
II 
* 'J 

I 

7cRc 5 
Original : French 

7th INTERNATIONAL COCOA RESEARCR CONFERENCE 
\ W u U ,  WfEWN, 4 - I2 NOVEMBER I979 

'I PEWECTING TEST PiETELODS FOR SENSITIVITY TO PHIYITOPHTH?RA 
FOR USE Ud CACAO SEEDLIHGS AND ON OTiBF, DICOTYLEDONOUS PLANTS 1 

WITH EPIGEOUS D'ETTELOPIGXt 

G. BLAiV. and R.A. HULLER 
Laboratory of Phytopathology 

I.F.C.C., B.P.  5035 
34032 Nontpellier Cedex, France 

(I) SULatARY 

In order t o  assess the respective aggressivitg of variaus geographice 
isolates  o f  Tacao Phy&q~~htbm, sensitivity t e s t s  are 
helonado plants and also on a Zange o f  plants origi 
perate or tropical countries I )  

differences in pathogenesis between isolates and open the way t o  a breedhg 
technique in the laboratory and l ead  to improvenent OE the hfect'ton method 
through i t s  s tandardi zatioa . 

Tt?e successive trials on very young Cac seedlings described here s h ~ w  

Xf a &OX@ range of different plana is subjecxed to infection, it i s  
the same plant and possible t o  characterize several serains in relation 

also a s i n g l e  strain i n  relation t o  oleveral plants. 

pathogenesis i n  Cacao wotzkd, in particular, &ce i t  possible t~ d e t e d n e  
Tfre esltablishnent of a range of differenrial hosts and knowledge of 

arasibtic specialisation f each 5 solate 

(11) INTRDDUCTION 

The IFCC Phytopathology laboratory a t  Hontpellier has d e  a world cd- 
leetion of strains of cacao tree Phg@ph*bru w i t h  
a clarification of the diEEerences between these or 
criteria af%er than ~arpfiological ones. The criteri 
tion ere cytological, physiological and pathogenic. 

aggressiveness vis-à-vis cacaop on organs other than pods, and of parasite 
specialization on a range of differential hosts. 

Here we are only concerned w i t h  chese from the double stafi&a%nE O E  

gvaluatian of aggressiveness vìs-à-vis cacao of these varicrus geographi- 
cally dist inct  isolates and of their parasitic specializa~on has necessita- 
ted the development of infection t e s t s ,  on the orte band on very young fime3.0- 
nado seedZings and on the other, on a range of placts originating either 
temgerate or in ttogiczl cou~tsies . 
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(III) STUDY OF PIiYTOPHTflORA AGGRESSIVENESS T0T;IARDS CACAO : 
ZII'FECTICON OF ROOTS OF YOIJU'G SEEDLINGS 

5 

The adoption of a method of infect ion r e s t s  on the choice of the type 
and means of inoculum application. 

Several infecting nethods have 'been t r ied  out on very young seedlings. 
Although based on the uethod used i n  Ghana ( I ) ,  (Z), (3) and (4), and in 
Ivory Coast (8) on pre-germinated beam, they a r e  essent ia l ly  d i f f e ren t  in 
tha t  the cotyledons a re  kept from any contact with the inoculum and that: the 
root system, which alone is subjected to attack, is already at a well difEe- 
rent ia ted stage. 

To discover the pathogenic strength of a s t r a i n  the clearest  and mu 
easily observed evaluation cr i ter ion i s  the no r t a l i t y  r a t e  : i t  is this 
ter ion which appears nost frequently i n  t h i s  paper; The vegetative s ta te  o 
survivors also enables us to  evaluate this aggressiveness : €or &le, a 
slowing down of growth apparent ia reduction of tbe plant ' s  overal l  height, 
shortening of the internodes, reduction i n  tbe nuaber of leaves and, in ge- 
neralo a drop in the dry wdght  of the aerial parts as coznpar,ed With the m 
infected controls. 

1 - Plant material 

The cacao trees used a re  "Amelonados" from Bingerville (Ivory Coast) 
thich can te considered r e l a t ive ly  homogeneous genetically speaking, and 
whose sens i t i v i ty  t o  the local. Phytophï%oru has been recognized from artif 
cia1 infect ion tests on the pods in the plantation, 

The beans are put ta germinate in  ster i le  vemicu l i t e  and kept damp 
s t e r i l e  d i s t i l l e d  water. G e d n a t i o n  takes place at: an ambient temperatu 
varying between 25 and 30°C. Infection is carr ied out  during emergence, 
is, 8 t o  IO days a f t e r  g e m h a t i a n .  A t  this stage of development, tbe we 
different ia ted roa t  s y s t a  shows a taproot and a aetz~ork OE Ehe lateral 
root le t s  

2 - Type of InocuPwn and tiode of AppLLcation 

Three strains of Flzytsphth0l.a , highly dis t inc t ive  i n  the i r  geographical 
origins and mofphological character w i l l  enable us to i l l u s t r a t e  the iafkezz- 
ce of'tlhe type of inoculum : one s t r a i n  from Brazil (By), one €+on Ghana tG7 
and one from Cameroon (ITN). 

The pathogenic strength of a zoospore suspension of tl'nese three straiw 
was coqared w i t h  t ha t  of the mycelilns paste. 

a) Infection by zoospores 

The zoospore suspension is  prepared from a cul ture  on gelosed V8 ae 
1.5% and calibrated a t  300-400 z / d .  The root system is e i ther  completely h- 
mersed i n  this  solut ion fo r  about one r&nute, QT inser ted in moistened v e d -  
c u l i t e  in to  which the zoospore suspension h a  been incorporated. I n  either 
case the seedling is planted out  in a p l a s t i c  po t  with the base s t a n d i ~ g  in 
d i s t i l l e d  water. After eleven days; the highest mortality rates are given by 
G7 and Bi, the lowest by YN. 
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b) Infection by crushed ryceliuu cul ture  

The Ph@phtbm s t r a ins  a re  introduced on to  l iqu id  Vs a t  the rate 
of 80 ml per flask, and kept  in the  dark for 20 days a t  a temperature 02 
25*C, These culture conditions have the advantage of producing an almost 
exclusively vegetative mycelium ; development i n  a l i qu id  medium arid in  the 
dark greatly reduces the formation of sporocysts, and shaking the cultures 
every other day prevents the liberation of zoospores during grinding. 00 the 
day of infect ion t h e  cultures are washed i n  sterile d i s t i l l e d  water and wrung 
out on to f r i t t e d  glass f i l t e r s .  The retained mycelium is veighed after maxi- 
m m  resaturation, then ground €or a minute in the proportions of 10 g to  
100 ml steri le d i s t i l l e d  water. The paste is di lu ted  5 t ines  when infecting 
is carried out. 

The cul ture  may be applied i n  two ways": either by pouring 10 d o€ sus- - 

pension through a pipette di rec t ly  on to the fine surface toots ,  or indirer-  
tly by &cing it  in to  the vemiculite i n  which the young seedling is trans- 
planted : 120 n of mixture and 300 ml of dry stesile vemicu l i t e ,  carefully 

' 

mixed together, ate  suf f ic ien t  to  fill a plast ic  pot 9 x 9 CGI across and 
113 cltl deep in which 4 Amelonado seedlings w i l l  be planted. 5 pots (or 20 see- 
dlings) per strain are prepared in this way f o r  testing. 

With the f irst  type of infection the i.nocrplun i s  more or less concentra- 
ted at  the base of the hypocotyl and part OZ t'ne root system may not be attac- 
ked, notably the tap root, One can say tha t  with th i s  type of infection, ar- 
tack is localized, 

I 

With t he  second nethod, infect ion Fs less localized, a l l  che roots being 
in contact w i t h  the imculun to 3n equal degree. One can say tha t  S t h  chis 
Cype of iafe&.m, agtack is  generalized. 

3 -. Results &ad Conclusions 

distinction in .Che aggressiveness of the strains when the mycelium nixture i& 
applied using the second techdque. 

, > J  

Eleverì days after infection the m r t a l i t y  r a t e s  reveal a more clearcut 

--------ll- 

Table 2 here 
I-------- 

Graphs 3 and 4 here  ..----------- 
-.The resu l t s  obtained with the d i f f e ren t  types of infection show the  

s t r a i n s  i n  the same order as regards the vimlence of their attack on cacao 
t r ee  roots : 
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- However, d i s t inc t ion  between s t r a i n s  C7 and BI when infect ion i s  c a r  
r ied o u t w i t h  zoospores i s  d i f f i c u l t  : these two Strains  seem t o  show a very 
s i m i l a r  high degree of virulence coxpared with YN. 

- Likewise, BI and YN seem to  have a very siriÚlar low degree of virulen- 

- On the other hand, a clearer d i f fe ren t ia t ibn  of the strains is appa- 

ce when the nyceliuu cul ture  i s  localized at the base of the hypocotyl. 

i ren t  when the ent i re  root system i s  subjected to  a t tack by a nyceliun mixtu- 
re unifornly dis t r ibuted through the substratum. It should alea be noted 
t ha t  i t  i s  s t i l l  possible to  re-isolate the fungus fron the mixture and ver- 
u í c u l i t e  nixture even a w n t h  a f t e r  the experiment has been conducted. 

We conclude from t h i s  that  the method of infecting the root system by a 
mycelium mixture incorporated into the substratum mew to be the most satis- 
factory for  carrying out systematic aggressiveness tests.  This method is al- 
so more readily standardized. 

(U) STUDY OF PAEiASITEC SPECIALIZATION 314 PflYTOP8TRQRA : fXF33CTLON ON 
DLFFEREiT? DICOTYLEDOWOUS PLANTS WIZR EPIGEOUS DEVELOPMEMI 

%e degree o€ paras i t i c  specialization i n  Phgbphthora of cacao can b 
waluated by studying t h e i r  ability t o  infect a range of d i f f e ren t i a l  plan 
t o  be specified. Ve used as a s t a r t i ng  point the research already 'dope in 
t h i s  f i e l d  by Koffi Bongo BABACAUH ia I vory  Coast (5) and by IiOEEtER of the 
URsB3M tean a t  Li3razzaville (7). 

I - Plant naterial 

An i n i t i a l  L i s t  (cf, annex) of egg-plant, melon, ro se l l e  and cot ton 
p lan t  was drawn up as plants clearly receptive, but t o  d i f fe r ing  degreeso to 
the majority of our Phytuphtfwm strains". meso plants were grown froin see 
on s t e r i l e  vemicu l i t e  mistened with sterile d i s t i l l e d  water. Sowhg was 
staggered so that the di f fe ren t  species would have reached a suitable stsge 
when infect ion took plaile. 1 

2 - Ekthod of infection and interpreCation of synptsms 

kep t 
ritycel 
r i le 

Cultures of Ph@i9p?l-bbra strains are made on l iquid  V8 (80 al per fLask 
in the dark for 20 days a t  a temperature of 25OC). The i n o c u l a  is a 
.Fun culture obtained by putting I C  g of fresh mycelium i n  100 ml of ste- 
d i s t i l l e d  water through the grinder a t  10 O00 revs, per  &nute, 1 ~l o f  

this undiluted mixture is dePosired a t  the co l l a r  of each plant,  which is 
&en earthed up round the base of the sten d t h  v e m k u l i t e  prevent drying 
out of tne inoculum ( 7 ) .  

Several c r i t e r i a  for pathogenic strength evaluation were used : 

- the mortali ty rate (or survival ra te )  

- number of plants showing necrosis (it will be s e a  i n  this con3zex-t: 
that the "alcohof. test", w-hich reveals a brown. area as a sign of reaction, 
mkes i t  possible t o  see the penetrated areas). 

* Thanks a r e  due t o  Dr. Amr6 Xvako Ía r  his cooperation in carrying out this  
par t  sf our prograime. 
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- the  length of the stem (hypocotyl and epicotyl). 

- the dry Freight of the root-fornation. 

- the dry weight of the s e r i a l  par ts .  

Depending on the react ion o f  the plant,  one, two o r  nore of these crite- 
r i a  may be used. 

3 - Results and conclusions 

The mortali ty rate r e su l t s  a r e  given in Table 3. The three strains, Bra- 
z i l ian ,  Ghanaian and Caueroonian, react  very different ly  t o  the various spe- 
cies : G7 is highly a 
then mildly, 

ive towards a l l  the plants while YN only at tacks 

-e--------- 

Table 3 here 

The egg-plan od d i f f e ren t i a l  plant embling a dear 
ra t ing of these three strains t o  be nade. Despite high sens i t i v i ty  to the 
s t r a i n s  Bi and G7 €ron the f i r s t  week onwards, the meloa does make i t  possi- 
b l e  t o  distinguish d i f f e r  
two var i e t i e s  of cotton 1; 
rent ly  to BI 

es in virulence between these two s t r a ins  !%e 
t i n  ident ica l  fashion to C7 (or YN) bu2 diffe- 

- - - - - - -PI - - -c-LIuI  

Graphs 5, 6 and 7 here 
-P-c-_oq-l--l--___-c_- 

The r e su l t s  obtained from a range of di f fe ren t ia l  hosts should provide 
data on the greater of l e s s e r  degree of parasitic special izat ion of the Pky- 
izpkthora s t ra ins ,  but also on t h e  means and on the e f fec ts  of attack. I n  
Each there seem to be a correlation between m r t a l i t y  rates and a growth 
reduction in weigtit and i n  volune of the ae r i a l  par t s  (exsuple given by the 
melon). This growth reduction is rherefore a c r i t e r ion  not to  be overlooked, 
part icular ly  56th plants showing no n a t a l i t y  (example the tomato zmd the 
capsicums). I n  addition, the alcohol t e s t  should be s y s t e m t i c a l l y  applied 
to a l l  survivors in order to  f ind  out rjhich of then have been attacked and 
have reacted to 'chat a t tack  {for exanple w i t h  the Rose114 where thare has 
been a defensive reaction, the inoculation spot shows a c lear ly  visible 
brown r ing when dipped in to  ethancl a t  95' gl.  

Final ly ,  the infect ing technique must be simple. Althougñ inoculation at 
t he  co l l a r  seem valid, i t  is also feasible to incorporate the paste i n t o  the 
substratun or to  infect d i r e c t l y  the various plant organs i n  order to  distin- 
guish Between the degree of pa ras i t i c  specialization o€ the strains on the 
different tissues of the test plant.  

The results persuade us tha t  the mst sat isfactory inoculum f o r  use i n  
systematic study of cacao Pjlzuu-C-ophthom aggressiveness on organs other than 
the pods or  on plants  other than cacao i s  i! rqce l iw  cul ture  which can be 
obtained and used under well s taniiardized conditions,. 

J ' i 
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Research work on development of infect ion t e s t s  has produced very impor- 
t an t  data on the poss ib i l i t i e s  of d i s  t inwish ing  between cacao Phytuphthom 
from the i r  pathogenic strength.  It appears t ha t  the three cacao Phytophthora 
s t r a i n s  studied here, one from Brazil  (BI), one from Ghana (G7) and the th i rd  
from Cameroon (Yì?), are c lear ly  distinguishable from one another by t h e i r  at- 
tacking strength i n  r e l a t ion  to  the various plants  t o  which they have been 
introduced, which may point  t o  a very d i f f e ren t  p a r a s i t i c  special izat ion in 
these three organisms. I n  par t icular ,  one can say t ha t  the Cameroonian s t ra in  
which at tacks the various plant  species studied here only nidly, i s  a parasi- 
t e  nore spec i f i c  to the cacao t r e e  than are the other  two s t ra ins .  ^ I  

4 
Our current  research covers a greater  number of i so l a t e s  and i s  tending 

t o  show tha t  Phytopfit~mra tzken Ïrom West Africa are not very specialized 
whereas those from Cameroon and Anerica are more divers i f ied,  sone being 
highly specialized, Q ttiers more polyphagous , 

But the study goes fur ther  ; in fact, i t  gives rise t o  speculation tha t  
,the Cameroonian s t r a in ,  highly aggressive under natural  conditions rowards 
cacao pods, i s  very narrowly specialized to  these pods alone and not  t o  
other  organs of the plant,  pa r t i cu la r ly  the roots, which i t  at tacks to  a les- 
ser degree than do the other two s t r a ins ,  Should i t  be concluded from t h i s  
t ha t  very pronounced spec ia l iza t ion  of a Pkybophtbra, not only on the cacao 
tree but on the pods thenselves, is a proper c r i t e r ion  for spec i f ic  dis t inc-  
t ion,  lilaking i t  possible t o  an t ic ipa te  the  poten t ia l  sever i ty  of a t tacks in 
the f i e l d  ? This is  what the rest of our study intends to  c lar i fy ,  by rela- 
ting pathogenic strength vis-ilyis the  cacao tree and parasí tic specializa- 
t i o n  i n  par t icu lar  t o  other  criteria, norphological, physiological and above 
a21 cytological, such as the number and s i ze  of chronosooles (61, which are 
among the  nost  inportant criteria i n  the d i s t inc t ion  of species, 
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