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ABSTRACT

Experimental studies were conducted in a commercial
loquat orchard in Saida, in the southern part of Lebanon,
for two consecutive years to investigate the serious disease
problem of loquat scab and to obtain sufficient information
concerning efficacy of fungicides and timing and frequency
of application to adequately control the fungus.

The purpose of the work during 1957-58 was to eval-
uate the efficacy and compare the effectiveness of five
fungicides, Dithane Z-78, Fermate, Coprantol, Orthocide 83
and colloidal sulfur. Taking into consideration scale con-
trol, fruit finish and phytotoxicity, Orthocide 83 proved
to be most efficient followed by colloidal sulfur and
Fermate. Ditahne Z-78 and Coprantol proved to be less
efficient and were undesirable from the growers' stand-
point although they showed statistically significant diffe-
rence from the check.

Little phytotoxicity was apparent during this par-
ticular study. Sulfur showed slight russetting of fruits.

The objective of the 1958-59 experiment was to com-
pare the effectiveness of various spray scthedules using
Orthocide 83 and colloidal sulfur. Weather conditions were
very unfavorable for loquat scab infection, and consequently
from the data collected no definite conclusions concerning

the comparative value of the spray schedules under study
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could be made. Considering observations on time of initial
infection and other environmental conditions concerned,
spray applications should start early in December and con-
tinue to about the second half of February with an interval
of two weeks between applications. Severe phytotoxicity,
manifested as russetting on the fruits, was observed on

trees sprayed with sulfur.
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INTRODUCTION

The pathogen Fusicladium eriobotryae is confined to
the loquat, Eriobotrya japonica, a tree fruit of far-Eastern
origin which is generally distributed in suitable areas
throughout Asia and, to a lesser extent, the rest of the world
(1,24). It possesses an especial attraction for flavor and
character of the fruits. It is a close relative of the apple
and pear with a distinctive flavor which has been likened to
that of the sweet cherry by some authors (28).

This plant was first introduced into Lebanon from Izmir,
probably about 1859 (1). Loguats in Lebanon are grown commer-
cially along the coastal area in the same regions as the citrus
fruits. Saida, in the southern part of Lebanon, ranks first in
having about 75 percent of the total number of loquat trees
grown (23). Other commercial orchards are mainly in Damour,Bei-
rut and Batroun regions. Because of its ornamental appearance,
the loquat is often planted in gardens at higher elevations.

Loquat is a fruit of considerable importance in Lebanon.
The statistical reports prepared by the Ministry of Agricul-
ture in 1958 give the total area to be 5000 dunums with a
production of approximately 4500 tons. Compared to the pro-
duction in previous years, (as shown in Table I), it appears
that the industry is constantly expanding. Most of the fruit
exported goes to the Arab countries, namely U.A.R., Irag,

Saudi Arabia, Kuwait and Bahrein. ©Small quantities are ex-
ported to Nigeria, Malta and French Africa.

-1-
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Table I. Area, production and export of Lebanese

loquats (2,23)

Area ~ Production ~ Export
Year in dunums in tons in tons
1955 3200 3200 1147
1956 4,000 3500 1180
1957 4300 4,000 1216
1958 5000 4500

Horticulturally the loquat varieties are divided into

two general types. The more important varieties now grown in

Lebanon are locally selected. The varieties described below

are the important ones cultivated.

1. "Ahmar Bakir" (Early Red), the earliest to mature.

2e

The fruit is pyriform, medium to large in size, ran-
ging up to 6 centimeters long by L centimeters broad.
The surface is yellowish orange, tinged with red in
the fully ripe fruit. The flesh is pale orange,

and the flavor is sweet and pleasant (1).

"A1-Abyad" (The White) variety, also commonly known
as "™ustakawi™ and "Raziani". This ranks second to
the Early Red and matures about two weeks later,
around the middle of April. The fruit is medium in
size with an oval shape. The surface is yellowish
and the flesh is white. The flavor is pleasant and
the fruit is juicy (1).

There are, in addition, about five varieties
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cultivated in Lebanon to a lesser extent. These

are the varieties: "Al-Asfar" (The Yellow), "Al-Mawi"

(The Juicy), "Al-Khudari", "Al-Ijacy" and "Al-A'di"

(1)

Although most commonly eaten as a fresh fruit, the
loquat can be utilized in several ways. It may be stewed and
used as sauce, or it may be made into excellent jellies and
jams and is well received by those acquainted with the delicate
flavor. The bright yellow or orange color of the loquat fruit .
makes it especially attractive as a fresh table fruit (28,33).

The loquat scab disease is well established in many
countries growing loquats. Klindic and Milatoric (20) report-
ed, "Specimens of loquat from the island of Korcula, Southern
Dalmatia, and Yugoslavia, were severely infected by Fusicla-
dium dendriticum var. eriobotryae in 1950. The disease,
which is believed to have been introduced from Italy has
properly been spreading in the country for a considerable
time; it was also observed in 1950 on the island of Lussin
in the Northern Adriatic and near Dubrovnik." Many workers
have reported its occurrence in U.S.A. (California mainly),
Australia, Italy, Portugal, Turkey, Greece, Switzerland and
Yugoslavia (5,20,22,27,28,32). The disease occurs also in
South Africa, and was noticed in Montpellier (France), mainly
on the leaves (1). The disease was recorded in New South
Wales by Cobb (4).

In Lebanon the disease is most serious in Saida
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although infected specimens of fruits and leaves have been

received from Batroun.

Abou Nasser reported that the disease has appeared
for the first time in Saida during 1939 on the fruits, leaves,
and even on the shoots of the loquat tree (1).

Loquat scab is one of the most widespread and destruct-
jve diseases of the loquat orchards. The range of its occur-
rence closely parallels that of the loquat culture throughout
Lebanon and is most serious in Saida. The aggregate loss
from scab disease each year is enormous and can be estimated
as an average annual loss amounting to about 60 thousand
Lebanese pounds. Infestation in some years runs up as high
as 40-50 percent.

These losses are due in part to fruit destruction by
the organism and in part to the reduction in marketability
as a result of the unsightly appearance of scabbed fruits.

There is no locally obtained scientific information
available for the establishment of standard procedures for the
control of this disease. As a result, some growers have their
orchards sprayed sporadically while others practice no control
measures. In general, the orchards are sprayed by agricultural
service companies which own the machinery and supply the fun-
gicides and insecticides. The operators of these companies
admit frankly that they do not have sufficient information
concerning efficacy of fungicides and timing and frequency
of application to adequately control the fungus during years

of severe attack.
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The purpose of this study is two-fold:

1. To determine the comparative effectiveness of
various fungicides.

2. To use the best of these materials in programs
designed to indicate the most effective and econo-

mical spray schedule or schedules to use.

During the crop year 1957-58 five fungicidal materials
were tested under orchard conditions to determine which gave
the best control of the fungus. The two best of these were
then applied at various times during the crop year 1958-59 to
determine the best spray schedule for each of the two fungi-

cides.



REVIEW OF LITERATURE

The disease is not confined to any one part of the
above ground portion of the loguat tree, it attacks the leaves,
the shoots and the fruits.

Birmingham (4) describes the symptoms on the leaves
as more or less circular to irregular, dark green, velvety,
amphigenous spots, few to numerous sometimes involving most
of the leaf. The affected tissues become desiccated and
brittle and break off easily. Cristinzio (9) states that young '
leaves when infected become distorted, thickened,lacerated
. at the edges and quigkly fall. The older leaves will contain

holes and ragged edges where necrotic lesions have fallen out,
but the leaves remain attached.

The shoots and the very young twigs are also attacked
by the scab fungus, but not so commonly as the leaves and
fruits. Lesions on the shoots develop first as small, dark,
rough spots which ultimately spread and fuse, forming large
elongated blotches (4). The shoots may be covered with myce-
1ium of the fungus to the extent that growth might cease
(1,9).

The most serious aspect of the disease is the attack

on the fruits. The loss as a result of scab attack on the
leaves and twigs in Lebanon is negligible compared to the
loss resulting from the attack on the fruits. Popenoe (28)
reports that fruits are attacked when they are half grown
with brownish black spots, which soon extend and enlarge to
-b =
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cover a good portion of the fruit. Such a condition results
in arrested development of fruit and a disfigured appear-
ance. Later the fleshy part of the fruit becomes desiccated
and the skin seems to cling to the seeds. A large portion
of the crop may, in years of heavy infestation, be rendered
absolutely unsalable. Smith (34) states that scab lesions
develop on young fruits as dark, velvety fungus spots and
cause fruits to be more or less deformed. Symptoms are Si-
milar to pear and apple scab caused by a closely related fungus.
The fungus causing logquat scab is known as Fusicla~-
dium eriobotryae (Cav.) Sacc. (42). Hughes (16) thinks this
fungus should be referred to as Spilocaea eriobotryae (Cav.)
comb. nov. of which the following are synonyms: "=Basiascum
eriobotryae Cav. in Atti. Inst. Botan: Pavia, II, 1:433, 1888.
=Fusicladium eriobotryae (Cav.) Cav. apud Briosi and Cavara
in I funghi parassiti d. piante coltivate od utili, no.
186. 1892. =Fusicladium melanconioides Ferraris nom. nov. in
Ann. Mycol. 7:284, 1909." "The generic name Basiascum was
published by Cavara (vide supra) for the single type species
Basiascum eriobotryae and this author subsequently transfer-
red it to Fusicladium." (16). "The Briosi and Cavara exsi-
ccatum no. 186 (I. M. I. 7582) is authenticated for this
species name s« Subcuticular mycelium is produced and this
becomes locally thickened to form a pustule on which the
characteristic Spilocaea conidiophores are produced. V. Hohnel
in 1923 considerad this to be a form of Fusicladium dendriticum
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but he did not reduce Cavara's species to varietal rank."
(16). |
Many workers have reported its name as Fusicladium
dendriticum var. eriobotryae (9,11,12,13,22). D'Oliveira
and D'Oliveira (13) reported that they have worked on the
cytology of the primordial stages of perithecial formation
in Venturia eriobotryae. Nobody else has reported that he has
found the perfect or sexual stage of Fusicladium eriobotryae.
Cristinzio (9) found that the fungus, on the host,
forms stroma 20-60 microns thick, bearing conidiophores that
measure 10-48 by 5-8 microns with conidia 16-30 by 5-7 microns.
D'Oliveira (11) studied conidial fructifications of
the Fusicladium species causing scab on pome fruits. He con-
cluded, conidia may be produced directly on the vegetative
mycelium or on differentiated conidiophores. The manner of

conidiophore growth in Fusicladium eriobotryae is intermedia-

te between that of Fusicladium dendriticum and Fusicladium
pirina. In Fusicladium pirina "the first conidium is formed

terminally on hypha, or laterally on a protuberance of an
intermediate mycelial cell. The conidium remains attached to
the conidiophore, which continues to grow so that the origi-
nally apical position of the conidium becomes a lateral one.
From the tip of the new growth a fresh conidium is produced
and the process successively repeated.” The conidia of
Fusicladium dendriticum on the other hand, "are invariably
produced apically on the conidiophore, and at the production
‘of each conidium a new ring is formed. This is believed to
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represent the authentic type of Fusicladium conidiophore
development."

D'Oliveira also found that conidia may be formed in
chains relatively long and abundant in Fusicladium eriobotryae-
In old cultures the chains may be branched like those of Cla-
dosporium and Hormodendrum. The conidial dimensions in nature
ranged from 11-30 by 6.5-10 microns (mostly 18-20 by 8-9 mi-
erons). The corresponding figures in culture being 7-58 by
5-11 microns (mostly 15-20 by 7-8 microns). Fusicladium
eriobotryae was found to produce both biseptate and pluri-
septate conidia, the latter type rare.

Menon (22) reported that specimens of Fusicladium
eriobotryae on loquate were received from Ticino Switzerland,
but all attempts to grow the fungus in pure culture were un-
successful.

D'Oliveira (11) found that Dox's agar plus maltose
proved to be the most suitable medium for growing Fusicladium
species for study.

The fungus is usually confined to the epidermal cells
forming a stroma which ruptures the cuticle and bears conidio-
phores with conidia (9).

Kirby (19) found that the amount of apple scab (a
disease very much related to loquat scab) occurring in any
year of 25 years' counts was proportional to the amount of
rainfall in spriﬁg.

Cristinzio (9) stated that loquat scab is most pre-

valent in coastal areas dur{hg the warm rainy seasons especial-
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1y in orchards on compact, wet soils.

In Lebanon, along the coastal areas, infection appears
in December when the temperature is mild and rainfall is heavy.
It was observed that crowded orchards suffered more than or-
chards with well-spaced trees (1).

The most widely used method of control reported through-
out the world for this disease is the application of Bordeaux
mixture (1,11,34).

Birmingham (4) recommends the use of 6-4-40 Bordeaux
mixture just prior to blossoming then 1:35 lime-sulfur
immediately after petal drop until the fruit is half grown.
After this, Bordeaux mixture is again used if weather conditions
require. Abou Nasser (1) recommends another spray schedule
of 3 applications (before blossoming, after setting and 10-15
days after the second spray) using 50 grams of Bordeaux mix-
ture plus 100-150 grams of wettable sulfur per 18 liters of
water. Birmingham and Salerno (4,31) found that sanitation
and the removal and destruction of infected material proved
of value to reduce inoculum.

The cause of apple scab, Venturia inaequalis (Cke.)
Wint. (Fusicladium dendriticum), is a very close relative and

similar in many characteristics to Fusicladium eriobotryae.
Apple scab has been investigated at length due to its great
importance throughout much of the world. Because of its simi-
larity to loquat scab, and because of the shortage of litera-
pure on control of loquat scab,‘a brief review of the most
important control measures for apple scab is presented in this

study.
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Apple scab control passed into rapidly changing trends
correlated with the intreduction of new fungicides. Prior to
1940 lime-sulfur and inorganic coppers were most commonly used
(15,18). The trend then changed to a considerable increase
in the use of elemental sulfur and a corresponding decrease in
the use of lime-sulfur and Bordeaux mixture (15). Lime-sulfur
is regarded as most likely to cause serious injury to fruit
and foliage (3,17). Bordeaux mixture, the first important
spray used against this disease, and other copper containing
sprays are generally regarded unsafe for use during the criti-
cal period of scab infection and often causes severe russeting
of fruit and injury to the leaves (3,17). With the recent
introduction of organic fungicides the grower today has a wide
choice of spray materials which may be used effectively
according to the stage of growth, the possibility of injury,
the degree of protection required, the presence of additional
diseases requiring control, and compatibility with insecticides
used (7,15).

Captan (N-trichloromethylthio-cyclohex-4-ene-1:2-
di-carboxyimide) 50 percent wettable powder used at concentrations
of 45 grams per 20 liters proved extremely effective as a scab
fungicide giving an excellent fruit finish (3,6,7,29,37)« Reich
(29) lists a disadvantage with the use of captan which promotes
mildew and is phytotoxic to some varieties.

Ferbam (Ferric dimethyldithiocarbamate) 76 percent at
35 grams per 20 liters is very effective against scab (3,6,7,
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25,29,35,40). Ferbam also gave complete control of quince
rust and cedar-apple rust (6,25). Discretion is necessary
to avoid applying it in summer where dark residue might pro-
ve to be a handicap in the sale of fruit (6).
Zine dimethyldithiocarbamate was tried with good
results giving better fruit setting with smooth fruit skin (29).
Other important protectants tried and proved of value
in scab control are mainly the organic mercury preparations,
which have some eradicative properties. Some other fungicides
also have an eradicative action and may be applied several
days after infection occurs. These have the ability of "burn-
ing out™ young lesions and some have a protective period also.
Eradicants and protectants are sometimes combined in the spray
tank to achieve a dual-purpose effect or used separately in
a combined schedule with well timed applications (7,25,41).
The more important eradicants worked with and pro-
ved to be of value are the organic mercuries, such as Tag,
Coromerc and Puratized Apple, (7,25,35,41). Dinitro-o-
cresol is useful as an early spring ground spray to kill the
overwintering scab fungus (3,6).
Swales and Williams (39,40) found that the addition
of suitable non-ionic surfactants, like Triton B-1956, will
measurably increase the effectiveness of the spray mixtures
most commonly used for controlling apple scab. Application
of 50 gallons per acre of spray mixture with surfactants
used was as effective as 75 gallons per acre without surfac-

tants.
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In addition to the effectiveness of the chemicals
used, timeliness and thoroughness of spray applications are
of paramount importance. A few well timed sprays may give
as good or better control than more sprays improperly timed
(3,7). Eight fungicide applications timed to protect the
new growth during infection periods proved sufficient for
the control of apple scab in orchards having an abundant

primary inoculum in years favorable for disease development

(14).



MATERIALS AND METHODS

A. Experiment of 1957-58.

The experimental study run during the year 1957-58
was to evaluate the efficacy of various fungicides for
the control of loquat scab.

Five different spray materials were used:

1. Dithane Z-78 (Zineb) containing 65 percent zinc ethyl-
enebisdithiocarbamate.

2. Fermate (Ferbam) containing 76 percent ferric dime-
thyldithiocarbamate.

3. Coprantol (Copper oxychloride) containing 50 percent
copper.

L. Orthocide (Captan) containing 83 percent N-trichlorome-
thyl mercapta-h-cyclohexene-l,2-dicarboximide.

5, Colloidal Sulfur. A wettable powder containing 75-80

percent free sulfur.

All the above mentioned materials were first made into
a thick paste by adding a little water and stirring well in a
small container. The paste was then diluted and poured into
the spray tank while filling. This preliminary wetting of
the powder to a paste form then diluting in the spray tank
has the advantage of forming a suspension of uniform consist-
ency. All sprays were applied promptly after pouring into
the tank of a small power sprayer.

The spray materials were used at the rates recommend-

ed for pome fruits by the manufacturers. The concentrations

& 1k -
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used for the different fungicides are shown in Table II as
grams per 20 liters.

Table II. Rates of fungicidal applications

Concentrations E§s(§5’11ters
Treatment Fungicide ossom an

No. Pre-blossom post-blossom
1 Dithane Z-78 40 40
2 Fermate 36 18
3 Coprantol 20 10
I Orthocide 40 20
83

Sulfur 96 96

6 Check - -

Dithane and sulfur were used at the same rate through-
out the spray schedule. On the other hand Fermate, Coprantol
and Orthocide were used at two different rates. The concent-
rations were reduced to half for post-bloom applications to
avoid any injury to the fruits and leaves that might result
from phytotoxic effects of the higher rates of the 3 above
mentioned fungicides.

Triton B-1956 a spreader-sticker, was added to each
treatment at the rate of 4 grams per 20 liters.

The sprays were applied by means of a small power
sprayer with a tank capacity of 60 liters and a maintained
pressure of approximately 100 pounds per square inch. The
trees were sprayed from all sides with care to insure thorough

and even coverage of leaves and fruit clusters.
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Weather conditions and dates of applications are shown
in Table III. The treatments were initiated before the flower
buds opened and were continued during the blossoming period
and after fruit set.

Table III. Number, dates, and weather conditions under which
applications were made.

Application Weather
No. Date conditions Remarks
1l November 5 Fine weather through- It rained 3
out the experiment 1/2-4 hours
when applications were after appli-
made cation

2 November 15 "

3 November 27 = Rained heavi-
ly the fol-
lowing day,
also rained
before appli-
cations

L December 11 "

5 December 21 u

6 January 8 "

7 January 22 "

8 February 6 n

9 February 13 "

10 February 26 "

Each treatment was replicated five times in a rando-
mized blocks design. There was one tree per replication per

treatment.

Infection data were collected 22 days after the last
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‘spray application. This was about two weeks before the peak
of harvest. The loguats on any given tree ripen over a period
of approximately three weeks. The fruits should be left on
the tree until they are fully ripe. Data were collected in
the field by moving around the individual trees and counting
healthy and scabbed fruits. To help make the counting opera-
tion easier and more accurate hand counters were used. All
fruits on small trees were counted but in the case of big
trees examinations were made at random of a minimum of 250
fruits from all sides of the tree. For each tree in addition
records were made of percentage scabbed leaves by counting
200 leaves at random from all sides of the tree and examining
them for the number of scabbed ones.

The experiments were conducted in a commercial orch-
ard owned by Mr. Fuad Kalash and located in Saida, Lebanon.
It is situated in an area where loquat scab disease has been
well established and where the incidence and severity of in-
fection are always greater than in any other area in Saida
and its environs. The trees are typically non-uniform, in
age, size and vigor.

The soil of the orchard is heavy. Three years after
the trees were planted the ground was covered with 10 centi-
meters of sand which was then incorporated with the soil.

The addition of sand was to improve the structure and texture
of the soil. No rock or excessive stones are present. No

known system of planting could be ascribed to the orchard.

-
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All throughout the study no sprays were applied for '
the control of insects or diseases other than scab. During
the year 1956-57 three sulfur spray applications were made in
an unsuccessful attempt to control scab disease. In the year
1957-58 four spray applications were made on the trees not
included in this experiment; three of these were of wettable
sulfur and one was of coprous oxide. Again, they were un-
successful.

The orchard was irrigated 5-6 times during the summer,
from July to October, about once every twenty dayse.

No chemical fertilizers were added, but, goat manure
was applied, as the only way of improving soil fertility, once
per year at the rate of twenty kilograms per tree.

Cultivation of weeds is done twice per years No
plowing is practiced but the land is prepared for irrigation
every year. The trees are from 7-10 years old. The yield,
according to the grower, ranges from 120-250 kilograms per
tree in good bearing years.

B. Experiment of 1958-59.

As previously stated in the introduction, the object-
jve of 1958-59 experiment was to compare various spray
schedules using materials of known values. The materials
and methods used are in many respects similar to those

used for the experiment of 1957-58.
Two spray materials, Orthocide 83 and colloidal

sulfur were each used in six spray schedules as shown in

Table IVQ The two fungicides were used at the same rates
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as in the previous year. Triton X-100 was used as a spreader-
sticker in all applications. The techniques of spraying and
of data collecting were the same as in 1957-58.

The design used for this experiment was the randomized
blocks layout. Five blocks were chosen for the five replica-
tions. Thus every treatment was represented once in every
block. The allocation of the treatments to the particular
units within a block was a purely random one. Blocks were
chosen to contain trees of uniform size, age and productivi-
ty.

Data were collected twice; once 2 to 3 weeks before

peak harvest and once at peak harvest.



RESULTS AND DISCUSSION

A. Experiments of 1957-1958

As stated earlier, the 1957-58 tests were conducted
to evaluate several fungicides for laquat scab control
under orchard conditions and using only one spray sched-
ule. Three organic fungicides, Captan, Ferbam and Zineb,
and two inorganic fungicides, copper oxychloride and
sulfur were used.

The season was characterized by abundant rainfall and
moderate temperatures, as shown in Figures 1 and 2. There
was very severe infection of fruits and leaves by the scab
fungus during the fruiting season. This is very probably
due to the fact that Fusicladium eriobotryae is highly
favored by rainfall for its spread and by moderate tempe-
ratures for infection and development. Cristinzio (9)
stated that loguat scab is most prevalent during the warm
rainy seasons. Kirby (19) also found that the amount of
apple scab - a disease very much related to loguat scab -
oceurring in any one year of twenty five years' counts was
proportional to the amount of rainfall in spring. Abou
Nasser (1) stated that in Lebanon, along the coastal areas,
infection appears severe when the temperature is mild and
the rainfall is heavy.

The original inoculum was very abundant all over the
orchard in the form of conidia that over-summered on the
old leaves and fruits which were left on the trees without
being picked during the harvest season of 1957. The infes-
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tation during 1956-1957 was very severe and some few trees

had almost all of their fruits left on them as a result of
being greatly damaged by scab and rendered unsalable. An-
other factor that favored an abundance of inoculum was the
lack of sanitation practices in the orchard. Thus an abun-
dant inoculum coupled with the favorable weather conditions
that prevailed during late November and throughout December
helped to initiate the high incidence of infection as evidenc-
ed by data collected from the unsprayed units.

The physical conditions of the orchard play an import-
ant role in modifying the magnitude of infection. In this
particular orchard the trees are not spaced far enough from
one another, and no appropriate measures of pruning or sanita-
tion are practiced. Such conditions favor the growth and
development of the organism. Having the trees closely plant-
ed and compact the spread of the disease is greatly enhanced
due to the larger percentage of spores reaching susceptible
cites of action.

No experimental studies were ever conducted to in-
vestigate the case as to when and under what conditions ini-
tial infections would take place under conditions prevailing
in Lebanon. Only visual observations could be mentioned here
as to the date when infection starts in late fall. Abou Nasser
(1) reports that infection appears in December when the rain-
fall is heavy. The writer observed new lesions appearing on
the young leaves of the current shoots towards the middle of

December.
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It was observed that the disease at harvest time was
apparently related to the time of initial infections. On
trees that had shown relatively early leaf and fruit infec-
tions the losses at harvest time due to fruit infection were
very great. On trees, or on individual branches of trees,
where initial infection had occurred after mid-season, i.e.
After early January, the damage due to fruit infection was
less severe with a corresponding reduction in losses.

The results of the treatments are summarized in Tables
V through IX. Table V shows the percentage of scabbed fruits
(see Figure 3) for each treatment unit and the mean percentage
for each treatment.

The number of fruits counted varies greatly amongst
treatment units because it was governed by the size of the
tree and the number of fruits present on the tree. In the
case of the smaller trees all fruits were counted. In the
case of the larger trees representative samples were counted;
but in no case were less than 250 fruits counted unless the
tree had fewer fruits than that number.

Statistical analyses of treatments including the
check were made by use of the analysis of variance. Results
of the analysis are shown in Table VI. A similar analysis
of variance for the chemical treatments alone, omitting the
check, was calculated as shown in Table VII.

The critical difference for the means of the treat-

ments was calculated to compare them individually.
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Table V. Summary of results of spraying experiment for the
control of loquat scab - 1957-1958

“Treatment Counted
and fruits Scabbed fruits
Replication No. No. Percent
Dithane 2-78
A 118 31 26.27
B 96 26 27.08
c 342 31 9.06
D 320 7 2.19
E 210 3 1.43
Mean 13.21
Fermate
A 122 0 0.00
B 272 12 Lobl
c 492 9 1.83
D 340 7 2.06
E 267 6 2425
Mean 2.11
Coprantol
A 91 19 20.88
B 268 130 4L,8.51
c 31 309 71.69
D 75 3 4+ 00
E 350 19 5¢43

Mean 30.10
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Table V (Cont'd)

“Treatment Counted
and fruits Scabbed fruits
Replication No. No. Percent
Orthocide 83
A 132 3 2.27
B 275 20 727
c 402 15 3.73
D 370 6 1.62
E 373 5 1.34
Mean 3.25
Sulfur
A 550 19 3e45
B 87 8 9.20
c 343 8 2.33
D L52 5 1.11
E 550 11 2.00
Mean 3.62
Control
A 130 83 63.85
B 150 101 67.33
c 312 255 81.73
D 296 267 90.20
- E 241 184 76.35

Mean 75.89
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Table VI. Analysis of variance of fruit infection

“Source of Sum of Mean
error d.f. squares square F value
Blocks I 1037.077 259.269 1.449
Treatments 5 20650.537 4130.107 23.077°"
Error 20 3579.360 178.968
Total 29 25266.974

F05 for treatments = 2.71
Fos5 for blocks = 2,87
Critical difference between treatments = 17.65

Table VII. Analysis of Variance of fruit infection for
chemical treatments only.

“Source of Sum of Mean
error d.f. squares square F value
Blocks L 1600.023 4,00.006 2.501
Treatments I 2809.630 720.408 L.392*
Error 16 2559.085 159.943
Total 24

F05 for treatments = 3.01
F05 for blocks = 3.01

Critical difference between treatments = 16.68

Captan 83 wettable used at the concentration of 4O grams

per 20 liters for preblossom applications and at the rate of 20



Fig. 3.

Scab lesions on loquat fruits. These lesions are
brownisn olack, raised, velvety spots, which may
coalesce to cover a large portion of the fruit.
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Figo ho

Mean percentage of fruit infection for each
treatment during 1957-58.
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grams per 20 liters for the blossom and post-blossom applica-
tions gave excellent control of loquat scab under the condi-
tions stated for this experimental study. It has the advan-
age of effectively controlling the disease and of leaving a
very desirable fruit finish. No residue was noticed on fruits
at harvest time and no phytotoxic effects were revealed on any
of the trees receiving this treatment when the recommended
concentrations were used. These results conform very well with
results obtained by many workers on the control of apple scab
disease which is very similar to loquat scab. Burrell (6)
found that Captan is a very good protectant which generally
permits the development of excellent fruit finish. Reich
(29) lists a disadvantage with the use of Captan which pro-
motes mildew and is phytotoxic to some varieties. In Lebanon
. no powdery mildew was ever noticed on loquats and the writer
did not observe any phytotoxic effects of this fungicide on
the loquat trees sprayed with it during two consecutive years.

Ferbam 76 percent, used at the rates of 36 and 18 grams
per 20 liters for preblossom and post-blossom applications
respectively gave excellent control of the disease but had some
1imitations and disadvantages on loquat fruits. Ferbam has the
advantage of being very adhessive, but it has the disadvantage
of leaving a black residue on the fruits thereby decreasing
their market guality. For this reason the last two cover
sprays on the trees under the Ferbam treatment in this study
were of colloidal sulfur.

Burrell (6) reported that care should be taken to
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concentrations were used. These results conform very well with
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found that Captan is a very good protectant which generally
permits the development of excellent fruit finish. Reich
(29) 1ists a disadvantage with the use of Captan which pro-
motes mildew and is phytotoxic to some varieties. In Lebanon
. no powdery mildew was ever noticed on loquats and the writer
did not observe any phytotoxic effects of this fungicide on
the loquat trees sprayed with it during two consecutive years.

Ferbam 76 percent, used at the rates of 36 and 18 grams
per 20 liters for preblossom and post-blossom applications
respectively gave excellent control of the disease but had some
limitations and disadvantages on loquat fruits. Ferbam has the
advantage of being very adhessive, but it has the disadvantage
of leaving a black residue on the fruits thereby decreasing
their market quality. For this reason the last two cover
sprays on the trees under the Ferbam treatment in this study
were of colloidal sulfur.

Burrell (6) reported that care should be taken to



- 32 -

‘avoid applying Ferbam in late summer on apples where a dark
residue might handicap sale of fruits.

Colloidal sulfur gave as good control as that of Cap-
tan and Ferbam; however, it has the disadvantage of burning
the delicate epidermis of the loquat fruits. The sides of
fruits exposed to direct sunlight showed russetting (see
Figure 5), a condition which lowered their market value con-
siderably. Sulfur has been reported before to behave simi-
larly when used for the control of apple scab.

Dithane Z-78 65 percent used at a concentration of
LO grams per 20 liters did not prove as effective as Ortho-
cide 83, Fermate or sulfur for controlling the fruit secab.
Dithane Z-78 gave a smooth clean fruit finish with no phytot-
oxicity to any part of the loguat tree.

: Coprantol 50 percent, used at the rate of 20 and 10
grams per 20 liters for pre-bloom and post-bloom applications
respectively, was the least effective amongst the five chemi-
cal treatments with the added disadvantage of its being diffi-
cult to mix.

Statistical analyses of the data show that the diffe-
rences between treatments and check are highly significant.
Between the chemical treatments also there are significant
differneces. The grouping of treatments on the basis of
critical difference between them, indicates that Orthocide
83, Fermate and colloidal sulfur gave significantly better
control than did Coprantol. There was no significant
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Fig. 5. Russet lesions on loquat fruits. This russetting
appears as rough corky brown blemishes on the sur-

face of the fruit. Only the epidermal cells are
affected.
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difference between these three and Dithane Z-78, nor between
Dithane Z-78 and Coprantol. It is evident from the data that
Orthocide 83, Fermate and colloidal sulfur, under the condi-
tions of this experiment gave obviously better results from
the growers' standpoint than did the other chemical treatments.

Under repeated visual observations it has been noticed
that the trees receiving any of the chemical treatments appear-
ed in general much healthier than the checks and they had a
better overall color cast, which is indicative of the better
growing conditions made possible by a degree of protection
from fungus pests.

A very minor disease occurring in the orchard exclu-~
sively on the leaves was the Phyllosticta leaf spot. This
‘was checked almost completely and trees towards harvest time

showed very little or even non of the Phyllosticta leaf spots

evident.

Data collection was made on the severity of infection
of loguat scab on leaves. Leaves bearing scab lesions (see
Figure 6) were counted out of 200 leaves from each tree and
the percentage of scabbed leaves was calculated. Table VIII
and Figure 7 show leaf infection data. Analysis of variance
for leaf infections is shown in Table IX.

Statistical analysis of leaf infection data shows

that there are no significant differences due to treatments.



Scab lesions on loguat leaves. These spots are
circular to irregular, olive green to dark grey
in color, velvety, and may coalesce and later be-

come dessicated and drop out leaving a ragged
al },"[ earance.
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Fig. 6. Scab lesions on logquat leaves. These spots are
circular to irregular, olive green to dark grey
in color, velvety, and may coalesce and later be-

come dessicated and drop out leaving a ragged
appearance.
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Table VIII. Summary of results of spraying experiments for
the control of loquat scab 1957-1958

(on leaves
Treatment Counted Scabbed leaves

s leﬁzf’ No. Percent
Al 200 1 0.5
Bl 200 3 1.5
Cl 200 2 1.0
Dl 200 9 b+5
El 200 10 5.0

Mean 243
A2 200 0 0.0
B2 j 200 1 0.5
c2 200 1 0.5
D2 200 0 0.0
E2 200 0 0.0

Mean 0s2
A3 200 0 0.0
B3 200 0 0.0
c3 200 1 0.5
D3 200 0 0.0
E3 200 1 0.5

Mean 0.2
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Table VIII (Cont'd)

Treatment Counted

No. leaves Scabbed leaves
No. No. Percent
AL 200 2 1.0
By 200 1 0.5
Cy . 200 0 0.0
Dy 200 0 0.0
EL 200 0 0.0
Mean 0.3
A5 200 0 0.0
B5 200 1 0.5
C5 200 0 0.0
D5 200 2 1.0
E5 200 5 2.5
Mean | 0.8
A6 200 0 0.0
B6 200 0 0.0
cé 200 10 5.0
Dé 200 13 6.5
E6 200 0 0.0

Mean 2.3
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|

—

Fermate

Fig. 7. Mean percentage of leaf infection for
each treatment during 1957-58.
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Table IX. Analysis of variance of the loguat scabbed

leaves
Source of Degrees of Sum of Mean F
error freedom squares square value
Treatments 5 28.675 5.735 2.191
Blocks I 11.633 2.908 1.111
Error 20 52.367 2.618
Total 29 92.675

B.

F05 for treatments = 2.71
F05 for blocks = 2,87

Critical difference between treatments = 2.134

Experiments of 1958-1959. ‘

The purpose of the 1958-1959 investigation was to com-
pare the effectiveness of various spray schedules in the
control of loquat scab, using sulfur and Orthocide-83.

The season was characterized by scanty rainfall with
relatively dry weather that prevailed early in the season
in November and December of 1958 (see Figure 8). The
temperature was moderate during November and December 1958
to very low during January and part of February 1959. Such
dry weather during the early part of the season has greatly
influenced loquat scab infection and development. The
requirements for conidia dissemination and infection which

depend mainly on rainfall were not met and such unfavorable
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weather conditions in general retarded scab development to
such an extent that new lesions were not noticed, even on
the unsprayed checks, before the second week of January 1959.

Keitt and Jones (18) reported that conidia of Venturia
inaequalis, causal agent of apple scab, whose imperfect stage
is a closely related pathogen to Fusicladium eriobotryae, are
very resistant to separatién from their condiophores under
dry conditions but easily detached when water is present.

Frey and Keitt stated that "These results, in conjunction with
those from the air filtration experiments, indicate that no
important dissemination of conidia is to be expected in the ab-
sence of water, though undoubtedly some spores are dislodged by
wind-whipping of leaves, fruits, or branches, by contact with
wind-blown particles, and in other miqor ways. It appears,
therefore, that the important agency for dissemination of these
conidia is meteoric water moving under the influence of wind
and gravitation."

The initial inoculum was abundant as usual in the
orchard. During the harvest season of 1958 many scabbed fruits
and leaves were left on the trees with no sanitation measures
practiced.

Towards the time of harvesting season infection was
still very light compared to previous years.

Table X shows the percentage of scabbed fruits on the
unsprayed trees. All the sprayed trees, regardless of the |

schedule of application were free of fruit and leaf infectione.
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Such a condition has resulted to a large extent from the

effectiveness of the spray materials combined with the un-

favorable weather conditions that prevailed, during early

and late periods, which checked scab infection and develop-

ment.

Such an arrangement of spray schedules should be re-

peated before any definite conclusions can be drawn. How-

ever, from close observations it might be suggested that

schedules number 4 and 6 would prove to be of value and eco-

nomical to use.

Schedule 7 is excellent for scab control but

not economical and some early applications are not efficient

because only very rarely do infections start as early as

October or November.

Table X. Results of fruit scab infection on unsprayed
trees 1958-59.
Tﬁgf ggﬁgt:d Scabbed fruits
R No. Percent
Al3 250 89 35.60
Bl3 350 37 10.57
Cl13 300 28 9.33
D13 250 34 13.60
E1l3 350 90 25.71

It should be stressed that caution be taken in using

sulfur when hot spring days approach because this year sulfur

injury, manifested as russetting, was very commén and severe

on treatments receiving sulfur in their schedules.
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Captan again performed very efficiently with desir-
able effects on fruits and with no toxicity of any kind

observed.



SUMMARY AND CONCLUSIONS

Loquat scab caused by Fusicladium eriobotryae is the
most destructive disease of the loquat (Eriobotrya japonica)
in Lebanon. It causes severe losses in the fruit crop, due
primarily to fruit infection.

Investigations were conducted for two consecutive
years to determine the relative effectiveness of five diffe-
rent fungicides, Dithane Z-78, Fermate, Coprantol, Orthocide
83, and colloidal sulfur, and also to determine economical
and effective spray schedules for the control of this disease.

The experiments were performed in a commercial loquat
orchard in Saida, the treatments were replicated five times
in randomized blocks.

Spraying experiments conducted during 1957-58 to
evaluate the efficacy of the five different fungicides gave
the following results on disease control. All the five
chemical treatments showed highly significant differnece from
the check. Of the materials used Fermate, Orthocide 83,
colloidal sulfur and Dithane Z-78 exhibited no significant
differneces in their ability to control fruit and leaf infect-
ions. According to the growers' point of view Coprantol and
Dithane Z-78 do not give satisfactory control. Taking into
consideration fruit finish and phytotoxicity, the three re-
maining materials listed in descending order of desirability
to use Orthocide 83, collidal sulfur and Fermate. Orthocide

83 gives an excellent control with a desirable smooth fruit

Y
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"‘finish. Colloidal sulfur is economical and easily available
on the market but has the slight disadvantage of producing
russetting on fruits, a condition lowering their market value.
Care should be taken towards late season not to spray during
hot sunny days. Fermate gave excellent control effects but
its use is messy to the workers applying it and it leaves an
undesirable black residue on the fruits. If it is to be used,
the last two aprays should be with Orthocide 83 or sulfur.

Field experiments of 1958-59 were performed in the
same orchard with the purpose of comparing six different spray
schedules using Orthocide 83 and colloidal sulfur. Weather
conditions were very unfavorable for fruit and leaf scab
infection. Infection on trees receiving either fungicide at
any of the spray schedules was completely absent and conse-
quently no definite conclusions could be drawn concerning the
time and number of applications required for economical and
adequate control. However, all treatments showed significant
difference from the check. Considering observations on time
of initial infection and other environmental conditions concern-
ed, spray applications should start early in December and con-
tinue to about the third week in February with an interval of
two weeks between applications. Frequency of application
should be governed by the prevailing climatic conditions,
particularly rainfall. Orthocide 83 again performed very wgll
followed by sulfur which showed prominent russetting on fruits
exposed to direct sunlight.
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