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ABSTRACT 

Screening of the CATIE cacao coUect ion for resistance to Phylophlho,o 
palmivo,o was initialed , using point-inoculation with zoospore suspension of 
unwounded attached pods to cvaluate cultivar responsc. Of lhe 51 cultivars 
tcsted , 9 showcd a promising degrce of resistance; EET 59, EET 376, Pound 7, 
UF 713 , UF 715 , Scavina 6, Scavina J 2, Catongo , Diamantes 800. 

INTRODUCTION 

Losses in cacao due to Phy tophtho
ra palmivora (Butler) Butler (Phy toph
thora pod rot disease) can be reduced 
by cultural methods and by lhe use 

of fungicides. However, lhese prac
tices, especiaJly Cungicide applications, 
are often costly in relation to the 
quantity' of cacao beans saved and 
many growers regarei them as eco· 
nomicaJly unfeasible, particularly when 

cacao priccs are low. The u eof resist
ant varielics is often lhe mo. 1 cf· 
fee tive and economie means of con
trolling plant di eases, and the replace. 
meut of susceptiblc cacao trces by 
material showing durable race non
specific resistance to P. palmivora 
would providc lhe ideal, long.tcrm 
solu tion to comballing the disease. 

Un fortunately, amongsl those ea
cao cultivars in the world whose 
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rcaclioll lo P. palmivora is kno wn, 
mosl exl.ibil varying degrces of 
su. rcptihilily to Phytophthora pod 
rol alld so far 110 immune cultivars 
ha ve bcen found , although a lIumuer 
in differenl arc,ls have been reported 
lo show rclatively low leveis o f uscep· 
tibilil y (9 , 10. 13). Con equcnlly , 
lhe earch for resistant parenl malerial 
renwins a ba ic requiremenl in brced· 
ing for resistance to P. palmivora. 

The largcr cacao collec tion of the 
world may providc valuable sourccs 
01" rpsistance -ince the reaclion to P. 
palmivora inCcction is stiJl unknown 
for many of Iheir accessions. For Ihis 
reaso n, syslematic screening o f lhe 
CATrE collectioll was initiatcd witl. 
the jlurpose of identifying promi-ing 
resistant cultivars which could be of 
use in breeding programmes. This 
report presents the results obtained 
up lo July 1977. 

MATERIAIS AND METHODS 

A previous study in Costa Rica 
(4) showed that the mosl reliable 
and consistent method for screening 
fruitillg cultivars was point.inoculation 
with standard zoospore uspension 
o f attached pods without wounding, 
the method adopted here. Pods of 
known age, 1 monlh from maturity , 
were u ed and whenever possible oniy 
olle or two were selected from each 
tree. Ten replieate pods per cultivar 
were inoculated and ",hen· suificient 
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pods were availahle eacl. cultivar was 
testcd at least twice a i diffcrent limes. 
30th percentage uecessflll infec tion 
and average lesion diameters were 
recorded, the latter when lesion izes 
Oll pods of UF' 677, a sl:andard , highly 
susceptible cultivar included in ali tests, 
attained an avcrage diam eter of 6 em. 
\Vhcn cultivar' were te ted twice or 
more, percenlage infection and average 
lesion diameters \Vere calculatcd from 
the Sllm of ali inoclllated pods. 

The same singlc.sporangium P. 
palmivora isolate (morphological Corm 
1, compalibilily type A2) , sclected on 
the hasis of pathogenicity on pods, was 
used in ali tests. To maintain infec tive 
potential , the isolate was passed 
through pod lissue every 1- 2 months. 
Zoospore suspensions at a concentra
tion of 2 x 105 spores/ml were prc
pared as . described by Lawrence (4) . 

Ali cultivars examined were cloned 
material and, whenever possible, higher 
yielding cultivars or those suspec ted 
from field observations of possessing 
better resistance to P. pa/mivora were 
tested . Ali tests were carried out 
belween A pril and December each 
year, a period which encompassed 
peaks in P. palmivora incidence 
and which coincided wilh lhe time 
of higher pod prodllction and greatest 
rainfall. 

RESULTS AND DISCUSSION 

Of the 51 cultivars examined, nine 
demonstrated a promising degree of 
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resistance; EET 59, EET 376, Pound 
7, UF 713, cavina 6, Scavina 12, 
Catongo Diamantes 800 and UF 715 
(Table 1). Catongo was obtained as 
cuttings from one oí the original 
election in Bahia, Brazil, and Dia

mantes 800 is a selection from the 
Diamantes Experimental tation in 

osta Rica. 

Wi th these nine cultivars, as well as 
CC 42, even when pereentage infection 
wa lúgh, lesions developed very 
lowly, ofien ceasing expansion alto-

gelher 2-3 days after vi ible symp-

toms first appeared, thus, iod'icating 
resistance to -post-peneuatioo develop
ment by P. palmivora. 00 the basis 
of percentage infection, EET 376, 

cavioa 6, Scavioa 12, and espe
cially EET 338 appeared to be more 
resistaot lo epidermal and epicarp 
penetratioo by P.palmivora. However, 
when lesions Cormed on EET 338, they 
deveJoped a rapidly a 00 the most 
susceptible cultivars. Therefore, only 
EET 376, cavina 6 and Scavina 12 
howed resi tance to both initial pene-

tratiOll and post-penetration growth 
by P. palmivora. 

Table I - Responses of cacao cultivars to poim-inoculation with P. palmivora zoospore 
suspension of unwounded attached pods. 

Cu 1 t i var 

EET 59 
EET 376 
Pound 7 
UI' 713 
Scavina 6 
Scavina 12 
Ca t ongo 
Diamantes 800 
UI' 715 
UI' 704 
CC 42 
CC 38' 
UI' 613 
SIC 433' 
BET 156+ 
UF 36' 
UI' 601 
U F 707' 
CAS 3" 
UF 296 
CC 41 
UI' 93 ' 
CC 45' 
UI' 70 1' 
CC 10 
UI' o5.! 

\ successful Av lesten Cultivar \ successful Av l esion 
infection - diam (cm)§ infec t ion diam (em) 

100 
50 
70 
90 
40 
55 
95 
80 
70 
75 
85 
90 
95 

100 
70 

100 
95 
85 

100 
95 

100 
100 

90 
90 

100 
95 

0.4 
0 . 5 
0 . 6 
0.6 
0 . 65 
0.7 
0.7 
0 . 75 
0 . 8 
1.0 
1.0 
1.2 
1.2 
1.5 
1.9 
2.5 
2.6 
2.9 
2 . 9 
3.0 
3 . 0 
3.1 
3. 2 
3. Z 
3.3 
3.4 

I MC 67+ 
BET 397 ' 
UI' 12 
UI' 66~ 
UF 168+ 
UI' lO' 
Pound 12 
P 1 Ó ' 
UF 29 
UF 70 8 + 
UF 122 
UF 650 
EET 15 ' 
UI' 676 
UF 667 
UF 2Z 1 
UI' 677 
R 56' 
R 13 ' 
R 10 
GS 36 ' 
R 52 + 
EeT 338 
SGU 71 ' 
HT 353' 

90 
100 

90 
85 
95 

100 
80 

100 
100 
95 
95 

100 
100 
100 

9S 
100 

90 
100 
100 

90 
100 
95 
35 

100 
100 

3 . 5 
3.5 
3.6 
3.8 
4. 3 
4. 6 
5.0 
5 • I 
5 . I 
5 . 2 
5.2 
5 . 4 
5. 4 
5.5 
5.6 
5 . 7 
6.0 
6 . 1 
6. 1 
6.2 
6.2 
6.3 
6 . 5 
7.1 
8.0 

2 opposite. lateral lnoculum points on each or 10 replicate pods per test.. 
~ measured whcn av lesion diam on lhe "standard" susceptible cultivar UF 

677, jn~luded ln each tcst, attained 6cm . 
... cultivar ested only once . 
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With respec t to pod losses under 
natural conditions, resistance to cpi
derma! and epicarp penetration alone 
may bc a less imporlanl charac ter 
lhan resistance to posl-penetration, as 
exemplified by EET 59 ànd EET 338_ 
Although infeClion may be lo", with 
EET 338, ",henever it does oeeur 
lhe pods rot quiekly _ \ ith EET 
59, proportionatcly many more pods 
may be infec ted bul probably fe",er 
become rotted bcfore harvest. The net 
rc uh , Ihercfo re, is Ihat. olher Ihings 
bcing equaJ , EET 338 prohably uífers 
grealer pod lo' se_ Ihan EET 59_ Field 
observations tended to supporl this 
hYPolhe is bllt pod or hean lo data 
\V ere nol available lo confirrn it. 

Neverlhcless, post-penetration re
si. lance which rclards lhe rate of pod 
li ' . ur colonization by P. palmivora 
aml which _ consequcnlly, reduce 
lhe ri -k of bea n infcc lion before 
harvesl. i a mOre desirablc form of 
re$i"lance than Ihat lo inilial penetra
lio ll alone. Whenc\"er Ihis lallcr Iype 
of resi lance is overcome ~y lhe 
palhogcn, therc is no fllr ther rC$islancc 
to growth \I ilhin pericarp ti "uc;: 
an .! rapid ro lling o f lh e pod enSUC5. 

Responõcs lo P_ palmivora infec
lion oI' a numhcr of lh e cuhivar, havc 
brr n report e" prev io llsly . fcom .0 la 
Hi 'a .. nd e1sewherc. evalual ion heing 
eithcr hy natural infection in the ficld 
or I", artificial inoculalion Ill eth o(!' 
( I. 2 .. '3. 5. 11 . í. U. 11. 12.l-J.. 15. I(). 
1 i) . \Vith Il)o;:l o f lhese c"hi"ar; Ihere 
i" !!ood 3!!Ceemen t in their re;:po llse5 
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to P. palmivora between previou 

reports and lhe presenl resu1ts. How
ever, some Ilotable differcnces ex ist. 
CC 4 1 and Ui-' 29 were rcported as 
resistant under field condilions in 
lhe Atlantic Zone o f Costa Rica 
(1 , 15) but these two cultivars sltow 
disease escape in that area (1) and 
lheir intrinsic usceptibilily has been 
established (1,4). 

Measuring development of P. palmi
vora mycelium in liquid media incor
porating pod-husk tissue, Orcllana (7) 
in Costa Rica graded F 12 as resist
ant, in conlrasl to lhe moderately 
susceptible reaction reported here. 
Howevcr, melhorls lIti1izing pod-tissuc 
ex tracts fail lo lake into account 
po ible phy ical and chcrnical re
sistance rnechanisms irnparlerl uy or 
prescnt in inlact epid ermaJ and peri 'arp 
ti ssucs. so thal diffcrence in culliva r 
response between the e melhod" anrl 
inoculations of intacl podo t'ould 
be ex peclcd. 

U ing a slem-inocu lation mC lhod. 
Zelltl1lyer (I í) reporle.! tha t L: F 71.; 
\I ,,~ highl y , u ccplible. ~ inte thi, 
cuhiv"r wa' tested wilh a Costa Hi 'an 
:\2 isolale frorn cacao. the diõccepancy 
wilh lhp presenl rcsuhs i~ h,ml to 
npl3i n. tem illocula tion5 anel in 
otulations of attache" pod;; ha,'p becn 
, hown to bc ;;ill1ilarly reliablc anel 
(·on. istcnl a" methods for a,,,e:i,ing 
rei<i5tancc lo P. palmivora (4). ,n " ,(" h 
dra"ti!" differcnce:, in (" ulti" ar re ;:pon,,~ 

het\\ een the two 11lethod,. \\ ou l.l 
nol he e:- p'·L'lcd. So faro ali P. pal-
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mivora isolatr.- from .. acao in Costa 
Hica ha\'c bcen itlcntificu aS 1I10r· 
phologic .. 1 fonll I . o() it SCCl1l$ un· 
likely that lhe Ji, \Tcpanr y was due 
to the use uf tlifferent llIurphulogical 
forllls. 

OC lhe nine most resi tant r ultivars 
mentioned here, responses to P. pai· 
mil10ra 01' only four others in addition 
to F 715 have been reported previ· 
uusly , ali bcing c1assi{ied as resistant ; 
I)ound 7 (8) , Seavina 6 (3 , 8, 11 , 12, 
16 , 17) , cavina 12 (11. 16) anel 
Calongo (5 6 , 12, 14, 17). In fuLure 
screening of lhe CATIE collection 
it is recommcnded lhat lhe following 
potentiaJly promissing euJlivars be 

ex amined : EET 19 , 48, 62 anti 64; 
CC 9, 17, 34, 48,69. 107, 1.24. 137. 
152 and 178; CA L anu 2: P 169: 
C1\ T1E 1000. 

11 should be emphasized Ihat the 
reaction to P. palmivora in(cc tion 
of ali cullivars, inr luding tho e reporled 
here, only applic. lo tho e areas where 
they werc lestcd and to lhose slrains 
o f P. palmivora wilh which they werc 
in(ccled. Cacao types reported 11 nlore 
resistanl may ",cll be lTIuch more 
susceptiblc in other cacao·growing 
regions wherc tlifferenl erwironmental 
conditions might prevail and where 
olher morphologicaJ Conns and races 
of P. pal,:llivora mighl be present. 
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RESUMO 

Seleção para Resistência a Phytopt.thora palmivora em 

Cultivares de Cacau da Coleção de CATI E, Costa Rica 

Foi iniciada a scle~'ào para resistência a P. palmivora. na coleção de cacau de 
CATIL usanrlo- e inoculação pontual CO III ;;uspensão de zoósporo em fruto. 
não destar aclos c sem ferimentos para avaliação da resr o ta cios cultivares. Do:; 
:i 1 r ultivarrs testados, nove apresentaram grau de resistência promissor, a sa llcr : 
F.ET ;'9. EET 376. POllnrl 7. ur 71 :1. UF 715, cavina 6, cavina 12, Catongo. 
Dialllante. »00. 
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