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The target leaf spot disease (caused by Pdfi('ulrll'ia .ri/a1ll1Ilto8rL 
(Pat.) Hogel's (lj)) t of tll(> Ile\'ea l'ubbel'tl'ee (l:h 1'('(( In·((siliensis 
C\Villcl. ex A. Juss.) :\l11elL 4-\rg.) (7.j) and of othel' species of 

I Receiy<'d fot' publication Spplt'lllill'l' ~), l!1~,t). 
~ In ('on[wl'ation with the :\lii1i:-.tl'Y of Agricuitul'<' of Peru awl the Peruvian 

Amazonas Corp., which financed the Perm-jan ('ontl'ilmtion to the rubber project 
at the Estacion Experimental Agricola en Tingo }fariu.. Tingo ~:raria, l:'eru. 

a Grateful acknowlrdgment,; 11.l·C made to H. S. Crandall. V. K Iverson. and 
C. W. Swingle, all former st:>.fr members assigned hr the OtTice of Foreign Agri­
cultural Relations to the Tingo :\.farla station, for advice and criticism rluring 
the COlll'~e of: the work, to In.g-eniero M. Lescano Alva and personnel of: the 
Rubber Section of the station for wholehearted assistanc<', and to the dirEctors 
of the station for the facilities extended; to pers01111el of the Biomctrical Unit, 
Bureau of Plant Illdustrr, Soils, and Agricultul'al EJ1f!,'inccl'ing', for gcn'~l'Ol1S 
cooperation in the analysis ancl presentation or the stati&tical c1ata; and 'io the 
staff of the Divisiun of ]lubber Plant fnvestigatiol)S for cOllllsel and aS~lstanee 

• 

clul'ing the preparation of. this ('('port . 


. , Halie .numbers in pill'cntheses rcfcr to Literature Citrd, 1'. 23 . 


1 



2 TECHNICAL BULLETIN 1028, U. S. DEPT. OF AGIUCULTURE 

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. \Vith the increased attention to this crop in 
tropical America, numerous mycological collections were made by 
survey parties and at field stations. A recent examination of her­
barium specimens (.Z 7) placed the earliest known occurrence at 
Isapuri, Bolivia, where it 'was collected in 1901 on a putative hybdd 
of H. b1'((siliensis X H. {J1tianensis Aub!. val'. lute(L (Spruce ex 
Benth.) Ducke & Schultes. The next collection was made on H. 
b?'Clsiliensis at Lancetilla, Hondmas, in May 19LJl. It was found 
later in the same year at Belem, Brazil; at Iquitos and Tingo Maria, 
Peru, in 1942; neal.' Leticia, Colombia,ii in 19,16; and in TlllTialba,
Costa Rica, in 1947 (5). 

Deslandes (7) first described target; spot in 1944 on the basis of 
observativlls at Belem and Belterl'a, 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 19,18 during the 
course of the present work. Deslandes found the disease on Heven 
benthamiian(& Muell. Arg., H. {Juiaru'nsis AubI., H. ]JCLuci/lom 
(Spruce ex Benth.) Muel!. Arg., and H. Sp1'llCeann (Benth.) Muel!. 
Arg., as well as on H. brasil/ensis. The cultural characteristics and 
morphology of the fungus and infection studies made under green­
house conditions were published by Kotila (8) in 1945. Lorenz (12) 
reported on the economic importance and OCClll'l'E..;lC8 of the disease 
in Peru, indicating its geograph ic J'l:mge throughout the eastern 
lowlands of that country, and added H. l/lIial1('n8is val'. lnt('CL to the 
host range. A further brief repoJ't on the target spot investigations 
in Peru was made in 1949 (.!). Tnfection studies by Crandall un 
and others (;n have shown that the same fungus .I',·om a number of 
diverse tropical (rops ma~' infect heven. Some of these are oJ special 
interest, as they may be used for intercropping J'llbbertl'ees or as 
cover crops. The perfect stage of the organism has been produced in 
culture. Studies 011 the production and discharge of lJasidiospores 
(8) corroborate the opinions expressed by Kotila (8) and Lorenz 
(12) that basidiospores are the major factor in dissemination of 
the disease. 

Target spot first became severe in Peru in 19·14, and by the rainy 
season of 19'15-46 it had assumed epidemic proportions in ne~lJ'ly all 
the centers of the Peruvian Cooperative "Rubber Pro.iect: Tingo 
Maria; Plantation Yllrac No. I, Aguaytia; Plantation YUl'irnagnas 
No.2, Santa .Maria; Punchana Nursery, Iquito$; and Funclo Tberia, 
Madre de Dios. When uncontrolled, the disease has continued to be 
serious during the rainy season, resulting in severe infection and 
defoliation that retard the growth and reduce the vigor of young 
plants. It is of greatest importance as a llurselT disease'. where it 
limits or prevents the successful grafting of seedling stock" and 
reduces the quantity of suitable bucl\,'ooc1in clone-multiplication 
gardens. When seedlings develop to the first flush stage in seedbeds 
prior to transplanting the disease can cause severe damage and may 
assume the appearance of a typical web blight. Target spot also may • 

(j I"cttcr dater! NO\'(,l11hel' 2!:l, la.lii, fr(1111 M. H. Langford to .r. H. Cal'pentrl'. 
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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 per'iod from May 
1946 to September] 949. Although 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 control measures against target spot. 

HOST DEVELOP.ME~T 
Host-development studies were made along with the pathological 

work as the need fol." specific information on growth arose. The 
investigations centered about the development of the "flush," as the 
successive segments of the rubber shoot or branch are commonly 
termed (fig. 1). The principal objectives were to determine the time 

c 

FIGURE l.-De,·eloprnent of the flush of l1e"<'<1 l"ubbcrtree on young dgol"oUS 
plants, with thp succei>si';e stages represe,,:cd hy ti typical individuals photo­
graphed on approximately the same scale. The period between hud burst and 
raising of the leaves to the muture po;;:iti(,ll ill\'oh-es about 5 weeks, followed 
by anothel" period of about 2 weeks befote a Il('W flush may be formed. Several 
of the important stages at'e shown. with their approximate ages expressed as 
days after hud burst: A, Enwl'gt?llCt: of tlH' gro,dn~ point, 2 til ·1 days; n. 
elongation nf the stem ancl unfoldin.g" of th,' first leaf, Ii to!) dc,ys; C. elonga­
tion continuing; with n('arly allle<lv('s unfolded, II. to 1,1 days; P. intel"mediat(' 
stage of I('al" expansion, 1,.1 to I, days; f'. leaf eltpan;;ion completed. with the 
lea,'es just ready to rais;: themspl\"es, 2, to!lO days (note the change in the 
curvaturc' cf the petiolule iletwcen /J and f;') ; F', mature leaf position, 31 to 
3:j days. 

required for the unfolding, expansion, and maturing of the leaves 

• 
and the frequency of flush formation under j',worable growing con­
ditions. This information was useful both in the development of 
control measures and the interpretation of their results. and as a 
basis for the ctisease-de\,('lopmcnt :studies. 
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The characteristic growth habit of a vigorous young rubber plant 
(16) may be summarized as follows: It usually remains unbranched 
more than a year and grows continuously for 2 01' 3 years, producing 
a series of flushes by periodic development of the terminal and lat ­
eral buds. The flush is composed of a more 0'· less elongated stem, 
terl)1inating 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 tile commercial clones. De­
pending on the age and vigor of the plant, the flush may be from a 
few centimeters to nearly 1 meter long and bear from several to 30 
or more leaves. 

'I.'he young leaf blades are reflexed within a few days after sepa­
rating from the growing point (fig. I, B to E) and remain pendent 
until fully expanded, afterwards becoming reclinate (fig. 1, F). 
The pendent leaHets 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 young leaves diffi­
cult to wet with fungicides. Older leaves are more easily wet. 

)IE'I'IIU·':, ,\'\'/I _\"'TEI((AL~ 

The plant material usually consisted of \-igorous, unbranched 
shoots of clones GA 1279 ~lncl 1<'13 54(; growing in the multiplication 
gardens. Foliage-development studies 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
mits expression of the data in terms of whole leaves where this is 
desirable. A leaf was considered to be unfolded and measllrable 
(fig. 1, B, lowest leaf) ",'hen it had separated from the gro,,-ing point 
and the leaflets had been reflexed into the typically pendent position. 

Investigations into t.he time required for the flush to unfold and 
expand its foliage were made during the period August to December 
194(i. A new series of flushes was tagged for each clone at the be­
ginning of every month until the se\'erity of tarl,{et spot stopped the 
\\lode] n each series measurcmcnts were made on 12 ulli form flushes 
of each clone, selected when the shoots were not more than 1 cm. 
long (fig. 1, A). These provided 10 pl~lI1ts for calculations. The two 
extras (8-1 and E-2) replaced when necessary the first and second 
damaged shoots, respectivel.\·, amonl,{ those numbered 1 to l(). In­
frequently, losses ,in excess of 2 plants resulted in fewer samples. 
Observations and measurements were made at :1- to ,I-da~- intervals 
for about () weeks on each series. 

Measurements marie in Augllst on the lenl,{th and breadth of the 
lamina of each leaflet of tilt' first leaf showed that expansion in both 
dimensions was simultaneous. Thereafter, only length measure­
ments were made. Occasionally, the second 01' third leaf was sub­
stituted for an atypical first leaf. The dntes on which individual 
plants unfolded t.heir first leaf varied somewhHt in each series for 
the two clones. Therefore, Lhe plants in each series were I,{l'ouped by 

.; C)OIH: GA 1270 is a hig-h-yi(·lding- Eastel'n (lalll') eIOIl(', and PH ;;~I is a top­
wOl'king' clone resistant. to South An1l'l'iean h:'af blig-ht. Both ha\'(' Ilt.'(·n us,~d 
extcnsi\'cly inlropical America. 
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the date of the initial unfolding and treated as averages in subse­
quent calculations. 

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

In December 1~)48'ancl January 19·19 a more detailed study of 
flush development was made, modifying the methods outlined. 
Twelve uniform flushes of clone GA 1279 were selected at the stage 
shown in figure 1, D, so that all would develop concurrently. Length 
measurements were made dail\' at about the same hour on the cen­
tral leaflet of the first. fifth, tenth, fifteenth, and terminal leaves 
until elongation ceased. At maturity, length measurements were 
made on the central leaflet of evelT leaf in each flush and the rela­
tionship between relative position 'and size was noted. Calculations 
wel'e based on 10 plants out of 12, as already described. 

As the relationship between position and size seemed odd, similar 
measurements were made of e\'er~r leaf on each of 25 recently ma­
tured flushes for :1 clones, in order to check the preliminary data. 

The relati\'e rates of leaf elongation dLlring day and night were 
investigated also. Length measurements were made twice daily at 
6 a. m. and G p. m. on the central leaflet of each of 24 leaves un young 
potted plants growing in a glnss-roofed shelter, described in the 
section on infection studies. Although the leaves were smaller than 
those found on older plants, the de\'elopmcnt of the flushes was 
t~rpical. 

The statistical calculations in this section and the section on 
defoliation were made lw the Biometl'ic~11 Unit, Bureau of Plant 
lnd ustr.". Soi Is, and .-\gricultu nil Engi neeri ng. 

BE!-'I.LTS 

The preliminary data that led to the use of the rate of elongation 
of the leaflet, and especiall.v the central leaflet, as an index to l('af 
growth are presented, as similar problems of measurement arise 
frequently in pathological work. 

Length and breadth measurements on {'xp;;\.nding leaflets of clones 
CA 1279 and FB 5·1 are ,.dven in figure 2. Leastsignificant difference 
(L.S.D.), or smallest difference required for significance between 
means at indicated lev(!ls, is shown for this Hgure and elsewhere as 
recorded. Vp to the fifteenth d{IY after unfolding, both length nnd 
breadth showed increases significant at the 5-percent level and 
usually at "the l-pel'cent level. The ratio of breadth to len1"rth gradu­
ally increased by about 7 percent. The increase in ratio was con­
sistent, although the analysis showed differellces that were statis­
tically signifkant only between the extreme values. The increments 
between the fifth and eighteenth days reprN,ent a typical leveling­
off of the growth cllrves. The correlation coeftieient of 3-day in­
creases between breadth and length was 0.90. The ('oefficient of' 
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FI(;URE 2.-Growth in length and breadth of the leaflets of the first leaf on 
vigorous young flushes of two hevea clones. 

determination ('r:! ?; 100) was 8'2 percent, which indicates that 82 
percent of the variation in length is associated with the variation in 
breadth, or vice vel~sa. 

Although eithel· length or breadth might serve as an index to the 
rate of expansion, the length measurements are more accul·ately 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 fOI' both clones. This 
length relationship appear's to be generally applicable to all rubber­
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FIGURE 3.--Development of the central and lateral leaflets of the first leaf on 
vigorous flushes of two hevea 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 compamtive results for clones GA 1279 and 
FB 54 during the period from August to December, inclusive. 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 month marked by cloudy days, more model.·ate tempera­
ture, high rainfall, and long day length. 

Unfolding of the leaves from the growing point was rapid, occur­
dng 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 rate of elongation of the 
first leaf, was also I·apid, I·equiring 16 to 21 days. Daily increments 
of 2 cm. or more were common during the most active period of 
growth. There were significant difl'erences at the 5-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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I~I(;1.'lt~: ;I.-Unfolding' and I'longatioll of the fi,'st leaf Oil vigorous flushes of ,\\'0 
hcw:a clones O\'Cl' n period of th'c ('ons('('uti\'(' months, with ,'ainfall and 
temperature ,'ceQrds, 

Obsel'vation indicates that the relationship between the rates of 
unfolding and expansion are generally applical)le, regardless of 
other clonal differences, 

The more detailed study of flush de\'elopment (fig, 5) indicates 
that the time required for leaf expansion is unifol'm, regardless of 
position in the flush 01' size of leaf, with perhaps a day's difference 
between the larger and smaller leaves, However, there were sub­
stantial differences among the rates at which elongation occurred, 
with a markedly smaller dail~' increment and ultimate size in the 
upper lea\'es, There were significant differences in final length at 
both the 5- and 1-percent I('vels among the various leaf positions, 
The fifth le;;\/' was much longer than either the first or tenth, which 
wel'e not significantly different. The differences between the tenth, 
fifteenth, and last positions were significant. 

Unfolding of the leaves was typical (fig, <I) and occurred within a 
period of 10 days, 
. The relationship between position and size of leaf seemed odd, 
because the first leHI' was smaller than those immediately above it, 
To check the validity of t.hese limited dab'l, further measurements 
were made on 25 recently 1l1<1tun:d flushes of each of 3 clones, 
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• 


• 
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FIGURE 5.-Helationship of leaf position in the flush to the rate of elongation, 
and size expressed as lel1gth, fOL" hevea clone GA 1279. . 

GA 49, GA 1279, and GV 31. The data were plotted for allleaf posi­
tions represented by 50 percent 01' more of the samples, The results 
(fig. 6) indicate that this relationship is not unique for clone GA 
1279 but is probably general among rubbert,'ee clones. The effect is 
not readily observed, as the differences in leaf length appeal' 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, whel'eas clones GA 49 
and GV 3J luwe shorter and relatively broad leaves. 

An analysis of variance in the first 13 leaf positions, where 100 
percent of the samples were available, indicates that there are many 
differences significant at the 5-percent level between positions 
within clones. F"om the second to the sixth positions there were few 
differences. Beginning with the sixth leaf, there was a rapid and 
consistent decrease in leaf size. Subsequent to the seventh position, 
there were significant differences e\'en at the 1-pe,·centlevel. 

Data on the relative rate of eilmgation of the leaves during the 
day and night are given in figtll'e 7, Although elongatiol1 was con­

• 
tinuous, the results suggest that the daytime increments al'e greater 
in the earlier part of the period and that the night incl'ements al.'e 
greater in the laUE'I' part of the period, The total average increment 
in length during the day was 58 mill, and during the night 59 mrn. 
over a period of 17 days. 
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FIGURE H.-Helationship between posit.ion in the flush and leaf siz!.! for three 
he\'ca clones. 
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FIGUR.: 7.-Elongat.ion of the leaves on potted hew'a seedlings during the day • 
(6 a. nl. to 6 p. m.) and night ((i p. m. to Ii a. m.), exprcssed as the avel'agl, . 
daily incremcnt .for each 12-hour period. 
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INFECTJON 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. 

MEl'HOIIS ANII l\:IAl'EHIU8 

Germination studies were made with freshly dischal'ged 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 glass slides were exposed in the 
spore-dischal'ge chambers for 15 and 30 minutes in the first and 
second trials, respectively. Then they were removed and 3 drops of 
I'ain water were spread over their surfaces. The slides were incu­
bated in glass damp chambers, either in the dark 01.' in light from a 
100-watt light approximately 18 inches above the chambers. A set 
of six slides was used for each time interval-1-, 2-, 3-, 4-, and 
6-hour-and for both light and dark conditions. The time interval 
included the period of exposure to spOl'e discharge. The tempera­
tures were moderate, ranging from 23° to 26° C., in the two trials. 
At appropriate intervals, 1 or 2 drops of cotton blue in lactophenol 
was added to each slide to kill and stain the spores and a 25 by 
50 mm. cover glass placed thereon. The preparations were exam­
ined microscopically the following day. 

Small potted seedlings were used for the infection tl"ials. 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 stl"llcture was some­
what heavier than in commercial-type houses and provided sufficient 
moving shade, in conjunction with ample ventilation, to prevent 
heat injury. This shelter permitted utilization of the conciitions of 
light, humidity, and temperature that prevailed during the rainy 
season without the complications introduced by rain and dew. 

Inoculations were made in a small infection chamber where the 
humiditv was maintained at or neal' saturation by a wet cloth tent 
lining aild by spraying the plants when placed illside. DUI'ing pro­
longed tests, the outside of the tent and inner wall of the chamber 
wel.:e sprayed occasionally. The walls of the chamber WPI'P' of cello­
phane-wire screening that pcrmitted the entrance of diffuse day­
light, though the chamber was shaded permanently. Inoculations 
were always made at night in natural darkness, beginning about 
8 p. m., in order to takp advantage of bnsidiospOl'es discharged from 
damp, heavily infected leaves supported over the plants on a wire 
rack. 

The chamber was prepared 1'01' use at least by midday whenever a 
new series of tpsts was to be made, so that high humidity could be 
establisheci and the fungus encouraged to sporulate abunciantly by 
p.al"ly evening (8). 'rhe same chl~l'ge of leaves for P!'oducing inocu­

• lum could be tlsed ;3 1)1' 4 days WIthout renewal, takmg cal'e only to 
keep the le:wes damp Oil the upper sUl'face. Di rect 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-usualJy 
7 to 10 with 2 leaves each-every test was repeated several times 
and all gave consistent results. 

RESUL'l'S 

Basidiospores germinated equally well in either darkness 01' in 
al'tificiallight. 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- anel 6-holll' intervals it was fal' advanced, many germ tubes being 
twice as long as the spore. 

Infection was establisheell'apiclly (table 1), sometimes following 
a 3-hour exposure to inoculum, A (l-hOlll' exposure led to 50-pel'cent 
infection of susceptible leaves, and the 12-, 18-,. and 23-hour expo-

TARI,E: l,-Numbel' of leaves of di,O'el'ellt, a,r;es infected a/Ie?' I'I/.1'yin,r; l)e/'lods of 
e:.:pos/(?'e 10 elisc/uw,qcd basidiospores oj' Pellicula?'in jilctlllenloSCL in an hl/ec­
tion chambe1' 

,\~l'or Ii iJOl1l'K I ~ hOllrs 

_
l"uP ! --._.~~~_~~ ~ _.c_~_I~_~ .--------.-~-

"Iur,') 
11HH'1I- I I 11- ~ Inol·II.. 1 :I II.. ,IIH)('II"! 1'11- I Ilm'l1" 111-, 11I001lI- :I Ii ­

i IIdl'd fN'I"d i In("d i fl'r["II ; Intl'd I fl'('tOiI lall·d f!'l'll''', I"(,,d f"('I"II 
, ~,"--~-'- '~~"-I~'~-"-'''~- -'--'1 , ....... ," .. ,." .."... "".. 


~ ~Y'lIl!1bcr, Sumor)' Sumlu'': Xu·mb('r Sumbl'l', .•\'IIJ1lill'f .\",1111/'1'1' .\"umiJrr XlIlI//Jcri Sumber 
0__ •• ",. II I 0' 12 I' ,j ,I 1 ,I' Ii II 21: 2,1I.. _, aI (I i Hi Ia J!l I Ia' 17 Ii !!2! !!!! 
ry l!l Ii i la, 12 (I I, n i 10 10 ' ,I I ,Ia_,: .. n : a ; n I Ii :i ;i ' a :J \I !l 
,I.. a !! ' 1 , I' 1 I 1 !! :! 10 , !I 

'I '\f(e of loaf was ,laled r('om the time lIw leaf h:lllllaroldl'Cl 1111,1 till' 1('IIf1"ls W('I',. fully reflexed 

(fig. I, I)), Class 0 indUlINI the Ie'aves scplll'atcd from the growing 110int, but without; the leaflets 


refl"xctl, 


TABL!': 2,-Nmnbm' of leCLvesinfl!clcc/ by tar/let 8jiOt 'in ?'I!/o/ion to a,ff6 a,t tim6 01 
inOCllllttion and incubation pe1'io(l betH'cen 'infeGlion ((.1ul apPc((.1"(tnce of le­
sion:;. Plwnts were eX]JosecZfo)' abollt ;2,1 hOIl1"8 in thc inj'(}ch:on cfwmiwl' 
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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 leaf expansion was completed. 

The leaves were susceptible for only about 1 week after unfolding 
(table 2). All unfolded leaves from 1 day to 4 days old were infected 
and thereafter the percentage of leaves infected decreasedl'apidly, 
with no infections on leaves more 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 leaf, et seq.), the 
incubation period was usually lengthened to 8 to 11 days. 

EXPEB'IME~TAL DEFOLIA'flON 
Target spot weakens the plant principally, if not solely, through 

reduction of the effective leaf area by infection and leaf fall, both of 
which may be consirlerec1 as defoliation. No other plant parts are 
known to be attacked, and no evidence oftoxic action by the parasite 
has been observed. Because defoliation is thus uncomplicated by 
accessory effects, the disease was simulatecl in a study of the in­
fluence of experimental defoliation on the growth of young seedling 
rubber plants. 

• lVhnll(HlS Ai\'J) l\lATEIIIALS 

There were six treatments, based on controlled defoliation of 
young seedlings, expl'essed as 0, 20, '10, (lO, 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 cm. in 
n ursel'Y beds. Planting losses and removal of obviously atypical 
plants reduced the original stand by about ::10 percent. Two parcels 
of land, about 30 meters apart, were used in order to take advantage 
of a lal'ge Humber 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 [\ mOl1ths old. Both areas had borne nurser,\' plantings pre­
viously and had been cover-cropped with Cl'otalcLJ'inspectabilis Roth 
for several months .iust prior to replanting for this experiment. No 
fertilizers were n pplied subsequent to the covel' crop. 

Ench parcel contained five 12-tree replications of every treatment 
except the control, treatment 1, which was replicated 10 times in 
parcel A and 8 times in parcel B. The use of 12 numbered plants pel' 
plot allowed fol' the loss of 20 percent of the plants through damage 
01' pronounced abnormality. Individual records were kept on all 
plants, and, at the end of the experiment, calculations were based on 
the first 10 typical plants pel' plot, Nos. 11 and 12 being considered 
as replacements for Nos. 1 and 2, I'espectively. Infrequently, losses 
in excess of 2 plants resulted in fewer samples. 

• 
The plots were randomized separately for each pal'cel, with only 

three modifications to avoid excessive grouping of some treatments, 
ancl arranged linearly, beginning at one cornel' ('.1.' each parcel. They 
followed consecutivp.ly, doubling b.wk along parallel rows so that 
many plots carried over into the adjoining row. 

http:consecutivp.ly
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Natural infection and defoliation were prevented by spraying 
w.tth an organic 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 experiment. 'l'hereafter 
all the plants were examined every 3 or 4 days, and each was treated 
when the leaflets 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 
d9.ting flush formation, as it is an easily recognized stage of develop­
ment that lasts but 3 or 4 days. It is also the first stage at which 
natural defoliation by target spot occurs. 

Controlled defoliation was effected through the systemati~ re­
moval of whole leaflets. Beginning with the lowest leaf in the flush, 
which typically bears its leaves in a. clockwise spiral (fig. 1, E), and 
moving in the same direction, the leaflets were counted off in sets of 
five, regardless of whole leaves. Each leaflet had a value of 20 per­
cent. Starting with the first leaflet of each set, in treatments 2 to 6, 
from one to all the leaflets were removed with scissors, taking care 
to leave the petiolule that abscissed naturally within a few days. If 
the flush terminated in less than a complete 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, apPl.'Oximately equal numbers of large, medium, and small 
leaflets were removed from among the successive flushes. 

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 flush 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, elongating termi­
nal flushes were not included. Diameter measurements were made in 
millimeters every 2 months at a height of 10 cm. from the ground, 
which approximates the level at which low budclings are made. 
There was no deep cultivation during the experiment, although 
weeds were removed periodically by pulling or cutting. 

Statistical calculations were based only 011 the first five treat­
ments, for more than 70 percent of the plants in treatment (:i were 
dead at the end of 4 months. The results for treatment 6 are shown 
graphically in most of the figures in order to complete the data and 
because the persistence of the plants despite complete defoliation 
may be of interest. 

BESOt'!'S 

More than 800 plants, of which (-i80 formed the basis for the 
present report, were meaSllred throughout the course of the experi­
ment. The results for each parcel were calculated separately. As the 
results obtained in each were similar and the difl'el'ences between 
them mostly statistieally hsignificant, they have been combined for 
presentation. 

Consideration of the entire experiment, including measurements 
of the number of leaves initiated per flush, the number of flushes per 

• 


• 


• 
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• 
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plant and days between 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 satisfactory 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. AllIed to unsatisfactory development, 
with marked depression of growth at 60-percent defoliation, barely 
more than sUI'vival at 80-percent, and death of the plants within a 
few months when they were com!)letely defoliated. 

The number of leaves initiated by successive flushes on plants in 
the several treatments is shown in figure 8. There were significant 
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FIGlTI!I~ S.-Influence of six defoliation treatments on the production of le<1\'es by 
successiv(> flushes of he\'(>(1 seed Iing"~. 
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differences at the I-percent level among all the treatments except] • 
and 2, based on the number of leaves in the seventh flush. A reduced 
number of leaves pel' flush in combination with leaf l'emovalled to a 
marked restriction of effective leaf area in the more drastic treat· 
ments. The reduction in leaf area was further aggravated by the 
reduced average leaf size on such plants, although 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 !) 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 cm've was that at which at least 50 percent of the plants in a 
given treatment produced seven 01' eight flushes, respectively. 

More details on the influence of defoliation on the frequency of 
flushing are shown in figure 9. The first two treatments were almost 
equal with reference to the number of days between flushes, but 
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'·'IGURE !}.-Numhcl" of flushes produt'cd PCI' plant in five ddoliation tl'eatments • 
and .number or days between flushes, by treatments, based on the average 01 
the intervals between the fourth and seventh tlusht;s. 
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• there were significant diffet'ences between all other treatments, at 
both the 5- and 1-percent levels, The decreased number of days be­
tween flushes with the mOl'e severe treatments is reflected in an 
increased average number of flushes per plant, There were signifi­
cant diffe'j'ences between tr(latments 1 and 2, and 4 and 5, considered 
as groups, with treatment 3 occupying an intermediate position, 
Prolongation of the experimental period would have augmented the 
differences. 

The influence of defoliation on the growth in height of seedlings 
is shown in figure 10. There wel'e highly significant differences 
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FIGI.'lm J 0.-111£1\1(,11('(' of "ix dc-foliatiol1 treatments on the g'1'oll·th ill height of 
]1('\'ea ;:('('(li iJ1g'~. 

among all treatments. Treatment 2 was the only variable treatment, 
being in one parcel similar to treatment 1 and in the other aUned 
with treatment 3. 

• 
In order to express more ilcclIrately the relative \-olumes of 

growth obtaine(l by the various treatments, the rate of increase in 
diameter of the sterns was expressed as cross-sectional area (lig. 
11), When size was expressed as diameter, the plants subjected to 
80-percent defoliation were about one-til ire! the size 01' undefoliated 
plants; when e~pl'essed as cross-s~ctional <n'~l, the s~lme plants had 
less than olle-el~hth the volume 01. growth c,f those In treatment 1. 
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FIGUIU; .l.t.-I iltlucncc of six defoliation treatments on the ~ro\\'th in diameter of 
hevea seedling-s, expressed as cross-sectional area of stems at budding- height. 

There were highly significant differences among all treatments. It 
appears that its influence on diametel' is one of the best criteria for 
judging the effects of defoliation in hevea. Diameter is also one of 
the most important factors when considering the influence of de­
foliation on the production of grafting stocks. 

The distribution of plants by size classes within the several tt'eat­
ments (fig. 12) shows most forcibly the influence of defoliation, as 
the achievement of good budding size in minimal time is a pl'ime 
objective in raising seedling stocks. The treatments fall 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,recognizing that there may be 'numerous 
valid exceptions. Incidentally, diameter measurements 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 buddable 
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 compari~Ol~ of the severa.1 measurements by treatments. • 
The effects of defohatlOn were consistent among all the aspects or' 
growth that were measured. 
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l-'U~GICmAL CO~THOL 

The development of fungicidal conh-ol measures for target spot 
was the most urgent problem at the time these studies began. 
Screening tests to determine the spraying, dusting, and phytotoxic 
properties of various fungici,des and adjuvants, singly and in com­
bination, began in June 19·1(1. The better fom1Ulns £;:,und in those 
trials were used in compctrative fungicidal trials from October 1946 
to February 19·17 at Tingo Maria. The pJ'acticabilit~· of fungicidal 
conb'ol has been confirmed by annual nursery-spraying l)rograms. 

~1~:T1HIIIS A,'II )1,\TEIII,\I':-

The fungicides were lIsed at strengths 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 sprays were applied weekiy with a 50­
gallon capacity, high-pressure, portable sprayer on pneumatic tires, 
an important consideration in high-rainfall areas. The dusts were 
applied weekly with a knapsack-type duster, modified by substitut­
ing a flexible hose for part of the metal discharge tube. All of the 
dust mixtures were prepared locally, 

The experimental plants were dcrh'ed from :1-year-old seedling 
nursery trees in beds, cut 1);:lcl\ to a height of ;;0 em, Each stump 
was allowed to develop one shoot in order to approximate young 
Iltll'sel'y conditions, These plclnts were satisfaetor,\', except that 
growth was morc exuberant than in young seedlings, probably be­
cause of the larger root s,\'stem, The plants outgTe\\' their usefulness 
after·1 months, when they \\'('I'e about ~ metcrs hig'h, because of the 
close proximity of the \'ell'iol1s plots, 

SprHY plots measured ~ byl(} meters; dust plots, ~ by!) meters, 
Each spray treatment was I'epli<:ated foul' times and each dust 
treatment three til11l~S, with tilt' plots c1istl'ibutcd at random. Al­
though the plots "'ere close tog'ether, the efl'ecis of drift were negli­
gible, because spraying and (lusting wcre (lone only in quiet weather, 
As a further precaution, the dust plots were separated byaltel'l1ate 
beds of untreat'2d tn'es, pruned at (\ heig'ht of 1 meter and allowed to 
de\'elop into a dense hedge, ' 

Abundant inoculum was pl'o\'idt'cl fl'ol1l1)eds of tclll st't'dling- trees 
bordering and traversing tlw expt'l'inwntal blocks and br the un­
treated plots. 

Tlost- and disease-de\'elopment rpcol'(ls "'t'I't' made on '10 tagged 
flushes per plot, and UtP data ('!'Om till;;.1 unspra,\'c<'1 ilnd :! undusted 
controls were combined dnd calculated as simple cl\'er;~ges. Ueadings 
were made e\'ery:i 01' ,I days on the untreated control plots and <lbout 
weekl~' on the treated plots. The data included the total numbers of 
le;wes, inf'E'cted leaflets, and defoliated leailets and w('re cumulative. 
so that the readings represent totals as of ,1n,\' ~i\'en date aftel' 
October 2:~1, 1!).17, Defoliation dlle to causes other than Ulrg'et spot 
"'::'IS negligible. 

Ih:SII:I'S 

The natural course of target spot, including' leaf prociuetion, in­
fection, and clefoliation,is indicated in fig-ul'e)·I, which presents the 
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results of the host- and disease-development studies on the untreated 
contml plots, accompanied' by temperature and rainfall records. 
.lnfection occurred soon after the first flushes were formed and their 
foliage began to unfold and expand. The number of infections in­ •creased steadily under conditions favoring- the disease. Defoliation 
started a :few weeks after the infedions first appeared. Whenevel' 
substantial new growth was made, ciS durillg- a flush period,' cor­
responding increases in infection and defoliation followed .immedi­
ately. Although the data cover a period of only ~~I,~ months, this 
cycle of events continues during the rain.v season, usually from 
November to May, inclusive. During the dry season, the incidence of 
disease was sharply reduced so that there were few iJlfections and 
negligible defoliation. 

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

In the ensuing- disC!ussioll of disease control, it may be noted that 
the incidence of infection remained rather high, althoug-h defolia­
tion was largely prevented b~' the better treatments. This appal'ent 
discrepancy is dealt w.ith in the Discussion (p. 27). 

The I'esults of the spray trials appear in fig-ure 15, which gives the 
percentages of' infection and defoliation .in terms of the maxima, 

.. :Indh'iduals ill YOIIII~ sl:l:iiling" populations 01" in !tr(lupS of plants severely 
pnmed at one time tl!lui to produce their eariil:st flushes at approximately the 
same tin1l', which may iiI! tl:l'med a flush period. The tendency is ICraduall~' lost • 
as each plant estahlish(,l; its characteristic habit, anti this pel"iotiicity gives way 
t(l a I'ather uniform condition of mixt:'d growth stages. 
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• TREATMENT J/ 

I UNSPRAYED CONTROL 

r 
2.EXPERIMlNTAL FUNGICIDE 341", 

CALChJ. CAS[I"'ATt,' 

3.MAGNETlC·SPRAY SULFUR,', 
C.t.SCOGlUE,Z 

4 "MICRONIZEo"WETIABLE SULFUR: •• r....§§§§§§§§§§I
DII'£S,,..,n"'l.6!1GfOI.CLAY,2 fill 

5 MIKE SULFUR, '. 
OAtSI~.fE •• I, 6~ (;1"'. 

I 
6 "34" COPPER FUNGICIDE,~. 

CASCO GLlI(. 2, 'LA T, 2 

I 
7 KOPPER KING.). 

s~ .. ro...£.s(·o·. 6!1Gr"!. CASSA~'" rU::vJl,2 
I 

B ZINC COPOSIL, '. 
s ..... JOU[JfS(·O~ 6!1Gf'!., 'W~£.n F!.OVR,:! 

, 9 BASIC COPPER ARSENATE,). 
f CA1-CnJ"" CAS£Jro4rr,', !"A'f, 2' 

10 fERMATE, '.
c..s.eQ :GUJ!:.j! 

II WETTA~LE SPERGON, e. 
O"'S!1lAT( .'~.' 6!1\:1r!>, (.AS5'\\A FLOl..'!,2: D('Ot.,IATIO" 

.J...•__....J....••.•••.. ••__--L 
t-""[CTION S l 
I ! -1--....1 

o 10 2.0 30 40 50 60 70 
PERCENT 

F.lGURE :I 5.--Comparison of 10 spray treatments applied al weekly intervals for 
control of target spot of hevea ,·ubhcrtl'ecs. 

most of which occllrred in January 1947. They were essentially the 
same as the final data taken in Fehl·uat-y. Conb'ol was good, with 
2-per('.ent defoliation 01" less where insoluble copper fungicides or 
organic fungicides were used. Wettable sulfurs 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 
discolol"ation immediately benenth heavy spray deposits. A chamc­
teristic sweetish odor was always present in the plots spl'ayed with 
this fungicide, suggesting that some compollent was volatile. The 
experimental fungicide 341, 2-heptadecyl glyox~llidine, gave rela- . 
tively poor control. However, the mnnufacturer also became aware 
of some difnculty with the same lot and advised the cooperatol·s. 

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 JanualT 1947. They wel.·e essentially the 
same as the final data taken in February. 

The combination of FeJ"nlate and Swan sulfur gave good control, 
with only 1 percent of rlefoliation. Plants I'eceiving this dust were 
outstanding throughout the pet'iod of the trials fot· the excellence of 
their foliage and gt·owth. Although more th:lIl 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 theh~relation to control )g evident. Swan 
brand dusting sulfur had the most suitable properties, both alone 

http:OAtSI~.fE
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~l 

2 SWAN SULFuR. ,', 

ct.~'Q Cl',.![, (0 

3 KOPPER KING, • 
£.;~ .\1', 1~. GASc:.O !;;.",A :, 

5 SWAN SULFUR,9, 
C,A\.Cn,W tAst''t,\''l. '~ 

6 SWAN SULFUR. ". 

8 HRMATE, 5 
S"At, StJI,FIJ"l, &-.. 

;.' 'leA[O'tlll!:.: r ~P~ES~t; :. 
~t~tt1f't IH .[',"11" , 

I 

fO 30 40 60 70 
"F'" RCEN~ 

FI(;t"R~; Ui.-('olllpnI'iSOIl of ;;('\"('11 (lu"t t1'(>:ltl11t'nb; appliNI atll'cl'kly inlt'I'\'als 
f'ol' til(' contl'ol of tal'g·('t SPilt ()f' Iw\'(·a. 

and with Fel'male.l·'ermate is also a lig'hL, readily dispersed powder 
of extremely line particle size. }fixLures containing putty clay of 
local origi n Iwd infl'riol' d usti ng pl'operties and wel'e d iflicult to 
apply. Fcrmate also g,w(;' pOOl' ('ontrol "'hen combined with clay. 
Thus, glue and cia.,' impail'ed the dusting pl'operties of mixtures in 
which they were components. ('aldum ('ilseinate hac! no adverse in­
tluence on the dusting' propertiN; of the mix-Lul'es. Though the pl'epa­
ration of basic (,OP]);';'I· arsenate, Swan sulfur, and calcium caseinate 
gave good cunlrol, it \';1\S t(IO hea\',\' to be satisJ'actor.\'. 

Dusting has not lY'('11 I'(X'olllnwn(\('d for general lISC because ade­
quate dusti ng equ ipm<,'n t has noliJeen ;wa i lable and the best III ixtul'e 
-sulfur and Ferl11Hk-has caused sOllle 1l;111Sea and headaches e\'cn 
with experienced opcratol's. 

Since U)·17 HUI.·sel,\, spraying h;H:; beell practic ,d at Tingo Maria 
annually during the f''J'eatpl' Il"u'l of the I'ain,\' season to control t.ar­
get spot. Cooe! contl'(11 has been maintained with weekly spray appli­
cations carefully npplit'd by local opel';Jtors. Insoluble coppel' fungi­
cides, chiefly Kopperh:ing, with it spreader-stickel' such as calcium 
caseimltc 01' wheat flollr, h:we been used ilt the concentrations in­
(licated in figul'e):). These have I)een mOl'e readily iwailable and 
cheaper than the organic preparations. Satisfactol'Y control WftS 
obtained also at Plantntion -Y\lrimaguas No.2 in 19-17 and 19·IR 
when careful weckly applications of the same fungicides wen' made. 

t)1~Et\SE nESIST!\\CE 

Beginning in November 19.\(-i, evidence of disease resistance 
against blrget spot was sought in a survey of clones recommended 
for commercial planting, experimental clones and selections, and 
seedling populations of hevea I'uhbertrees. 

• 


• 

• 
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TARGET LEAF 51'0'1' OF 'filE m:n:A 1U.'III1EHTln:~: 

)h:nwns A~II. MATERIALS 

The disease-resistance tl'ial area was established in 1947 by a 
modification 01' Lang1'ord's (TO) leaf-blight-testing plot technique, 
so that 3 beds of tpst plants alternated with a single bed of highly 
susceptible seedlings, the latter to fUl'l1ish abundant inoculum. This 
method of testing exposed every plant to hecwy incculum over a 
minimal perion of several months. The clones and Relections under 
study were planted in lineal' plots of']{l plants each when this num­
ber '''[is a\'nilable. 

The clones and selections included in the trial al'l' t were selected 
from those reported to be tolerant to target spot in Pel'u,'~ recently 
imported clones \\'hose behavior undt'l' Pcruvian ('ollriitions was un­
known, 10cHI seedling selcC'tions thnt had maintaineci at least 50 per­
cen t of Uwi I' foliage i 1\ each of th I'ee su('C'css h't' flushes duri ng the 
rain,\' season, nnd a 1'e\\' leaf-blight-l'esistant ('lclIlt's C'urrently rec­
ommended :for top working, The E:u;tel'l1 clone's \\"t're excluded be­
cause oJ' lheil' ,kno\\'n h igh S\1s('~'plilJilil,\', 

Tn addition to the colleelions inllle tI'ial al'PH, Uw clone C'olleclions 
and seedling pO(llllatiolis at Tingo :.\1!1J'ia, Iquitos, Plantation "{Ul'f1C 
:\0.1, :Plantatiol1 YU1'imag-uns Xo. ~, Hnd I"ullrlo Ibcl'ia,in PCI'U, 
Hnd plal1ting~ at Bl'I('I11, Bt'ltPI'l'H, mlll Porto Yvl!lO dUl'ing- a hrief 
assignment in Brazil \\'PI'(, ()\)~l'l'\·('d. 

Disease' l'ntings\\'t'1'e macl,' Oil tht' lJa~is or 1l1l' ])el'C'entagc of 
(lefolialioll, 1tl foul' elnss('s: (l- io ~:)-, ~()- to :)()-, .")1- to 7'5-, and 7G­
to lOIl-J)c'l'C'cllt defoliatiOll, TIH' j't'sults olJtain('d in tiH' experimental 
defoliation stndies in(lieatl' that in futlll'{' studk;; it might be ad\'is­
nill(l to {'hallgt' 0\'(']' to lin' {'laSSl'S, at ~[l-IH'n't'l1l illtl'I'\'nls, 

HI'.'ll:I''' 

A suml1lHI'Y or the cliYPl's(' groups of lJlanl J]lHtl'l'ials ll'sted in the 
<1iSt'HSP-I'l'sislnnl'l' idal arl'n OJ' l'xamilH'(! ill [il'ld :lllcl 11111'Sl'I'y plant­
It1gs <lul'ing the ('ourse of LIlt' stlHl~' on (Hs('n~\' }'l'sistnnc'e follows: 
1. 	 l']1lIj(''' and F(·j('e[joll" of lwvl':L (('~I('(l IO!' n,~j"l::JI('(' til tHegel :::pot ill tlw 

rlisrtlS("n'silitaIlC(' [!'ial ar('a.' 
A. 	 Hn'{(I II/·usilic/I"d.'1: 

n, 	 Fcm) Hrn:t.iliun ('hllP::;: I.' :!1:!; Fil :d, :::;1;::. 
lI. 	 J'('n1\iull ('[OJl(',,: 11PJlttl'llllC'nt of L01'!'II1, 11'11'(\)' 111':\1' Iq11ito:;, l' J, .·2, 

2:",::2,:W,,-I!I, I;;" ,lili,-J()il,·lICJ, 112, 111,-I,I:!,-IG.I,-HiS; 
1l(·P:·l)'lllwllt of' .'1 ad I'P til' flio::, nlO"U~' IWill' Uwrin, l' :I Hi, -11., -IJ X, 
lUI, ·121, ··122, ··12::,l:W, ,J';'7, -17". liW, 20!1, ,·21X, .·221, .·2.11, 
2;':1, .211::, ,·:l(JIl,:lO 1,::0';': ilvlt'lll :::PI'dJilllZ'S, gl'O\YJl al 'l'in,!{1J Mn!'in, 

I'PI',l, f' ,Ii, DO. 
(', 	 lli'u\ i:·;jllllal ~(>l'cllil1g: ",dC'I,t1cm::: COl' IHI'g'I'I·Spo[ l'p:;blHI1l'I', marlt· in 

I'I'1'U, hy origill and 11l1JlllH'l' of ,£,!pclitJlI'; ~Iadj'(' cI(, iliu:" P('I'U, 2.; 
lquitll:;, 1'1'('u, i'; !.('li('in, (,,,Iombia. 7; TlIlTialbn, Costa Inell (fl'om 
Em;[t'l'll ('IOIWS), !I. 

H. ]ntl':l"lw('ifir hyhdd,. of II. I'f(j~ili( JISl,~ {En~t(>l'n nnd Hl'O'l.i1ian (,joIlPs): 
u, FOl'd dotH'S: 1>'\.11; (F J lllil ,AY ·W): FX 2:,,:-;7 (I" ::1;," A \' .J!!); 

FX 1012, I0211 (J.' ::;;1 PH [Xlil: FX J[l12 (F j,12:i 'PH IRli); 
FX 21H7, 221i1 (Ii' IIi!!! ,\\' IS::): T·'.:\ 2S:>1 (I" :n1i . AV ,I[)); 
FX :2X:i;'. ':!k,j{i (F ;,711 .'\ \' ,l!J) • 

.; Oflicc l'('p(ll'i of n. J. f;('ilwl'i, ffl!'IIH·!'ly ~('Jli(Jr g'<'JlPliC'iH(, Ili\ ision of H\lhhN' 
Plant l!l\·p:-;tig'atio/1s. 
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b. 	 Instituto Agronomico do Norte clones: IAN 443 (TJ 1 >< F 409); 

IA1{ 486 (F 351 X PB 186) ; IAN 506 (F 351 X Pi! 84); IAN 713 

(PB 86 X F 409); IAN 735,-736,-739 (PB 86 X FA 1707); IAN 833, 
 •-8\}1,-898 (PB86 X FA 1717) ; IAN 936 (PB86 X F351).

C. 	 Interspecific hybrids: 
a. 	 H. bmsiliensis crossed with H. bent/tmnilLnfL (Eastern and Brazilian 

clones): FX 157, -199, -200, -212 (F 4542 X AV 183); FX 334, -360, 
-37!1, -393, -490, -516, -561, -575 (F 4542 X AV 3(3); FX 469, -1>14, 
-644, -645, -652, -(j()4 (F 4542 X '1'J 1); IAN 500, -;)Ofi (TJ 1 X 
F 4542); IAN 58H, -fi!)7 (PR 86 X F 4537); IAN 717, -722 (PR 86 
X 1o"~ii42). 

b. 	 H . .lJl/.i(tne11.~iN X H. I)/'(tsiliel!.~is (Eastern and RI'azilian clones):
Io'X :; ...,j7 (F ii:j(iil X PR 18H). 

c. 	 ,H. b1·asilie"I.~i.~ >< H. flll,iall.el/si.~ val'. liltea. (putative natural hybrids
from PCl'u) : P 127, -128, -12!), -180, -131. 

d. 	 H. b.llliilielt.~is crossed with H ..~JJrIlCeI/.1W" Brazilian clones: F !i3!18. 
D. H. bentlmmll1.1l1t cloncs, Rrazilian: F 4Gl1, -'lfi15, -4527, -4540, -4fi41,

-4542. 
E. 	 H. fl/l,ill'lIensi.~ clones, Brazilian: l" G004. 

2. 	 Additional hevea clones, species, ancl secdlillg populations eX'll11ined for 
evidence of tal'get spot I'esistanc~: in both Pel'u and Brazil. 

A. 	 H. b'/'(t.~ilieltsis: 
a. 	 Eastern clones: GA 4!), -2fiG, -308, -12H4, -1270, -1301, -lfiI8, -2075; 

GS W,-181, -G7(;; GV 21, -31,-37, -42; GX 26, -410. 
b. 	 Ford Brazilian clones: F 170, -1.76, -21], -315, -3!){i, -409, -U68, 

-1425, -1tj04, -1G1 !), -1{i20, -Hi3!); .I<'A 170:3, -.1.710, -1717; l"R 14, -30, 
-38, -45, -:34, -55, -74, -70, -lW, -110, -1.1.6, -:H12, -3300, -3333, -3363,
-337i, -3381. 

c. 	 Costa Rican clones; 'I'u 41-1, -2, -3, -!I, -10, -22; 'I'u 42-5, -23, -40, • 
-44, -49, -71, -8(;, -!>4, -J31i, -177. 

d. 	 Pel'uvian clones: Department of Loreto, mostly neal' Iquitos, P 108, 
-1.l8, -145; Department of Mad rc de )jios, mostly neal' Ibel'ia, P 138, 
-173, -181, -J84, -18H, -187, -188, -18D, -1!J2, -l!l3, -ll)4, -lfJ5, -1%,
-1!J7, -1!18, -1 !)!), -202. 

e. 	 Colombian CIOIlI)S: (principally H. b"(/Niliensi.~): COL 116, -123, -202, 
-208, -20:3, -208, -210, -212, -220, -221, -224, -228, -230, -281, -2:32;
LET 11, -li), -24, -3G. 

B. 	 Interspecific hybrids, Ford Brazilian clones: 
a. 	 H. bell Ihn'llt i(l.1/(f.( H. br(l.~ilienNis: FX 322, -3fi5, -3ii7, -81.i5, -878, 

-38G, -a88, ~':{2, -475, -4!)7, -:)4(;, -5:3:3, -:3(i(i , -582, -::i88, -5!)O 
(I<' 4G42 >~ A V :lGa); PX 4/)fi, -Iii;), -G18, -623, -()2{i, -()27, -62!), -()3/),
-Han, -(i40, -li42, -(i43, -(;49, -658, -tWO, -(;(;2 (I~ 4542 ~< TJ l). 

h. 	 H. bl'I/'~iliel/si8 ('I'ossed with H. S]II·UCI.'(l.I1(1.: P ii3!)5. 
C. 	 H. l)en/l1(l.1/Iinl/lt., r:razilian clones: I~ 4507, -4528, -452!), -4537, -4:343. 
n. 	 H. rlni(IIICI18i.~,Bl'a;:i1ian clones: F ;):34G, -:34(;(.i, -:3:3(ili. 
E. 	 H. ,l/lIiuncl/.'ris val'. lutea, Peruviall c1olles: P ] G2, -15:3, -23(;. 
F. 	 Other species, (If Braziliall origin: H. 'lidcropliull(t Vie, H. 1J11/(cijI01'U" H. 


'rif/iditoli//. (Benth.) Mucl/. Arl,:'. 

G. 	 Nursery secdlillg pcpulations: Of divel'se orig'ins frOI11 Rl'azil, Colombia, 


COS:a Rica, and l'e,·u . 


.: The' S(!'\,(o,'al sl·,·il.'S Qr hl'Vt'a cl(JlWS lHh'tl in this ~t.lldy Wt"'(l; (II) 1,'ol'tI c1oJll~s of B"U1.i1illfi 
m'il-dn, 8(i1..·dt:d hy CfHIlp1lllhia 10'01'11 Irulustl'ial ,10 B"It:iil (Fol'd Moto!' Cn.): I", clonf.'s frnm 
mhwt:lblfl';OUf\ :;t!t'ctlill~ .';Illl't'tioll:i: FB, clOUt...·s rrom Bl'lcm ~t·t,.illljnl..n.;: I;'"A, dnll~s r,'om .Acre 
junJlI~' trl~(':;: FX, St}!I.lctt,,, IlI'Og:tHlY frorn hUIUI·llollinllt(lc! cro~s(~s: (lJ) "~ust(ll'n CIcHll':-( fl'om 
Sumutl'll: A V (ROS) ;:;:; t\1g'l'nwt~nt' V(·n~t\nh.dng' van Ruhhlll'ulullh)I'!-j t(~I' OO!oitkust van 
SumKtl'u: PH ::.: I'nuIg- B.'~al' ('~t"tt.!: ·PiI :::::;.: Pilmool' l':itatl..,'; T.I =. Tjil'undji e~tntc; (r.) 
IAN = IrUititut(, Ag'I'c)lli1rnif:v do NOI'h.' (~Iorlt.'~'i of Bl'HZiliHII 1I1·i,!.dn: «(I) P ~ T\.·,'uvinn c10neM 
','urn jun"de tl'ceH nnet nUI'H(~I'y HC:I,'clling's Cft:): {~} GA, GS, G~/I anel GX clones (!C the 
Goodyc"I' Rubht:r ('lantHtion:; Cv,: (j) Tu .:!.; TUl'J'iHlh!l, Co!;!ta Hil!un clon(!!01 of the U. S. • 
COClIH! ..utiv~ fluhh(, .. Pla'lt Fidel Stutinrr {'I'll ·11. Sl'ilICtiuIH; fl'orn Bdem :-I('('dlin~s in 10.1t: 
Tn ·I!~. sl·lccUOllli Cn)m "\C~l'l' St~~ltllirlJ.n\ in I!H~) : (IJ) COL = Columhinn cloIH!'s, mQrdly from 
th41 State of .Amn7.nnH~; alul (h) Lfo;T.;:::: l.....·ti(in e:)urH.·!'i, AmuzonJH;. Colombin, 

http:1I1�i,!.dn
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TARGET LEAr' SP(JI' Of TilE IIEVEA Rn.IBERTREE. 
Among all of these collections, only a few clones and species have 

shown tolerance or t'esistance to target spot. Heve(t 'rig'ieliJolin ap­
pears to be highly resistant. No lesions have been repot'tcd or ob­
served on the few collections of that species. It is a noncommercial, 
slow-growing tree with cOl'iaceous foliage, but it may have some 
value as a bl'eeding clone. 

Certain clones of H. benthami((na, such as F ~j515, -4527, and 
-4542, are apparently tolel'ant 01' 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 
in Bl'azil as a top-working clone because of its high resistance to leaf 
blight. 

Some selections of H ercct patlcijion(. though susceptible, appe2.r 
to be 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 Belem, Brazil, maintained well over 50 percent of 
their foliage when adjacent plants of H. /JI'((silicnsis clones were 
heavily defoliated. 

Among the currently recommended top-working clones, .FB 5·1 
and FE 3363 seem to be tolemnt to target spot in the field, although 
highly sllsceptible in the disease-resistance trial area and in bud­
wood gardens. These two clones are generally less severely attacked 
than the other top-working clones in the field in Peru and, even 
when severely defoliated during the rainy season, possess the ability 
to produce successive flushes regulal'l~' . 

Fortunately, target spot appears to be an important disea~e onlr 
on young plants, for the problem of obtaining resistance to it is 
complicated by the Ilf~ed of maintaining a high level of resistance in 
top working clones to the South American leaf blight, callsed by 
Dothidellalllei p, IJenn., the major disease of hevea in tropical 
America (.1),10, .71, U), The use or leaf-blight-resistant clones fot' 
top working susceptible, high-yielding Eastern clones has become a 
common practice wherever plantation rubber is grown in the \Vest­
ern Hemisphere. 

1":-;Cl·SSIO' 
Development of control measlIres against the tal'f~et leaf spot of 

hevea rubbertrees was the most urgent objective of the invc8tiga­
tions on th is disease, wh ich bega 11 in Peru in 194 G. A fungicide­
testing program was stnrtecl in JUlie and disease-resistance studies 
somewhat later, Concurrently, studies on host development and 
epi<iemiolog-y were undertaken to provide a better llnclel'stancling of 
the appliC'abilit,y of disease-control measures and to gain furthel' 
information about the disease itself. Helationships among several 
factors that nul,\' influenee disease development and control are 
considered here. 

Satisfactory control of targetspot was maintained with the bettel' 
fungicidal treatment.s, both experimentally and in field pl'actk-e, but 
a striking featul'e of the ciHhl for both dusting and sprayilH{ W(lS the 
relative incidence of infection and defoliation . .Even though d~rolia­
tion was reduced from about i\fj percent to 2 percent 01' less b~' 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 to approximately 1 cm. in diameter. 
Untreated plants had about 70 percent of the leaflets infected. In 
this connection, the rapid development of the f-lush is of interest and 
importance when considered from the standpoint of the fungicidal 
control of target leaf spot and other foliage diseases of hevea. 

The persistently high incidence of infection appears to be directly 
associated with the growth habit 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 occur 
within 8 to 12 days allCl 15 to 21 days, respectively. The interval 
between fiushes is only about () to 7 weeks under good growing con­
ditions. Growth is contilluous and rapid during the period of leaf 
elongation, with the leaves elongating from 2 to 3 cm. pel' 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 all of the 
leaves on a given flush may be unfolded during one interval, and 
during two 01.' three consecutive intervals the leaves complete their 
expansion. Moreover. the expand ing leaflets are pendent and glossy, 
neither condition encouraging the retention of fungicides. Fungi­
cidal deposits soon become widely dispersecl and can afford only 
partial protection. Although infections may occur on the foliage as 
a result of rapid growth and the attendant dispersal of fungicidal 

• 

residues, fungicidal action reduces the number and size of the le­
sions. They are restricted to about 1 cm. in diameter by successive 
applications, especially to fully expanded leaves, that prevent the 
growth of the superficial mycelium, which is apparently the only 
means of spread from the primary lesions. Some of the infected 
tissue eventually dries and shatters, giving a shot-hole appearance 
to the leaves. Experimental defoliation 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 area by 
lesions and b.v leaf removal may not have strictly comparable effects 
on over-all leaf efficiency, observations indicate, l1evertheless, that 
the better fungicidal treatments ])revent the loss of sufficient leaf 
surface to afl'ect gl'owth adversely. Therefore. weekly applications 
of fungicides have been considered sufficiently frequent to satisfy 
the requ i rements for controll ing th is cl isease. 

Drastic experimental defoliation treatments had the most dra­
mati(: effect on growth, a result precli(:table from obselvations of 
the disease. However, the more important results were those ob­
tained from treatments involving more moderate defoliation, where 
simple observation is less reliable. 

The ability of young hevea plants to tolerate the loss of up to 40 
• percent of their foliage and still grow well is important from the 

staurlpoint of plant procluction. T:f moderate infection and defolia­
tion are relatively Ilnimportant, 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 until the early part of 1949 ; there­
after, the South American leaf blight became serious, When leaf 
blight is present and serious, more frequent applications of fungi­
cides (.4., ,?, 11) may be l'equired. Fortunately, the same fungicides 
control both diseases. 

Target spot is rarely fatal in the absence of complicating factors, 
for a few leaves on. each plant usually escape defoliation 01' even 
infection, permitting survival until dry weather suppresses the 
disease and sound foliage may be produced again. Where target spot 
is common, the plants that suffer most are those that begin to pro­
duce 01' renew their foliage during and after the onset of the disease 
in the rainy season-seedlings, buddings, or recently pruned plants 
in clone-multiplication gardens-as these have no reserve foliage. 
Root and stem reserves of nutrients in the larger established plants 
seem to coun teract th is lnck to some degree. Small seedlings 01.' 

recent transplants may be permanenily damaged 01.' indirectly killed 
by repeated severe defoliations that exhaust their reserves 01' pre­
vent their establishment in competition with covel' crops and second 
growth where field mH intenance is substancla I'd. 

• 

Fungicidal control ofl'ers an effective means of avoiding these 
conditions, especially in nurseries, buttield control remains difficult, 
Recent pl'Oposals that plants intended :1'01' field use be held in the 
nurser.\' until all buddings have been completed to give a 3-compo­
nent tree n (1, 4, .17) should assist disease control, as fungicide 
applications would be feasible until transplanting began. 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 he,'ea to survive in dense forests 
is afforded by the persistence of rubber plants during several 
months when completely defoliated and by their slow but steady 
progress when 80 percent defoliated. Even fewer leaves may permit 
sUl'vival. Plants that survive their more serious competitol's, me­
chemical injury, and innumerable pests are enabled to take advan­
tage of opportunities for growth and gJ'adually assume their place 
in the middle and upper stories of the forest. 

The survey of clones. selections, and seedling populations of 
hevea fol.' evidence of disease resistance has shown that genetic 
disease resistance is uncommon, although some degree of tolerance 
does exist. HeN'a. In'((.<;ilierlsis, the principal commercial species, 
probably has little 01' no genetic disease resistance. Nevertheless, 
two of the clll'l'ently recommended top-working clones have been 
tolerant to target spot in field plantings. although they are highly 
susceptible in denser nursery plantings. Partial resistance might be 
sought in H. /wnthrunia'na. and perhaps in H. l)(wcifio/'a. as some 

oThree-component trees consist of a seedling :ro()tstock, a hunk of some high­
yieldillg' clone, and a If!af-hlight-resistant top. llevelopl1lent of methods for 

• 
producing' 3-componf!nt trees in the nursery and establishing' them succeq~fully 
in field planting'S has been achieved principally throug'h the efforts of .E. P. 
lmle, principal agriculturist in ChlllXe. and other personnel of the U. S, Df'nart­
ment of Agriculture Cooperative Rubher Plant Field Station, Turrialha. 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. 
riyidifolia, appears to be highly resistant or even immune. 

Fortunately, it now appears that target spot resistance is not of 
major importance in the ovet'-all rubber disease-control program. 
Many years' observation by various investigators lO (4, .12) has led 
to the belief that target spot is primarily a disease of young rubber 
plants, in both nurseries and field plantings.' Field-planted trees 
begin to undergo annual leaf change at about 3 years of age, and 
leaf change occurs during the dry season in Brazil and Peru when 
the disease is at its lowest ebb. This allows the new foliage that 
follows leaf change to mature quickly before appreciable infection 
can occur. Although some vigorolls branches continue to fiush 
throughout the year, the~r represent only a small percentage of the 
foliage and become progressively Jewel'. By the third or fourth year 
after the onset of leaf change, the disease usually becomes 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 m~w occur within :2 hours and 
infection within ;1 hours under fa~'orable conditions, although 
longer exposure to such conditions naturall.\· leads to he~l\'ier infec­
tion. The incubation period is rather short and the primary lesions 
commonly appeal' before the leaves have expanded fully and as­
sume~l their mature position. Thus, with sporulation beginning 
shortly after sundown and with rapid germination and infection • 
by the basiciiospores. it is little wonder that the disease spreads 
rapidly unde!' I'a\'orable conditions and persists during prolonged
dry periods in small amounts. 

The rather short period du ring \\'h ich the le;:1\'es are susceptible 
is interesting, for only ie;l\'es less than :I week old are usually in­
fected. This is before the most a<:th'e period of' gTowth, so that the 
leaves make their greatest expansion for some 2 weeks :-1fter pass­
ing th2 ~usc('ptil)le stag-e. 

:'l\l":\ln 

Studies on the epidemiology and contl'ol of the tclrget leaf spot of 
hevea and investig;1tions on host de\'elopnwnt ha\'e been made, 
mostly under conditions prenliling at Tingo "Ylaria, Peru. 

Leaf expansion occ:urs simultaneousl.\' in both I)reaclth and length. 
The leaflets of a given leaf are of neal'l.\" equal size, althoug'h the 
cen Ll'Cl I leafiet is consisten tiy th e longest. M('(lsurcrnents based on 
the central leaflet serve as an index to the I'ate of expansion for the 
entire leaf. The leaV(~s of the flush are unfolded within 8 to 12 da.\·s, 
and the individual lea\'es expand within Ii) to 21 days. The rates of 
unfolding and elongation ;1re constant, regardless of the prevailing 
season, although quantitati\'e difl'ert'nccs in Ipaf size occur. The 
average daily increment of indi\'idual leaves, expressed as increase 
in length, is markedly dif[crent, depending' upon their position in 

1(1 Letter dated A pJ'i1 10, 1!148, frolll M. H. Lang-ford to .J. B. C'aqwnter SUI1l­
mari7.(·~ several yeal'S' (JhSf'I'\'af:iOIl~ ill 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, 
beginning with about t.he 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 sl\l'faces, influence fungicidal control of 
foliage diseases of rubbertrees. His difficult to get satisfactory 
coverage of the young le<wes, and the fungicidal residues are dis­
persed rapidly, even under a system of frequent applications. Cov­
erage is less difficult with mature i'oliage. 

• 

Target spot weakens the plant principally, if not solely, by re­
ducing the effective leaf area through infection and defoliation. 
There is no e\'iclence 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 Rush, 
and number of flushes per plant were measured periodically. Opti­
mum de\'elopment was obtained when no foliage was removed. 
When 20 and ,10 percent of the foliage was remo\'ed, the plants st.ill 
made sat.isfactory deyelopment. In plots that had up to ,IO-percent 
defoliation, suitable numbers of buddable se2dlings were obtained 
within 10 to 11 months. Jncreasingly severe treatments, in which 
60 to 80 percent of the foliage was remo\'ed, strongly depressed 
growth and resulted in a small number of buddable seedlings. Com­
plete defolintion finally resulted in death of the plants, although 
the~' managed to sur"i\'e seyeral months. .-\S the se\'eritr of defolia­
tion was increased. the plants tended to flush more frequently. 

The tolerance of he\'ca rubbE'rtrees to slig-ht or moderate defolia­
tion confines fungicidal control of target spot, in reg-ions where it is 
the only important foliage disease. te) the few months when the 
disease is especially se\'ere. When South .-\merican leaf blight is 
serious, the control pro)!'ram I1lU;;;t be adaptecl to the more eX<lcting 
requil'ements for control of that clisec1se. The S(\ll1e fllngicicles con­
trol both diseases. The limits of tolerance to defoliation may selTe 
<1S a guide in selecting disease-rt'sistantincli\'i(iuals. 

Freshly c1ischal'gwl basidiospores mar germinate within 2 hours 
in either light or dnrklwss. Infection of susceptible young leaves 
may occu r with in :3 hours under fa \'ora ble cond it ions. I...onger ex­
posures-for (). l~. 1~. and ~::: houl's-substantiallrinCl'eased the 
number of lesions <wei le<lflets attacked. The incuiJation period be­
tween infection and the appearanc(' of symptoms was () to 10 days, 
depending in larg-e part on the condition of' the le<ll'. Most leaves are 
susceptible for less than 1 week following Uwir unfolding' from the 
growing point, although tlw most accelerated period of leaf expan­

• 
sion is subsequent tn that time and the whole period il1\'olved is 
about 3 weeks. 

Target spot was controlled adequately b~' weekly applications of 
fungicides. either as SPn1,\'S 01' dustR. during the rainy season. The 
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fungicides included insoluble copper preparations, organic com- • 
pounds, and both wettable and dusting sulfurs. Wettable Spel'gol1 
gave the best control among the spray preparations, although it 
occ:asionally caused slight injury to the leaves. Under local cOl1cli­
tions, insoluble copper fungicides have been used for nursery spray­
ing because of their a\'<1ilability and satisfactor.v performance. A 
combination of dusting: sulfur anel Fel'lllate was the most satisfac­
tory dust. Because o(the lack of suitable application equipment, 
however, dusting has not been recommended. Although defoliation 
was reduced to less than :2 p(n'cent by the beUer fungicidal treat­
ments, the incidence of infection was usually more than 35 percent, 
owing to the growth habit of young rubber plants. On untreated 
control plants, the incidence of defoliation was about·li) percent and 
tha t of infection about 70 percent. 

A slll'vey of large numbers of clones, selections, and seedling 
popUlations of he\'ea has indicated that genetic disease resistance is 
uncommon, although some degree of tolerance does exist. Clones of 
He1'Nl /JI'((siliensis'cu'e ll10stlyhighlr susceptible, but two top-work­
ing clones appeal' to be tolerant in field plantings. Cenetic resistance 
might be sought in fl. /Jcl/t/ulIlIi(ll1([ and 11. ))(IlIC'ijlo/'(l, which ha"e 
.,·ielded some markedl.,' tolerant selections, and in H. rillieli/olia, il 
noncommercial species that appcal's to be h ig'hly resistant 01' im­
mune. H. lIli('}'oph!JII{(, anoilwr 110nC0I11I11(,I'C'ial speck's, is p1'obabl," 
highly susceptible. Target spot f>eCl11S to be primarily a disease of 
young plants. The rubbel'tl'ce tends lo outgrow and escape the 
disease by the thi I'd () I' fourth yea I' al"t('r it Cl'<lSeS to gTOW con­
tinuousI,\' and heg'ins to undergo <lnllualleaf change and refoliation, • 
which occurs during the ell',\' scason. 

The known geograph ic distribution of target spot has been ex­
tended to include Porto \'('Iho, Brazil, and Ldicia, Colombia. 

• 
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