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- INTRODUCTTON
The target leal spot disease {caused by Pellicularia Jlamentosa
(Pat.) Rogers {/;)) ! of tle hevea rubbertree (Heren brasiliensis
(Wilkd, ex A, Juss.) Muell, Arvgy (7.9 and of other species of

! Received for publication September 5, 1951,

2 In covperation with the Mini-try of Agricuiture of Uaru and the Teruvian
Amazonas Corp., which financed {he Peruvian contrioution to the rubber project
at the Estacion [Zxperimental Aericaln en Tinwo Maria, Tingo JMaria, Peru.

4 Grateful acknowledgivents are made to 13 8, Crandall, V. 12, Iverson, and
C. W. Swingle, alt former stail members azefened by the Otiice of Foreign Agri-
eultural Relations to the Tingo Maria station, for advice and eriticism during
the course of the work, to Ingenievo M. Lescano Alva and personnel of the
Rubber Scction of the station for wholehearied assistance, and to the directors
of the station for the facilities extended; 1o persennel of the Biomatrical Unit,
Bureau of Plant Indusiry, Soiis, and Agricultural Enginecring, for gensrous
cooperation in the analysis and presentation of the statistical daca; and to the
staff of the Tivision of Rubler Plant Investizations for counsel and ase istance
during the preparation of this veport.

4 Ttalic numbers In parentheses refor to Literature Cited, 1. 33,
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this genus was apparently unrecognized, though collected (17),
prior to the initiation in 1940 of the Cooperative Rubber Program
between the United States and each of several Central and South
American republics. With the increased attention to this crop in
tropical Amevica, numerous mycological collections were made by
sutrvey parties and at field stations. A recent examination of her-
barium specimens (17) Placed the earliest known occurrence at
Isapuri, Bolivia, where it was collected in 1901 on a putative hybrid
of H. brasiliensis X H. guienensis Aubl. var. lutee {Spruce ex
Benth.) Ducke & Schultes. The next collection was made on H.
brasifiensis at Lancetilla, Honduras, in May 1941. It was found
later in the same year at Belém, Brazil; at Iquitos and Tingo Maria,
Peru, in 1942; near Leticia, Colombia,s in 1946 ; and in Turvialba,
Costa Rica, in 1947 (5).

Deslandes (7) fivst described target spot in 1944 on the hasis of
observatiols at Belém and Belterrsa, Brazil, in 1943 and stated that
cases had been reported elsewhere in the Amazon Valley. It was
identified also in Porto Velho on several clones in 1948 during the
course of the present work. Deslandes found the disease on Heven
benthamione Muell. Avg., H. guianensis Aubl.,, H. pauciflora
{(Spruce ex Benth.) Muell. Arg., and H. spruceana (Benth.) Muell.
Arg., as well as on H. brasiliensis. The cultuval characteristics and
motphology of the fungus and infection studies made under green-
house conditions were published by Kotila (8) in 1945. Lovenz (12)
reported on the economic importance and occurreasa of the disease
in Peru, indicating its geographic range throughout the eastern
lowlands of that country, and added H. guiciensis vav. luteo to the
host range. A further brief veport on the target spot investigations
in Peru was made in 1949 (.2). Infection studios by Crandall (&)
and others () have shown that the same fungus From a number of
diverse tropical ¢ rops may infect hevea. Some of these arve of special
interest, as they may be used for intercropping rubhertirees or as
cover crops. The perfect stage of the organism has beeri produced in
culture, Studies on the production and discharge of basidiospores
(2) corroborate the opinions expressed by Kolila (8) and Lorenz
(72) that basidiospores are the major factor in dissemination of
the disease.

Target spot fivst became severe in Perw in 1944, and by the rainy
season of 194546 it had assumed epidemic proportions in nearly all
the centers of the Peruvian Cooperative Rubber Project: Tingo
Maria; Plantation Yurae No. 1, Aguaytia; Plantation Yurimaguas
Mo. 2, Santa Marvia; Punchana Nursery, Iquitos : and Fundo Iberia,
Madre de Dios. When uncontrolled, the disease has continued io be
serious during the rainy season, resulting in severe infeclion and
defoliation that retard the growth and reduce the vigor of young
plants. It is of greatest importance as a nursery disease, where it
limits or prevents the successful grafting of seedling stocks and
reduces the quantity of suitable hudwood in clone-multiplication
gardens. When seedlings develop to the first lush stage in seedbeds
priov to transplanting the disease can cause severe damage and may
assume the appearance of a typical web blight. Target spot also may

5 Letter dated Novemboer 20, 1046, fram M, H. T.angford to J. B, Carpentor,
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retard the growth of field-planted trees until they have established
a crown of foliage and have undergone several annual leaf changes.

The work here reported was done during the period from May
1946 to September 1949. Aithough control measures were the first
phase, the host- and disease-development investigations are pre-
sented first to emphasize their influence on the choice and effective-
ness of eontrol measures against target spot.

HOST DEVELOPMENT

Host-development studies were made along with the pathological
work as the need for specific information on growth arose. The
investigations centered about the development of the “fAush,” as the
successive segments of the rubber shoot or branch are commonly
termed {fig. 1}. The principal cbjectives were to determine the time

Ficere 1L.—Development of the Aush of hevea rubbertree on young vigorsus
plants, with the successive stages represented by 6 typical individuals photo-
graphed on approximately the same scaie. The peiiod between hud burst and
raising of the leaves o the mawure positian fnveolves about § weeks, followed
by another period of about 2 weeks before a new flush may be formed. Several
of the impartant stages are shown. with their approximate ages expressed us
dayve after bud burst: o1, Energence of the growing point, 2 ta 4 davs: L.
¢longation of the stem and unfolding of the frst leaf, 6 to 9 davs; €, elonga-
tion continuing with noarly all leaves unfolded, 11 to 14 days; P, intermediate
stage of leaf expansion, 14 o 17 days; E, leal expansion completed, with the
leaves just ready to raise themselves, 27 to 30 days (note the change in the
curvature of the petiviule helween £ and Yy F', matuve leaf position, 31 to
35 davs,

required l'or the unlolding, expansion, and maturing of the leaves

and the freguency of flush formation under favorable growing con-

ditions. This information was vseful both in the development of

confrol measures and the interprefation of their resuits. and as a

hasis for the disease-development studies.
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The characteristic growth habit of a vigorous young rubber plant
{16} may be summarized as follows: 1{ usually remains unbranched
more than a year and grows continuously for 2 or 3 years, producing
a series of flushes by periodic development of the terminal and lat.
eral buds. The flush is composed of a more or less elongated stem,
terminating in a progressively more compact spiral of digitately
trifoliate leaves (fig, 1, F). Although some variation may occur in
the number of leaflets, it is negligible in the commercial elones. De-
pending on the age and vigor of the plant, the flush may be from a
few centimeters {o nearly 1 meter long and bear from sceveral to 30
or more leaves,

The young leaf blades are reflexed within a few days after sepa-
rating from the growing point (fig. 1, B to £) and remain pendent
until fully expanded, afterwards becoming reclinale (fig. 1, F).
The pendent leatlets are so disposed that each bounds one side of a
triangular interspace, with the ventral surfaces facing outwards.
This position and their glossy surfaces make the voung leaves diffi-
cult to wet with fungicides. Older leaves are more easily wet.

Merne . avip Maresmiars

The plant malerial usually consisted of vigorous, unbranclhed
shoots of clones GA 1279 and FB 546 growing in the multiplieation
gardens. Foliage-development siudies were based on measurements
of individual leaflets rather than on the whole leaf, as the leaflet is
the simplest measurable unit, The uniform number of leaflets per-
mils expression of the data in terms of whole leaves where this is
desirable. A leal was considered fo be unfolded and measurable
{tig. 1, B, lowest leaf) when it had separited trom the growing point
and the leaflets had been reflexed into the typically pendent posttion.

Investigations into the time required for the flush to unleld and
expand its foliage were made during the period A ugrusl o December
1946. A new series of flushes was taugired for each clone at the be-
ginning of every month until Lhe severity of target spot stopperd the
work. In each series measurements were made on 12 uniform Nushes
of each clone, seiected when the shools were not more than 1 en.
long (fig. 1, A}, These provided 10 plants for caleulations. The two
extras (F-1 and K-2) replaced when necessary the first and second
damaged shools, respectively, among those numbered 1 to 190, In-
frequently, losses in excess of 2 planés resulted in fower samples.
Observations and measuremoents were made al 3- to d-dav inlervals
for about 6 weeks on each series.

Measurements made in August on the length and breadih of the
lamina of each leaflet of the first leal showed that expansion in both
dimensions was simultaneous. Thercafter, only length measure-
ments were made, Qceasionally, the second or third leal was sub-
stituted for an atypieat firsi leal. The dales on which individual
plants unfoided Lheir first leaf varied somewhal in each series for
the two clones. Therefore, the plants in each series were grouped by

" Clone GA 1274 is a high-viclding Bastorn pane clone, and FR 5 is a top-
working clone resistunt to South American leaf Bight. Both have heen used
extensively in tropival Ameriea.
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the date of the initial unfolding and ireated as averages in subse-
quent caleulations.

All three leaflets of the first leal on each flush were measured and
the measurements averaged for each reading. The individual ov
group averages were plotted on large sheets of graph paper, accord-
ing to the dates of measurement. The 3-day points were read from
these curves, weighted according to the number of samples repre-
sented, and averaged fo give a single curve for each clone in every
monthly series. The results on the rate of unfolding of the leaves
were breated similariy,

In December 1948 and January 1949 a more detalled study of
flush development was made, medifving the methods outlined.
TFwelve uniform ftushes of clone GA 1279 were selecied at the stage
shown in figure 1, B, so ithat atl would develop coneurvently. Length
measurements were made daily at about the same hour on the cen-
tral leaflet of the fivst. §ifth, tenth, fifteenth, and terminal leaves
until elongation ceased. At maturity, length measurements were
made on the central leaflet of every Jeaf in ench Mush and the rela-
tionship between relabive position and size was noted. Calculations
were based on 14 plants out of 12, as alveady deseribed.

As the velationship between position and size seemed odd, simitay
measurements were made of every leat on each of 25 recently ma-
tured flushes Tor 3 clones, in order to cheek the preliminary data.

The relative rates of leaf elongation during day and night were
investigated also. Lenglh measurements were made fwice daily at
6 a. m. and 6 p. m. on the centrat leaflet of each of 24 leaves un young

potited plants growing in a glass-reofed shelter, described in the
saction on inlection studies. Although the leaves were smaller than
those found on older plants, the develepment of the flushes was
Eypical.

The statistical calculations in this section and the section on
defoliation were made by the Biometrical Unit, Bureau of Plant
Trdustry, Soils, and Agricultural Engincering,

Rest s

The pretiminary data that led Lo the use of Lthe rate of clongation
af the leaflet, and especially the cenlral leallet, as an index to leaf
growth are presented, ns similar problems of measurement arise
frequently in pathological work.

Length and breadth measurements on expanding leaflets of clones
GA 1279 and FB 51 aregiven in figure 2. Least signifiecant difference
(1.8.D.), or smaliest difference required for signtficance bebween
means at indicated levels, 15 shown for this figure and elsewhere as
recorded. Up to the fifteenth day after unfolding, both length and
hreadlh showed increases sipnificant at the 5-percent level and
usually at the T-percent fevel. The ratio of breadth to length gradu-
ally increased by about 7 percent. The increase in ratio was conh-
sistent, although (he analysis showed differences that were statis-
tically significant only between the extreme values. The increments
hetween the fifth and eighleenth days represent a typical leveling-
off of the growth curves. The corrclation coeflicient of 2-day in-
creases hetween breadth and length was 0.90. The coefficieat of
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Fioure 2—Growth in length and breadth of the leaflets of the first leaf an
vigrorous yvoung Hushes of two heves elones,

determination (»2 x 100) was 82 percent, which indicates that 82
percent of the variation in length is associated with the variation in
breadth, or vice versa.

Although either length or breadth might serve as an index to the
rate of expansion, the length measurements are more accurately and
easily made, as the midrib is a constant reference point and the
longer axis. Conversely, the position of the widest point is variable
and must. be sought at each reading.

The relative lengths of the central and lateral leaflets for these
clones, based on measurements of the first leaf, are presented in
figure 3. Elongation of the leaflets was uniform. The central leaflet
was consistently longer than the laterals, and, although the differ-
ences were small, they were observable and, on fully expanded
leaves, are significant at the 5-percent level for both clones. This
length relationship appears to be generally applicable to all rubber-




TARGET LEAF SPOT OF THE REVEA RUBBERTREL

13

i g
Lt - ~
ol et
A

CLONE FB %4

@
o

LS.
BETWEEN POSITIONS
{FINAL BATA)
5 PERCENT LEVEL, 0,3~ |

CENTRAL LEAFLET
LATERAL LEAFLETS e ===
{ AVERAGE )

LENGTH OF CENTHAL LEAFLET (MK}
o
o

L
L]

5] 8 21 24
3 - 9 12 15
DAYS AFTER UNFCLOING

FIgure 3.—Development of ihe central and luteral leaBets of the first leaf on
vigerous flushes of two heves clones.

tree leaves, although the differences are undoubtedly exaggerated
in foliage on vigorous young plants.

Because of this and the ease of designating its position, elongation
of the central leaflet served as a suitable index to the growth of the
whole leaf and was used in the later experiments.

Results of the 5-month study on flush development appear in
figure 4, which presents comparative results for clones GA 1279 and
FB 54 during the period from August to December, inctusive, Rain-
fall and temperature records are given to illustrate the changes that
occur as the seasons progress from August—a month with bright
days, high temperature, low rainfall, and short day length—to De-
cember—a meonth marked by cloudy days, mere moderate tempera-
ture, high rainfall, and long day length.

Unfolding of the leaves from the growing point was rapid, ocecur-
ring within a period of 8 to 12 days. The differences between months
or clones in relation to the number of leaves per flush were not sig-
nificant, Leaf expansion, expressed as the vate of elongation of the
first leaf, was also rapid, reqguiring 16 to 21 days. Daily increments
of 2 em. or more were common during the most active period of
growth. There were significant differences at the S-percent level in
final leaf length among the several months, but there were no differ-
ences between clones. The leaves formed in October were signifi-
cantly larger than those for either August or December. The leaves
formed in September or November were usually of intermediate
size.
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Fusvre J.—Unlolding and clongation of the frst leaf on vigorous flushes of cwo
hevea clones over o perind of five consecutive months, with rainfall and
temperature reeords.

Observation indicates that the relationship between Lhe rates of
unfolding and expansion are generally applicable, regardless of
other clonal differences.

The more detailed study of flush development (fig. 5) indicates
that the time required for leaf oxpansion is uniform, regardless of
position in the fush or size of leaf, with perhaps & day’s difference
between the larger and smaller leaves. However, there were sub-
stantial differences amonyg the rates at which elongation oceurred,
with a markedly smaller daily increment and ultimate size in the
upper teaves. There were significant differences in final length at
both the 5- and 1-percent levels among the various leaf positions.
The fitth leaf was much longer than either the first or tenth, which
wete not significantly different. The «ifferences between the tenth,
fifteenth, and last positions were significant,

Unfolding of the leaves was typical (figr. 1) and cccurred within a
period of 10 dayvs.

The relationship belween position and size of leaf seemed odd,
bhecause the first leal was smaller than those immediately above it.
To check the validity of Lhese limited data, further measurements
were made on 25 recently matured flushes of each of 3 clones,
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Figrur §.-—Relationship of leaf position in the flush to the rate of clongation,
and size expressed as length, for heveu clone GA 1276,

GA 49, GA 1279, and GV 31, The data were plotted for all leaf posi-
tions represented by 50 percent or more of the samples. The results
{fig. 6) indicate that this relalionship is not unique for clone GA
1279 but is probably general among rubbertree clones. The effect is
not readily observed, as the differences in leaf length appear to be
compensated for by greater petiole length. The quantitative differ-
ences in leaf size for any position are due to clonal characteristics.
Young plants of GA 1279 have long leaves, whereas clones GA 49
and GV 33 have shorter and relatively broad leaves,

An analysis of variance in the first 13 leaf positions, where 100
percent of the samples were available, indicates thal there are many
differences significant at the 5-percent level hetween positions
within elones. From the second to the sixth positions there were few
differences. Beginning with the sixth leaf, there was a rapid and
consisteni decrease in leaf size. Subscquent to the seventh position,
there were significant differences even at the 1-percent level,

Data on the relative rate of elongation of the leaves during the
day and night are given in figure 7. Although clongation was con-
tinnous, the results suggest that the daytime increments are greater
in thoe earlier part of the peried and that the night increments are
greater in the lalter pavt of Lthe period. The total average increment
in length during the day was 58 mm. and during the night 59 mm.
over a period of 17 davs,
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INFECTION STUDIES

The aspects of infection studied were: (1) Germination of the
basidiospores; (2) time required for infection to occur on suscep-
tible leaves; (3) period during which the leaves were susceptible;
and {4) length of the incubation period between exposure to infec-
tion and appearance of symptoms.

MuerHons AxD MatERIALS

Germination studies were made with freshly discharged basidio-
spores from infected leaves obtained by the method used in sporula-
tion studies (3). The germination tests were made at night in order
to obtain abundant spores. Clean giass slides were exposed in the
spore-discharge chambers for 15 and 30 minutes in the first and
second trials, respectively. Then they were removed and 3 drops of
rain water were spread nver their surfaces. The slides were ineu-
bated in glass damp chambers, either in the dark or in light from a
100-watt light approximately 18 inches above the chambers. A set
of six slides was used for each time interval—I1-, 2-, 3-, 4-, and
fi-hour—and for beth light and dark conditions. The time interval
included the period of exposure to spore discharge. The tempera-
tures were moderate, ranging from 23° to 26° C., in the two trials.
At appropriate intervals, 1 or 2 drops of cotion blue in lactophenol
was added to each slide to kill and stain the spores and a 25 by
50 mm. cover glasg placed thereon. The preparations were exam-
ined microscopically the following day.

Small potted seedlings were used for Lhe infection trials. These
were maintained in an open-sided glasshouse, where temperature
and humidity were essentially equal to those prevailing outdoors.
The glass was not opaqued, because the roof structure was some-
what heavier than in commercial-ty pe houses and provided sufficient
moving shade, in conjunction with ample ventlilation, to prevent
heat injury. This sheller permiited ulilization of the conditions of
light, humidily, and temperature that prevailed during the rainy
senson without the complications introduced by rain and dew,

Inoculations were made in a sinall infection chamber where the
humidity was maintained at or near satuvation by a wet cloth tent
lining and by spraying the plants when pliaced inside. During pro-
longed lests, the oulside of the lent and inner wall of the chamber
were sprayed occasionally. The walls of the chamber were of cello-
phane-wire screening that permitted the enlrance of diffuse day-
light, tThough the ehamber was shaded permancently. Tnoculations
were always made at night in natural darkness, beginning about
8 p. m., in order to take advantage of hasidiospores discharged from
damp, heavily infecled leaves supported over the plants on a wire
rack.

The chamber was prepared for use nt least by midday whenever a
new series of tests was to be made, so that high humidily could be
established and Lhe fungus encouraged to sporulate abundantly by
early evening (3}. The same charge of leaves for producing inoccu-
jum could be used 3 or 4 days without renewal, taking care only to
keep the leaves damp on the upper surface. Direct wetting of the
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lower, sporulating surface was avoided. Excessive aerial mycelium
was collapsed daily by airing the chamber for a few minutes.
Plants removed from the chamber were incubated in the glass-
house without further moistening of the leaves, which dried quickly.
" Although small numbers of plants were used in a given test—usually
7 to 10 with 2 leaves each—every test was repeated several times
and all gave consistent results. ‘

ResvLrs

Basidiospores germinated equally well in either darkness ov in
artificial light. Germination was somewhat erratic, possibly because
only rain water was used as the germination medium. Limited trials
showed some germination within 2 hours after discharge. At the
4- and 6-hour intervals it was far advanced, many germ tubes being
twice as long as the spore.

Infection was established rapidly (table 1), sometimes following
a 3-hour exposure to inoculum. A 6-hour exposure led to 50-percent
infection of susceptible leaves, and the 12-, 18-; and 23-hour expo-

TanLe 1.—Numbher of leaves of different wges infected ufter rorying periods of
crposure lo dischurged basidiospores of Pelticulorin filamentose m an {fec-
tion chamber
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sures were followed by almost 100-percent infection. The lesions
were so numerous at the longer exposures that the affected leaves
often withered before jeal expansion was completed.

The leaves were susceptible for only about 1 week after untolding
(table 2). Ali unfolded leaves from 1 day to 4 days old were infected
and thereafter the percentage of leaves infected decreased rapidly,
with no infections on leaves move than 10 days old. Thus, the period
of greatest susceptibility occurred before the most active period of
leaf expansion began (fig. 5).

The incubation period between infection and appearance of le-
sions was commonly from 6 to 8 days on leaves 1 to 8 days old (table
2). On leaves less than 1 day old (fig. 1, B, second ieaf, et seq.), the
incubation period was usually lengthened to 8 to 11 days.

EXPERIMENTAL DEFOLIATION

Target spot weakens the plani principally, if not solely, through
reduction of the effective leaf avea by infection and teaf fall, both of
which may be considered as defoliation. No other plant parts are
known to be attacked, and no evidence of toxic action by the parvasite
has been observed, Because defoliation is thus uncomplicated by
accessory effects, the disease was simulated in a study of the in-
fluence of experimental defoliation on the growth of young seedling
rubber plants.

MerTnons axn MaTEwmiaLs

There were six treatments, based on contvolled defoliation of
young seedlings, expressed as 0, 20, 40, 60, 80, and 100 percent of
defoliation. The experiment was begun with 2- to 3-month-old seed-
lings, planted as germinated seeds at a spacing of 30 by 45 em. in
nursery beds. Planting losses and removal of obviously atypical
plants reduced the oviginal stand by about 30 percent. Two parcels
of land, about 30 meters apart, were used in order to take advantage
of a lavge number of plants. Parcel A was level, and the plants were
about 2 months old ; parcel B had a gentle slope, and the plants were
about 3 months old. Both areas had borne nursery plantings pre-
viously and had been cover-cropped with Crotalarin spectabilis Roth
for several months just prior to replanting for this experiment. No
fertilizers were applied subsequent to the cover crop.

Each parcel contained five 12-tree replications of every treatment
except the control, treatment 1, which was veplicated 10 times in
patcel A and 8 times in parcel B. The use of 12 numbered plants per
plot allowed for the loss of 20 percent of the plants thvough damage
or proenounced abnormality. Individual records were kept on all
plants, and, at the end of the experiment, calculations were based on
the first 10 typical plants per plot, Nos, 11 and 12 being considered
as replacements forr Nos. 1 and 2, respectively. Infrequently, losses
in excess of 2 plants resulted in fewer samples.

The plots were randomized separately for each parcel, with only
three modifications to avoid excessive grouping of some treatments,
and arranged linearly, beginning at one corner ¢ each parcel. They
followed consecutively, doubling back along paralle! rows so that
many plots carried over into the adjoining row.
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Natural infection and defoliation were prevented by spraying
with an organie fungicide, Fermate, at 5- to 7-day intervals during
the greater part of the experimental period.

The plants in each plot were defoliated in accordance with the
applicable treatment at the beginning of the expeviment. Thereafter
all the plants weve examined every 3 or 4 days, and each was treated
when the Jeaflets had just completed their expansion and were be-
ginning to raise themselves into the mature position (fig. 1, E).
This stage was selected as a base for making the treatments and
dating flush formation, as it is an easily recognized stage of develop-
ment that lasts but 3 or 4 days. 1t is also the first stage at which
natural defoliation by target spot occurs.

Controlled defoliation was effected through the systematic re-
moval of whole leaflets. Beginning with the lowest leaf in the flush,
which typically bears its leaves in a clockwise spiral (fig. 1, £), and
moving in the same direction, the leaflets were counted off in sets of
five, regardless of whole leaves. Each teaflet had a value of 20 per-
cent, Starting with the first leaflet of each set, in treatments 2 to 6,
from one fo all the leaflets were vemoved with scissors, taking care
to leave the petiolule that abscissed naturally within a few days. If
the flush terminated in less than a compiete set of five leaflets, the
first leaflet of the incomplete set was marked and the next treatment
was begun at that point when a new flush was formed. In this man-
ner, approximately egual numbers of large, medium, and small
leaflets were removed from among the successive fushes.

By recording only the number of leaves initiated per flush at the
time of each reading and treatment, it was possible to compile data
on both leaf and [tush development.

Height measurements were made in centimeters at about monthly
intervals from ground level to the top of the last treated flush. Thus,
they represent minimal heights, as many young, clongating termi-
nal flushes were not included. Diameter measurements were made in
millimeters every 2 months at a height of 10 em. from the ground,
which approximates the level at which low buddings are made.
There was no deep cultivation during the experiment, although
weeds were removed periodically by pulling or cutting.

Statistical calculations were based only on the first five treat-
ments, for more than 70 percent of the plants in freatment 6 were
dead at the end of 4 months. The vesults Tor treatment 6 are shown
graphically in most of the figures in order to compiete the data and
because the persistence of the plants despite complete defoliation
may be of interest.

Rusuias

More than 800 plants, of which 680 formed the basis for the
present report, were measured throughout the course of the expori-
ment. The results for each parcel weve calculated separately. As the
results obtained in each were similar and the differences between
them mostly statistically insignifieant, they have been combined for
presentation.

Consideration of the eatire experiment, including measurements
of the number of leaves initiated per Nlush, the number of fAushes per
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plant and days hetween flushes, the progressive increase in height
and diameter, and the distribution of the plants by size classes,
suggests that the defoliation treatments may be considered in two
main groups. Treatments 1, 2, and 3 (0-, 20-, and 40-percent de-
foliation) permitted satisfaciory development of the plants. Treat-
ment 1 permitted the best growth. Treatment 3 consistently reduced
growth, although it permitted satisfactory development. Treat-
ment 2 was variable, alining itself with either of the other treat-
ments in the two parcels, but seldom taking an intermediate course.

Treatments 4, 5, and 6 {60, 80-, and 100-percent defoliation)
constituted the second group. All led to unsatisfactory development,
with marked depression of growth at 60-percent defoliation, barely
more than survival at 80-percent, and death of the plants within a
tfew months when they were completely defoliated.

The number of leaves initiated by sueccessive flushes on plants in
the several treatments is shown in fipure 8. There were significant
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Ficirar 8.—Influence of six defoliation treatments on the production of leaves by
sueeessive Nushes of hevea scedlings,
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diffevences at the 1-percent level among ail the treatments except 1
and 2, based on the number of leaves in the seventh flush. A reduced
number of leaves per flush in combination with leaf removal led to a
marked restriction of effective leaf area in the more dvastic treat-
ments. The reduction in leat area was further ageravated by the
reduced average leaf size on such plants, atthough no details are
available on this point. Defoliation also influenced the frequency
with which the plants produced new flushes. The figure shows that
many plants in treatments 3, 4, and 5 produced eight flushes each.
As might be expected, all plants did not produce equal numbers of
flushes even in the same treatment. Therefore, the final point of
each curve was that at which at teast 50 percent of the plants in a
given treatment produced seven or eight flushes, respectively.
More details on the influence of defoliation on the frequency of
flushing ave shown in figure 9. The first two Lreatmenis were almost
equal with reference to the number of days hetween flushes, but
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there were significant differences between all other treatments, at
both the 5- and t-percent levels. The decreased number of days be-
tween fushes with the more severe treatments is reflected in an
increased average number of flushes per plant. There were signifi-
cant diffevences between treatments I and 2, and 4 and 5, considered
as groups, with treatment 3 occupying an intermediate position.
Prolongation of the experimental period woulid have augmented the
differences.

The influence of defoliation on the growth in height of seedlings
is shown in figure 10, There were highly significant differences
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Ficvne 1. —Influenee of six defoliation creatiments on the growih in height of
hevea secdlings.

among all treatments. Treatment 2 was Lhe only variable treatment,
heing in one pavcel similar to trealment ¥ and in the other alined
with treatment 3.

In order to express more accurately the relative volumes of
growlh obtained by the various treatments, the ralte of increase in
diameter of the slems was expressed as cross-sectional arvea {fig,
11). When size was exprossed as diameter, the plants subjeeted to
80-percent defoliation were about one-thivd the size of undefoliated
planls; when expressed as cross-seclional arvea, the same plants had
less than one-eighth the voelume of growth ¢of those in treatment 1.
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Figume: 11.—Inftuence of six defoliation treatments on the growth in diameter of
hevea seedlings, expressed us cross-sectional area of stems at budding height.

There were highly significant differences among ali treatments. it
appears that its influence on diameter is one of the best eriteria tor
judging the effects of defoliation in heveu. Diameter is also one of
the most important factors when considering the influence of de-
foliation on the production of grafting stocks.

The dis{ribution of plants by size classes within the several treat-
ments (fig. 12} shows most forcibly the influence of defoliation, as
the achievement of good budding size in minimal time is a prime
objective in raising seedling stocks. The freatments fali into two
groups if a diameter of 16 mm. is taken as the minimum size for
good budding success. This arbitrary minimum was selected on the
basis of general practice, vecognizing that there may be numerouns
valid exceptions. Incidentally, diameter measurcments after 6
months of treatment (fig. 11} and when the plants were 8 or 9
months old showed that 59 percent of the seedlings were of buddabile
size in treatment 1, 33 percent in treatment 2, and less than 25 per-
cent in any other treatment.

The terminal data for the experiment are summarized in figure 13
to permit a comparison of the several measurements by treatments.
The effects of defoliation were consistent among all the aspects or
growth that were measured.




TARGET LEAF SPOT OF THE HEVEA RUBBERTRFE

pEFoLlaTiON '00 T T T T i

TREATHMENT POOR TO FAIR G000 BUDDING

T

7a - }
PUDDING SIZE [ SIZE

|

]

NONE 8 PERGCENT 92 PERCENT

2%

[+
100 T T -T—
20 PERCENT 75 b 87 PERCENT

50

_

25 Pree 2

Q- 4 /////% [
7

I ¥

40 PERCENT 78 79 PERCENT

50
29

[+ X0

60 PERCENT 7%

50

25 / y /

100

"
F
w
&2
@
w
o
%]
<
w
I
o
]
L]
w
~N
L]
=
u
o
n
o
=
]
=]
it
(7]
w

BO PERCENT 75

50

2%

o

P .
100 PERGENT 78
50

25

0

-5 6—{C H=1% 16-20 21-2% 26-3D 3125
STEM DIAMETER CLASSES b,

FIouRe 12 —Influence of six defoliation treatiments on the distribution of hevea
seedlings ameng size ciasses based on diameter, at 10 to 11 months of age and
after 8 manths of continuous treatment.




NEE
%/mm




TARGET LEAY S3POT OF THE HEVEA RUBBEXRTREE

FUNGICIDAL CONTROL

The development of fungicidal control measures for target spot
was the most urgent problem at the time these stucies began.
Screening tests to determine the spraying, dusting, and phytotoxic
properties of various fungicides and adjuvants, singly and in com-
bination, began in June 19-16. The better formulas fsund in those
trials were used in comparative fungicidal trials from October 1946
to February 1947 at Tingo Maria, The practicability of fungicidal
control has been confirmed hy annual nursery-sprayving programs,

Mernans axng Maremiags
The fungicides were used at strenygths recommended for other

foliage diseases. Several materials were used in various combina-

tions, as no prior controlled trials against this disease had been
made on rubbertrees, The sprayvs were applied weekiy with a 50-
galion capacity, high-pressure, portable sprayer on pneumatic tives,
ah important consideraiion in high-rainfall areas. The dusts were
applied weekly with a knapsack-type duster, modified hy substitut-
ing a flexible hose for part of the metal discharge tube. All of the
dust mixtures were preparved loeaily.

The experimental plants were derived from 3-vear-old seeclling
nursery trees in beds, cul back to a height of 30 cm. Each stump
was allowed to develop one shoot in order to approximate voung
nursery conditions. These plants were satisfactorv, except that
growth was more exuberant than in roung seedlings, probably be-
cause of the larger root system. The planis oulgrew their usefulness
after I months, when they wore about 2 meters high, because of the
close proximity of the various plots,

Spray plots measured 2 by 1 meters; dust plols, 2 by 5 metoers,
Each spray treatment was replicated four tinmes and each dust
treatment three times, with the plots distribuled at random. Al-
though the plots were close together, the effects of drift were negli-
gible, because spraying and dusting were done only in quiel weather,
As a Turther precaution, the dust plots were separaied by alternate
heds of untreated trees, pruned al a height of 1T meter and allowed to
develop into a dense hedge,

Abundant inoculum was provided Trom beds of tall seedling trees
bordering and Graversing the expervimental blocks and by the un-
treated plots.

Host- and disease-development records were made on 10 taggred
Aushes per plot, and Uie data from the -1 unspraved and 3 undusted
controls were combined and ealculated as simple averages. Readings
were made every B ar- days on the untrealed control plois and about,
weekly on the treated plois. The daia included Lhie toial numbers of
ieaves, inflected leatlets, and defoliated ieailets and were cumulative,
so that the rveadings vepresent totals as of any given date afler
Getoher 23, 1947, Defoliation due to causes olher than targel spot
was negligible.

R s

The natural course of target spot, including leaf production, in-
fection, and defoliation, is indicated in figure 14, which presents the
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Figuge 14.—Host and disease development in the untreaied control plots of
fungicidal cxpesciments for control of turget spot of hevea rubbertree.

resulls of the host- and disease-development studies on the untreated
control plots, accompanied: by temperature and rainfall records.
Infection occurred soon after the first flushes were formed and their
foliage began to unfold and expand. The number of infections in-
creased steadily under condilions favoring the disease. Defoliation
started a few weeks after the infections first appeuared. Whenever
substantial new growth was made, as during a flush period,” cor-
vesponding increases in infection and defoliation Tollowed immedi-
ately. Although the dala cover a period of only 3Ly months, this
cycle of events contlinues during the rainy season, usually from
November to May, inclusive. During the dry season, the incidence of
disease was sharply reduced su that there were few infections and
negtligible detoliation,

The weather records show the heavy raintall and moderate tem-
peratures that prevailed during the disease-control experiments.
Frequent long daily periods of high humidity, fog, and light to heavy
overcast also contributed to the favorable condilions for disease
development.

In the ensuing discussion of disease control, it may be noted that
the incidence of infeclion remained rather high, although defolia-
tion was largely prevented by the better treatments. This apparent
discrepancy is dealt with in the Discussion (p. 27).

The results of the spray trials appear in figure 15, which gives the
percentages of infection and defoliation in terms of the maxima,

Tlndividuals in youne seedlimg populations or in greups of plants severely
pruned at onc time tend to produce their carliest lushes at approximately the
same time, which may be termed a Alush period. The tendency is rradually lost
as cuch piant establishes its characteristie habit, and this periodicity gives way
1o a rather uniform conditiom of mixed growth stapes,
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TREATMENT ¥
 UNSPRAYED CONTROL
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FIGURE 15.—-Comparison of 10 spray treaiments applied ut weekly intervals for
control of target spot of hevea rubbertrees.

most of which occurved in January 1947. They were essentially the
same as the final data taken in February. Control was good, with
Z-percent defoliation or less where insoluble copper fungicides ot
organic fungicides were used, Wettable sulturs were a little less
effective, permitting from 5- to 9-percent defoliation. Wettable
Spergon was the most efficient material; it held defoliation to 1 per-
cent and sharply reduced foliage infection., The occasional slight
injury associated with this fungicide was expressed as a yellowish
discoloration immediately beneath heavy spray deposits. A charae-
teristic sweetish odor was always present in the plots sprayed with
this fungicide, suggresting that some component was volatile. The
experimental fungicide 341, 2-heptadecyl glvoxalidine, gave rela--
tively poor control, However, the manufacturer also became aware
of some difflcuity with the same lot and advised the cooperators.

The results of the dusting trials appear in figure 16, which gives
the percentages of infection and defoliation in terms of the maxima,
most of which occurred in January 1947, They were essentially the
same as the final data taken in February.

The combination of Fermate and Swan sulfur gave good control,
with only 1 percent of defoliation. Plants receiving this dust were
outstanding throughout the period of the Urials for the excellence of
their foliage and growth. Although more than 30 percent of the
foliage was infected, the lesions were generally delimited while
small.

Distinct differences in the dusting properties of the several mix-
tures were observed, and their relation to control is evident. Swan
brand dusting sulfur had the most suitable properties, both alone



http:OAtSI~.fE

24 TECHNICAL BULLETIN 1028, U. 5. DEFT. OF AGRICULTURE

TREATMENT ¥

! UNDUSTED CONTROL

2 SwoeN SULFUR .
LATCE LT,

3 KOPPER KING
LR LA LEZ Dy

4 FERMATE,'s
CLdy FBLAIC UV AIF-RAT 5

5 SWaN SULFUR,
LIl CABENL

6 SWAN SULFUR. .-

7 BASIC COPPEF! L?SEM&TE

Akl B ( g

B FERMATE, «

YRR

Badd SLIFUR, BY SLFGLILTHG S
AT TR AT (- S

BLREENT WY D Q4T

- u.f:: |o~ '
P — S S

ksl

FIGURE 16.—~Comparison of seven dust treatmenis upplied at weekly intervals
Tor the contrel of tarpet spat of hevea.

;11](1 with Fermale, Fermate is also a light, readily dispersed |)U\\'(iei'
of extremely fine particle size, Mixtures containing putty clay of
local origin had inferior dusting properties and were difficult to

apply. Fermate also gave poor control when combined with clay.
Thus, ghie and clay impaived the dusting properties of mixtures in
wh lch they were components. Caleium cascinate had no adverse in-
fluence on the dusting properiies of the mixtuves. Though the prepa-
ration of basic copper arsenate, Swan sulfur, and calcium caseinate
gave good confrol, it was teo henvy Lo he satisfactory,

Dusting has not boen recommendod for general use because ade-
quate dusting equipment has nod been available and the hest mixture
—sulfur apd Fermate—Dhas ¢aused some nauses and headaches oven
with experienced operators.

Since 1917 nursery spraving has been practie .d at Tingo Maria
. annually during the greater part of the rainy season to control tar-
get spot. Good control has been maintained with weekly spray appli-
eations carefully applied by local operators. Insoluble copper fungi-
cides, chiefly Kopper Wing, with a spreader-sticker such as caleium
caseinate or wheat flour, have been used at the concentrations in-
dicated in figure 15, These have heen more readily available and
cheaper than ihe organic preparvations. Salisfactory control was
obtained also at Plantalion Ywrimaguas No. 2 in 1947 and 1948
when careful weekly applications of the same fungicides were made.

DESEASE RESISTANIE
Beginning in November 1916, cvidence of discase resistance
against target spot was sought in a survey of clones recommended

for commercial planting, experimental clones and selections, and
seedling populations of hevea rubbertrees.
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Mernons ano Materians

The disease-resistance trial arvea was established in 1947 by a
modification of Langford’s (10) leaf-blight-testing plot technique,
so that 3 beds of test plants alternated with a single bed of highly
susceptible seedlings, the latter to Turnish abundant incculum, This
method of festing exposed every plant to heavy incculum over a
minimai period of several months, The clones and selections under
study were planted in linear plots of 14 plants each when this num-
ber was available,

The elones and sclections included in the trial are were selected
Lrom those reported to be tolerant to Lvrgel spol in Peru,s recently
imporled clones whose behavior undoer Peravian conditions was un-
known, local seedling selections thal had miaintaincd at least 50 per-
cent of their foliage in cach of three suceessive flushes during the
rainy season, and a few leaf-blight-vesistant clones currently ree-
ommended [or top working. The Eastorn clones wore oxeluded he-
cause of thehr known high susceptibility,

In addition to the collections in Lhe trial arew, Lhe elone colleelions
and seedling poputalions al Tingo Maria, lquites, Plantation Yurac
No. b, Plantation Yurimaguag Noo 2, and Fundp hoeria, in Pery,
angd plantings at Belem, Belterra, and Porto Velho during a brief
assignment in Brazil were obsorved,

Disease ralings were made on the basis of ilie percentage of
defoliation, m Four elasses: 0« {0 25—, 26- Lo 30-, 31- Lo T5-, and T6-
to TW-pereent delolialion. The vesults obfained in the experimoentnd
delolintion studies indicate that in future studice it might be advis-
abie Lo change over to five clnsses, ad 20-pereent intervals.

R~ s

A summary of Lhe diverse groups of plant materials tested in the
diseaso-resistance trial area or examined in field and nursery plant-
s duiring the course of the study on disense resistance follows:

1o Clones ard seleetions of hevia tested Tor resistunee io tarpet spot in the
disease-reaistanee trial preal
Ao Hferen brasilicesis:
Ford Brazidion elwes: P 212 P51, b
Peruvian elones: Depariment of Loreio, mo<dy near tquitos, 11, -2,
25, .82, Hb, =100 6L, BG, SI06, a1 L, LS, =146, ~ 168
Depariment of Madve de Hos, mostly neay therin, P 116, =117, 118
IO HAJURYS R0 NS A0 MY RCH T $11] M Rl Wi W Clsn, 2oh, 2R, 220,20,
Aha, 2N 80, nl, 80Ty Hele secdlinegs, growe ag Tinge Maein,
Pepu, 1070, - Wil
Provisioial seeding scloctions Top apgel-spol resistanee, made in
Pern, by arighr mud number of scleetinas: Madre de [hos, Pern, 27;
Iquites, Peen, N3 Letiein, Colombia, 75 Tarvialba, Cosia e (From
Fasiern elones), &
B, Intraspecifie hylbrids of H hvavilionss (Eastorn and Beazilian clones};
4. Ford elopes: N 16 {F 116G - AV 49 X 25, 87 (19415~ AV J4);
EO N 3 FEE 1 EE I ey BLROISGT Y 1PN 12 {10 125 - TR OI8G) ;
XY, 2201 (B Y - AN IR BN SRM (R 215 AV 48,
BNDONGA, CURAG (P RTH AV D),

S{Mlice repurt of I, J, Seibert, formerty semtor genelicist, Division af 1Tubber
Tlant Tavestigaiions,
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b. lnstituto Agrondmico do Norte clones: IAN 443 (TJ 1 x F 409);
1AW 486 (F 351 X PB 186); JAN 506 (¥ 351 % Pil 84); 1AN 713
(PB 86 X F 409) ; TAN 735, —736, -738 (PB 86 X FA 1707); IAN 833,
-841, -898 (PB 86 X FA 1717); AN 936 (PB 86 XX F 351)’,
C. Interspecific hybrids:
a. H. brawiliensis crossed with H. benthamiens (Eastern and Brazilian
clones): FX 157, —189, -200, -212 (F 4542 X AV 183); FX 334, -360,
~37ih, —398, -490, -516, -561, -575 (F 4542 X AV 363); FX 469, 614,
~644, 645, —652, 664 (F 4542 X 1J 1); IAN 500, -305 (TJ 1 X
F 4b42); YAN 686, -597 (PR 86 x F 4527); IAN 717, =722 (PR 86
X Fdhady.
b.  H. grignensis % H. brasiliensis (Bastern and Brazilian ciones}:
FX ©.07 (F 5366 x PR 186).
¢ H. brosiliensis X H. gpuinnensis var. luleq (putative natural hybrids
from Peru) : P 127, -128, —129, —130, -181.
A, H. biasiliensls crossed with H. sprucedna, Brazilian clones: F §348.
. H. beathuwwinns clones, Brazilian: F 4311, —4515, —4527, —4541}, —4541,
-4542.
E. H. grinuensis clones, Brazilian: F 5004,

2. Additional hevea clones, species, and seedling populations examined for
evidence of target spot resistunce in both Peru and Hrazil,
A. H. brasiliensis:

4. Eastern clones: GA 4%, 235, -308, ~1264, —1279, ~1301, ~L518, —2075;
G816,-181,-576; GV 21,31, -37, —42: GX 26,-410,

b, Ford Brazilian clones: F 170, -176, —211, -813, =386, —409, -1168,
-1425, -1504, ~1619, —1620, -16G39; FA 1705, 1710, -1717; FB 14, —30,
—38, —4d, —0d, =55, ~T4, ~T4, =04, ~110, ~116, —3112, —3300, ~2333, —3363,
—3377, ~3381.

Costa Ricun clones: Tu 41-1, -2, -8, -0, 10, —22; Tu 42-5, -23, —40,
—44, 4%, =71, ~86, -4, 136, =177,
Peruvian clones: Department of Lureto, mostly near Tquites, P 108,
=113, —145; Department of Madre de IYos, mostly nesr Iberia, P 138,
~173, —181, —184, 186, —187, ~188, —189, ~192, —[03, 194, —195, —198,
=197, —T48, =199, 202,
Colombian clenes: (principally H. brasitiensis) : COL 116, -123, -202,
—203, -203, —208, 210, —212, -220, 221, -224, 228, -230, —231," 232
LET 11, ~15, 24, -35.
Interspecific hybrids, Ford Breazilian clones:
H. hewtimotionn < H. brasiliensis; FX 822, —855, —357, —165, 378,
—385, 388, 32, —4T7h, —4Y7, 54, 555, -6, —bB2, _588, -590
(F 45342 > AV 863} ; PX 46, 135, ~618, —628, 626, —627, —629, —636,
—634, 640, —H42, ~ii43, ~649, 658, —660, —HG2 (P 4542 ¢ TJ 1J.
H. brasitiensis erossed with H, sprreeona: F 6395,
H. benthanriona, Urazilian elones: I 9507, —4528, —4520, —4587, —4543,
H, giinnensis, Brazilian clones: F 5345, 5466, =5566.
H. guianensis var. fnten, Peruvian clones: P 152, 153, —234.
Other speeies, of Brazilian origin: H. mierophylie Ule, H, peraeeiflore, H.
rigififolin (Renth,) Muull. Arp.
Nursery seedling pcpulations: OF diverse origins from Brazil, Colambia,
Cosia Rien, and Peru.

TR seversl sevics of heven elones asad i Lhis study weres  {o] Fosl elanes of Brasllinn
oriein, soleetal by Unmpanhin Food Tnilusteial il Beasil { Foed Motor Qi) 17, clonis Tram
mizccllnneous sealling selectin FH, elones frem Heldne sewllings : FAL clones From Acre
Jungle teees: PX, seloctod progeny Trom bt pollingted  eros () Eastorn elonex from
Sumatea: AV {ROS) = Alpenwene Vereeniging van Rubberplnnters ber Ooslkust van
Sumuten; IPH = Prane Besar cstate s Pil = Pilmoer estate: ‘P2 CFiieamildi estate: (n)
1AN = Institute Agrondimics de Worte dones of Beazilinn neling () ' = Teruvinn clones
from jungle trece and nuesery seedliogs {4a) 3 (0} 0A, GF, GV, aml GX clones of the
Goeadyenr Rubler Mantaiions Coo (F) Ty 20 Tuerinkba, Costa Rienn clones of the U, S, .
Ciwgerative Rubbor Phoot Fiehl Statinn (Ta 41, seleetions Trom Belém seollinges in 1941
T A%, aelectiony feom Avee seallings in T2) 0 [y COL = Columbinn clones, maoatly Trom
the Stnte of Amazomns; wel (h) LET = Loticin elones, Amuazonns, Culombin.
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Among all of these ecollections, enly a few clones and species have
shown tolerance or resistance to target spot. Hevea rigidifolic ap-
pears to be highly resistant. No lesions have been reportcd or ob-
served on the few collections of that species, It is & nohcommercial,
slow-growing tree with coriaceous foliage, but it may have some
value as a breeding clone,

Certain clones of H. benthamianu, such as F 4515, —4527, and
—4542, are apparently tolerant or resistant to target spot, The clones
mentioned had less than 50-percent defoliation in the disease-resist-
ance trial area, and some individuals practically escaped defoliation,
although lesions were present. Clone F 4542 has also shown promise
‘it]t‘Blr?zii as a top-working clone because of its high vesistance to leaf
nlight,

Some selections of Hevea panciflore. though sasceptible, appear
to ba more tolerant of the disease than top-working clones of certain
Ford series. A few selections used for top working in the Utinga
Plantation at Belém, Brazil, maintained well over 50 percent of
their foliage when adjacent plants of H. brasiliensis clones were
heavily defoliated.

Among the currently recommended top-working clones, FB 54
and FB 3363 seem to he tolerant to target spot in the field, although
highly susceptible in the disease-resistance trial area and in bud-
wood gardens, These two clones ave generally less severely attacked
than the other top-working clones in the field in Peru and, even
when severely defoliated during the rainy seasan, possess the ability
to produce successive flushes regularly.

Fartunately, target spot appears to be an important diseass only
on voung plants, for the problem of ebtaining resistance to it is
cormaplicated by the need of mainfaining a high level of resistance in
top working ciones to the South American leat blight, caused by
Dothidetla ulei P. Henn., the major disease of hevea in tropical
America (4, 710,71, 73). The use of leaf-blight-resistant clones for
top working susceptibie, high-vielding Eastern clones has become a
common practice wherever plantation rubber is grown in the West-
ern Hemigphere.

DUACL SS1OX

Development of conirol measures against the target leaf spot of
hevea rubbertrees was the most urgent objective of the investiga-
Lions on this diseasa, which began in Peru in 1946, A fungicide-
testing program was started in June and diseasc-resistance studies
somewhat later. Coneurrently, studies on host development and
epidemiolozy were nndertaken 1o provide a better understanding of
the applicability of disease-control measures and to gain further
information about the disease ifself. Relationships among several
factors thal mayv influence disease development and conirol are
considered here.

Satistactory control of target spol was maintained with the Letter
fungicidal treatments, both experimentally and in field practice, but
a striking feature of the data for both dusting and sprayving was the
relative incidence of infection and defolintion. Even though d~{olia-
tion was reduced from about 45 percent to 2 percent or less by the
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better fungicidal treatments, the incidence of infection was not
reduced proportionately. Usually 35 percent or more of the leaflets
were infected, although the number of lesions per leaf was sharply
reduced and the lesions limited fo approximately 1 em. in diameter.
Untreated plants had about 70 percent of the leaflets infected. In
this connection, the rapid development of the flush is of inlerest and
importance when considered from the standpoint of the fungicidal
control of target leaf spot and othet foliage diseases of hevea.

The persistently high incidence of infection appears to be dirvectly
associated with the growth habil of young rubber plants, which
grow almost continuously during their first 2 or 3 years. Within any
sizable population, there are always some individuals in each stage
of development. Unfolding and expansion of the leaves oceur
within 8 to 12 days and 15 to 21 days, respectively. The interval
hetween flushes is only about 8 to 7 weeks under good growing con-
ditions. Growth is continvous and rapid during the period of leaf
elongation, with the leaves elongaling from 2 to 3 cm. per day dur-
ing the most active period of growth, This is an average rate of
about 1 mm. per hour, both during the day and night.

When fungicides are applied at weekly intervals nearly ail of the
leaves on a given flush may he unfolded during one interval, and
during two or three consecutive intervals the leaves complete their
expansion. Moreover, the expanding leaflets are pendent and glossy,
neither condition encouraging the retention of fungicides, Fungi-
cidal deposits soon become widely dispersed and can afford only
partial protection. Although infections may oceur on the foliage as
a result of rapid growth and the atlendant dispersal of Tungicidal
residues, fungicidal action reduces the number and size of the le-
siong, They ave restricted to about 1 ¢m. in diameter by successive
applications, especially to fully expanded leaves, that prevent the
growth of the superficial myecelium, which is appavently the only
means of spread Trom the primary lesions. Some of the infected
tigsue eventually dries and shatlers, yiving a shot-hole appearance
to the leaves, Experimental deloliation studies indicate that the
plant may tolerate the removal of 20 to 40 percent of its foliage and
still make serviceable growth. Realizing that the loss of leaf araa by
lesions and by leaf removal may not have strictly comparable effects
on over-all leaf efficiency, observations indicate, nevertheless, that
the hetter fungicidal treatments prevent the loss of sufficient leaf
surface to affect growth adversely. Therefore, weekly applications
of fungicides have been considered sufficiently frequent to satisty
the requirements Tor controlling this disease.

Drastic experimental defoliation treatments had the most dra-
matic effect on growth, a resuli prediciable from observations of
the disease. However, the more important resulls were those ob-
tained from freatments involving more moderate defoliation, where
simple observalion is less reliable.

The ahility of voung hevea plants to tolerate the loss of up to 40
percent of their foliage and stitl grow well is important from the
standpoint of plant production. Tf moderate infection and defolia-
tion are rvelattvely nnimportant, in areas where this is the only
important foliage disease, fungicides might be applied for a mini-
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mum period during the rainy season and at weekly intervals. This
condition existed at Tingo Maria untii the early part of 1949 ; there-
after, the South American leaf blight became serious. When leaf
blight is present and sevious, more frequent applications of fungi-
cides (4, 9, 1.1) may be vequired. Fortunately, the same fungicides
control hoth diseases.

Target spot is ravely Tatal in the absence of complicating factors,
for a few leaves on each plant usually escape defeliation or even
infection, permitting survival until dvy weather suppresses the
disease and sound foliage may be produced again. Wheve target spot
is comimon, the plants thatl suffer most are those that begin to pro-
duee or renew thelr foliage during and afier the onsct of the disease
in the rainy season—scedlings, buddings, or recently pruned plants
in elone-multiplication gardens—as these have neo reserve foliage.
Root and stem veserves of nutrients in the larger cstablished plants
seem to counteraet this lack Lo some degree. Small seedlings ov
recent transplants may be permanentiy damaged or indiveetly killed
by rvepeated severe defoliations thal exhaust their reserves or pre-
vent their establishment in competition with cover erops and second
growth where field maintenance is substandard.

Fungictdal control offers an effeclive means of avoiding these
conditions, especially in nurseries, but field eontrel remains diffieult.
Recent proposals that planis intended for feld use be held in the
nursery untit all buddings have been completed to give a 3-compo-
nent tree® (7, 4, 17} should assist disease control, as fungicide
applications would be feasible until transplanting bepan, Properly
grown 3-component trees used as transplants should establish a
good crown of foliage more quickly than low-budded stumps that
undergo top working in the field.

Some insight into the ability of hevea Lo survive in dense forests
18 afforded by the persistence of rubber plants during several
months when completely defoliated and by their slow bul steady
progress when 80 percent defoliated. Even fewer leaves may permit
survival. Plants that sarvive their more serious competitors, me-
chanical injury, and innumerabie pests are enabled to take advan-
tage of opportunities for growth and gradually assume their place
in the middle and upper stories of the forest.

The survey of clones, selections, and seedling populations of
hevea for evidence of disease resistance has shown that genetic
disease resistance is uncommon, although some degree of tolerance
does exisl. Hevea brasiliensis. the principal commercial species,
probably has litéle or no genetic disease resistance. Nevertheless,
two of the currently recommended top-woirking clones have been
tolerant Lo target spot in field plantings, atthough they ave highly
susceptible in denser nursery plantings. Pavtial resistance might be
sought in H. bepthawtiane. and perhaps in H. paueifiora. as some

% Three-component trees consist of a seedling rootstock, a trunk of some high-
yviglding elong, and a leaf-blight-resistant top. Development of methads for
producing 3-component trees in the nursery and estaldishing them sueces~fully
in field plantings has been achieved principally through the efforts of B, P,
Tmle, principal agriculturist in charge, and other personnel of the U, 8. Nepart-
ment of Agriculture Cooperative Rtubber Plant Field Station, Turriaiba, Costa
Rica.
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selections of them have been markedly tolerant to target spot, even
under severe disease conditions, The noncommercial species H.
rigidifolic appears to be highly resistant or even immune.

Fortunately, it now appears that target spot resistance is not of
major importance in the over-all rubber disease-control program.
Many years’ observation by various investigators'o (4, 12) has led
to the belief that target spot is primarily a discase of voung rubber
plants, in both nurseries and field plantings.-Field-planted trees
begin to undergo annuat leaf change at about 3 yvears of age, and
leaf change occurs during the dry season in Brazil and Peru when
the disease is at its lowest ebh. This allows the new foliage that
follows leaf change to mature quickly before appreciable infection
can occur, Although some vigorous branches continue to Aush
throughout the year, they represent only a small percentage of the
foliage and become progressively fewer, By the thivd or fourth year
after the onset of leaf change, the disease usually beconies negli-
gible through lack of susceptible foliage during the rainy season.

Additional information on the host-parasite relationships of this
disease (3) has been obtained in studies on basidiospore germina-
tion and infection. Cermination may occur within 2 hours and
infection within 3 hours under favorable conditions, although
longer exposure to such conditions naturally leads to heavier infec-
tion. The incubation period is rather short and the primary lesions
commonly appear before the leaves have expanded fullv and as-
sumed their mature position. Thus, with sporulation beginning
shortly after sundown and with rapid germination and infection
hy the basidiospores, it is little wonder that the diseasc spreads
rapidly under favorable conditions and persists during prolonged
dry periods in small amounts.

The rather short period durving which the leaves are susceptible
is interesting, for only leaves less than 1 week old sre usually in-
fecled. This is before the most active period of growth, so that the
leaves make thenhr greatest expansion For some 2 weeks after pass-
ing the susceplible stage,

SUMMARY

Studies on the epidemiviogy and control of the target teaf spot of
hevea and investigations on host development have been made,
mostly under conditions prevailing at Tingo Maria, Peru.

Leaf expansion oceurs simultaneously in both hreadih and lenglh.
The leaflets of a given leal are of nearly equal size, although the
cenlral leaflet is consistently the longest. Mensurements based on
Lhe central leaflet serve as an index to the rale ol expansion Tor the
entire leaf. The leaves of the flush arve uni'olded within 8 to 12 days,
and the individual leaves expand within 15 {0 21 davs. The rales of
unfolding and elongation are constant, regardiess of the prevailing
season, although quantitative differences in leal size occur. Thae
average daily increment of individual leaves, expressed as increase
in length, is markedty different, depending upon their position in

10 Letter dated April 10, 1048, Trem M. H. Langford fo J. 1. Carpenter sum-
marizes geveral years' ohserviations in Brazil.
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the flush, but the total time required for elongation is almost equal
for all leaves in the same flush. During the most active period of
growth, the larger leaves may elongate from 2 to 3 cm. per day, or
about 1 mm. per hour. Elongation, and therefore expansion, is a
continuous process during both day and night. The distribution of
leaves in the flush by size classes indicates that the first, or lower,
leaf is somewhat smaller than the leaves immediately above it, but,
heginning with about the sixth leaf, there is a continuous decrease in
leaf size up to the terminal one.

The growth characteristics, plus the pendent habit of expanding
leaves and their glossy surfaces, influence fungicidal control of
foliage diseases of rubbertrees. It is difficult to get satisfactory
coverage of the voung leaves, and the fungicidal residues are dis-
persed rapidly, even under a syvstem of frequent applications. Cov-
erage is less difficult with mature foliage.

Target spot weakens the plant principally, if not solely, by re-
ducing the effective leal area through infection and defoliation.
There is no evidence of toxic action and no other parts are attacked.
Experimental defoliation of seedlings extended over a period of 8
months, and height, diameter, number of leaves initiated per flush,
and number of flushes per plant were measured periodically. Opti-
mum development was obtained when no foliage was removed,
When 20 and 16 percent of the foliage was removed, the plants still
made satisfactory development, In plois that had up fo -l0-pereent
defoliation, suitable numbers of buddable seadlings were obtained
within 10 to 11 months, Increasingly severe treatments, in which
6t to B0 percent of the foliage was removed, sirongly depressed
growth and resulted in a small number of buddable seedlings. Com-
plete defoliation finally resulted in death of the plants, although
they managed to survive several months, As the severity of defolia-
tion was increased. the plants tended to flush more {requently.

The tolerance of hevea rubbertrees to slicht or maocderate defolia-
tion confines fungicidal control of target spot, in vegions where it is
the only important foliage disease. to the few mounths when the
disease is especially scovere. When South American leaf blight is
serious, the control program must be adapled to the more exacting
requirements for control of that disease, The same fungicides con-
trol both diseases. The limits of tolerance to defoliation may serve
as a guide in selecting diseasc-resistant individuals,

Freshly discharged basidiospores may germinate within 2 hours
in either light or darkness. Infection of suscepiible voung leaves
may occur within 3 hours under favorable conditions. Longer ex-
posures—for 6. 12, 18, and 23 hours—substantially increased the
number of lesions and leaflets attacked. The incubation period be-
tween intection and the appearance of symptoms was 6 to 10 days,
depending in large part on ihe condition of the leaf. Most leaves ave
susceptible For less than 1 week following their unfolding trom the
growing point, although the most aceelerated period of leaf expan-
sion is subsequent tn that time and the whole period involved is
about 3 weeks.

Target spot was contralled adequately by weekly applications of
fungicides. either as spravs or dusts, during the rainy season. The
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fungicides included insoluble copper prepatations, organic com-
pounds, and both wettable and dusting sulfurs. Wettable Spergon
gave the best control among the spray preparations, although it
occasionally caused slight injury to the leaves. Under loeal condi-
tions, insoluble copper fungicides have been used for nursery spray-
ing because of their availability and satisfactory performance. A
combination of dusting sulfur and Fermate was the most satisfac-
tory dust. Because of the lack of suitable application equipment,
however, dusting has not been recommended, Although defoliation
was reduced to less than 2 percent by the belter Tungicidal treat-
ments, the incidence of infcetion was usually more than 35 percent,
owing to the growth habit of voung rubber plants. On untreated
control plants, the incidence of defoliation was about 15 percent and
that of infection about 70 percent.

A survey of large numbers of cloncs, sclections, and seedling
populations of hevea has indicated that wenetic disease resistance is
uncommon, although some degree ol tolerance does exist. Clonoes of
Hevea rasilionsis ave mostly highly susceptible, but two top-work-
ing clones appear to be tolerant in field plantings. Genetic resistance
might be sought in A, henthamiena and H. pweiffore, which have
vielded some markedly lolerant sclections, and in M. rigidifolia. a
noncommereial species that appears Lo he highly resistant ov im-
mune. H. wicrophyllo. another noncommercial species, is probably
highly susceptible. Target spot scems to he primarvily a disease of
young plants. The rubbertree tends o outgrow and cscape the
disease by the third or fourth vear after il ceases Lo grow con-
tinuously and begins Lo undergo annual leaf change and refoliation,
which oceurs during the dry season.

The known geographic distribution of targel spol hag been ex-
tended fo include Porte Velho, Brazil, and Loticia, Colombia.
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