLE 30
Results of an experiment to evaluate various organic
fungicides against black spot of citrus during the

1959/60 season.

: : % i %eag " Inverse Arc
reat- |, Actual % sine trans-
2:2: Materiziegzieigg gallons water lingiizid formation.
A . Bordeaux 2%:2:100 + Alboleum & gal. 13.35 21.18
B . Captan 2 1b 59.04 50.23
c  Captan 2 1b + Urea 5 1b 66.54 54,72
D | Captan 2 1b + PMC g 1b _ 41435 39.62
E | Pomersol (TMTD) 2 1b | 61.52 51.78
F . Dithanc 278 2 1b 35.36 35.95
G | Dithane M22 2 1b 24.93 29.83
B | Nirit 2 1b 86.96 69.10
I . Brestan 2 1b 74.16 60.40
J : Cyprex 1% 1b 59.85 50.78
K ; Phygon XL £ 1b 68.73 | 56,12
L ~ Unsprayed Control 72.48 | 58.48
Least significant diffcrence (p=0.05) 8.83

(p=0.01) 11.85
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(iii) Conclusions

Bordeaux mixturce gave significantly better results

than any of the other trcatments. Dithane Z78
Dithane M22 and Captan plus phenyl mercuric
chloride gave significantly bettcr results than
the unsprayed control trecatment. The control
achieved by the Captan plus PMC treatment must be
attributed to PMC as Captan alone had no effect
on the incidencc of black spot. It is known
that the organic fungicides lose their fungicidal
value quicker than Cépper fungicides. The
organic fungicidos may give better results when

they are applied at shorter intervals.

Nirit and Brestan were extrcmely phytotoxic.
Fruite in these treatments were severely russcted
and leaf chlorosis was particularly severe in the
Brestan treatment. It will be noticed that the
incidence of black spot was significantly higher
in the Nirit treatment than the unsprayed control.
This phenomenon might have becen due to the
phytotoxic nature of Nirit which affected tree
health and black spot symptom development could

have been encouraged.

Organic fungicides (Second series)

This experimecnt was carried out to evaluate some

more organic fungicides. In the light of personal

expericnce with Captan plus phenyl morcuric chloride

ageinst apple scab (Venturia inaequalis) it was con-

sidered important to evaluate this combination again
for the control of black spot.

(1) Methods and Matcrials

This randomized block experiment was carried
out on old Valencia orange trees, using 4-tree
plotsy; replicated 4 times per treatment. The
fungicides and application rates are given in
Table 3l.

The dates of spraying were: 15th October, 6th
November, 25th November and 30th December, 1959.
Records were taken in September 1960,
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(ii) Treatments and results
TLBLE 31
Trecatments and results of an experiment in which
various organic fungicides were evaluated for the
control of black spot during the 1959/83 Season.

Treat Quantity per 4Lotual % irc sine
ment Material 100 gallons infected  transfor-
code water Erualt mation

A 0-3818-B 2 1b 59.1 5.8
Phaltan 50% WP 2 1b 68.6 56.0

C Capten 50% WP 1 1b 35.5 35.9
plus PMC Z 1b

D Crag 1% pints 75.5 63.4

E Hyamine 2 pints 51.9 46.6

F Unsprayed control - 754 61.8

Least significant differcnce (p=0.05) 15,11

(iii) Conclusions
The Captan plus PMC treatment yiclded
significantly cleancr fruit than the unsprayed
control, which confirm the results of the previous
experiment,. 411 the other trecatments failed to
control the disease except Hyamine which was a

border-line casce.

Phenyl mercuric chloride which was included
with Captan caused slight blemishes on the fruit,
but despite this disadvantoge further investi-

gation on PNC was considcred necessary.,

d. Copper fungicides plus oil and PMC

Previous experiments indicated that phenyl mercuric
chloride at a rate of 0.025% with Captan reduced black
spot. Captan had no effcdt on the control of the

diseasec, On the other hand, certain copper fungicides

provided excellent protection against infection. When
a good protective fungicide such as Perenox is combined
with an eradicative fungicide such as phenyl mercuric
chloride, the overall effect should be an improvement,
other things being equal. The experiment was further
expanded to include a mercuric Bordeaux mixture and =
copper-zinc-mercury combination as well as other

fungicides,
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(i) Treatmenis and Results

The experiment was carried out on 20-year
0ld Valencia trees, adopting a randomized block

layout with 2 tree plots replicated 5 times.,

The dates of sprayiang were: 4th October,
14th November and 30th December 1960,

The fruit was harvested during the second
week of September 1961. The results are given

below.

TABLE 32
Table showing the treatments and results in an experiment

to evaluate different inorganic fungicides against citrus

black spot.

Treat- Rate per 100 % Fruit with
ment Material gallons water black spot.
code
A Perenox 1 1b 14 oz. 34.0
plus Alboleum %+ gallon
B Porenox 1% 1b 28.4
plus Alboleum %+ gallon &
c Perenox 1% 1b 39.3
D Aorial Percnox 1% 1b 42.2
plus Alboleum %+ gallon "
E Coprantol 1% 1 41.3
F Cop-0-Zinc 12 1b 47.6
plus PMC 1 oz e
G Perenox 1% 1b 57.8
plus PMC 1 oz. %
H Mercuric Bordecaux 2% 1b 55.9
i Untreated control - 65.7

Least significant difference (p=0.05) 17.4

(ii) Conclusions

Although trecatments A, B, C, D, E.
and F were significantly better than thc un-
sprayed control treatment, the results were
most disappointing. There were indications in
other ecxperiments that considerable infection
took place after Dececmber, during this particular
scason and results might have becn more striking
if the first spray had been omitted and a spray

applicd in January instcad.
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In this experiment the inclusion of mercury
with copper fungicide failed to give better control
of black spot.

Evaluation of Dithane Z 78
(i) Methods and Materials

As shown earlier, Dithane Z-78 (Zineb) was one

of the organic fungicides which showed promise for
black spot control. It was known that considerable
infection may take place during January and even
later. To provide protection against infection
during that period and to limit the number of sprays
it was decided to use Dithane Z-78 during the carly
part of the scason and to apply Percnox in January
for further protectiou. Percnox was used throughout
at 1 1b 14 oz. plus § gallon Alboleum. Dithane Z-78

was used at 2 1b per 100 gallons water.

A simple randomized block method was employed,
using 2-tree plots, replicated 5 times per treatment.
The experiment was carried out on 20 year old Valenecia

treces.

Summary of spray dates and materials applied, in an

experiment to evaluate Dithane Z~78 and Perenox against

citrus black spot during 1960 - 1961 scason.

Spraying dates and materials

Treatment
<l 7/10/60 3/11/60 6/12/60 6/1/61
A Perenox Dithane Dithane Perenox
B - Dithane Dithane Perenox
C Perenox Perenox Perenox Pcrenox
D Unsprayed - - -
control

One tree from cach plot per treatment was harvested
on 19th July 1961 and the rest of the experiment was
harvested on 22nd August 1961,
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(i) BResults
TABIE 34
Summary of rcsults at two picking dates on the control
of citrus black spot after applying Dithane Z-78 and

Perenox spray schedules.

First picking Second picking Arc-sine trans-—
19/7/61 22/9/61 formation. Whold
treatment mean.

Mean % Arc-sine Mean % Arc-sine
fruit discased trans.|fruit discased trans.

A 2525 8.3 4942 44.6 26.5
B 1.46 6.6 41.8 40,3 23.5
C 0.56 3.3 24.4 29.6 16.4
D 26,05 307l 682 82.2 56.5
‘ (£+0.05) 4.22 (p=0.05) 6.77
L;, l Kp=0.01) 5492 | (p=0.01) 9.56
TABLE

Summary of results on the control of "melanose" on
19th July, after applying Dithane Z-78 and Perenox

spray schedules.

Treatment Mean % Inverse arc-sine
code Fruit infected transformation
A k13 0.9
B 0.29 2.4
C 0.88 4.8
D 23.82 29.0
(p=0.05) 3.26
(p=0.01) 4.57

(iii) Conclusions
For some inexplicable reason, treatment A where
two Perenox and two Dithane Z-78 sprays were applied,
was inferior to a straight Perenox treatment (treat-
ment C) at the 5% level in July. At that time no
significant difference existed between treatments B
and C. Results on "melanose" showed that all fungi-

cidal treatments gave effective control.

An earlier experiment showed that where Dithane
Z-78 had becn used in a straigbht programme, it was
inferior to Bordeaux mixture. This experiment
indicated that Dithane Z-78 could replace some of the
copper fungicide sprays, provided the fruit was

picked early in the season.
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It will be shown later that Dithane Z~78
can be used for a special purpose where galoium
arsenate is used for early harvesting. There is
therefore no particular interest in the September
result except for the indication that a relatively
poor control will be obtained if picking of fruit

is postponed until later in the scason.

BEvaluation of Dithane Z-78 (sccond serics)

In view of the possibility of copper toxicity in

the soils as a result of the annual applications of

copper fungicides and other disadvantages of copper

which will be discussed later, it was decidcd to evaluate

Dithane Z-78 further.

TABLE 36

(i) Mothods and Materials

The experiment was laid out on 12 year old

Valencia orange trees with 5 replications of single

tree plots per treatment.

The dates of spraying were: 1lst November,
5th December 1961 and 2nd January 1962.

(ii) Treatments and Results

Summary of treatments and results on the control of black

spot of citrus in an experiment to evaluate Dithane Z=-18
during the 1961 - 1962 scason.

Treat- Treatmentss % fruit Inverse arcH
ment materials per 100 galls, with sine trans-
code water black spot formation.

A Perenox 2 1b + Albolecum

% gallon 0.70 4.18
B Perenox 1 1lb + Dithane

1 3% 0.24 2.66
C Dithane 2 1b - 2.52 9.08
D Dithane 2 1b (first 2

sprays) then Percnox 2 1b 0.54 3278
E Dithane 2 1b + Alboleum

% gallon 0.82 4,88
F Untreated control 29,22 32.56

Least significant differcnce (p=0.05) 2.99
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(iii) Conclusions
The incidence of black spot was not very high
at the time when this experiment was harvested, but

it was not possible to postpone picking.

All the spray treatments were significantly
better than the untreated control. Dithane 2Z-78
at 1 1b plus Perenox 1 1b, Dithane Z-78 plus
Alboleum and Dithane Z-78 followed by Perenox were
all as effective as the standard trecatment

(Percnox plus Alboleum).

The trestment where Dithane Z-78 was used
throughout without Alboleum significantly inferior
to all the other trcatments except the unsprayed

control,

4., DISCUSSION

Results of experiments by research workers over the last
threc decades, proved that copper-~containing fungicides are
superior to all other fungicides in the control of black spot.
Until two years ago, "home-made" Bordeaux mixture at a
strength of 23:1%.100 was preferred to other forms of copper
and organic fungicides. It is true that users of Bordeaux
mixture obtained reasonable results, but in some years up to

40% of the Valencia crop was lost on account of black spot.

Some of the results presented here and results of other
experiments which were omitted to save space showed that
several bound copper fungicides, obtainable commercially, are

superior to Bordeaux mixture.

"Home-made" Bordecaux mixture has the advantage of being
relatively cheap. In practice it has disadvantages. The
copper sulphate is sometimes slow to dissolve and it frequently
happened that spraying commenced while undissolved cristals
were lying at the bottom of the spray tank. When the lime is
old it may happen that all the copper sulphate is not pre-
cipitated and "copper burn'" may result. Spraying and
mixing are usually carried out by unskilled native labourcrs
who are inclined to become carcless, especially when working
under pressure. Bordeaux mixture is also not compatible with
Parathion preparations, with the result that two separate spray

operations have to be carricd out.

The copper fungicides give good results even when sprayed

at comparatively long intervals, but there are also disadvantages,
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which make it desirable to find another type of fungicide to

use against black spot.

The main disadvantage of copper fungicides are:
(i) The build-up of copper in the soil may reach
toxic levels which may have serious repercussions once

that stage had been reached.

(2) Calcium arsenate which is spraycd for early matu—
rity of Valencia fruit has very little or no effect when

uscd with copper fungicides.

(3) Direct copper spray dama e to fruit was an important

culling factor during the last two years.

Mc Onie (unpublished report, 1962) maintained that no
immediate danger of copper toxicity exists, but it stands to
reason that we can not kecp on spraying copper at rates of
40 to 60 1b metallic copper per acre annually without over—

stepping the danger mark.

To Letaba. Estates and many other citrus growers, it is
important for commercial reasons, to commence picking of
Valencia oranges as carly as possible. In order to get early
maturity of the fruit, a spray of calcium arsenate is usually
applied during October or November when the fruit is quite
small. It is convenient and more cconomical to apply calcium
arsenate with one of the black spot sprays. It was obscrved
by the writer that where calcium arscnate had been applied as
a combined spray with the copper fungicide, thc effect of
calcium arsenate on the sugar-acid ratio was slight or neg-
ligible, In an experiment during the 1959/60 s@ason where
calcium arsenate was sprayed in November with Bordeaux mixture
the sugar-acid ratios in July were 6.2:31, 6.931 and 5.9:1 in
the samples of 50 fruits, picked at random. Corresponding
samples picked from trees which were sprayed in November with

calcium arsenate alone, tested 8.6:1, 9.0:1 and 8.9:1.,

Subsequent experiments by Mr. J.M. Conradie™ confirmed
the above observation. It was shown already that under
certain circumstances, Dithane Z-78 can replacec copper fungicide
sprays. The question ariscs whether calcium arsenate, used
with Dithane Z-78 will give the desired effect on carly

maturity.

= Unpublished results of Mr. J.M. Conradie, Entomologist,

Letaba Estates.
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This aspect was investigated on large scale by
spraying 4 plots (i 1000 trees) at Letaba Estates with 2
or 3 sprays of Dithane Z-78 followed by Perenox for the
final application. Calcium arsenate was included in the
first Dithane 2-78 spray of November. Excellent control
of black spot was achieved with these large scale trials
and calcium arsenate affectsd the sugar-acid
ratio to such an extent that it was possible to pick these
fruits early in July 1962. At that stage the incidence

of black spot was less than one percent in these plotse.

Mr. J.M. Conradie found also experimentally that where
calcium arsenate was used with Dithane Z~78 the effect on
early maturity was as good as where calcium arsenate was

used alone.

Coprper fungicides tend to cause unsightly marks on
the fruit, particularly when sprayed during long spells
of cloudy weather and under high bumidity conditions.
Fruit sprayed with Dithane Z-78 showed no more marké than

the unsprayed comtrol treatment.

It is therefore suggested that Dithane Z-78 can
replace one, two or three copper fungicidal sprays in the
‘black spot control programme, particularly in areas where
black spot is not very severe or on young trees. It is
regarded imrortant that the final spray should be a
copper fungicide. If calcium are=nate must be included

it should be applied with a Dithane spray.

The cost of Dithane Z-78 is higher than the
commonly used copper fungicides but the advantages of

the former product may outweigh the initial cost difference.
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D, TIMING OF PROTECTIVE SPRAYS

1. INTRODUCTION

Black spot is very severe on the fruit of old Valencia
orange trees at Letaba. When these investigations com-
menced it wzs standard practice to apply a 3-spray pro-
gramme of Bordeaux mixture (25:13:100) at 6-weekly intervals.
The first spray was applied at petal-drop. Subscquent
experimental results showed that the critical periovd for
spraying usually starts towards the cnd of October, but
tliis was not known when the first experiments were conducted.
The theory evolved that the intervals between the sprays

were too long and that more frequent sprays were necessary.

It was alrcady indicated that very little infection
occurred between blossoming and the beginning of November.
The view was expressed by Kiely (1957) that each spray in

the spray programme is of equal importance.

2e INVESTIGALTIONS

s Spray Intervals

This experiment was carried out to evaluate Bordcaux
mixture, with and without oil at differcnt intervals. It
was further decided to evaluate Captan also at short intervals

as well as a mixture of Captan plus Dithane Z-78.

(i) Method and Materials

411l the trees were sprayed beforc the onset of
the experiment with Parathion for the control of
inscct pests. The cxperiment was conducted in an old
Valencia orange orchard. A randomized block design
was adoptsd. Four-trce plots were used with four

replications per treatment.

(ii) Treatments and Results

The different treatments and actuzal dates of

spraying are given in Table 37. Records were taken
in September 1960, The results are summarized in
Table 37.
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(iii) Conclusions
Due to climatic conditions the time intervals
between spray dates could not be strictly adhered to
as planned. Although there were slight differences in
‘favour of Borduaux plus oil, these differences were

insignificant a2t all the spray intervals.

It is noteworthy that treatments A and D yielded
10.8% znd 4.9% infected fruit respectively after
receiving 7 Bordeaux sprays over a period of 33
months after petal drop. Since these protective
sprays were applied at only 15 day intervals the
accumulative protective covering should have been at
a maximum. It would therefore be reasonable to
assume that the infection period continued long after
December. Kiely (19%) indicated that in Australia
on old trees the danger period for infection went up

to 5 months after blossoming.

LAt a glance it appears that spraying at 45 day
intervals gave better results than the 30 day intervals.
It has already been indicated that large numbers of spores
were caught during the beginning of November and that
conditions were suitable for infection. Treatments
C and F (45 day) were sprayed immediately prior to
this period, while treatments B and E (30 day) were
not due for sprays. It may thercfore be concluded
that better results can be obtained with 3 sprays
which arc well timed, than with 4 sprays which are just
applied regardless of prevailing conditions. This
was also proved in the commercial spray programme.,
During the 1960-1961 and 1961-1962 seasons, two well-
timed copper sprays gave equally good results as
four applications which were applied regardless of

the fungus development.

Ain outstanding feafure of this experiment is the
complete failure of Captan and Captan plus Dithane Z-78.
The se fungicides loose their effectiveness much sooner
than Bordecaux mixture or other fixed copper fungicides
and the results might have been better if spraying

continued after December for two more months.
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Previous experiments showed that Dithane Z-78
when used at 0.2% gives reasonzble control. In
this experiment Dithane was used at 0.1% in com-

bination with Captan.

)5 Timing of Copper sprays and Dusting.

During the 1959 - 1960 scason, experiments indicated
that spraying during November was most important for the
control of black spot. It was endeavoured in the following

experiment to evaluate spraying during November only.

If mycelium (systemic) infection is negligible and
infeetion will only take place during a rainy period,
spraying immediately after rains should be evaluated.

The effect of one spray (but double concentration) during

November was considered worth trying.

It was noticed during dusting operations by aircraft
that the dust was well distributed over the plant surface.
After successful trial runs with the aircraft it was decided

to evaluate dusting from the ground.

(1) Methods and Materials

4 randomized block design was adopted, using
three-tree plots, replicated 5 times per treatment.
The experiment was carried out on 20 year old Valencia
orange trecs. The ecxperimental trees which reccived the
dust treatment, were surroundecd by guard trees to prevent
drift of the dust.

A1l sprays wcere applied at 400-450 1b per square
inch and approximately 10 gallons of spray mixture were
applied per tree. The dusting was carried out with a
machine driven Knapsack applicator waich delivered about
8 oz. of the dust per tree per application. The dust was
made up by mixing Perenox -and Vine sulphur so that the
final mixture contained 25% Copper (metallic) and 48.5%

sulphur.

(ii) Treatments and Results

The treatments are summarized in Table 38. The

fruit was harvested in September 1961,
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TALBLE 38
Summary of trecatments and results of an experiment
to evaluate Perenox plus Alboleum and dusting for the
control of black spot.
Treat- Material per 100 Date of Mean % |irc-sine
ment gallons water application fruit transformation
code infected
L Percnox 1 1b 14 oz | 16/11/60 after )
+ Alboleum % gall. | 29/11/60 long ) 0.5 4.0
23/12/60 rains )
5/ 1/61 )
B Samc as A 29/10/60 )
5/12/60 ) 15 BT
24/ 1/61 )
c Same as A 29/10 /60 )
16/11/60 ) Byl 16.2
29/11/60 )
D Pcrenox 4 1b +
Alboleum & gall. 3/11/60 10.0 18.3
B Perenox/Sulphur 11/10/60 ) 3B 5 0% |
dust 29/10/60 )
24/11/60 )
23/12/60 )
15/ 1/61 )
31/ 1/61 )
F i  Untreated control - 21.4 2iies
I
(p=0.05) 3.75
(p=0.01) 5.12
(1ii) Conclusions

spraying is usually more effective than dusting.

In the control of endoparasitic fungi on plants,

The

idea behind this experiment was not to evaluate dusting versus

spraying on a basis of equal number of applications, but

merely to try out the method.

During the course of the experiment 12 ozs

metallic copper and nearly 1% 1b sulphur were

troe in the dust treatment, compared with the

applied per

normal

orchard spraying (trcatment B) where 4% oz metallic copper

1

and lg pint of Alboleum were used.

ment was significantly better than dusting (p=0.05).

The standard treat-
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Treatment A where spraying was carried out only

after three dull days with intermittent or continuous rain,

the best control was achieved, but it was not significantly

better than treatment B where normal orchard spraying was

applied. Both treatments A and B were superior to treat-

ment C wherc the November period only was covered. Three

sprays in November with "normal' concentration of Percnox

plus Alboleum gave no better control than one concentrated

spray (treatment D).

A1l treatments were superior to untreated control.

No phytotoxic reactions were experienced in any

treatment, but treatment E, which was dusted, was heavily

infested with red scale.

Ca Spraying of young Navel trecs

The object of this experiment was to find out the

effect of one, two and three sprays on the incidence of

black spot on young Navel orange trees,

It was also

hoped that information would be obiained on the relative

importance of each spray application.

Information of

thie nature was regarded as important for working out

Spray programmes.

(i) Methods and Matcrials

The exporiment was laid out on 8 year old Navel

orange trecs, using 3-tree plots, replicated 5 times

per treatment. Perenox was uscd throughout at

1 1b 14 oz per 100 gallons water.

TABLE 39

Table showing treatments and spray dates

experiment on young Navel orange trees %o sce

of one, two and three sprays on the incidence

in an
the effect
of black spot.

Treat-— ; Rate of Now ok ;
e Material e tnt s SpTAYS Dates of spraying
codae
A Percnox 1 1b 14 oz 3 15th October 1960
15th November 1960
15th December 1960
B Perenox 1 1b 14 oz 2 15th October 1960
15th November 1960
C Perenox | 1 1b 14 oz 1 15th October 1960
|
Unsprayed control - -
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(ii) Results

One tree per plot from each of the 5 repli-
cations was harvested on three different occasions.
This one was done to see how the incidence of the

discase incrcased with time.

TABLE 40
Results of the effect of one, two and threce sprays

on the incidence of black spot on fruit of young Navel

trecs,.
Arc sine transformation of % fruit showing Lctual
n black spot 1lesions mean
reat— Dates %
ment of Wholeg
pick- Blooss Total | Mean|treat ii;::_
ing. ment
1 2 3 4 5 moan | teds
A
3 sprayd 4/5/61| 0.0| 3.4 4.0] 5.9] 3464 16.9| 3.4 0.6
22/5/61] 8.9 5.1 4e6] 3.4} 6.4 28a4 1 5.7 1.2
12/6/61| 0.0| 0.0 0.0] 2.8| 0.0 2.8] 0.5 0
Total 8.9] 8.5 8.6/12.1| 10.0 A8sdl ] 9.6] 3.2 1
B
2 “Brede 4/5/61] 9.2| 6.2 10.6|14.6} 20.1| 60.7] 12.1 ] 5.1
22/5/61| 10.0 | 1444| 14.6[21.8| 16.2 Tis0 | 154 T4
1R/6/60 1 20,38 a1 13s3119,31 1.5 6943 13.9 6.1

Total 29.51 31.7| 36.3|55.7| 53.8 | 207.0] 41.4| 13.8

c

1 spray | 4/5/61] 17.3| 17.1| 13.6]22.8| 31.8 | 102.6{ 20.5 13.2
22/5/61{ 18.1| 19.6| 18.6/23.0| 24.5| 103.8}| 20.7 10,7
12/6/61] 26.1| 29.4| 29.5/29.5] 30.6 | 145.1| 29.0 23.6
Total 61.5 | 66.1] 61.7175.3] 86.9 ] 351.5| 70.2] 23.4

Control | 4/5/61| 26.3 | 26.1] 26.2{26.6] 39.9| 145.1] 2.0 23.9
22/5/61| 27.6|25.7| 33.936.5| 33.4 | 157.1]| 31.4 27.4
12/6/61} 31.4 | 33.4) 34.135.1| 39.1 | 173.1]| 34.6 32.3

Total 85.3 | 85.2] » 94.2] 98,21112.4 | 475.3| 95.0 31.7

0.05) 3.58
0.01) 5.01

(p
(p
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Analysis of Variance:
Component D.F. Sum of Mean Variation

e £quUarcs squares

Treatments 3 65799.87 2,266,.62 184.13 =
Blocks 4 386.48 06,62 7.85 = =
Error (a) 12 147.66 12,31 -
Picking 2 108,03 54,02 6.25 =
Interaction 297.49 49.58 5.73 =
Error (b) 32 276.62 8.64 -

(1ii) Conclusions

It is obvious from the results that three sprays
gave good commercial control of black spot. There
were significant differences between all the treatments
and one may deduce further that the different spray

appiications were equally important in this experiment.,

in interesting observation is the fact that sig-
nificant block differences were found. The experimental
orchard was situated next to an old Valencia orange
orchard. The incidence of black spot increased
progressively as the distancc of tho blocks from the
J1d orchard decrecascd. L logical conclusion is that
the spore density in the air close to the 0ld orchard
is higher than further away. This seems to confirm
field obscrvations. Young trees which were inter-
planted in old orchards always show a higher incidence
of black spot than trees in a young orchard. One
reason for the fact that fruit from young trecs
usually show less black spot than fruit from old trees,

appears to be due to a lower spore dosage.

Although therec was a considerable drop in tem-—
perature from May to June and July, there wes a
significant ovocr-all increase in black spot at the

later picking dates.

d. Spraying of Young Valencia trees

(i) Trcatments
This experiment was similar to the preceding
one except that young, 8 ycar o0ld Valencia trees were
used, and harvesting took place later. For trcatments,
see Table 38.
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(ii) Results
Like thc previous experiment, records of

the results were taken at threec different dates.

TABIE 41

Results (inverse arc-sine transformetion of perccntages)
of the effect of one, two and three sprays of Percnox on the

incidence of black spot on fruit of young Valencia orange

treecs.,.
Arc sine transformation of % fruit showing
D 2?tes black spot lesions
ment T Whol
?;;k Bl Total Maanrtreaﬁ i r
1 o 5 4 5 222; ted.
A 13/6/61 | © 1.7 2Bl 3.4 233§ 9,7 1.9 0.2
P sprays | /8761 | o 3.2 1 3.4 o 4.8 11,4 | 2.3 0.3
20/9/61 |21.4 {22.3 | 17.3] 14.1 | 23.1{98.2 | 19.6 1348
Total PisA §27.2 1 23,01 17+5 | 30.2 9.3 F 23.8] 7.9
! B 13/6/61 0 6.2 0 0 5.7 ['11.0 2.4 0.4}
SPYRYS 1 a/8/61 | 6.9 3.6 5.3] 3.6 | 6.8]26.2 | 5.2 0.9
30/9/61 |23.4 |24.8 | 26.9] 31.2 | 41.3 147.6 | 29.5 24,2

Total 30.3 | 34.6 | 32.2] 34.8 | 53.8 185.7 | 37.1] 12.4

c 13/6/61 {17.,2 [11.2 | 13.7| 26.8 | 24.7 | 93.6 | 18.7 13:3
Lspray | s/8/61 |18.8 ] 15.2 | 21.1] 26.1 | 18.4( 99.6 | 19.9 11.9
30/9/61 |57.0 | 49.2 | 51.6] 67.9 | 56.7 282.4 | 56.5 69.6

Potal 93.0 | 75.6 F 86.4/120.8 | 99.8 475.6 | 95.1| 31.7

D 13/6/61 |24.0 | 16.8 | 13.7| 18.4 | 15.6 | 88.5 | 17.7 9.6}
Unsprayed
4/8/61 30.1; 23.7 | 24.4] 26.2 | 26.2 130.6 | 26,1 19.5
30/9/61 |61.0 1 48.2 | 66.4| 66.4| 75.9 [304.6 | €0.9 7643

T :
Total ?15.1% 88.7 104.5l 9T«T | 1177 5237 1104.7 | 34.9

Analysis of Variance

Component Degrees Sum of Mean Signifi
s s gnifi-
of squarcs squares VBrioiion cance
Freedom
Treatment 3 8,258.29 2,752.76 92.219 % =
Picking 2 6y324.,4B° ' 3,162.24 158.588 B E E

Interaction 6 6,780.27 1,130.04 56.672 = E =
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Analysis of Variance (contd)
Component Degrees Sum of Mean VariationSignifi"

of squares sguares cance

freedom

Blocks 4 369.50 92.47 3.098
(Replications)
Error (a) 12 358.23 29.85 -
Error (b) 32 638.15 19,94

Least significant differences:
Treatment means for all pickingss (i.c. 7.9 12.4, 31.7
and 34.9) (p=0.05) 4.35
(p=0.01) 6.09
Means of all treatments for each picking: (i.e.
10.2, 13.4 and 41.6) (p=0.05) 2.88
(p=0.01) 3.87

(iii) Conclusions
The results revealed that the second application
(15/11/60) was, more important than the first and
the last applicationss. It appears however, that
when harvesting takes place later in the season,
3 sprays are essential. The last spray application
did not appear to have much value where harvesting

was carried out in June and August.

3. DISCUSSION

Kiely (1957) stated that each spray in the black spot
control programme is of equal importance. Qur results are
in conflict with Kiasly's statement. During the infection
period, long dry spells may be experienced which make long
intervals between sprays less risky. During very rainy
ssasons with abundant incculum and when the fungicide is
washed offy; more frecquent sprays will be required. In
Lustralia, Kiely (1949) recommended that "where definite
intervals are specified between subscquent sprays, these
should be carefully observed, as departure from them will
result in less satisfactory disease control'. These
specified intervals aremusually rccommended long befors the
infection period starts and although such recommendations
are most useful to the ordinary grower, we can not entirely
agree with that statement. Conditions may vary greatly from
scason to season. During the 1961-62 scason, the writer
deviated considerably from tle specified programme because

of the peculiar scason and excellent results were achicved.
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Kiely (1957) found that fruit of old trees remain
susceptible to infection longer than fruit of young trees.
He recommended up to 4 Bordeaux sprays for old trees and
two to three sprays for young trees. It was found at
Letaba that 2 sprays (well-timed) gave good commercial
control on young trees, but more sprays wWere required for

old trees.
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E. IOW VOLUME SPRAYING

1. INTRODUCTION

The basic principle of plant disease control with

protective fungicides is to cover all the susceptible parts
of the plant completely with the fungicide. This is an
idealistic viewy, because in practice 100% coverage is

seldom achicved.

All spraying of citrus trees in South ifrica for pest
and disease control is done with high volume machinery and
trees are sprayed until dripping wet. This practice is

mainly due to the fact that red scale (Lonidiella aurantii

Maskell) is a serious post in South Africa and thorough
spraying is essential to achieve control. It became a
habit to spray up to 2,000 gallons of spray mixture per
acre for the control of black spot. This is a time
consuming and laborious task and a great handicap on farms
where labour problems exist. It has already been shown that

black spot can be controlled by dusting.

Investigations on low volume spraying were done in
steps:
(1) To establish whether the method has any merits
for this particular problem.
(2) To evaluate low volume spraying versus high
volume spraying on approximately the same level
of material per unit basis,

(3) To evaluate different materials.

2 COVERAGE

When citrus leaves are examined after spraying with a
high volume applicator, most of the surfacc area will be
covered with a thin film of spray material, with bigger blobs
where spray mixture accumulated before running off. In
many cases one side of the leaf or fruit is well covered,
while the other side has no spray material on it. Vith
low volume spraying the Tesults are similar, except that no
film of spray material is formed, but tiny droplets of a
highly concentrated material settle on the plant, lecaving
arecas between the individual droplets uncovered. But,
it is known that copper fungicides are active on fungal
spores outside the arca which is seen to be occupied by
the drop (Horsfall, 19453 Morgan 1952).
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Furthermore, infection takes place during rains or
periods of wetness, but rain will also redistribute the

copper fungicide, so that most of the open spaces will te

covercd,

To determine the penetration, coverage and distribution
of droplets throughout the trees, glossy paper strips or
glass slides were clipped onto lecaves or fruit at all possible
angles, and positions on the trees during spray operations.
The method?%lodgett and Mader (1934) was also used extensively
to determine the distribution of dried deposits., The
coverage on vegetative organs on the outside of the trees
was excellent but variable or poor in the ccntre of trees.
Fortunately the incidence of black spot is usually much

lower on the "inside" fruit.

3. DOSAGE PER UNIT

At Letaba the number of lesions that develop on leaves

are so few that it seems recasonable to assume that the
effect of black spot on tree health is negligible. The
regl damage is done to the fruit. Furthermore, disease
symptoms develop more on the fruit on the "outside" of

the treec than on the "inside!" fruit. More symptoms
develop on the fruit on the Northern half than the Southern
halfs; more in the top part of the trece then the lower half
and more symptoms develop on the exposcd side of the fruit

than thce shady side.

In view of this distribution pattern of thc disease,
the question ariscs whether spraying of 15 and more gallons
of spray mixture per trce is really ncccessary. If the
spraying is dirccted on the outside fruit, it seems fair
to expect reasonable control. Preliminary tcsts with a
power driven low volume applicator showed that coverage is
far better on the outside leaves and fruit and that

penetration to the interior of the trees is less effective,

B Treatments :

To put the above theory to test it was decided to
try out high volume spraying with Standard Bordeaux mixture
at 5, 10 and 15 gallons per tree, where normally 15 gallons
would have been applied for disease control. 4Lt the same
time a treatment was included in this oxperiment where a
"Holder" Knapsack-type applicator was uscd. These trees
were about 15 feet high and the low volume applicator was

not able to cover the treces to that height successfully.
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It was therefore decided to spray only as far

records only from the lower part of all trecs.

TABLE

2

of spray mixture per tree.

104 .

Table shows materials uscd, concentration and quantity

Treat Quantity{Metallicf 0il
nent | o ; spray Cu per per tree
No o esorial mixture |tree per| per appli-
applied (eppli. - cation
per treejcation.
A Bordeaux mixture 25:2:100
plus 3% Alboleum 15 galls{ 1% oz| 1.2 pint
B Bordeaux mixture 23:2:100
plus 3% Alboleum 10 gallsy 1 oz .8 pint
C Bordeaux mixture 2%:23100
plus % Alboleum 5 gallsd % oz <4 pint
D Copper-in—oil 1 pint 10z 1.0 pint
| B Untreated control - - =
Dates of applications 5/10/59; 4/11/59; 15/12/59.

Treatments A; B and C were applicd with a conventional
spray machine equipped with "Hardie" spray guns and No. T
discs. The rates of application were detcrmined with the
aid of a stopwatch, after establishing the output per
minute of each spray-gun, immediately before each spray

application was carried out.

The "copper-in-o0il" used in this experiment was mixed
to contain 3 1b of metallic copper (in the form of copper
oxychloride) per gallon.

b. Results

During the third week of September 1960 all the
fruit was picked to a height of about 8 fect. This was
done in order to sce how _effective the low volume application
treatment was. Thereafter the whole trees were picked

and cxamined for black spote.
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TLBLE 43
Effcct of high volume spraying at differont ratce
of application and low volume spraying on the control of
black spot during 1959 — 1960 scason.
Iower half of Whole trees
trees only
Trcatments % Fruit | Inverse % Pruit Inverse %7
with arc sine infec arc sine
black tranfor ted transfor
spot mation mation
/., Bordeaux + ilboleunm 54 1Ly 20.5 26.9
15 galls. per tree
B, Bordcszux + Alboleum 18.9 25 30.3 3343
10 gzlls. per trece
C. Bordeaux + fAlboleum 273 31.0 38.2 38.2
5 galls., per tree
D. Copper-in=-oil 1 pint 9.2 16.2 39.3 38.7
per tree.
B. Untreated Control 3T7.4 37.6 62.5 524
(p=0.05) 11.9 (p=0.05) 7.15
(p=0.01) 16.7 (p=0.01) 10.03

G Conclusions

Results on the lower halves of the trees showed

that only high volume spraying at 15 gallons per tree and

low volume spraying are significantly better than the un-

sprayecd control treatment at 1% level.

There were no

significant differecnces betwecn these two trecatments.

Trecatment B is only significantly different from the unsprayed

control at 5% level.

Results taken over the entire tree showed no

significant differcnces betwecn treatments By, C and D but

all trcatments are significantly better than the unsprayed

control,

significantly better than B.

Treatment A was superior to Cy D and E but not

A comparison of the low

volume application on the basis of results taken over the

entire tree is not wvalid, for reasons already given.

It is once again indicated that the ineidence of

black spot was higher in the upper portions of trees than the

lower portions, although no effort was made here to prove

this point statistically.
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In this experiment a full cover spray (15 gallons
per trec) was superior to applications of 10 and 5 gallons
per trcec, These data should not discourage further
experimentation. It is possible that diffecrent spray
nozzles or smaller discs which provide a mist of small
droplets may give more cneouraging results. LAt the time
when this experiment was carried out No. T discs were uéed
in the "Hardie" spray guns. The orifice of a No. T dise
was subsequently found to be too large and gave a coarse
droplet output. Since 1960, No. 5 disoslave been used at
Letaba Estates. The low volume trcatment must be regarded

as succcssful and further experiments werc desirable,

4. EVALULATION OF FUNGICIDES

e Trecatments

In viow of the encouraging results obtained in
the previous experiment, it was decided to cvaluate a few
fungicides with low volume application. For this purpose
a block of 11 year old Valencia orange treces were scleoied
which werc small enough to spray all parts with a2 low
volume applicator. The diffecrent trcatments are sum—
marised in Table 44. The dates of spraying were 29th
October, 22nd November and 29th December, 1960,

The Bordeavx plus Alboleum trcatment (L) was applied with
a conventional high volumc machine. 411 the other treat-

ments wore applied with a Knapsack low-volumec applicator.

g Results
Records were takcn on 28th, 29th and 30th August,

1961. The results are summariscd in Toble 4l4.
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TABIE 44
Table showing different materials, concentrations,

application rates per tree and control of black spot in

a "low volume" experiment during the 1960 - 1961 scason.

Treat s Material applied per| Mean | Arc
ment trec per epplicationi % sine
Code Material and ; - fruit| trans
: Spray {Metallie{ O0il :
Concentration. Wixture| Copper (pints)githk i?rma
(pints){ (1bs) i Ry
P spot
A Bordeaux mixt. 24:2:100
+ Alboleum & gallon 64.0f 0.049 {0.32.| 5.88 13.93
B Copper-in—o0il 3 1b metalli%
copper per gallon 1.2 0,075 $1.08 2.40] 8.67
C Colloidox 22 1b + Alboleum
2 gall. + water 18 galls, 3.0 ] 0,009 [0.30 12,05 20.12
D Perenox 1 1b + Alboleum
| gall. + water 18 galls. 3.0 | 0.009 (0.30 15.50f 22.82
i Perenox 4 1b + Alboleum
2 gall., + water 18 galls. Zab 003 10,25 6.95( 15403
i Cyprex 2 1b + Albdeum
2 gall. + water 18 galls, 2.8 - 0.28 {24.50|29.67
G Dithane M22 (Special) 3 1b
+ Alboleum 2 gal. + water
18 gallons 218 s 0:28 15.08 22 .82
H Untreated Control - - - 31.45{34.08

(p=0.05)  3.01
(p=0s01)F 2.03

Ca Conclusion
Treatment B (coppcr-innoil) was significantly better
than any other treatment, while there was no difference in
control of black spot between the standard high volume treatment
(Bordeaux mixture) and trcatment B (Perenox plus Llboleum,
high concentration, low volume). All treatments were superior

to unsprayed control.

5. DISCUSSION

It is possible to apply low volume (high concentration)
spraying with succecss for the control of black spot. It
would be advisable, however, to carry out further rescarch
on materials and diffcrent applicators. Preliminary trials
carried out with a "Kinkelder" low volume machinc showed that
some modifications arc necessary to this type of applicator
before it can te uscd successfully in citrus.
Entomologists arc rather sceptical about the control of red

scale (Lonidiella aurantii) with low volume spraying. Fow

of the smaller growers can &ford to have a low volume machine for

black spot control only, but this is no problem to the bigger growers.



University of Pretoria etd — Kotze JM 1963 108

F, AERTAL SPRAYING

1. INTRODUCTION

In a study of the control of black spot, an interest

in aerial spraying is a natural development for the following

rcasuns.

(a)

(b)

(c)

(a)

(e)

(£)

(g)

(h)

Therc appears to be o definite infection period

where windborne spores play a dominating role.
Tlore are distinet possibilities of pre-

dicting an irnfection period by studying the

prevalence of ascusporcs and their maturity

on dead lecaves. Acrial spraying is a quick

opcration and spraying can therefore be

delayed until shortly beforc an infection

period.

If an infoction occurrcd and a spray could be

applied immediately afterwards with an cradicant

fungicide it might be possible to achieve control.

This, however, would have to be done quickly as

a delay of a few days may be fatal.

Conventional spraying is a slow, time con-

suming process for which a large labour force

is neccssary. It takes approximately 3 weeks

to complete a spray round at Letaba Estatcs.

During that period closc to 2,000,000 gallons of

. 8pray material have to be pumped on the trees.

For this task 200 Native labourcrs and about 20
Europcans are employed and 17 spray carts are
uscd. If trees are big it may take 1,500 gallons
to spray one acrc of citrus trees and this has to
be done 4 times per yoar.

The occurrence of the discase ssems to favour
aerial spraying eg. the incidence of the disecasc
is higher in the upper half of the trece than the
lower half. The "outside" fruits arc morc prone
to lesion dcvelopment, than the fruit inside the
tree, ete.

Expcrimental rosults on low volume spraying were
encouraging.

Letaba is a relatively wind-free area and if the
temperaturc allows it, spraying can bc done almost
all day.

The topography at Letaba is suitable for acrial

spraying.
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5 PRELININ..RY TRIALS
Although dusting by aircraft for the control of

Bollworm (Heliothis armigera Hiibner) and Thrips (Scir-

tothrips surantii-Faure) has beon done for years in South

africa, no information cxists on the control of a diseasc

such as black spot by aircraft.

The basic principle of crop protection is to achieve
1005 coverage of the susceptiblc parts of tle plant at tho
lowcst cost. It follows then that in general one has to
distribute the chemical as cqually as possible in the

smallest particles.

Zo Methods and Materials

Initial trials with a motorized fog gecncrating
machine (T I F 4A) were abandoncd,; as the droplcets were too
small to scttlc on the trecs under climatic conditions at

Letaba,

Spraying by aircraft was herceftcr investigated.
Since no information was available in this country on
diseasec countrol in citrus from the 2ir, numersus fruitless

trial runs were carried out.

4 Piper Super Cub aircraft with 46 nozzles
(Spraying System Inc) on a 30 foot boom was used for the
first spray trial. The nozzles wore turnced forward so
that the orifices faced the dircetion of flight, but at a
slight angle downward to provent the spray from blowing
back on to the nozzles and aircraft. At a speed of 80 +to
85 m.p.h. and a pressure of 35 1b per squarc inch, droplets

varying betweon 50 and 300 mierons werc produced.

Aftoer scvcral trial runs it appearcd that 5 to
8 gallons pcr acrec provided a fairly good coverage of citrus

leaves and fruit in an 0ld orchard.

In order to sec whether black spot could be controlled

from the air, a simple trial was laid out as follows:—
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1IED] A

Three rows of treces on two opposite sidos of an

old Valencia orange orchard wore chosen for acrial spraying,

while 3 rows in the ccntre of the plot were sprayed by
hand in the conwventional manncr., The treatments weres
1% Three rows spraycd from tlhe air with copper-in-oil

(Shell) diluted with oil 1o contain % 1b motallic

copper in the furm of copper oxychloride per gallon.

25 Three rows of trees were sprayed with Perenox, Alboleum

i

and wator mixturc, made up to contain % 1b metallic

copper and 7 gallon of 0il per gallon of spray & .

mixture. Due to mechanical trouble and physical

problems the absove mixturc was replaced from the second

application onwards, with Colloidox, a colloidal copper

Tungicide, This fungicide was mixed with water to

contain % 1b motallic cecpper por gallon of the final

spray mixturc.

2ia Threc rows of trees in the middle of the plot were
sprayed by hand, using Perecnox at 2 1b per 100

gallons plus % gallon of Alboloum.

In the two aerial troatments, the aircraft spraycd

each row 3 timcs. At approximately 2 gallons per acre

flight it mecans that 6 gallons per acre were applicd.

per

Drift

and overlapping occurred which were impossible to control.

It was cstimated that approximately 12 gallons of gpray

mixture were sprayed over the cocnire row. The aireraft
P

flew at a height of approximately 3 foect above the tree

b. Results
On 16th fugust 1961, 5 trecos in cach row (15

tops,

trees per treatment) were harvested and examined for black spot.

TABLE 4%

Summary of rcsults in a trial where asrial Spraying was

compared with .conventional spraying for the control of citrus

black spot, during thc 1960 - 1961 scason.

| Lverage percentage

|

Treatmont fruit. infected in row Row mean Arc sine.trans-
- formation

oo 2 3
-

Copper-in-oil

(4erial) L 9l 6.0 447 5.5 130

Perecnox + Alboloun

followod by Col-

loidox 44 .4 B 38.4 44.3 bEh Al

Hand spraying 136 i3 00 11.3 107 19.8

(p=0.05)

3.5
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Ca Discussion and Conclusions

This was not a true randomized block experiment,

(as randomimetion of blocks was not possible) but it was

treated as such in the statistical analysis. A5 NS

extremely doubtfuly howcver, whether block randomization

would have maile a big liffercnce beczuse black spot had

always beecn very severe throughout this plot in the past.

No apparent differcnces cxistod between the differcnt rows

in each treatment despite the fact that the centre Tows

received a higher duosage of spray material from the air.

The copper-in-oil trecatment was outstanding and

indicates that black spot can be controlled from the air

successfully. The other aerial trcatment was a failure,

but this must have becn duc to an inferior product. In

311

another low volume cxperiment it was rovealed that Colloidox

is an inferior -produet for the control of black spot.

It would be uneconomical to spray 6 to 12 gallons

per acre from the air and further cxperimentation was deemed

NnecesSsary.

3.

EXPERINENTS WITH SPRAYBOOM LND ROTLRY ATOMIZERS

In view of the previous yecar's results on aerial
P 2

spraying it was decided to evaluate copper-in-oil at

lower dosage rates, for economic reasons. Better control

of droplet size was also desirablc.

ae Methods and Matcrials

(1) Equipmont

A Piper Super Cub aireraft with a wing span of

35 feet was used for all the aerial spraying. The
aircraft was fitted with 46 of Spraying Systcms'
nozzles, The crifices D4, D6 and D8 werec uscd.
When a high output was required the bigger orifices
were used. The nozzles wore again arranged so that
the orifices facud forward; but dirccted slightly
downward to prevent the spray from blowing back onto

the nozzles znd the airecraft.

Four "Micronair" rotary atomisers wore fitted on
the samc aircraft, but when boom spraying was carricd

aut, the atomizers were removed. During atomizer

spraying tic booms werc remuved in ordur that the supply

Pipes could fecd the atomizers.
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PLATE 7. Photograph shows how the rotary atomizers were |

mounted on the aircraft. |
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41l the mechanical work and piloting was carried
out by Multispray Limited, Grand Central Airport,

Halfway House, Transvaal.

(ii) Droplet Size

By altering the setting of the atomizer blades
and thereby altering the speed of rotation the droplet
size was usually resulated. It was found that small
droplets were usually lost in drift on hot days in
which case the droplets were increascd. With appli-
cation of higher dosage ratee the increased volume
of spray mixture tended to slow down the atomizcers ani
a finer setting of the blades was necessary to keep

the atomizer spced constant.

(iii) Assessment of coverage and droplet size

Various methods were cmployed, such as white
baper strips, paper treated with various dyes, or by
using dycs in the spray mixturc. Glass slides are
uscful for rough work, but arc scldom better than the

windscrecn of a motor car or = white shirt!

The casiest method for more accurate work,
is to coat glass slides with magnesium oxide (Norman
and Bi‘ittens undated). When the slides were exposed
to the spray, a clear droplet pattern was obtained.
Lach droplet formed a miniaturc crater in the mag—
nesium oxide which could be mecasurcd. The crater
diameter was factored by 0.87 to obtain the actual

droplet diamstér.

For boom spraying carly in the mornings
the droplets varied between 40 to 300 microns, with
an avorage droplet diamcter of approximately 110 microns.
With the atomizors the droplects varicd from 30 - 250
microns, but the average droplet size was approximately
100 microns. Undor hot conditions or when spraying
had to be done under windy conditions the droplet

8izes were inecrcascd.

(iv) Assossment of Penctration

L eitrus tree is densely foliated and
penctration of the droplets to the "inner" fruits may
be difficult.
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In ordcr to investigate this, 12 feet
wooden poles with cross beams, 1 foot apart, wore
placed vertically in tlhe citrus trees wlich were
sprayed. Similar poles were also placed outside
the orchard on an open spot in line with the poles
in the trees. On cach cross beam two filter papers
(11 om diameter) were placed. After the acroplane
passed once over (spraying a copper-in-oil mixturo)
the papers were carefully colleeted and analysed for
copper by the Technical Decpartment at Zebcdicla

Estatcs.

This preliminary investigation indicated
that therec was very little variation in the guantity
of copper deposited at the different lovels, but
outside the orchard morc coppeér deposited on the

higher lcvels.

Glass slides, coated with magnesium oxide
indicated that more big druplets accumulated at 10
foot heightis than at 3 fiet when trees werc sprayed,

but distribution outside the treecs was more even.

b. Treatments
Pive plots (123 acres) of 0ld Valecncia orange trees
were used for this trial, There werc five spray-treatments
but becausc the arca over which the trial was carricd out,
was large and variation in the discase incidence was
likely to occur, it was dccided to lcave an unsprayed control

/
I

plot for cach trecatment. The actual arca sprayed {(lis-

regarding drift) was approximately 1% acres por treatment.

The material used for all the plots sprayed from
the air was Shell's copper-in-oil, mixed to contain & 1b
copper in the form of cepper oxychloride per zallon. The
standard trcatmont for comparison was conventional hand
Spraying, using Pcocrenox at 2 1b plus Alboleum at the rate

of & gallon per 100 gallons watcr.

It was cndeavourcd to apply 4 and 6 gallons per
acre with the spray boom and also with the atomizers. The
output pur run for both sprey-boom and atomizers was approxi-
mately 13 - 2 gallons por acre,. In order to achieve 4 and
6 gallons por acre 2 and 3 runs had to be made rcspeotively

aver the samc arcas.
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A plan of the treatments as given belows:
PLAN
T T T F [ |
com i ;tamizgﬁ3 i | | Conven ! ‘ Boom [ htomizer
runs i runs | i | tiJﬂaﬁ |3 runs | B runs |
c3 pll €5 |ground €4 | P . C
| | b ‘ | spray E o i
f | L L idnE. | i i L)
Plot 239 Plot 241 Plot 243 Plot 245 Plot 247
Legend s
Cl, €2, C3, C4 and C5 - unspraycd control plots,.

The swathes of

as 66 feet.

the booms

and the

It was tlercforc nccessary for the aircraft

to pass over every 3rd row.

atomizers were taken

£11 the experimental plots, except the handsprayed plot,

were sprayed with Parathion for the control of insect pests

before

the trial commenced,

The

differential +

as applied are given in the tables below.

TABLE 46

recatments

Actual number of gallons of spray mixturc per acre as

applied on the different dates in the various treatmcnts in an
agrial trial 1961 - 1962.

Gallons spray mixturc applicd per acre
Date of -
spraying |Trcatmont 1|Trcatment 3 |Treatment 5|Trecatment]|Troatment 9
(Atomizer |(Atomizer [(Boom (Boom Conventional
2 Tuns) 3 runs) 2 runs) 3 runs)
5/10/61 D 4.5 3.7 6o 1,400 =
10/11/61 3.0 5ol 4.0 6.0 1,200
1/12/61 | . 4.0 T+3 3.8 55 1,200
3/ 1/62 3=b 7.0 35 6.4 1,400 =
Total 12.9 24,0 522 25 5,200
Lverage S L+ 6.0 3.8 | 6.4 1,300

# Parathion included with black spot sprays.
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TABIE 47

115.

Table showing average and total oll and copper applied

per treatment in the aerial spray trial 1961 - 1962.

Material applied per acre
Trecatment Average per application Total

0il | Ou 0i1 Cu
1. Atomizer 2 runs 32 galis. 1.6 b 12.9 6.45
3. Atomizer 2 runs 6.0 galls. 2401 e 24.0 12.0
5. Boom 2 runs 3.8 galle. L5 oHg 152 Teb
7. Boom 3 runs 6.4 galls. 3.2 1b 25.6 12,8
9. Conventional BeDnararlilis. 1L2150) ke 26.0 52.0

c. HResults

Records were taken durirg the last week of August 1962.

Eight trees were taken at random near the centre of each treat-

As it was known that

ment for harvesting and record purposes.

the incidence of black spot is higher in the upper portions of

trees than lower down, results were taken from upper and lower

sections of the trees; to seec how aerial spraying affected the

occurrence of the diseasec.
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11 6‘

Summary of results on the control of black spot where

acrial spraying with rotary atomizers and spray booms

with nozzles werc comparcd with high volume handspraying.

T
|

Inverse arc sine

 Mean %, transformation
Treatment Section of | Fruit i
trees . with | Upper & : Whole
i black l_ Lower i treat—-
|_spot | halves |'ment
1. Atomizer — 2 runs | Uppor half | 15.15 | 22,39 l.-..
i Lower half B ez Sl L Sk R )
2. Untreated control - C1 | Upper half | 54.78 47.75 |
i Lower half asrsies) 24..88 536.31
!
3. Atomizer - 3 runs ; Upper half | 17:83 - 24.11
| Lower half 8eq8 Tl 16,42 | 20.26
4+ Untreated control — €2 | Upper half 43.38 | 41.14
t Lower half 125 é 20,14 | 30.64
. 5. Boom - 2 runs Upper half | 6.81 | 14.%
7 Lower half 4.39 i 11.60 1 13425
6. Untrcated control — C3 Upper half 28.34 |, 32.00 |
| Lower half 10.18 | 18.00 | 25.00
7. oo~ 5 suns Upper half | 18.22 | 24.99
Lower half E 19..51 | 18.:55 {21.7?
8. Untreated control - C4 Upper half [ 69,28 { 56.54 i
Lower half 3 27.90 @ 31.68 [ 44.11
‘{ 9. Conventional handspray i Upper half L 5.96 1 12.96 ;
i ' Lower half | 1.51 | 6.84 9.90 j
t 10. Untrcated control — C5 Upper half . 52.87 46.68 | :
' | Lower half 1 27.98 31.44 39.06 1
(p=0.05)  3.85  4.326 |
(p=0.01) 5.08 5.754 |

die Discussion and Conclusions

This was an extremely costly cxperiment, not only when onec

considers the operational charges and costs of materials, but a

considerable amount of fruit was unexportable on account of the
severity of the discasc in the unsprayed control plots. Under
these circumstances, an cxperimental design which would lend
itself better to statistical analysis was hardly possible. 4
complex statistical analysis was applied. It is doubtful whether
differcnces brought out by other mcthods of analysis would have

been wvalid.

Despite all the statistical short comings, valuable

information was rcvealed.
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In all cascs,; the sprayed plots were significanpﬁly
better than thc unsprayed control trcatments. Variation in
the incidence of black spot between differcnt trcatments made
a dircct comparison risky, but conventional hand spraying
appcared to have been superior to aerial treatments. I+ would
have heen surprising if this was not the casc,; because
considerably more copper and oil had been applied in the
hand-sprayed treatment. Furthermore, duc to mechanical trculle
the aerial sprays could not have been applied under ideal
environmental conditions and driit losses were scvere on some
occasions. 4 portion of the material sprayed from the aircraft
never reached the experimental trees at which it was aimed.
Commercial spraying at Letaba Estates, where large areas can
be sprayed from the air, should yield better results than those
obtained in these cxperiments. Spraying with helicopters

may overcome many of the drift problems.

Likec other experimcents, this onc shows clearly that
the incidence of black spot is morc scverein the tops of trees

than in the lower portions, at Letaba Estates.

In the light of rcsults so far, aerial spraying
scems to be more suitable for old treces where comparatively
little spray material (copper) rcaches the orchard soil.
For young trees (betwoen 3 and 15 years) where the rows are
open, low volumc spraying from thc ground scems to have

advantages over acrial spraying.
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G. CONTROL OF BLACK SPOT AFTER INFECTION

1% INTRODUCTION

The latent nature of black spot infections was
demongtrated by scveral workcrs (Kiely 19483 Simmonds, 1940,
Tager, 1952 and Tokunaga and Yokohama, 1955).

The distinction between superficially placed spores
which still have to function, and those which have alrcady
germinated and penctratzd into the host tissue, presents
fundamental diffcrenccs in control msthods, Fungicidal
sprays which arc applied during the first 5 months after
the blossoming of citrus treecs, are aimed at the prevention
of infection. Whsre the fungus is still supcrficial,
fungicidal treatments applicd with the object of preventing
infeetion proved to be reasonably cffective. Where the
fungus has alrcady penctrated the host tissucs, and romain
dormant until the host rcaches a certain stage of maturity,
it is unlikely that a fungicide will succced, unless it has

systemic qualitics,.

Like most fungal discase of plants, commercial control
measurcs against black spot is bascd on protection of the
fruit with a fungicide to provent infection. This is
achicved by spraying a copper—containing fungicide, to which
an emulsified oil is usually added. The role of oil is still

obscure, but will be discusscd separately.

A spray round at Letaba Estates is usually comploted in
3 woeks. In practice it may happen that infection occurs
at the beginning of a spray round and it i1s unknown what the
offect of subsequent spraying will be on the discase
development. It was also indicated that acrial spraying may
be carried out in futurc. A4erial spraying is a quick
operation. Spore trap rcsults as well as records on climatic
conditions can possibly be used to show when an infection
period occurrcd. The question arises thecrcfore, that if it
is known that infection took place at a certain time, how

long afterwards can infection be c¢radicated if at all?

2. CONTROL, SHORTLY AFTER INFECTION

a., Methods and Materials

For this experiment thousands of blossoms were
covercd on 4, 12 ycar old Valencia orangc trces. Only 205

of these blossoms developed into young fruit.

Dead leaves under the trecs were regularly examined for

the prescnce of ripe ascospores. At the beginning of
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December large numbers of ripe peritheciaz werc found which
indicated that considerable infection might occur under
favourable climatic conditions. The paper bags werc removed
ot SRR December just before a spell of rain. Rain
commenced that evening and the trees remaincd wet for
approximately 40 hours, Altogether 10,2 mm of rain were
rccorded for that period. All the fruits were placed in
paper bags again as soon as they were dry. The fruits were
then divided into lots of 52,52, 53 and 48 and cach lot was
dipped in a mixturce of 2 1lb Pcrenox plus %-gallon Alboleum
per 100 gallons water except the fourth lot as sot out in
Table 49.

After cach lot of fruit had been dipped the paper
bags were immediately replaced. In June 1962 all the paper
bags were removed to allow the fruit to mature under
natural conditions. No rain occurrcd from Junc until the
fruits were harvested on the 15th August 1962, so that a
possibility of infection during that period can be execluded.

A large number of the fruits dropped.
b. Hesults

After an incubation period of 14 days at 23°C  to
26°C the fruits werc examined and all the black spot lesions were

counted. The results arc given below,

TABLE:49
Table showing the incidence of black gpot after
dipping fruit in a mixture of Perenox and Albolcum

at different intervals aftsr cxposure to infection.

Trecat—| Total Number of Period betweon % Fruit | Total No.| &v No.
ment fruit onset of infec- infectcd| of spots | spots
Code Treated | Survived tion and dipping per
fruit
A 5e — 114 hours A 25 8,78
B 52 25 204 hours 48.0 ST 1.48
c Sic) 30 18 days LY 64 PiallB
D 48 31 Undipped 58l T4 2239
DF = 3 i X°= 4.815

The differencesbetween trcatments (% infocted fruit) are

regarded as significant.
c. Conclusions

This experiment was repeated 3 times but the periods of
wetnesg were too short during the cxposure time and no results

were obtained in the other two experiments,
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Although this must be regarded as a2 pilot experiment
and it was further hampered by fruit—-drop, the results
indicate that by postponing the application e¢f the fungicide
to 4% days after the comménqhent of an infection period
complete control of black spot was not achicved. Ascospores
were caught during the ontire period of rain which lasted
approximately 40 hours. It is therefore possible that
infection that iteok place towards the 2nd of that periocd was
arrested by the fungieide, whilc the cerlier infection was too
far advanced at the time of dipping. On the other hand, the
effcet of the oil is obscure. 0il is known to penetrate plant
tissue (Ebeling, 1959) and to have fungicidal properties
under certain circumstances (Laville, 1960). The apparent
control achisved in trecatments A, B and C is probably due

to the action of the cil.

A study of eradication of G. citricarpa after infection
certainly warrants close attention. Xzperiments on the times
as described above, using various eradicative fungicides at
short and long intervals after infection should yield information
which may be of great importance in the control of this

disease in future.

3. CONTROL AFTUR THI ANNUAL INFECTION PERIOD

In South Africa trees are usually sprayed 3 or 4 times
with a copper fumgicide (with or without oil) from October
to January, for thz control of black spot. Kiely (1950) and
Wager (1952) indicated that 1little or no control is achieved
by spraying with copper after that period. Kiely (1950)
observed however that the application cf white spray oil,
after 2 weak Bordeaux mixturc programme, contributed greatly

towards the control of black spot.

2. il in Janmaary

In view of Kiely's report on the zsffect of oil on
black spot development after a weak Bordeaux mixture programme,
and the observations made in the Letaba district, it was

decided to investigate this aspect.

(i) Mecthods and Materials

A block of 38 year old Valencia trees, which received
threce Bordeaux sprays from September 1959 to

15th December 1959 was selected as an experimental site.
The layout was based on a randomized block principle

with 4 treec plots and 4 rsplications per treatment,
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The treatments were as follows:-

Treatment A. Alboleum 2 gallons per 100 gallons water
Treatment B. Alboleum 1 gallon per 100 gzllons water
Treatment C, Bordeaux mixture 2%: 2 per 100 gallons water

Treatment D. Unsprayed contrel.

About 15 gallons of spray mixture was applied per tree.
Date of application: 13th January 1960.

(ii) Results

During the 3rd weck of Scptember 1960 all the fruit
from 6 feet and lower was stripped and examined for the

incidence of black spot.

TABLE: 50
Summary of results of an experiment to cvaluzte
the effect of oil sprays, after a weak Bordeaux

mixture programmec,

Trecatment Mean percentage fruit Arc sine trans-
Codel Material with lesions formation
A lAlboleum (2g.) | 18,1 25,1
B [Alboleum (1g.) 17.2 24,4
C [Bordeaux 179 247
D [Control - | 1'Te3 24.5 ;

The differences between the results of the various
treatments were non-significant.

b Qi an April

(i) Methods and Matcrials

Laboratory tests indicated that when fruits arc dipped
in oil-water emulsions after picking, black spot
development was retarded. This led to another field
experiment but this time the oil sprays were applied
on 26th April. This experiment was carried out on old
Valencia orangc trees which received 4 copper fungicide
sprays from October 1960 to January 1961, Black spot
had always becn severe on thc fruit of these trees in
the past. At the stage whken this cexperiment

commenced, black spot showed up on a very low

percentage of the fruit,

Treatment A. Alboleum 2 gallons per 100 gallons water
Troatment B. Alboleum 1 gallon per 100 gallons water
Treatment C. Unsprayecd control,

The layout was a simple randomized block with 9

replications of single tree plots per trecatment.
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(ii) Results

TABLE: 51
Percontage fruit infected on 28th September 1961
after spraying 1% and 2% Alboleum on 26th April
1961,

Treotment Mean % fruit with black

Code

Material spot lesions

A
B
C

Albolcum (2g.) 28.8
Alboleum (1g.) 3T ab
Control 47 4

taken,

(p = 0.05) 14.15
(iii) Conclusions

Although both 1% and 2% Alboleum reduced the incidence
of black spot when compared with the unsprayed control
2% Albolocum gave significantly better control than the

unsprayed control treatment.

c. 0il with and without other fungicides

A further evaluation of the effect of oil was under-

It was considerecd desirable to include somc other

treatments which may inhibit or prevent black spot development.

(1) Mcthods and Matorials

This randomizcd black experiment was laid out on young
Valencies trees, using single tres plots, replicated

6 times per treatment.

The treatments were:

Treatment A, Alboleum 2 gallons per 100 gallons water

Treatment B, Perenox 2 1b + PMC 2 oz + Alboleum
2 gallons per 100 gallons water,

Treatment C. Percnox 2 1b + PMC 1 oz per 100 gallons
water

Treatment D. Porcnox 2 1b + FUC 4 oz per 100 gallons
water

Trecatment E. Dithanc 422 (spccial) 2 1b + Alboleum
2 gallons per 100 gallons water.

Treatment F. Unsprayed control

Two spray applications werc carricd out viz:

6th June 1960 and

1st August 1960.

Approximately 8 gallons of spray material was applied

per tree on both occasions.

(ii) Results

Records were taken at harvesting during the last

week of September 1960C.




University of Pretoria etd — Kotze JM 1963
123,

TABIE : 52
The effect of Alboleum with and without

other fungicides on the control of black spot,

Treatment Percentage fruit in black spot ]
= Less than 5 More than 5 Total %
spots per spots per black spot
fruit frult
A 12,6 Tab 20.2
B 1255 6.9 19.4
C 1743 8.2 2545
D 2955 97 39.2
E 18,2 Bad 26,3
F 26,7 26.4 58!
(P = 0.05) 9.0

(iii) Conclusions

All fungicidal sprays reduced the incidence of black
spot. The addition of Dithane M22 (Special) or PMC
plus Perenox gave no better results than Alboleum with-
out additives. The control afforded by the Peren&x
plus PMC treatments and Perenox plus PMC plus Alboleum
is of interest but considerable leaf and fruit drop
occurred. This type of phytotoxicity was particularly
severe in treatments B and D. A considerable amount
of spray injury occurred on the fruit in treatment

D and also to a lesser extent in treatments B and C.
It was extremely difficult to differentiate between
newly developed black spot lesions and spray injury so
that the results of these treatments are somewhat

unreliable and exaggerated.
The role of o0il on diseasc development is discussed later.

d. Cyprex and oil

Claims were made that Cyprex, when applied with small

quantities of o0il will retard or prevent symptom development.,

(i) Methods and Materials

The following treatments were applied in a randomized
bleck experiment, using 38 year old Valencia trees which
received 4 Bordeaux mixture applications from September
1959 tc January 1960. TRach treatment consisted of

10 single tree plots.
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Treatment 1. Cyprex 1% 1b plus 1 pint Alboleum/
100 gallons water.

Treatment 2. Cyprex 1% 1b plus % pint Alboleum/
100 gallons water,

Treatment 3. Unsprayed control.

These sprays were applied on 27th July 1960 when 3
samples of 100 fruits, picked at random from the
experimental trees showed an average of 4.8%
infected fruit.
(ii) Results
During the 3rd wee#of September 1960 all fruit up to
T feet from the ground was stripped and examined for
black spot. An average of 3 orchard boxes per tree
Were examined,
TABLE: 53
Results on the control of black spot after
spraying Cyprex plus Alboleum shortly before

harvesting.
Treatment Mean percentage fruit Arc Sine Trans-
No. with black spot lesions formation
365 23,5
2 12.9 20.3
20,0 25.9

There were no significant differences between the

treatments.,
4. DISCUSSION

Between the time of infection and the time when disease
symptoms appear, there is a latent period which may last
several months. Protective sprays during that period have
no effect on the disecase incidence, Applications of Alboleum
and PMC shortly before picking gave encourasging results. PMC
was very phytotoxic under certain circumstances. Further

investigations with similar fungicides are necessary.

In years when temperatures during Mzy and June are high,
sprays with Alboleum (or similar products) may be used to
retard lesion development. It was found that oil retards
the colouring of fruits but this is not a 8reat disadvantage
where Valencia oranges are involved., On Navel oranges at
Letaba where the fruits are usually ripe before the rinds
are yellow, oil sprays may delay colouring considerably.

hocording to Riehl, et al (1958) mineral oil sprays retarded



University of Pretoria etd — Kotze JM 1963

125.

the transpiration of citrus for many Weeks. Our own results

showed that 0il can also reduce the crop.

Govindaswamy (1955) showed that oil reduced spore
germingtion of several fungi and inhibited mycelium growth.
Calpouzos et al (1959) claimed that oil inhibited the

mycelium of Mycosphaerella musicols inside banana leaves.

The fungus was not killed by the oil however., 0il sprays
were so effective against Sigatoka disease of bananas that

it replaced copper sSprays.

0il seems to affect both the host and the parasite
and growers should bear this in mind. The judicious use of
cil prior to picking may contribute considerably towards

the control of black spot.
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H. LDVLLUATION OF CHENOTHERAPEUTANTS

il INTRODUCTION
Sucda (1941) was the first workor to claim that “the

black spot fungus of citrus" spread in a systemic manmsr
and that the fungus spread to new citrus plants through
infectcd grafts. Leaves which grew out of grafts became

infected by the myvement of the fungus in the host tissucs.

Sucda alsy stated that fruits became infccted by the
movement of mycelium from infected tissucs. Only =
translated summary of Sueda's recport was seen, in which the
causal organism was net dircctly mentioncd. Tokunaga and
Yokohama (1955) confirmed however, that Sueda's studics

were carried out on Phoma citricarpa Mc Alp. They zlso

discloscd that this fungus was isclated from citrus flower

stalks, receptacles and ovarics.

Schiicpp (1960) who strongly supporitcd the "systcmic
infcction theory", suggcsted that the control which is
obtained in practice with copper fungicides is due to
penetration of copper through the cpidcrmis or by changing
the "physidogical state of the citrus plant". Although
the possibility of chemotherapcutic action of copper camnnot
be ignored completely, it scems rathor unlikely. According
to Stoddard and Dimond, copper is fixed by woody cclls and

never moves to a great distance when injcected into plants.
Leaf analysisE on citrus leaves at Letaba showed that
penctration of copper into the leaves was poor in the case

of conventional spray applications.

dpart from systemic infcction by mycelium, it was
established that there is a latent period after sﬁore
infection. This latent period lasts for scveral months.
The possibility of control of the discase during this latent
period with a suitable chemotherapcutant scems to te a

promising ficld for investigation.

£ Leaf analyses were carried wut by the Technical Department,
Zebedicla Estates,
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2e INTRODUCTION OF CHENOTHERAPLUT.NTS THROUGH HOLES

Po attain systemic chemotherapy, the chemical muss
cnter the plant so that translocation to the point of nced
can take place. Upwzard translocation scems relatively
simple according to Howard snd Horsfall (1959) but most
compounds are translocated slowly downwards, if at all.
Dr, Schiepp, in a wverbal discussion suggested that chom-—
icals should be introduced into the trecs through bore-—
holes. Stoddard and Dimond (1949) =2lso rcfiérred to

infection of chemicals through holes.

Eie Methods and Materials

An exporiment in which chemicals were introduced
through holes in the 8tems of trees was conducted on 4
yecar old Valencia orange trecs which hed never recoived
any sprays for the control of black spot. The experiment
was laid out on a randomized block design, using single

tree plots, replicated 5 times por trcatment.

The chemicals used in the differcnt treatments,
weres—
i Zinc sulphate 0.1% solution plus
Potassium purmanganatc 0.25% solution plus
Borax 0.25% solution.
These salts were dissolved in watcr and applied through

the bark of stem (sce bolow)

B. Ditto &, but applied through holes.

C. Sulphaguanadine 0.25% in water applicd through
bark of the stem.

Dia Ditto C; but applicd through holes.

5 e Sulphanilimide 0.25% in water, applied through

bark of stems.
1S Ditto E, but applied through holes.

G. Sulphanilimide 0.25% in acctone and water,

applied through holes.
H. Untreated control.

In treatmcnts A, C and E, a strip of absorbant cotton-
wool, about 3 inches wide was placed round cach trcc stem
at a height of 25 fect above ground level. The cotton-wool
was fixed round the stem with twine, but one ond of the

cotton-wool was loosc.
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The loosc ond was about 12 inches long. 4 sheet of
plastic material 18 x 18 inches was placed round the cotton-
wool =nd the two ends were scaled together to form a cilinder
round the trunk. About € inchcs beslow the cotton-wool ,
the lowor cnd of the plastic cilinder was fastoned with a
rubberband so that no water could lesk through. The
loose end of the cotton-wool was placed in the plastic
rescrvoir and the appropiate sylution was poured into the
reservoir, After this all the cottun—-wool was soaked in
the solution and the top end of the plastic reservoir was
tied with a rubber band. Through capillary action the
chemical solutisn rcmained constant and cnsured that the
bark remained in cuntact with the chemotherapcutant in the
cotton-wool, It was hopced that the chemicals would be
absorbed through the bark and translocated to the fruit
(sce Plate 8).

In trcatments By, D, F and G, four holes, 4 inch diamcter
and 2 inches doep were drilled por trec. Into cach hole one
cnd of @ one inch wide absorbent cotton-wool strip was
loosely plugged. The plastic rescrvoir was then applied
in the same way as above, s> that the 1lsosc ends of the

cotton-wool strips rested in the bottom of the reservoir.

Two litres of the chemotherapeutant solution was put
into each reservoir. Every threc wecks the old solutions

were drained and replaced with fresh solutions.

This experiment was commenced in the 2nd week of June,
1960 and completed in Scptember 1961 so that two seasun's
crops were available for examination. 4L pre—trcatment
oxamination of fruit was carried out on 25 fruits per tree,
on 12th Juie 1960 and the percentage of fruit showing lesions

was recorded.

During the last weck of September 1960, ncarly 2% months
after the experimont commenced, a random sample of 2 orchard
boxes of orangcs were picked from cach trce and oxamincd for

black spot and "melanose".

De Results
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PLATE 8. Photograph shows how the plastic bags were
placed round the tree stems for the introduction of

chemotherapeutants through holes or directly through
the bark,
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The incidcnce of black spot and "melanose" approximately

2% months aftcr application of chemethsrapcutants to the

trece gtems. .
lMean percentage fruit with | Mean percentage fruit
Treat- black spot with "meglanosc"
ment - .
To. Before treat—| After treat-| Lfter treatment.
ment ment

A B P, 2.0

B 455 24.0 2eT

C 2.8 16.5 1.9

D 2.9 2053 Bt

E 50 250 242

F st 12.0 2iey

G be@ 21.4 1.8

H Sl 19.6 2.5

A statistical analysis showed that there are no

significant diffcronces between treatments.

TABLE 55

Mean percentage fruit shoﬁing black spot and "meclanose"
(S}

lesions Iﬁé'manths after chemotherapcutants were

applied through holes and bark of the tree stems.

Pramtment Mcen pcrcentage fruit with
or. Black spot "Melanose"
A 90,6 256
B 74.8 33
C B 2.7
D 78.6 4.1
B 84.3 23
F 81.7 2.9
G 88.1 3.0
H ! §Z.O 2.9

The differcnce between trcatments were statistically non-
significant. All the trcatments applied in the way described
This

failure might have becn duc te the inefficiency of the

herey, failed to control black spot and "melanose".

chemical, slow translocation, or to the method of application.
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Co Discussion and Conclusions

It is accepted that black spot is less scvere
in young, vigorsus growing, healthy trecs than in cld

debilitatecd trces.

Leaf analysisE carriedlaut Jn one yecar old
lecavesy; picked from poor and healthy trees, indicated a
deficiency in boron znd potzssium in the trees in poor
coniition and on which black spot was wery severe. 7By
supplying boron and potassium to the tree it might be
possible to influcnce the susceptibility of the plant

directly or indirectly.

In the casc of trecatments A and By lcaves showing
typical zinc deficicncy woere tagged in June 1960. These
leaves were examined occasionally and in August 1961, zinc
deficicney symptoms disappecarcd almost completely on these
trees. It is thereforec not unrcasonsble to assumc that
some of the clecments in trcatments 4 and B rcached the
leaves., It madc no differcnce to the incidence of discase,
however., On the other hand, a trec will only respond to
the applicalion of an clement in which therec is a
deficiency. The troes on which the oxperiment was carried
out showed no deficiency in boron but = slight deficiency
in potassium before the experiment commenced, according to

leaf analysis.

This experiment was zlso repecated on 0ld Valcncia

orange trees, but the rosults were zlso negative.
b =]

According to Rudd—Jones (1956) the translocation
of sulphaguanadine is slow in sumc plants. It is conceivable
that the negative results obtained with the sulphonamidcs
were due to poor translocation but no evidence is available

1o substantiate this,

The distribution of chemicals is poor when they are
introduced into a tree through borcholes (Stoddard & Dimond
1949). Zentmeyer and Horsfall, (1943) in injecting chemicals
into elms for checmotherapecutic purposes against Dutch c¢lm
discase, obscrved that distribution tendod to remain loca-
lized with cecrtain chemicals; but with others such as boron,

redistribution sccurred cxtensively.

# Leoaf analysis was carricd out by tho Technical Deﬁartment,
Zebedicla BEstates.
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One obstacle in the use of chemotherapcutants is
their brief period of activity inside the plant (Brian 1956).
Ls the discasc occurs mostly on the fruit, onc would expect
that a direct spray application of a candidatc chemotherapcutant
to the fruit would stand a betiter chance of succecoding than

when applications are made to the roots and stcms.

3. PROLIMINARY EXPERIMONTS WITH POLIAR APPLICATION
OF CHUMOTHERAPUUT.NTS

Ae Materials

Acti-dione (ferrated): Containing 57% active ingredients:

Cycloheximide 2.26% W/w (Beta- 2-(3,5-dimethyl-2-oxocy—
clohexyl)—Z—hydroxyethyl glutarimide.
Ferrous sulphate 54.74%.

5 = . . ~ . .
Acti-dione Concentratecs containing 4% w/w Cycloheximide

(Beta- 2—(3,5~dimethyl—2—uxacyclohoxyl)—2—hydroxyothy1;
glutarimide.

Alboleum: an cmulsified light hydrocarbon 5il, with an
unsulphonated residue of 94%,

Ciba 113: An experimentzl systemic fungicidc.

Dimecrons A systemic insccticide with fungicidal properties
at high concentretions. Contains 2-chloro-2-
diethylear-bamoyl-methylvinyl-dimcthyl phosphate as

active matoerial.

Ferrous sulphates IFc 804. 7 HEO
Gibrel: Contains 0.88% Potassium gibberellate

Griscofulvins 4 wettable powder containing 50% active

matcrial,

8-Hydroxyquinoline benzoate,

Magnesium sulphates Mz SOA . 7 H20

Nickeol Chloridc: J4n experimontal fungicide

P.P 645: /In experimental fungicide.

Perenox: L-wettable powder, containing cuprous oxidec
(50% metallic Cu).

Phenyl mercuric chloride: containing 4u% active materiazl.

Quinolate=20: L& copper fungicide with eradicant action,
containing 20% coppcer 8-hydroxyquinoleate

Sankyo Mercuric Bordeaux: containing 18% basic copper sulphate

and 0.71% phenyl mercuric chloride.

Salicylic Acid .

Urga: Commercial Urca with low biurct content.
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It was decided to carry sut precliminery ecxperiments

As this was

approach to the black spot problem, considerable

information was nceessary on matoerials,; concentrations and

times

4 replications >f singlc tree plots.
and E (Teble 56) werc applicd

at approximately l%’pints per

of application,

The first experiment consisted of 8 treztments with

tree per application.

Trecatments A, B, C, D

with a low volume applicator

Trcat-

men® F and G werc applied with 2 conventional high volume

sprayer at 8 gzllons por tree.

22/12

The datcs of spraying werc:

10/10/60, 9/11/60,

/60 and 26/1/61. The fruits were harvested on 11th
and 12th Scptomber 1961.

TABLE 56

Summary of trecatments and results of a preliminary

experiment to evaluate various chemstherapeutants.

Treatments Mean % fruit
with Black Spot
No. Materials Ratec of applications Lesions.
Grisiofulwvin 1,000 p.p.me. 67 oil.
B Grisiofulvin 200 p.p.r
plus Percnox 7,000 p.p.m. (Cu) 38.6
C Gibrel 50 DeTemme a2
D Lcti-dione 150 plepatie 41.0
i Leti-dione 2 Pl 49.7
¥ l Nickel chloride 1,000 pep.m. 60.9
G Copper quinolate 2,000 p.p.m. Blel
H Unsprayed control - 82.1

than the unsprayed control except treatment A.

rathe

(p=0.05) 18.9

411 the sprayed troatments were significantly better

T unexpected.

Other experimental data

infcetion occurred during January and to a lesscr o

February.,

have

This was

indicatced that considerable
xtent in

Results with some of the materials could probably

been better if a spray had been applied during February

or March.
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The following exploratory experiment was carried

Spot is when a spray

is applied after the main infectisn period. The experiment

was laid out on 8 year old Valcncia

single tree plot renlications per trcatment.

March 1961).

drange trees, with 3

Only one spray application was carricd out (15th

TABLE 57

Summary of trcatments and results of a preliminary

The cxperimental data is summarized bolow.

experiment to cvaluate chemicals with chemotherapcutic

action for the control of black spot; after the main

infcetion period.

Trecatmonts % Rt th
s V= : 5 Black Spot
No . Mat%rlal Rate of application Tessons
A 8-Hydroxyquinolinebenzoatd 1.0% 3.2
8-Hydroxyquinolinebenzoata 0.1% AT el
c Actidione plus 0.01%
L1boleun 10.0% 38
D Griscofulvin, plus 0.1% 49.5
Alboleum 10.0%
i Mcrecuric Bordeaux lus 0.025% (Cu
E B 310074 {Hg 29.7
Alboleum 1.0%
F | Untrcated control 5 e 59,2

per tree with a high volume sprayer.
D were applied with a low volume applicator at approximately 3 pints
per treec.

results than thc unsprayed control.

(p=0.05) 18,6

Trcatment B was applicd at approeximately 5 gallons

Trcatments A; By, C and

Preatments A, C and B gavc significantly bettor

It was shown before, that

0il retards the development of symptoms and Albolcum could

therefore have mntributed grcatly towards the rosults in

trcatments G, D and E. _

promige in retarding symptom development.

8-Hydroxyquinoline benzoate showed

During the 1961-1962 scason another preliminary

experiment was carried out to cvaluate chemo therapeutants

for the control of black spot.

This cxperiment was conducted

in a 12 ycar old Valencia orchard.
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Single trece plots were used, replicatcd 5 times.
All sprays were applied with a conventional high volume
applicator at 8 gallons pecr trec. Dates of application
werc: 10/11/61, 15/12/61 and 1/2/62.

The fruit was harvestcd and examincd during the
first weck of Septecmber 1962,
TABIE 58
Summary of truatments and results of a preliminary

experiment to evaluate chemicals with chemotherapcutic

action.
y Trcatment % Fruit Inversc
. _ with arc sine
No . Material Rate of black transfor-
application spot mation
lesions
A [ (Fe 80,.7H.0 0.05 %
e
(Mg 304.71120 0.05 %
(Urca 0.5 % 23.1 28,60
gSalicylic acid 0.05 % _
B Ciba 113 0.10 % 19.9 26.45
C Dimeccron 0.20 % 26.2 30.65
D 8-Hydroxyquinoline becnzoate 0.10 % 12.9 18.87
i P.P. 645 0.25 & Bt 13515
iy Percnox (Metallic Cu) 0.10 % 1.8 T.55
G Perenox, plus 0.075% 0.4 2.47
Phenyl mercuric chloride 0.01 %
H Untreated control ! - i 18.2 24.90
(p=o'o5) 8054

Treatmonts E, F and G werc significantly superior to

the unsprayed control trcatment. Treatment G was significantly

better than a2ll the other trcatmonts oxcept F.

Cw Discussion and Conclusions

The modes of action of chemotherapcutic chemicals

against fungal discasc may-®be numcrous. The chemical may

kill or inhibit the causal organism within the host. According

to Stoddard and Dimond (1949), it is probable that 8-quinolinol

benzoate kills the causal organism of Dutch clm discasc

(gcratastomclla ulmi) within tho plant.
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L chemotherapsutant may alse inactivate or antidote
toxins produced by the pathogen. It is known that plant
pathogens produce toxic substances in discascd plants which
are primery factors in pathogenesis (Gﬁum&nn‘l954). Howard
(1941) dcmonstrated this in the casc of bleeding canker
discase of maples. He suggestoed that chemicals which rcact
with the toxin and antidote ity shouldbe effective in combating

the discase,

A chemical may prevent toxin formation by the pathogen
but may otherwisc not cffect the fungus adversely (Stoddard
and Dimond 1949).

Finally, thereis the possibility that the host itself
may bucome more resistant to discase by a chemical treatment.

(Wain 1959).

In a chemothorapeutic study of the control of black
spot; considerable basic rescarch should still be done on
the causc of symptom developmont. Experiments on time
of application of 8-hydroxyquineline benzocate, copper—
mercury compounds and others, should be conducted. The
latent period i.c. during February, March and April and
even later scoms to lend itself to chomotherapeutic

trecatmeont.
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I. POST-HARVEST CONTROL OF BLACK SPOT

The major portion of Letaba's crop is exported through
Capctown and Durban harbours. It may take more than a woeek
to reach the ports by reil from Letaba, It often happcened
that considerable losses scecurrcd due to development of
blaek spot on the Fruit in transit, espcecially during warm
spells. Thesc lesions originate from latent infeections
in the fruit rind. Lesion development can be prevented by
cool temporaturcs, but cool railway trucks wore not availablc

during the poriod of investigation.

Christ (1959) showed that the devolopment of black
spot was suppresscd after fruits had been dipped in a 5%
sodium carbonatc solution. Calavan (unpublishod report
1959) indicated that black spot was inhibited by oil and
WaXES o He made the paradoxical conclusion that "at present
there is no promisc that fungicidal trecatments will control
black spot in warm infected fruits during the post-harvest

period".

1l SCREENING TRIALS

Evaluation of chemicals for the control of black spot
after harvesting commenced in 1959. The first step was to
test a2 wide range of materials. Since thesc experiments
had to be conducted during the busy harvesting scason,
methods of cvaluation were simplificd for the screchning
procedurc., Onc hundred unsprayed ripe Valcncia Jranges
without lesions wore usecd per treatment. The cxperimental
fruits were picked from the same trece on cach occasion.
The fruits wore well mixed and aftorwards divided into lots of
100 fruits before the treatments were applicd. The fruits
were storcd in wooden boxes at room temperature after the
diffcrent treatments had been applicd. Records wore taken
at various intervals., The fruits in cach troatment wers
examined individually and classificd into three categories:

'clean' - less than five shots per fruit and more than five

spots per fruit.

fLecording to the results of these scrcening tests, the
following treatments were incffective for post=harvist control
of black spot:-
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Phonyl morcuric chloride (0.01% and 0.05%); Captan
(0.5% and 1.0%); 2Zincb (0 2% and 0.5%); Mancbh (0.5%);
Cyprex (0.2% and 0.4%); Thiram (0.5%) 5 Dichlone (0.1%
and 0.2%)3 Copper sulphate (0.1% 2nd 0.4%); Bordeaux
mixture (4:2:100); Eydrated lime (1,0%); Urca (1.0%) 3
Potassium permanganate (0.5%); Copper oxychloride (1.0%)s
Sodium carbonate (5% and 10%); Sodium sorbate (2.0%);
S~Hydroxyquinoline sulphate (0.5%); 8-Hydroxyguinoline
benzoate (0.5%)3 Actidione ferrated (50 p.pem. and 100 DaDalls )3
Griscofulvin (1,000 p.p.m. znd 3,000 p.p.m.); Pimericin

(1,000 p.p.m.) and Malonic acid (0.1%).

Two materials, viz. Malachitc Breen, and Llbolcum

afforded control and were investigated further.

2. EVALULTION OF SODIUM CARBONATE, MALACHITE GREEN AND
LALBOIEUM.

On 21st July 1960, mature Valencia oranges were picked
from unsprayed 0ld trecs. The fruits were mixed into 12
lots of 100 fruits cach. There worc 4 diffecrent trestmonts
with 3 replications of 100 fruits per trcatment. The
fruits were stored in wooden boxecs at 22°C to 2500.
TABIE 59

Table showing the various truatments and perecentages

of fruit without black spot lesiuns, 9 days after the

treatments had been applicd.

peNC A= o .
Troatment Time of A‘Frult Arc Sine
Inmersio et Transformati
Material Concentration o & B. spot REIRRGL

Na2003 5% 15 minutes 52.5 46.4
Malachite o '
Bty 1% 5 minutes T6it 0.7
Alboleum 5% 1 minute 93.8 5.0
Untrecated
control - . 5 minutes Syl 46.2
(Tap watcr) -

(p=0.05) gt

No differcnces were found betwecn sodium carbonste and
untreated control. The results of Christ (1959) werc
thereforec not confirmed. Malachite Green stained the fruits
badly. Alboleum gave promising results and an gvaluation of

higher concentrations was desirablo.
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3. EVALUATION OF ALBOLEUM

Small consignments of Valencia oranges trcatod with 0.5%

Alboloum were scnt to Capetown, but thesc treatments made little
differcnce to the development of black spot. In view of these
results and experimental data, it was dccided to investigate

the effect of higher concentrations of flbolcum.

The cexperimental fruits were pickcd from unsprayed, old
Valencia orange trecs on 9th August 1961l. These fruits showed
no symptoms at that stage. Bach trcatment consisted of

50 fruits, replicated four times.

The diffcrent troatments were as followss
il Untreatod control (dippcd in tap water for 5 mins. )
2., Albolecum 10%, dipped for 1 minute and washed in

0.2% Agral 0 for 1 minute.

Alboleum 10% dipped for 1 minute.

Alboleum 10% dipped for 5 minutes.

Alboleum 2% dipped for 1 minutc.

(o N 1 B S U
R

Alboleum 2% dipped for 5 minutes.

After dipping, the fruits were left in the sun for 15
minutes to dry and aftcrwards storced in woodon boxes in a
glass house. Dircect sunlight was kept out by covering the
glags house with hessian. The temperatures in the house
during the storage period wvaricd betwecn lTOC and 3700.

The fruits werc oxamined 8, 11 and 18 days after treatment.
The roesults (porcentage of fruit which devcloped black spot

lesions) arc presented graphically in Figure 6.

It is remarksble that treatment 4 (Alboleum 10% dipped
for 5 minutes) reduced the discase incidence to 3% after
sturage of 11 days at most favourable tempcraturce for black
spot developmont. There was little differcnce between
trcatments 3 and 4. Troatment 6 (dipped for 5 minutes in
2% Alboloum) was promising, cspecially beccause it is more

practical and cheaper than the othor oil treatments.

Fruits which wore treated with Alboleum had an "oily"
appearance., It is known (Laville-1960) that oil pcnetrates
orange rind tissuecs. If the control of black spot by oil
is due to somec action of o0il inside the tissue, removal of
excess oil on the fruit surface should not make much difference.
In treatment 2 (Figurc 6) it is shown that the removal of cxcess

0il resulted in very poor control.
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of Alboleum on the post-harvest control of
black spot.
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Untreated -control.

Alboleum 10% dipped for 1 minute and
washed in 0.2% Agral 90 for 1 minute.

Alboleum 10% dipped for 1 minute.
Alboleum 10% dipped for 5 minutes.
Alboleum 20% dipped for 1 minute.
Alboleum 2% dipped for 5 minutes,
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FIG. 6. Graphic representation of the offect
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The previous experiment showed that dipping in Alboleum

(which is a mineral 0il) inhibited black spot development almost

completely. There may be two major objections against the

use of a mineral oil.

i It may be undesirable for health rcasons

where the orange peel is used for human

consumption.

2y The fruits become insipid.

It was decided to evaluate some mineral, vegetable and

animal oils. This experiment was conducted ot Letabz Estates

in 1962 in collaboration with Mr. H.T. Brodrick =

ripe Valoncia oranges were uscd.

of three lots of %0

diluted to a 5% cmulsion.

Unsprayed

Tach treatment consisted

fruitsl The oils were all emulsified and

The fruits were all dipped for

3 minutes in the approrriate emulsions and afterwards stored

in wooden boxes at room temperature. (260— 30O C).

TABIE 60

Summary of effect of different oils on the post-harvest

control of black spot.

' Rat £ Mean % Fruit Arc Sine
Treatment Aa iigati = with symptoms transfor-
: PP °nt 10 days after mation
: treatment.
Groundnut oil 5.0% 49.3 447
Sunflower oil 5.0% 59.3 50 .4
Seal oil 5.0% 5.6 45.4
Alboleum 5.0% Ao 12.4
L JF 1383 (derivative of
Alboleumh 5.0% 4.0 10.9
Untreated control | 42.6 40.5
(p=0.05) 13.8
(p=0.01) 19.6

It is obvious from ﬁhe above results that the two mineral

0ils only controlled black spot.

after 3 weeks,

These fruits were insipid

The fruits in the other trocatments retained their flavour

(except Seal 0il) but the incidence of black spot was high,

£ Mr. H.T. Brodrick, Plant pathologist, African Explosives and

Chemical Industries Limited.
e
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DISCUSSION

When the respiration process is stopped, fruit will
ferment and undesirable products will be Formed like alcohols,
aldehydes and other toxic materials. The sugars, acids,
vitamins a2nd flavour are also destructed (Kalmar 1960).
Presumably, the oil also interferes with the respiration of
G. citricarpa. The fungus is not killed by the 0il, because
it was readily isclated from the fruit rinds long after the
0il had been applicd. Laville (1960) reported that mincral
0ils penetrate to the inter-celiular spaces of orange rind
tissues; but vegetable oils cnter the inter— and intra-
cellularly. Whether this explains the difference in
effectiveness between the mineral oils and oils from other
origins, may become clear after extensive studics on the

host— parasite relationship of the black spot disease.
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IV. SUMMARY AND CONCLUSIONS

Black spot was observed for the first time at Letaba

Estates in 1946 and reached epidemic propocrtions eight years

later,

The disease inflicted serious losses. At one stage the

annual losses were estimated at R200,000 at Letaba hstates.

Other workers showed that dead leaves, infected fruit
and green leaves with leslions are sources of inoculum,

Investigations showed that dead twigs, on the tree or on the

orchard "floor" can be an important source of inoculum,
&

Strong evidence was obtained that ascospores are the
most important source of infection. Perithecia on dead leaves

ripened rapidly during the summer months, but slowly during

winter. Relatively few ripe perithecla were found from July

to the end of October. From October onwards the perithecia

ripened rapidly.

The seasonal discharge of ascospores were ascertained

with a Hirst spore trap which operated in the citrus orchards,

Relatively few ascospores were trapped before November, but

large numbers were recorded from November onwards,

Under laboratory conditions ascospores were ejected to

o distance of 1.2 cm., Low temperatures did not arrest the

discharge of ascosporesSe.

Ascospores were only ejected when the perithecia were
wetted. In the absence of rain ascospores WEIC never trapped.
Although water 18 an cssential requirement for ascospore
discharge, sporcs were not trapped with every rain. The amount

of rain did not seem to play an important role in spore

liberations. Dporeswere nover trapped during flood irrigations,

Numerous malformed ascospores were observed towards the

end of a discharge period.

Ascospores germinated after approximately 15 hours and
usually formed appressorlia, but not always. Under laboratory
conditions ascospores germinated and penetrated citrus leaves
through stomata. Mycelium of P.citricarpa also penetrated
through stomata under artificial conditions. Valencia orange

fruits were successfully inoculated with pychidiespores and ascospores.

Predictions of infection periods were made by cexamining

perithecium development on dcad citrus leaves., Thesec

predictions were highly successful during the 1961-1962 scason.
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The infection period lasted from the beginning of
November until February. The pcricd from blossoming to
end-0October was relatively infection-free. The fruit
apparently became resistant to infection after February.

The incidence of black spot incrcascd rapidly when the fruits

reached peack maturity and the temperature increased.

The incidence of black spot was higher in the upper
portions of the trees than the lower portions. The incidence
of black spot was higher on those fruits that received the

most sunlight.

A period of drought during the first four months before

harvesting increased the severity of black spot.

Bradication of inoculum on the orchard "floor" gave

negative results.

Short spray intervals did not always give better results
than long intervals. The success of a spray programme
depended on how close a spray had been applied before an

infection period.

A few bound copper fungicides gave better results than

Bordeaux mixture.

When copper fungicides were used, applications of
calcium arsenate had no effect on early maturity of Valencia
oranges. CopporT fungicides also caused unsightly blemishes

on the fruit,

Various organic fungicides Wwore ovaluated but only
7ineb (Dithane Z-78) Maneb (Dithane M-22) and PMC (Phenyl
mercury chloride) showed promise. Dithane 7-78, used 1in a
programme gave sgtisfactory control, provided 2 good copper
fungicide was usced for the last spray application 1n December
and January. The addition of spray-oil to Dithane Z-T18
improved the overall control. 1In a combined spray with
Dithane Z-T78 calcium sroenate was as ceffective on early
maturity as where calclum arsenate was used alone, Dithane

7-78 caused no blemishes,

satisfactory control was achieved with a copper—sulphur

duste.

Low volume spraying was successful in contrclling

black spot, when suitable materials were used.

Aerial spraying with copper-in.oil and applicd with a
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When copper plus oil was applicd A% days after infection

only partial control was achieved.

Sprays with an emulsified mineral oill shortly before fruit

ripening reduced the incidence of black spot at picking time.

Several fungicides with chemetherapeutic action were
evaluated. The rcosults obtaincd with ohemotheﬁ%eutants were

not nearly as good as those obtained with copper fungicides.

Mineral oils, used as dip troatments,; gave almost
complete control of post-harvest development of black spot.
Fruit trcated with mincral oils, often developed a bad flavour,
Vegetable oils did not affect the flavour of the fruits, but
did not control black spot.

At Lotaba, symptoms which are popularly called "melanose",
appear on the fruit of all citrus variceties. These symptoms
sre similar in description to melanose causcd by'PhomoESis

citri. These particular symptoms at Letaba appearcd nearly

16 years ago, at approximately thc same time when black spot
was observed. It was easier to isolatc Pheoma citricarpa

from these lesions, than from any recognised black spot lesion.
Isolations were made from "molanose" symptoms on fruit which
came from a farm where black spot had never been observed in
the past. P. citricarpa gTrcw out of 85% of these, isclations
but no cultures of Phomopsis citri were obtained. Melanose

symptoma were observed on fruit which had becn inoculated with

pycnidiespores and ascospores of G. citricarpa.

According to Wager (1953) melanosc infections take place
shortly after petal-drop and the fruit bccomo resistant to
infection within 4 fow wecks after pctal-drop. It was shown

that "melanose! sSymptomsS werc causcd by infcction sgveral

monthe aftecr petal-drop at Letaba.

It was several times observed that Navel orange trees
in poor condition will show a high incidence of black spot
symptoms, but very 1ittle "melanose". The healthy trees

showed a high incidence of "melanose'", but no black spot.

Although time did not permit a thorough study of the
"melanose" phenomecnon at Letaba, therc 1is considerable

GV1dence ao far that "melanosc” (or 2t lcast some of tho

symptoms) is caused by G.citricalpa.



University of Pretoria etd — Kotze JM 1963

REFERENCES

Anonymous, (1960)., The incidencc of Black Spot, its symptoms
and control, Citrus Gr. 323, 11-15.

Basson, W.J. (1959). Arsenical sprays reduce acids in ciirus
juice. Fmg. S.Afr. 35, (7), 52-53.

Bateman, A.J. (1947). Contamination of seed crops. LlL ,
Relation with isolation distence. Heridity I, 303-336.

Batchelor, L.D, and Webber, H.J. (1948)., The Citrus Industry

Vol.IT. Univ., California Press., Berkeley.

Blodgett, F.M. and Mader, E.D. (1934). A method of recording
the distribution of copper dusts or sprays on lcaves.,
Phytopath. 24, 418-422,

Brian, P.W, (1956). Systemic fungicides and bactericides.

Plant Protection Confercnce 1956, London. The Netherhall

Press Ltd,

Brian, P.W. (1958)., The role of toxins in plant discases.
Outlook on Agric. 2, 27~-32.

Brian, P.W, (1960). Griseofulvin, Trans, Brit.Mycol. S0C .
43, 1-13.

Britten & Norman Ltd. Micronair rotary atomiser operations
and servicing manual. Bembridge Airport, Isle of Wight.

Calavan, E.C. (1959)., Notes on Citrus disecases in the Union
of South Africa. (Unpublished).

Calavan, B.C. (1960). Black spot of citrus. California
Citrograph 46. 20-24.

Calpouzos, L., Theis, T., Rivera, C.M., and Colberg, J. (1959).
gtudics on the action of oil in the control of
Mycosphaerella misicola on banana lsaves. Phytopath 49,

119-121.
Christ, R.A. (1959). Effcct of Sodium carbonate on black

spot development in harvested citrus fruits. South
Afr, J. Agric. Sci. 2.: 5T5-517. _

Darnell-Smith, G.P. (1916). Control of brown spot and black
spot of citrus, Agric. Gaz. N.S.W., 27:844.

Dagtur, J.F. (1916). Spraying for ripe-~rot of the plantain
fruit. Agric., India 11, 142-149.

Doidge, EBthel M, (1910). De Bereiding van Bordeaux-mengsel.
Boeren Pamflet No. 102. Transv. Dept. van Landbouw,

Doidge, Ethel M. (1929). Some diseases of ciltrus prevalent
in South Africa. S.Afr. J. Sci., 26,320-325.

Eveling, W. (1959). Subtropical fruit pests. Unive. California.
Los Angcles.

Fawcétt ,A.F, and lec, H.A. (1926)., Citrus discases and

their control., McGraw-Hill Book Co. N.Y.



University of Pretoria etd — Kotze JM 1963

Fochessati, A.P. (1959). Black spot control: Protection
afforded by spray programme, Citrus Gr. 309, 7-9.

Fochessati, A,P, (1961). Unpublished report. (A.D. & C.I.)

Frey, C.N. and Keitt, G,W. (1925). Studies of spore
dissemination of Venturia inaequalis (Cke.) Wint,
in relation to scasonal development of apple scab.
J.Agric. Res, 30, 529-540,

GHumann, D. (1954). Toxins and plant discascs. Endcavour
13, 198-204,

Govindaswamy, C.V, (1959). Preliminary eoxpceriments on
fungitoxicity and phytotoxicity of some petroleum oils,
Rep. Agric. Hort.Sta. Bristol 1958.

Gregory, P.H., (1945)., The dispcrsion of air-borne spores.,
Trans., Brit. Mycol. Soc. 28, 26=72.

Gregory, P.H, (1948)., The multiple~infection transformation.
Ann, Appl. Biol., 395, 412-417.

Hirst, J.M, (1952)., An automatic volumetric spore trap.
Ann. Appl. Biol. 39, 257.

Hirst, J.M, Storey, I.F., “ard, W.C. and Wilcox, J.H.(1955).
The origin of apple scab cpidemics in the Wisbech
arca in 1953 and 1954. Plant Path.4, 91-96.

irst, J.M. and Stcdman, 0.J. (1961). The cpidemiology of

apple scab (Venturia inacqualis (Cke.)‘Wint.)

Froquency of airborne sporcs in orchards. Ann. Appl.

Biol., 49, 290-305.
Horsfall, J.G. (1945), TFungicides and their action

Chronica Botanica, Waltham, Massachusctts.

Howard, F.L. (1941). Antidoting toxin of Phytophthora

cactorum as a mcans of discase control. =Science 94,
345"346 o

Joward, F.L, and Horsfall, J.G. (1959). Plant Pathology,
An Advanced Treatisc. Vol. 1. 563-598 (Edited by

Horsfall and Dimond) New York. Academic Press.

utton, XK.ii. (1958). Some recent devclopments in black spot

control, Technical pamphlet. Dept.fgric. N.S.W.

Kalmar, A.F. (1960)., W%ax coating preserves citrus for the
market in field-fresh condition. Citrus Gr. April 1960.

Keitt, G.7., and Jones; L.K. (1926). Studies of the
cpidemiology and control of apple acab. VWisc, idgric,
Bxp. Sta. Bull. 73,

Keitt, G.'. (1939)., Toxicity of sodium salts of diniﬁ?-o—
cresol to Venturia inaecqualis Science, N.3.
90, 139-140.



University of Pretoria etd — Kotze JM 1963

Kiely, T.B. (1948). Preliminary studies on Guignardia

citricarpa n., spe.: the ascigerous stage of Phoma

citricarpa, McAlp. and its relation to black spot
of citrus. Proc. Linnecan Soc. N.S.W. pp. 249-292.

Kiely, T.B. (1949). Black Spot of citrus. iAgric. Gaz.
N.S.W, 60, 17=20.

Kiely, T.B. (1950)., Control and epiphytology of black spot
of citrus on tho contral coast of Now South Wales.
Sci. Bull. Dept. Agrice N.S5.V. Tl.

Kicly, T.B. (1957). Black spot of citrus. N.5.W. Dept.
Lgric. Plant Discasc Leaflet No. 11,

Kotze, J.M, (1961). Somc important aspects of black spot
control, Citrus Gr. 334,

Laville, &, (1960). Pénétration et Localisation d*une huilg
de paraffine dans l'écorce d'orange. Fruits, 15, 357-360

Lee, H.A. (1920). Black spot of citrus fruits causcd by
Phoma citricarpa McAlpine. Philippine J. Sci. 1T,
635=-641.

Loest, F.C. (1958). Black spot rcsponsiblce for severe
financial losses. Fmg. S.Afr. Dec. 1958. p.3J.

Louw, Ac.d, (1946)., Studics on the apple scab discase of

apples, causcd by Venturia inacqualis (Cke.) Wint.
with particular refercnce to its opiphytology and
control in the wintcer rainfall arca of the Cape
Province. DSc., thesis. Univ. Stellcenbosch.,

McCleory, F.C. (1939). Black spot of citrus. A bricf
summary of control sxperiments 1925-1939.

Agric. Gaz. N.S.'W. 618-622.

McOnigKQCl962), Annual report of thc rescarch pathologist,
1961. (Unpublished report to S.Afr. Co-opcrative
Citrus Bxchangc Ltd. )

Miller, P.R. and O'Brion (1957)., Prcdiction of plant
digscasc eopidemics. Ann. Rev, Microbiol.ll,77-110.

Morgan, N.G. (1952). A laboratory technique using
Botrytis fabac on broad bean for the biclogical
ovaluation of fungicidal spray deposits.

Ann.Rep. Long Ashton, 1952,
Peteorson, L.Jde. (1956). A method for observing stomatal

penetration by urcdosporc germ tubes of Puccinila

graminis f.sp.tritici. Phytopath. 46,561,

Rudd-Jonecss D. (1956), The systemic action of
sul phonamides against plant discases. Outlook on
Agric. 1,3,111-115.

Riehl, L.A. Tedding, R.T., La Due, J.P.#+ Rodriques, J.L.
(1958). Lffect of a California spray oil on

transpiration of citrus. J.Econ;Entomol.51,317-320



University of Pretoria etd — Kotze JM 1963

Saunders, A.R. and Rayner, A.A., (1951). Statistical
methods with spececial rcference to field cxperiments,
Sci. Bull., No. 200, Dept. Agric. U.S. Afr.

Schiiepp, H. (1960). Roport on the investigations concerning
the black spot discasc of citrus, (Unpublished
report to University of Pretoria, )

Schllepp, H. (1961). Untersuchungen Hbor Guignardia
citricarpa Kiecly, den Lrreger dor Schwarzflccken-
krankhcit auf citrus. Phytopathologische
Zcitschrift 40, 258-271.

Simmonds, J.H. (1940). Latent infection in tropical frulits
discussaed in relation to the part played by species

of Glocosporium and Colletotrichum. Roy,
Soc., Qucensland Proc. 52, 93~120,

Stoddard, BE.M. and Dimond, A.L. (1949). Chemotherapy of
plant diseases. Bot. Rev. 15, 345-376.

Sueda, H. (1941). DBxperimental studics on the
parasitism of black spot of citrus., Trans. Nat.

1ist. Soc., Formosa 31, 217-218.

Takeuchi, H. (1931). The strains of citrus black spot
fungus. Jap. J. Pl.Protection. 18,319-328.

Ten Houten, J.G. and Kerssen, M.C. (1957). Acrial spraying
against latc blight of potatocs. Fifth Intern.

Congress of Crop Production, Hamburg .

Tokunagas Y. and Yokohama, M. (1955). Latent infections
associated with some fruit discasos. Jubilce
Publication Comm., 60th Birthdays Prois. Tochinail
ond Fukushi., 249-254. Kasai. Tokyo.

Van der Plank, J.BE. (1949). The rclation between the size
of ficlds and tho sprcad of plant discases into
them. II. Discascs caused by fungi with air-borne
spores; with note on horizons of infcction,.

Empire J. BExp. AgTic. 12,18-22.

ager, V.A. (1950). Spraying for the control of black
spot in Citrus. Fmg. S.ALTT, 15, 226-228.,

Wager, V.A. (1952), The black spot discease of Citrus in
South Africa. Sci. Bull. Dept. Agric. S.Afr. 303,

Wager, V.A. (1953). lMelanose, stom—end rot and shell-
bark of citrus. Fmg. S.ATT. 28: 28~30, 33.

Wardlaw, C."7. Baker, R.E.D. and Crowdy, S.H. (1939)

T.atent infections in tropical fruits. Tropical

Agric. 14, 275-276.




University of Pretoria etd — Kotze JM 1963

Wain, R.L, (1959)., Some chemical aspects of plant
disease control. Roy. Inst. Chcm. 30, Russell

Square, London. W.C. L.
Zentmeyer, G.A&Horsfall, J.G. (1943). Intcrnal therapy

with organic chemicals in treatmecnt of wvascular

discases. Phytopath., 33, 16-17.




