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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.
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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.




University of Pretoria etd — Kotze JM 1963

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.
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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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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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