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1. SUMMARY
 

306 epiphyte fungi, 212 epiphyte bacteria and 308 
mycoparasite fungi isolated from field trip collection in 
coffee plantations located in different climatic zones of the 
country, were used to carry out in vitrc studies against 
coffee rustv to find any potential. 

Microorganism suspension, gathered in pools were used to
 
select those showing antagonist activity. The pools were
 
formed by selecting the fungi at random, and bacteria
 
according to Gram stain reaction using an incomplete block
 
design according to Rhaghavarao-Federer model.
 

The methodology for in .itr_ coffee rust contamination in 
detached coffee leaves and coffee plants were developed. 

Pools were applied in drops over young detached leaves, its 
effects was evaluated in three stages of disease 
development:a.- Inhibition of rust implantation( drops placed 
before inocu lat ion with coffee rust uredosprres. 
b.-Inhibition of sporulation ( in the chlorotic spots stage 
in wich no uredospores can be seen. c.-Effact over full 
developed lesion in wich there are uredospores change in 
densi ty. 

The effect of microorganisms was considered as positive when 
results were 8 % (P), negative when results were 60, or 
less (N) and intermediate when results were between 60--804 
(I); results refer to W od coffee leaves assayied, in wich 
the antagonic effect of microorganism against coffee rust was 
observed and expressed in percentage. 

In the test of Rust Implantation Inhibitioni there were 
neither bacteria nor fungi with positive results. In the test 
of Inhibition of Sporulation. a bacteria was found poritive 
identified as Psudomona sp( 102). In the same di.ease stage, 
a fungus was found positive identified as Cladospor ium 
sp(37). 

In the 'stage of full develooed pustule four fungi were find 
wi th pc.ssit iye effect. boing i dentified as Paeci lomyces 
lilacinus (271), Aphanicladium meliolae ( 298), Verticillium 
leptobactrum (102) and Trichoderma like verticillium (29).; 
all of them ,.ee capable to colonize and cover coffee rust 
pust.les. as c eCquence de-nsi ty of Luredospcres din-i-shed. 

,th the pucps.'1e of conf. ,min re-s.ults ,obt .n-d wi th the four 
nt cOni hAt -."- f ' in the starl_ of full developed 

P,.---ule .-, :lh,- "it :t i . 0 1s W -re c,.-ried o-st in 
tr,- ',c-h.uv P-d f: d, .- In a] I cas wt ;l:.'ied antao st 

F ;Mo. r-.ff 
adII-, y i_; cf .a- ir-:.c fs-., Uoia of sb-a.mp lps gavE' 
.-. ti , 0 z wh:n compared cOo n cases. 

gfcwedW th nod isiot dc: ea-se. An It. tistycal 

oTp. to o:- i., both 



According to Scanning Electron Microscopy studies carried out 
with thE Last four antagonist mentioned above, it seems that 
fungi Aphanocladium meliolae and Phaecilomyces lilacinus 
actinig by penetration trhough the uredospore spicula and 
cause .ts collapso. The function action of Verticillium 
leptobactrum seems to be wrapping around rust uredospores, 
its whLle structure seems to undergo in a marked degeneration
forming physicla barttes wich obstructed further development. 

The fungi identified tentatively as Trichoderma like 
verticillium produce exo-l-B-C- glucosidase activity ( cell 
wall degradation enzyme) been possible that acting by 
penetration through the uredospore spicula. 



2 INTRODUCTION
 

Coffee rust is certainly the most important and economically

significant disease that attacks the coffee plant.It is
 
caused by the funous Hemileiae vastatriIBerk & Br.
 
Control of the disease has relied on 
 the use of proprietary 
copper fungicides. Applications of either low or high volume 
( 10-800 L/ha) have been equal in efficacy ccntrol 
(Fierman and Walllis,l965;kioga,1978;Wallis and Firman,1962 

The use of copper spray programs produce the adverse
effects of field enplosions of leaf miners,spider mites and 
increased coffee berry diseases(Fulton,1984).Its effect on
the coffee berry borer, a very serious problem, in Central 
America (Fernandez, 1984)is not known. Up to now nobody is
certain of the enviromental effect of such heavy dose
applications of copp -r based fungicides. It has been 
established in samples of soils from 24 years old stands of 
coffee. that have been routinely treated with copper a
 
contamination to a depth of 80 cm (Lepp et al, 1984.) 

As an alternative to chemical fungicides, microbial control 
of plants diseases can be achieved directly through
inoculation or indirectly by changing the condition
 
prevailing in the enviromerlt. 

Many species of rust fungi are hosts to hyperparasitic fungi
(Littlefield and 
Heath, 1'75). Verticillium lecani has been
 
reported to growth on ,ome races of Hemileia vastatrix (Hall 
1981).
 

Fhytopathologist cf the Guatemalan Comission on Coffee Rust
 
have observed several fungi growing on 
 the orange coffee rust
 
pustules,but no effort have been made to make 
 any isolation
 
thus,this was the main o bjecti:: of the present 
 research. 

The United States of America Agency for International Develop
meiit conracted ICAIII to carry out a study of Biological

Control of Coffee RutfC 5--320i) unider terms and conditio ns of
 
Grant Hc,.P!):-5,54"-G-T:S-5100).The objectives of 
the program 
were:
 
a. Isolotionn and charct.c,-izat.io- of mycoparasites associated 
wi th the (-a or bica-Hemileirae vastatrinr e system.
b nduc tcin of m.-'ccp_3ra s ts: in r ust infected coffee plants
wi th col lected fungi strai.s and plure cultures form culture 

C.E 1nmoloi rha r-oc--rc tio of the mycpa 1i 1.m-as induced
 
in pert b-.
 

ICAITI =oubc,-:, Ib c. ted t ;l H e,:-w Llir versi t i cf je n-us-lem, 
Faic lt ,,f ,, 1:..,r iopA> to ,t,i terhnical e-ivi ce set forth
 

,' t-e sc-ope- ,- ij,-L: c - the.- -'I 
 t-ar it lih in-n enclosed in 
APPP501 4No.!
 

http:charct.c,-izat.io
http:plant.It


3. ENERAL ACTIVITIES
 

3.1 COLLABORATIVE EFFORTS
 

In order to integrate the collection of coffee infected 
leaves and to search for samples showing active 
mycoparasitism., cooperation was initiated with entities from 
other countries who have carried out studies on coffee rLust 
control. 

On december 2 and 3 1?8sMr Carlos RolzMrs Maria del Carmen
 
de Arriola and Mr Robertc de Ledn,Head and officers of thc 
Applied Research Division of ICAITI,visited Mr Jose Mari
 
AlpizarChief Assistant of the Coffee Department in the
 
Ministry of AgricultrLe (San JoshCoste Rica).The purpose of 
the visit w.s to request collaboration for the
 
project,soecifically to provide us with fungi parasites from
 
Costa Rica coffee rust leaves. Mr Alpizar communicated their
 
interest to collaborate in the project,and asked to Mr.
 
Bernardo Mora and Mr Gregor io Leandro, Officer and head of 
the Department of Phytopathology, Ministry of Agriculture to
 
prepare such samples.
 

The 4th and 5th of Decemter, Mrs Mar la del Carmen de Arriola 
and Mr Car]o Rolz,visited Mrs Cecilia Galvez, Head of tha 
Departament, de Fitopatologia of the Instituto Salvadoret C 
Investigaces del cafb (ISIC),liocated in Santa Tecla,E 
Savador.Mrs Galvez expressed her interest in the project and 
offered to test th: isolated microorganisms from Guatemala 
coffee leavesa'- well as those which show parasitism on 
coffee rust in detached coffee leaves and plants from El 
Salvador. Mr Fmilio Garcia, who was woriing at ICAITI in the 
projecttraveled to C Salvador .and spent, the week of the 9th 

tto 13th of De-_mb-r 19?6 at ISIC, in r der o practice the
 
inoculation tochFiqLE for coffee plantsl ]eaves and discs 
infected -sithr the rust fungi. 

Contact w stabl ished wi th Dr Labrie Cdena from the 
Cent-o N.c triona Idree'tiqacii,- de] cafbt. [edo Iribe Mejla 
UhinchviO, ldc.LsColobia. in Ode to obtain fI-r ther) 
nmycopaa -it- to be tes ted. lhe lit Cf miciroorganism they 
sent us. i b- found i the I.st p.gc of ta.le No 3. 

M-i:s.lHai del -.m ,, rHe Arrl ,1 .raU l-d B-razil from 9th 
to 1i , in t,:, n ii: EN'hi- 'Impresaof l ,,-I o ,i 


Errsi l e i An I iq:,- roptpI Too , Pau i -n,, " u 

crg4;niiSa-; C I Go from Uornsi c o f od in [ lasIt paque 
of table tW-.3 



The effort to obtain some mycoparasites from the Coffee Re
search Foundation in Africa was non satisfactory. 

A research cooperation between the Guatemalan Comission on
Coffee Rust Program and ICAITT was signed. A copy of it is 
enclosed as Appendix No 1. 

From March 31 to April Mrs Maria del Carmen de Arriola
visited Dr Ilan Chet laboratory of fungal Fhysio logy at the
FacLI 1ty of Agr icul ture cca ted in Rehovot, Israel. The 
purpose was to become acquinted with the techniques employed
for fUFgal and bacteria isolation from plants. The training
was completed and a series of recommendations were issued 
(details of which are given ir 4.2 and 4.3.)
 

On April 16, 1986, Mrs Arriola visited Centro de Investigarcao
das Ferrugens do 
Cafeiro, Lisboa, F'ortugal . The main purpose
to visit this center was to obtain information on Hemileiae 
vastatrix infection, spore col ection and hand 1 ing of
infected coffee plants. Regarding the production of spores
they are cuLrrently using a method wich consists on infected 
young coffee plants with H. vastatrix Lusing Spore incoculation 
by direct leaf 
to leaf contact.After its implantation, the

uredospores collected in a gel capsule are stored for one
 
month or longer at 40 C . Durin g the infection pei-iod, the

plants are kept in greenhouse without temperature control 
but

with high relative humidity which is achieved by constant 
irr iga t i on.
 

This center is specialized in identification 
of H. vastitrix
 
strains.They are also loo ing 
 for coffee hybrids that Show

resistance 
 to rust fungi and 
 have started studies or the 
effects of 
 funqal elicitors and plants phytoalexins present
during the pathogenic cycle in bcth suscept ible and
 
resistance varieties. 

3.2 COORDINATION MEETINGS 

A first coordinatic-n meetingF was held in Rehovot , Israel
in the Faculty cf Agricultuire with Dr. Ilan Chet. Action waas
taker- t )receive an ICITl cientist to beconie acqui-anted
with techn iqueu fc - ftura I cclI C. I ifCln fro ds.
 
app Ica tIons on crops and -t on. Tho]The visist of Dr 
 I lan 
Cha:t to cco-diite. fI v,
Id t-ip cl lec:ticn of coffee infested
 
leaves and s.arch 
fcr m--imp,las h I/? tessh, n, act0ie m'Vcc. parasi 

uas pr-ograrfied ten 
t;e l, for Deceaber 15'86.
 

'ha nrnd ccr-,-ation-, 
 meet riiof the project was held at
ICA I V L, A'A tn-11_the I c-ffe:u A -ugust II-13, 1 k, 7. 1he

P , t Ipa 1. we e MrI iI- i I. d,-a C-ar r dc A,- *:,mNila,a dei 
-, . F'c,_ , Fal,r di: Nti:heo:, -nmjIi: GarciCa Lta:Lu,Bol .
 

F' rj - , i oj ,.tl u
 

Fro---n tat icr of reahar:cun-rontlv' bEi nci, cairied ouLt It 



A field trip for colle_-t icn of smpices with l/icpara-ire:s wasdone arid7 t-,0 .Cte I i-'a ,- L Cocgh0 F: W... trha I ab t rv for 
isolation. 

During the s-u period, Dr. Chet wa5 abIle to - Sit tarm5 and
coffee plantations affected by di .se It d1 taret grades 
of severitv 

During his visit to ICAITI Dr Ilan Chet Fre-sented a l-cture 
on Biological Control of soil-born plant pathogenic fung. 

He paid a visit to the Israel Ambassador to Gua t emala, Dr
Azriel Gal.-on, to describe the US--Israel CDR programs, OrIan Chet took back to Israel three isolated fung i and coffee
leaves with rust and mycoparasites to start work with these 

mater ials. 

The third coordination meeting was held in Rehovot ,Israel atthe UjFALESA , with Dr Ilan Chet,from 22--88,to 4-3-8,
during this period scanning electron microscopy of isolated
antagonists was carried out and results obtained werediscussed; it was decided to assay the isolated microorganism 
by pools in order to save time. 

A fourth coordination meeting was held at ICAITI, during the
week of july 2-7, 198.. Greenhouse and fields experiments
re carried out with the first four 

we 
isolated micrroorganism.It 

was decided to grow antagonists in liquid medium instead ofsolid medium since it presented some difficulties to handle
and to prepare an homogeneous suspension.The last possibleantagonist isolated was given to Dr. Ilan Chet for its
 
ident i fication.
 

4. RUST INOCULATIONS: 
 RESEARCH ACTIVITIES, MATERIALS 
AND
 
METHODS
 

4.1 INOCULATION OF PLANTS LEAVES
 

Coffee plants of the Caturra variety of 1--1.5 years of agewere obtained from three sources: the greenhouse of ICAITI,

El Fino Experimental 
 Station(Roya ComissionBarberena SantaRosa),and a nearly nursery. The plants were used to assaythree different methods of inoculation.The first one wasdirect leaf to leaf contact, the second, spore dispersion,
and the third, spraying. In all cases the use of old anddamaged plant leaves was avoided: the second and the thirdyoungest pair of leaves in the plant were employed to 
inoculate rust uredospores. 

http:micrroorganism.It


4 .l.1.Direct leaf to leaf contact
 

Ccffee leaves Wi t;h ocra, , Ht mture lesions w1e-e ciut. A
portion- ob tained (nearly 1.5 cm. diameter)and put in contact
with the urder-side of piLai t coffee leav.s surface.A clip was
used to fii: he cut leaf portions to the entire coffee 
leaves. 

4.1.2. Spore dispersion
 

Uedosp-es were c , l.lected from rust ma tu-e lesions of
i nfected coffee leaves. 1he uiders ide of the second and third
younigest pair of leaves of each coffee plant was inoculated

wi th thse spo-es us. ng a f ine brush . The inoculated 1.eaves 
were mois.tened by Epray ing distilled w, te. 

4.1 .3.Spray
 

Uniform inoculurm 
 was obtained by suspending uredospores
SJtil ed w er collected as mentioned .n "4.1.2 (0.66 mg 

r 
 lo.'. . ie9-: per il ) anchd stirr-ed u sing a magnhe tic st rl-ei-r du
ri- q W -14] ,-.Ferdq- oat to a ' atomi 

.-er h, le -,,-- tez e ."rr ',..o cf fee 1- 2E .np surface0 4q- '.-j hr }. ;j th,- b-,ttt Le of"-..2 each -oulicatio.i. The 
in r' ,t . , - ,. le-- . . i-,c:.-'Ed a ..- i--.ti-d it 4.S:. 

4.2 INOCULATION OF DETACHED LEAVES
 

Random samples of coffee leaves seond and third youngest
pair of leaves plants, Caturra variety obtained from SanFernando farm located in the department
Escuintla,(Guatemalan southern coast) 

of 
wese used.The use of


old and damaged leaves was avoided. 
 Leaves were collected in
the morning and stored for their transportation in moist

plastic boxes containing a foam layer saturated with water.

Care was 
 taken to remove the leaves with petiole from plants.

At the laboratorythe leaves were washed 
 twice with distilled
 
water and then inoculated u~sirig the following methods.
 

4.2.1 inoculation by drops 

Uniform ,noculum was obtained by suspending uredospores
(C[.66mg/ml) in distilled cold water and stirred for ten
minutes. To av:id sedimerntation of uredospores the suspension 
was continoLisly stirred.For the 
inoculation of leavessamples

containing 
I ml were taken from the suspension with a pipet.
One drop of about 0.05 ml was placed over the underside of
coffee leaves plants surface. Nine to ten leaves were 
arranged in rjircular plastic boxes of 35 cm diameter ,with a
plastic foam in the bottom(/4"thickness). Each leaf was
inoculated with 4 to 8 drops located between the veins along
the leaf. The plastic boxes were covered with plastic(6 u 
thikcness) 



which was secured with a rubber band. asThey were incubated 

described in 4.3 

4.3 INCUBATION OF INOCULATED SAMPLES
 

After plant and detached leaves were inoculated with any ofthe above described methods, they were incubated in a darkroom. at 22-20-.C, with 85-90 % Relative Humidity, during 48hours (VIP--Lab Line Serial 2274). Followed this treatment,the whole plants were transferred to a grreehouse andirrigated daily during 2-3 hours. The plastic boxes containingdetached leaves were transferred to room temperature undermoderate light;every day the bo'es we-e opened and the leavesmoistened by spraying with distilled water. Care was taken tomaintain water level in the plastic foam,but the temperaturewas not controlled. A group of inoculated boxes were storedunder fluorescent light of 800-1000 lux,with a daily 12-hours 
dark period. 

4.3.1 EVALUATION SYSTEM OF 
INDUCED RUST INFECTION IN PLANTS 

The formation of mature pustules was named :M.F= Maturepustules and is defined as such when abundant uredosporesproduction could be observed, and sporulation covers more
than 50% of all ch1orotic lesion. 

4.3.2 EVALUATION SYSTEM OF INDUCED RUST 
INFECTION IN DETACHED
 

COFFEE LEAVES
 

Reaction type was evaluated as follows:S:Leaves with spots, which can be defined when chlorotic 
spots can be seen on leaves underside
 
M.P.: Mature pustule, as described in 3.2.4.
 

For virulonce evalos t.i,., chlrotic spots were measured fromthe day when spots were clear ly observed and uredosporesproduction wans reo-rded as percentages of chlorotic lesions. 

4.4 MEASUREMENT OF GERMINATION
 

Fa-a lel to: gCrw'xat iO- otF pla-nts and deta.,ched leaves, ae'aluatior of the field col lected urdo.pores was made to
-tobl ih 
 tho i, bi lit, ,f e ch sphc batch acordincg to thew
fo l ! loin g p ro c ed.ch r :-

Uredowpors war..e pl-c-ed in7 a covo- gj.--.( 1.5 nm/illwater-)r . edjo, ,ih Io imiid , tIa n ec-dJ into uat chaert:c:- and 
-,ub, d ]i-n !,he .. ,1 

" 
o . 25- C fc 24-48 h,,u . After- this 

. C,,, "por iit0,tIcio 'c n t woo :.-rii.j OLl] bty,l o -p, , I , r ,lusF~ I.'l-,[ -', " c I ) i - ' ,i - i, tr di- qi [<'i I'[ L i r1"C'' ri:il K-l I 1 [Li[P'? into 



5.0 EPIPHYTE 
AND MYCOPARASITE MICROORGANISMS: COLLECTION
 

AND IDENTIFICATION
 

5.1 FIELDS TRIPS FOR SAMPLE COLLECTION
 

With cooperation of the Guatemalan Ccmission Coffee RustControl, field trips of sample collection were done. In
Appendim No 2 and No 3,a list of visited farms is enclosed
along with 
 a map of Guatemala to indicate where the farms
 were located. Samples were taken from a 
 parcel of land
destined to epidemiclogical studies in wich no treatment was 
applied.
 

5.2 ISOLATION 
 AND IDENTIFICATION
 

According with 
 the qeneral procedure for isolation

micrcoorganisems described in the 

of 
next parraph several fungiand bacteria were isolated.Each isolated microorganism wasidentified 
with a correlative number and stored underrefrigeration: 
 periodically, reinoculation 
was done into
fresh agar slants of the proper 
 medium with purpose of
 

maintenance.
 

Sources of antagonists frm coffee plantations
 

A-Infected leaves 
with Hemileiae vastatrix. 

B-Leaves infected 
 with Hemileiae vastatrix 
 showing 
mycoparasit is. 

C-Healthy leaves in heavy infested plants
 

D-Leaves with other 
fungus than Hemileiae vastatrix 

E-Lea we:; showi ng mycoparasi tism by other fungus besides 

Hemi leiae vastatrix. 

All leaves pcr tions from A,B,C,D~or E were cuted in smallparticles 5,0--200' q fromoeach anad were placed in an erlenmeyerand 50 ml sterile water was added and shaked for one hour.Di uit on 101 to Icra were doae and inocul to 0.1 ml of eachdLluto into three pet,-ie dishes containing the followingmedium' "'" "hi nti-" fo b -tel a anad "RB" and "TSM" fc' r 
. *u. s.anpl wereSI' KO t CiLJLbated a t 3P CI I]!I* Jf un ti qoodg growth-" 

ca r i , ,'ro d in "'" or "CHI fIN'" wr-e applied anNutr 1 tive 
op. 1i-'hatod until 'J'vied riowth obtained, tilL one :5:ri.lJe 



~as-taked 'and 
at.t' 30oC. -for L 48.' hc'r1 s, ~i 6' shiake'- at1i100- 14pmcetrfg 
se. wrth li t liIquid mediUM~ ~ 

-~~->colny inoclat'ed in I liqU id' brocth-11icbtd' 

.4-sveral4 4 times seiewtIeito
~~with 6 e e p ibl t 'ttihi~s~
 

..	 spraying the : infected:.7cof4 fee'-vp 'lrtS') _apl dT~PDA, -f~WA.4 
-'incubated4 at. ambient temperature'unti I desi red 'g oiwth 'wa 

~'~~<A-MycelilM' portion was- .taken fro nyopra growlng. on --------
List pustUl10 nd inoculated ,on >a PA etesi dishes andincubated At 30- C for 'gro~wth (5pdys' nterpr'LOm~'(5um8wdtyak e. 	 I nte pc'rionpbfmyceli~~~~imws tedand inoculated -c01nUtritiVe'aa er.dishes and incubated at 30o1c ', for 48 horiolated, -

mIc, organisms were identified ,as described in Pthe ,IietJW4 
' p4 -..i-aph . 

Each processed sample Awas identifi'edjaccord ing with the, 

444-4 arm name from where the riciroorgrs wsioaed, dilution 
Cultur-e medium and a cc re1ztive number for bacteria 4or f ngi. 

5.3 	GROWTH OF FUNGI
 

-44' 	 Isolated fungi were growed on modified TSM agar' See' Tabl'1 e
No.6), in a liter-'flask at robom temperature in slants. Aft'er, ~~' 
microorganisms grwh biomass 'was colce it-4'' 
ster-ile, water. The suspension obtained Was used 1-asays
find any potenitial. 

to 
,di-as 
 4. 

'A' 	 5.4 GROWTH OF1,BACTERIA 4 ' 

4,''Isolated bactel-ia ee,egiowed i n modifiedj t-,ing bro~th .(See4 J ' 
Table No 7,in one iter erl1enmeyer fl1as kat.430C at-constant-4" 
agitationi of 10O pm -for 40 hours. Biomass was washedtwfi
and resuspended in distil'led. water.The SLUSpenSion o6bt'ai~nedV 
Was-used in assays to fin-dpcotential bioconriol." '' 

4 

5.5> MICROORGANISM DISTRIBUTION 4 '44 4)4 * 

The microcorganisms 5USPPenSiC0- obtained as described above wei-e gathered in pools.The pools weefird yslctind.,the44~ 
.4~ 

T4'ungi at ra~ndom,'using an incomplete block desigil, ''accrdinq 

to FRhaghava) ac Federer model,' and bacteria acc'ording -to;4 G1-@amp 
44 stain reaction (see',Table 8 and-9) 	 4 

.44 The 	 pools with microorgan-isms suspenlsion weleue tor-44 
444tho'se showing 'aitaonsi atvity .	 ~i4They, wee Applie' i44.4
 
' 'drops, over 'young. cof'fee detathed leaves,11its effect'was44


evaluated as 'tollows.:a. Inhibition Of ruLst implantatico,~ rop~s

*~4'placed befci e inIOC~l~atiCOI wth'coffeerILlSt uredospcores , b ~ ~"
 'Inhibi tion of SpOl-UlatiOn ( i~h hlo o'tic spots stages4 mA 

which' no0 LUedospores . can be seen )'.c. E 4 v'e6" U1; 
.developed ILs o sii wh ic h ther e A-_QUu eC CidSpo0re!-, ch nge in n 44density 

4>44-44.44< 

44~~f~444~44444 .	 4444 ii4~--- ~-"'~ 444444 

http:4>44-44.44


6.0 
ANTAGONIST MICROORGANISMS
 

6.1 
 INHIBITION OF RUST IMPLANTATION
 

Ten detached leaves from coffee plant were placed inside eachplastic bo with polyurethane foam of 0.6cm thickness in thebot tom. Each poc. I of micr(organtms suspensions was drippedover 1:hc leaes and then the boices covered with plasticsecurbed with rubber bands. After the drops dried at roomtempera tire, the bones were placed in a chamber at 80-85,
Relative Humidity and room temperatLu-e to equilibrate

mo is tu-e for 
 4 hr. Then the bo-es transferred for two daysto a room with da,,'light i luminnation between 800-1000 LUX and12 hr darkess periods. Finally the leaves were inoculated
with rLt uredospores according to the procedure described in3.2 and stored under the conditions described above. After 25days the p-oduct ion of chlorot ic spots was evaluated as anevidence of positive or negative inhibition of rust implanta
t i on. 

.: INHIBITION OF 
SPORULATION
 

During incibation the moisture level in the plastic boxes wasmaintained by daily spraying water over the leaves. Starting
at 30 da. the production of Llredospores was evaluated
determine the effect 

to 
of microorganisms over the intensity of£1poru Iat ioll. 

6.3 EFFECT OVER FULL DEVELOPED RUST LESIONS
 

Each poor of Ticrooq;rganim suspensions was applied by usingdrops -.- r,- d.-t tc-,cd coffee leaves with full developed lesions
 
a j wd, c3t I m temperature in an air conditioned rmI to
c-, 

al ow th,.. ., lstor droplets to evaporate. After evaporation
O f thf, c, I the: boes con talni ic the leaves were placedi1f a dc,,t t diliber 2',0-95% ,.H. ) at rro.,m temper-; ture for•-, hcu.-. 
 The b.-, were t-ansfCr-ad to a rio undoi- mnods ate
I ih  ( c 


,- ,, : ,' h.ur= 


1 , or,. cce 1 ight of ,00-i0rs 1,l::) wi th a 
fs.azltertct rc' d Ur trig "30 da -tter this per iod1:, Isted cs theins tc',oor-sri|Iq was e,:,s;lred * measur-ig 

p_', fi_1, , li~- iSi% ,,-ootlh v to isSt pustule. 

6.4 IDENTIFICATION OF 
ANTAGONIST
 

ac, I. ' -3;yr1-1-' f f (-.Cs rust .1v~ :d(-It Itf iFa-'- C L I, tI re ReloC ;t . IC-- -
d at thec 

. C the-s were 
Si ,.., !,. I j ,1I tI T a;r,, ; t the Let -a U.i2rtk, voor 

I Oc h i,;- , 'u.i v,ti he t,:fl,;e_-, d .:-d th' r fst t ICAITI. 



6.5 SCANNING ELECTRON MICROSCOPY OF ANTAGONIST
 

The interaction between Coffee 
-ust (Hemileiae vastatrix) and

the isolated antagonists Aphanocladium meliolae, Trichoderma
 
like verticillii,Verticillium leptobacrum and Paecilomyces
lilacinus was oserved by using SEM techniques, according to 
Elad et al (1983).
 

Pieces of coff-mee healthy leaves, leaves infested with
pathogen along.as well 

the 
as with pathogen and antagonist, were

fi;:ed in 3 g lutaraldehyde in a 1 phosphate buffer (pH 7.0)
amd Leept in refrigar-ation for 3 hours. After this period
samples were washed 3 times in phospha te buffer and 
dehyd-ated 
 in acetone at different concentration frcom
30,5C0, and 70% for 15 mir tes and kept ove ni gh ir
refrigeration. The ne;:t day samples were washed with 80.95,
a-id 100% with acetone for 10 minutes of in absolute ethanol 
for one hour. The last step for" dehidration of material was
carried out in a co lc chamber with vacuum 3 times for 15 
minutes each. 

Dried samples were ccited with gold palladium in a Polaron E
50 sputter coate,- ( Polaron Equipment Ltd, Warsdford WD 18:G)
and them viewed in a scanning electron microscope (JEOL/JSM 
35 I..). 

For antagonist alone, the folowing procedure was carried cut
Ster i le cel lophane menbranes were placed on water petrie
dishes 2% and 0.5 g of glucose) and the isolated antagonista 
was inocu 1tated o:e by one and incubated at 3(-)-:C. After its
gi-c.wth (2--3 day :) pieces of the cellophane membrane cove-ed 
with the fungi w9re f-i:ed in the stubs with a tape that stiks
both sides and placed in a glass petrie dish. Samples were
transfer-ed to a herrns.tjc ci lass chamber and placed ove- twobeake-s containinc clutaraldehyde at 25% and Osmic acid at 4% 
in buffer phosphate respec: t i vely (pH7), and k'.ept for 24
hours. After wards , samples were coated with go l palladium
aJ',d then vi_-.'ed in a scanning electron microscope. 

6.6 EFFECT OF GERMINATION BY ANTAGONIST
 

Rust uredoepor-es ccl!v:cterd a. day after, was used to propare 
suspans io (2.0 ng/t.5 ml w te-. 13msides suspetsi .n of foLu

talcrin frcm m E g ,-.t hfstc s cC-].le c ted kqith 4,) ml steril 
wt.a I,_,i 
 weoe d I.utrd o mlried and a drop o f -ach was 
plac,-.l i-, a sl .d., 0- a pet,'i-, cl)=h wi th cotton Sa !) at with 
4-A ti.. - ti-h bott;,n,i-l- r. (hey -eore in bated at C 7'.-.24 hoi-e s. 

f0cc.r cI, ia, - Ad is_ cut i'(j r- 1 tirades'j n-, -' *' ,p-s.on" 

http:along.as


6-7 EFFECT OF RUST'UREDOSPORES'ON ANTAGONIST GROWTH ! 

~With "the 'pu-poSe 2of' dete-m' f naonscnueV 
edsS MPL11 	 Carl-.ied~~npnnsas Carbon .,s:,uceaasywas' 

C L' sin mediu i 1, AI.glthu -gucsad1 -Ithe 	 ilLabi 
''Supplemented, with ,'chloianiphen-icc61V pliuo
~Wer-e'seeded as fol-lows'ILM-C 

h,~ 	 -i~~sead,edium wi thoUt Urldosp-es 
b"'mb~edium with glucose' (C)3/.) 
C) MedJilum with Uredc-spores without glucbose, at 

." CC* than) uredospores CellI wall makes LIP.acOLnt 
spor es and Consist of 40. carbohydrates. 

6.8 	ANTAGONIST ENZYME ACTIVITY
 

fou ung
"UrL-g1 

0.3% takenIirI*I i 
20/% of total, 

Enz.yme activity if" the four isolated fungi having. effect over-" 
full developed 'Pustules were carried 'Out as fol'lows: 

"" 	 FUng a 1,biocmass was Inoculated to'erlenmeyer' flasks~ ( 250m1)
contairlilngx30 mil mediunm ( see'Table.No. 15)and incubated on a 
rotary shaker at 50 rpmn and-at 30- C 
The mediu~m was supplemented with either lamiiArin,glucose,IMeg 

$4 thylcellu1.lose or'- chitin, .at' concentrati-ss of 2 mg ml-1 
(see Table 16). -

Af ter) the establ'ished period: for fun-gi expon-enltial growth,
mycelia 'Was collected by centrifUgaticsn"5 at. 1200-r-pm for 15,
minlutes. The supernatant' was filtered through f i 1ter paper
Whatman No I ' and used 'as 'a C)rude enZYMe'SOlUtion foi- assay 
activity!, reaction was Carr-ied out as fol'lcws: 0~ 
2mlj of culture filtra~te' in 2 mil Of 0.1 MCitrate buffeII-(pIH '"' 

s"" 4'.7 ") and 1.6 mg of Soluble ei-ther laminarin, methy, celul1se " 

or ch'it'in as substrfate, followed'by ilCUbatonrat IIC? C,f6"jr~U
One 	 ho'~tr~th'ereacti,n was "stoped' by 'boili'ng.<'

6.9 ANTAGONIST GROWTH'CURVES 

Growth Curves were carried Out for each *a)-tagonliSt, inI-order< 
to establish' time in hours of egpcl-eetiali gr6(:,tf-, '(those '' 

having, effect "over full 'developed Pustuiles) on Talble No .-14the 	medium used for fngi~got 'can be~ oid ~ "f Li-th g al foudprocedurewa .,WE'S "' 
'Outc'arried aS' fo 11OW~S: Fungus "biomafs~was seedeed in't'oY' 

erlen-meyer flas's' (25(). ml) containing 3c) ml medium (se'e. 'Tabl& 
13) 'and inIcubated Onl rotary shakeli at 250 rpmt and at 3('p C. 

biomass&. on- figures 5-S3 'growth 
these results the ccorrespondi-g time
of t~he fungi growth'wa"s obtained and 
determinaticon studied, a's' a' function 

CUI yes ccan be fO~rnd,from' " 

tco the ecponential, Ph'se
used fc) nyme, acti ity 
Of Possible* relationI-ship

irs the in-tei actirnn between the iden-tified antagon-ists and the 
hos Incuhim conce)"It)ationl- Was'g~ for Aphanocladium 

V meliolae.Ix1cy' for, Trichoderma like verticillium, Ci 9xylC0 I o 
Paecilomyces lilacinus anld for Verticilium leptobactrum, 25 

S1$spores by ml. "P, A"', 

4.' v 'P14.-

http:see'Table.No


spt can beosre nla 

rated - k1-1o *f 

we7 hte (0.ALSI .'I25CL~RPL CONEN COanseEEeraVmaeaeLEoam 

DurindinustUinietonsu
-id wasofinelspos cne Mixurs,ve ans11~
 

transferred intos a funnel and filtered under vaCuuLm, residual'

washed 'tissue treated wjth more aceto~ne and grinded again.The6'


fitrwas waslhed as mentioned. before. The -procedure~w's

(',epeated un-ItilI the t i suIE is devoi'd of any and-',green,
washings are colo'rless,, 3athered filters' were made vollme.'and

readingscof chlorophyll content iria spectrophotometer at. 660
 
nm optical density.(AOAC,'l975) modified. Employing the method

mentioned above. samples of 10 
 healthy ind infected leaf

Portions were analysed dur-ing disease development. 

83.0 	 ANTAGONIST MICROORGANISMSM GREEHOUSE, AND FIELD''
 
EXPERIMENTS
 

8.1 	 GREENHOUSE EXPERIMENTSA
 

With the purpose of confirming results ,obtained witha~iatago >nlists. that. were po~sitive in the in vitro studies,assaynj w4ere

carried out in greenhouse conditions.:
 
The Underside cof the 2o. and 3o y~oung~est pair' of leavesof

fc'ur Catui-r-a coffee plant. Was iln60Ulated 'with uredospores

using a. f ine brush, '1inoculated plants were moistened by,~4

spraying distilled water' and 
 incubated in a dark-,roon'm at
22-23- C.. with 85-?0'.. R.H. during 48 hours, After mntied'
 
treatment , the whole plant w~ere transferried tc a greehouSeL ;v,

anid irrigated dai ly dur inIg 
 2-3 ho~urs. 50-60 daysYft,
inCICLIat ion~:when, pu(stules , were fll developed, the four t,
antagonist suspention was; applied by spray, fourj plantSWa

used as control1 withoit, antagonist applIi catiOn, and four~,ech,

antagon! St. I cc'ncerntrat ic- n Trichoderma~9- ie-
Inocu LIM was 

-verticillium 8 .2x10,7, Paecllomyces lilacinuis, 
 1 ,1Q,

Aphanocladium, meliolae'-
 4. 96x10' and. Verticillhum, 1leptabactrum 2.6;.104,, spcsr*es per MI. Wee-kly leCtUi-es wer e'

ca'-ried olut Measuring co~ffeE? I-Ust infectio~n and antaonist
 
growth.
 

8.2 FIELD EXPERIMENTS
 

16 roffee trees selected at random and infected with coffee'
 
rust (4 Hemileiae vastatrix) rrcom the; San Isidro Fai'm Iocated,
in R~etalhLuleUjGLuatemala were sprayed with conidial solui'.,1 ' of th four Adentified antag.i-iists at the followkng'.conceritraK. 
tion:Vert ici11ium leptobactrum 2. 1().1" Phaec ilomlces4 '>lilacinus 1Ix,10r1!, Ver t c i1um like t richode1-rma ';4-14414I'aM nd 
Aphanocladium meliolae 4. 96xB(:P10 

-	 \~t' 



Four bandoI es second" pail- ,fo'r the t h i-d' youngest ad 
~trees 'of I.CatUrr 'var iety /were, used',, to spray each i soIa ted'

MItagnon i st. he 'agree coffee rust he.1d of i nfe'in and 

fungi~ recive~ h~ AC thoe.~ werenCNR 

4.Beids~h mcrorans 
 fom~ Bil SP ecewas, frcm 

EMRAIA-
E.OMBR IS ROM OERSRR:iD( MRS.:-!BAF1 IL *DENTESUSAAOECRA,,PS0S ::"GO~o'*-iI 
BIA, sth t
COLOMhe lied't'-n b osnin as -of
b ag Table No
 

INVEST IGAC IONS DEL CAFE,:PDO UiE MEJIA4, 6 CNCHtaSi RiC'aLDA 

13-820, JAGUARIUNA, SAD PAULO, BRAZIL, and 
 two fun-gi from 
Costa..Rca, 
DEPARTAeENTO DE FITOPATOLOIA, DIRECCION

INVESTIGACIONS AGRICOLAS., Apdc' 10.094, San Jose Costa Rica. 

DE
 

'
They were studied
...ACOLOMBI, wth listSnbfc r its .ipossible, antagonictheaseffecta over full
fon in;ws:":s~b£s~d, ofTaleNodevlopedru
wLst lesions stages.
 

10.0 RUST INOCULATION: RESULTS AND DISCUSION
 

10.1 RUST INDUCED INFECTION IN COFFEE PLANTS
 

According with results 
 it was established that the best
method for plant infectation w4as one described in .3.1.2 
spore dispersion) ,with this method a lcq-)er leaf surface can
be .embraced,. As can be seen in Table No.4, 2065- plants C 28
lots) were, incubated for rust induction.' With the chosenmethod, in the last group of '1no1CL~latedpatac4%
infection was obtained. lns,:a9%e o 

10.2 RUST INDUCED INFECTION IN DETACHED LEAVES 
 '-41. 

In Table No.2. reut<bandin 20 lots of detached coffee.~leaves inoculated bv -'he best method established, men tionedbef.re are presented, i~t can be seen that' lot No.20 showed a100% iniduced infection. 'I 

10.3 INDUCED RUST EVOLUTION 

'' 

In AppendiwNo.5 several 
 pictures are included, showi_.g the 

"L(st .evoiLti0n over detached coffee' leaves. In Appendix No.6 

.':
 

rsome mycoparasites at different 
 stages of invasion can be ' Seen.S 
 '"
 

10.4 EVALUATION OF VIRULENCE 
'OF INDUCED RUST IN DETACHED,
 
COFFEE LEAVES
 

Ta ki ng into acco-unt Me.SU: Ient-IS Of 'chlorotic Spots JdaMetei ,carred out dl, irg disease assessment (27,29, 33 and '36 1days
after inCoCUlatIo-1- ) 5tat', tiCal analysis w-as carried out' andshowed a probibility of 26% 4that tieateent meana were equal:.
this means that chlo otic spcot increase with time.pI' to
 
days af ter incclation. 
In gliaphs Nc. 1 2 and 3, histclgram ' f. 

0 



diametei. distr ibut\-Among,~ea. hooi~pt
f 6 6 6 Staf vsticalI arialIysis: showed aprobabili'ty 'of 

,cnb 

?9?C)Vnd,' 


',th-are es-.podu'c t i on .increased 'with time,. 'In,'gah5,hso~asof "U-edospores procduction ag,ai 15t ti'mean: c ' 

110EPIPHYTE AND MY~COPARASITE MICROORGANISMS:. RESULTS, AND N-

DISCUSSION - 

Frc-m 22 visited farms, 306 epiphyte fungi and 212 epiphyte~~t
bacteria we)-e -and identified according ,to the f ield-'-isolated 

tr ip number $ first initial of the farm name from where the: , 1
* microorganism was isolated ,- the dilution, culture mediumj ind&JY 

a correlative number. From 19 visited farms 30 8-mycoparasites2
fungi were isolated and identified as~described above 

Micaroorganisms and mycoparasites- isolated f ollowing. the
procedure described in 3.8 and 3.9 Were used uin a screening~~
lo-oking fc'r antagonic effect cover cffee rust. In Table 3 and 
4, list of i so lated f ung i and bacteria are presented,classified in ordinal nuimber by- isolated ordei Table
'and onl 
NoS5, a list of isolated,,mycceparasites, and a:Aist Walso ofnJidentification~ indication from where samples were colce" 

The antagonic effect. of the bacteria pools diu ing the three, ~ 
stages of )-Lst- development onl detached coffer- l1eaves can"be ,
found in Table> 10, and in Table 11 f or the effect of then~ 

ReSU 1ttS refel to ?of Coffee leaves asaidi wih h' 
* antaigonic effect of mi croor ganism against coferut"a

observed-, arnd expres,.:ed in percentagecJ 

The effect- of m ic r-orga nims w as 'c n sider ed as Iposit ive wh-en
reSQ1 tS Were 00%. Or ~M0reP); -and negative when reSLultS~Wee
60%~ or I ess (N), and i ntermediate when results were'. etween j 1960 and Of%UV) - s.  -

In-the test- of ruLst in,,0lartati~ll inhibiticon&, ~ther nWerF,2 
neter bacteria positive: rQsults. Ir' thcitor~-fungi with 


tes
o 
 iih bi ti ilof> -porUl1atio01-1 hen -results- ere
overlapped in the respective diagr-am (Table 9),, a bacte 7_ 
was found in gr oup K with positive effect of 83%/. iriv the poc I 
?I and 80% in the poo~l was I98, it identifiedas' rbe 10
(Pseudomonas sp) .In the same dis~aesae a UingLIS W,1Sy
find with BOV. effectivity in .the pool 54. and 90 %.',in the
poll 6(1!, ( Table 11, when I-PSults were o~veI aPoedC I 1 the&~-respective diagram (Groip' H). it was esalih- S QV 



--

---

idetiiedwirinuib 37' (Cladosporium "sp)Isee Tabe 

rInnthe st,?ge-,6f. ful L devlopetd'pustule,, i t, waS-fOnd~ a,' f unguswith[ 84/Yeffeti'vit~y in' the, -pool A and 9?0/. in the. poolY '8,~" 
-- being ~-identif iedl-'. '. rin ber 1021' Group~A t' b" a 

IhJSame disCease6'stage,- a'second f ungus was identified as4V
Posiitive wi th 82. P_,ffect ivi',ty ntepo (, n 3 nAh 
pooli 'a15, he inov !d~rtified: in 'thecorrespondent diagr'am ,griLp'
P)- hP No0 8-1 IS n&'mtb~r P-19. (Vert'i'cjll iurr ep.obactrum,. 

Arthird f UnIgus Was' fOUnd:positive~with 8B/X effPrtivitV in the,'
pool 37,and SOY.in-the. pool 46, being,' identified as nlUmber~273.(PaecilomycesK lilacinus)' in the- group E, (Tab Ie . E3
foU:l-th funlgus Was found P85/.of effectivity, i n the-showing 


pool 80 and 830% in the pool 84, being 'identified-in ther grouip
Jas 298. (Aphanoclad ium Mel iolae) (Table 8). -

Thisfourfuni shwedantagonic acti'vity against coffee rsby covering -the Pustules within time'and reducing the densityof Uredospores. ' 

In figure Nco 1-4, r-esultsS of Virulence of :the fOur' 
nycoparasite fungi. cv-r coffee rust canl be 'found, recordeId 
as percentage cover inYg tiredospc'res-. surfaceagainst. total
time during its in. vitro assay over' detached--coffee leaves. 
Onl Appendix No 6,some Pictures of mentioned mycoparasites can ' 
be seen. . . i , 1 

In the three stages stUdied,severaU- microorganismn-were'. found.>-xd 
-with 'intermediate ACtiVltySc a acei No1j f ungl

No.40;. in the. stage c.f implantation inhibition bacteria No.65

-And 'No 38,fUlngi' No.28 and No 75; and' bacteria an
No.65 No. 38

in the effect over full- developed Pustule.'
 

12.0 ANTAGONISTS MICROORGANISMS: RESULTS AND' DISCUSSION
 

12.1 IDENTIFICATION 


Two isolated possible anbagon-ist agafinst CoffPe rust Were
identified at' UJFALESA.


V Fun-g i No . -273 was 'identified asPaeclomryces lilacinus(-

6P-C-5-PDA) 'and ' fungi-'t No.298 as Aphanocladium mellolae 

(20-CH-C-5-PDA) .
 -'-

Fungi No. 102 and No 219 were sent to Dr. William Gams, at the '--
ACentr al Eklleaul vC10 Schimeh, Cultur e in the Netherlands,.fLuh-gi- '' No 219 was i den t Ifie6' a4s Verticillium leptabac''um

(12 ST C -, FDA) and fungi NoI02 . could no t be identified,
propei ty, iettvl~wsietfe as Trichodema'like"<' 
vertlciflium (6 IDUA-C .j MRB) See table. No. 13. 



C F~j o3 was identified jin 'ICAITI 'as.Cladasporium~sp(2 
-i~a{~ad-iia'ba 102, 'as'Pseudomona:,sp (4-V-A-4 CH)
 

22SCANNING'ELECTRON MICROSCOPY.OF ANTAGONISTa'
 

SThe interaction betweeniCoffee. rUSt CHemnileiaevastatr>x)
-and' the iso~lated antagonist Aphano'cladium. melio'lae 

1 

~ ~,Trichaderma like verticillium,'Verticillium le'ptobactrum:.and ,,,
Paecilomyces liaius was c~bserved by usinlciSEM 'eg techniqc~>
accord ing to Elad et al (1983) as it was- mentioned before$~~.

resuls ca be foid cn AppLniN 

On figure No 1 i nfection of a c-offee leaf with Hemileiae 
vastatrix can be seen,. mycellium that grows intercel lunrIy-'a I'sending branch-es.thi-ough the mesophyll'and showing - plenty'of''well- visible haulStoria, Uredospor~i soi- i pro'trude IlikIe! abouquet through the stomata giin th,,rceisi ~l'"'color in the leaf underside. Bfesides hiphae and~conid'a at, an'r"'
ini tial stage of antagonist: Paecilomcs l'lainus;can be,
seen. 
On.) f igure No. 2 coffee rUSt emerged from leaf ston tas.is'
invaded by mentioned antagonist and its myceli'umcan be -seenextensively ( -figure No.3).. "4 

i~;st"
 

O1 figure Nc'. 4 i nternal hyphae br-anch of nao-st
Aphanoclacium *meliolae. canl be ,.recognisedj insi'de''allLredinicospore of Hemileiae vastatrix,. the mycoparasi'te grei qclosely adpressed to the, host spore surface between the A 
warts. '' . . 

On- figure NO. 5, hiphae' of Trich'aderma, like verticil'lium';'surroun~rded coffee Urdsoerust ihpssbeprert~n
hiphae of. MyCopa7aSi te 'grew i'n'the strongly, wai ted-cn exsur-face Of rust Ur- edinjospcores'. '. 

4 Fgue Nco.6 show the same antagonist 'iphae tip piojectinigits hiphak tc' the rust Spicula, possible penetraticon place."''~~ 

On. figUre N'.7 hiphae of Verticillium leptobactrum,. are~
Startin-g. its Sc1-rrc-Unding coffee 'rust' ureds a 'Fig'uire No.68
and 9 shows a masive invassion of th mednsiondartaoi 

4 

thei functin cion seems to. be' wrappinrg ound rust.c11.ai 


uredc'spore, its whole StructUreem to' Under go a mari ed 
degeeraionforingphysical barries" wic-h obstructed fUrtherdevelopment, the' prOdUCtici{ of 'amassive po'lysaccharide .1 iIc~e' a matrix which co-ver the rL(St and' apparently kills,it., 

The effect AnI)d prC-senrce of thEA Menrtionexd artagoni st can,
eas i Iy compo red ;q ith a non infected LUedospore (f igure No. D:) .'~A 

http:MICROSCOPY.OF
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;wv12.3 EFF.ECT 'OF: GERMINATIONIBY ANTAGONISTS,
 

R~esults can, be found,'on Table Nc'1-7, as can be_ seen: there were not a great~decrease in per~centage -of -minaticn cautsed
 
by four' antagonists. .- '

12.4 EVALUATION OF-ENZYME ANTAGONISTS 
 I 
The production of cell wall, degradation enzymes was studied.~ 

asf~nticn~ofpossible -relationship i n the interitiori 

between- 'the identified anitagonist -'and. the' host. En zymatic-

On table No.16 the results o~f enzyme, activity can~be ,found.:'Fuig i Paecllomyces 'lilacinus andiTrichoderma I i ke$ 2 
verticillium- showed exo-1-B-C glUO ae cti Y(Laminarase activity) ,in both using lamfiarin nd gluose as
carbon- sources,' corresponding to especific&activa ties of 1.,45
and 0.53 umoles of gluco Se per miligraM of protein. The rest, 
cif fLungi showed negigible activities in all cases.--

[12.5 EFFECT OF RUST UREDOSPORES ON ANTrAGONIST GROWTH ~ -~ 

Obtained results can be found o n Tabl1eNo'. 19~ t he growth, cefG,
the foutr -fungis ex:pressed in biomass ( g/IO0 ml DW. As ca 

-. 

be see better resuilts wereotie whn'ieiM-' ,, 

Supplemented with -Uredospores- than when-sjit containS.'lUt ' -, 

as 
 cArbon SOLO-Ce.. It- show 'us- that a'ntagonists Lk.se in ;sc,meway:,
the celliwall carbohydrates for its growth. , , 

13.0 EFFECT OF Hemileiae vastatrix ON CHLOROPHYLL.CONTENT _OF: ILEAVES 

'-' 

As a -visible effect of the development of. inter action :of- k,"
*Hemiliae vastatrjxK in- the under side- of. coffee .leaves,,cchIor ot ic spots c'an- be seen, atfter 10-14,daysl of-'disease'-- implanitat ion- qi th time, chl o'.ci-,c>spots.. increasse and can
clear- visible.Employing th ehdmnine.aoesm'e cf.~v
 
10: heal ty-and infected leaf , portion~s were -analysed dri~
diseases development. Obtained-results can be found 01n FigLurLe>
No.9, as can be seen due. to disease,: there is- n effect 'CsVer')
chlorotic content in the affected leaves parts. . 

14.0 MICROORGANISMS: GREENHOUSE 'AND FIELD EXPERIMENTS"------'
 

--- 14.1 GREENHOUSE EXPERIMENTS 

it th pupSe cf confirming results cbtaid wi t h---"w-
- Antagnists that were positive irn the. inY) V1-r0SLdie7 

I~S wer out -in grenoue j -~EkYSWlpCarts id the t 7 

Week ly IeC tIr'eS -Wee - C 0 Q r 

I,Tnf 0 ct ion and.n tgonist, gr4'04J~t

lrk W A. 



-In alI cases applied an-tagonist growed w i thi'4time', 'an-d coffee 4ius t -decrease.,An staitystical analysis of Variance factorial >'4 
of , sub-smj;les gave: &cmparations signiificant 'al4 04' 051when 4.-'"'*~ comparedto. cocntro 1.I~4i2 

'4 

..n igueo, 1011113 Obtained. )--Ut a' e lrdin 

adcoffee rust 'decreased. ,An<statystical' analysis 'of~ 
,Vai factorial , of sub' samples, gave ccmpa 'ui'

ia rce 
significant at the 0.05; when 
 t......
. ro... .......
 

sin...... 
 the4 0.05. when compared to cont"ol. 

i MICROORGANIS
i,'ii15.O0 i ,.FROM ObTHER COUNITRIESliiii.ii:}iii~iiili]
 

All mizcioorgig m otherrm conties; i Werei Stldiedi'ifor: its. ;:i.'possi ble,,an tag onic ac tizvity in thJl~ieefect.i~ over! ifull deve111lopodi 'i... 

;:i1
;:i16 .0!CONCLUSIONS1il;: 
 ~~~ ?iAII ii!I ; :i'ii;i '!i 1lii]I iiii!i]l~;'!
 
te "4cA Peudmon sp 4k and, aD fungi= Cladosporiumi ,!111!)i:- acanaoi 

ativityl capBable :i i
tiio hi ti~ muii
o lt'ii l icaii of the
 

::Antagonic acti'vity Was foundii iiinf0L fiillgi ;, oftemwr 

capable to~t~
coloniz and cove cofe rust P -IiRai'aL35
foun,.ycop'raitei. th for stuied..ar~orist groed 
 4K. 

i, i and Paec Ilomyces ':I lac i is , ac ting by penetratt ion tll g te= ,...Ul-edospCo-e+
..... ,splCLla, Cause it colla s ~ e-i i- tl 

Mikddgeea n Tr ichOdem il ieveiciiaiumprdU 

ex0-1-F- glCo d ase ac ivty eiah ,acAi 

Som of,; theii,i sol te mii 
 r o ga i m sh we ail 'in1tii aer.i med 

n figh thues~. 1 
 5,,.,ful andd lonbes.ob ese 




17. RECOMMENDATIONS
 

To verify the effect of identified antagonist on man, theanimals , the plants and in the enviromental. 

To establish the optimum dosage for coffee rust,seasonality
and Frecuency of application.
 

To develop proper technology for big scale 
production, needed
for its application into the coffee fields. 

ro study the effect of the different funguicides used fordissease cor-tol against antagonist, in order to determine the
possibility of combined pest control. 



18. 
 PROJECT EXPENDIrURE
 



INSTITUTO CENTROAMERICANO DE INVESTIGACION 
Y TECNOLOGIA INDUSTRIAL - ICAITI

DESTRUCTION OF AFLATOXINS IN CORN AND NUCLEIC 
ACIDS IN YEAST-CORN MIXTURES 

PROJECT Nr. AID 936-5542-G-3066-00 
ICAITI Nr. 83/4.6.1800 

SALARIES 

TRAVEL 

EQUIPMENT, MATERIALS & SUPPLIES 
Materials & Reagents 

Glassware & Supplies 

Technical Books 

Technical equipment 

Total Equipment, Materials & Supplies 

OTHER 
Photocopies 

Communications 

Subscriptions 

Various - other. 

-Total Other 

Budget 

68 848.00 

1 700.00 

8 700.00 

9 000.00 

1 400.00 

24 900.00 

44 000,00 

400.00 

1 152.00 

600.06 

1 400.00 

3 552.00 

Prior 
Period's 

Expenditures 

69 375.73 

1 824.14 

7 242.48 

10 821.99 

1 721.24 

25 707.95 

45 493.66 

87.95 

190.25 

124.63 

183.30 

586.13 

This Total 
-Period Acumulated 

345.60 69 721.33 

- 1 824.14 

284.21 • 7 526.69 

- 10 821.99 

- 1.721.24 

- 25 -7.958 

284.21 45 777.87 

108.06. 196.01 

56.35 246.60 

- 124.63. 

- 183.30 

164.41 750.54 

Available 

( 873.33) 

C 124.14) 

1 173.31. 
( 821.99) 

( 321.24) 

1 493.66 

203.99 

905.40 

475.37 

1 216.70 

2 801.46 

fOTAL US$ LQ118 100.00 117 279.66 794.22 118 073.88 26.12 

12 SEP 86" 
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INSTITUTO CENTPOAMERCANO DE
INVESTIGACION Y TECNOLOGIA iNDUSTRIAL 

(ICAITI) 
ij-Nf-

COSTA RCA II -
CRMAL AMEICANtL SALVADOR ISTIIUYI

A.& t 1.$. 4.4;. 
foe l1 oft t, ,GUATEMALA Z._ So APSASI 'OUA

APART OSTAL 11 
r... $CAIIIGW"CAIAGUA 

7 JUL I9 5 ' ' ' 3,.4 

CONVENIO DE INTENCIONES CONJUNTAS Y COOPERACION' MUTUA ENTRE 
INSTITUTO CENTROAMERICANO DE IN'.ESTIGACION Y TECNOL6GIA$ TRIAL 

COM.IsroN MEXICO-MUATEMALA PA.RA LA PFEMVBCTON ... 

C 0 N S I D E R A N D 0:
 

Que la Comisi6n Mgxico-Guatemala pa-a la Prevenci6n y Control de la Roya del 
Cafeto, es una organizaci6n internacional, con presupuesto pxupio y autonomfa 
operacional; que fue creada por los Gobiernos de Mxico y Guatemala, para con
trarrestar el peligro que para la caficultura nacional, tiene la enfermedad co
nocida como Roya del Cafeto, causada por Hemileja vastatrx, Berk y Brown, y
 
que asimismo la Comisi6n 
Roya esta implementando programas de Investigaci6n,
 
Capacitaci6n y Asistencia Tgcnica, 
 con al fin de mantener una caficultura que
 
permita obtener 
un beneficio econ6mico y un significativo aporte 'al bienestar 
social, ampliando no s6lo el mercado interno del.pals, sino a la vez contri
buyendo a disminuir 
la alta vulnerabilidad econ6mica que en el Sector Externo, 

presenta Guatemala. 

C 0 N S I D E R A N D 0:
 
Que los reclirsos disponibles en Comisi6n Roya, para 
 el Programa de Investiga

,.ci6n son limitados, es indispensable que se busque la cooperaci6n de otras 
entidades como el Instituto Centroamericano de Investigaci6n y Tecnologla In
dustrial, para lograr la realizaci6n do programas conjuntos que permitan apro
vechar al mnximo los conocimientos tecnol6gicos, recursos humanos, patrimo
niales y financieros que redundan en un mayor beneficio, para la caficultura
 
y Pqriculti~a del pals. El prop6sito fundamental de ICAITI y COMISION ROYA, 
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dustrial, para 	lograr la realizaci6n de programas conjuntos que permitan apro

vechar al m~ximo los conocimientos tecnol6gicos, recursos humanos, patrimonia

les y financieros que redundan en un mayor beneficio, para la caficultura-y 

agricultura del pals. El prop6sito fundamental do ICAITI y COMISION ROYA, 

quo motiva la creaci6n de este convenio, es favorecer al conglomerado socio

econ6mico que gira alrededor del cultivo del caf6, para que estas dos insti

tuciones aprovechen al mixi-mo sus recursos comunes y lograr en su meta final,
 

un impacto en la caficultura.
 

POR TANTO: 

Con 	base en lo considerado, las partes:
 

I. 
Se comprometen a ejecutar las acciones conjuntas necesarias, para lograr
 

los objetivos siguientes:
 

1. 
Elaborar estudios de parasitismo mic6tico, con gnfasis en Roya del
 

Cafeto.
 

2. 	Estudios de Control biol6gico de ksnileia vastatrix, Berk & Br.
 

3. 	La utilizaci6n conjunta do rqcursos, para beneficio mtuo, como ob

jetivo de mejoramiento do la agricultura y caficultura del pals.
 

Corresponde a Comisi6n Roya:
 

1. 	Permitir a ICAITI la utilizaci6n del invernadero o de otras instalacio

nes 	localizadas en el Centro de Capacitaci6n e Invastigaci6n El Pino,
 

icio Valsari Ofs. 601-904 6a. Calle 1-36. Zona 10-Te16fonos:519294-519417513925-Guatenala, C. A. 
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as! como proporcionar asistencia t~cnica, para la realizaci6n de acti

vidades relacionadas con los proyectos a elaborar.
 

2. Colaborar a trav~s de su person.l, con los termlnos de ICAITI, para 

* la soluci6n conjunta de problemas espectficos que requieran de esta 

adici6n de esfuerzos. 

3. Proporcionar greas de construcci6n de futuros laboratorios, dentro 

* del Centro El Pino. 

4. 
Cooperar en la realizaci6n de las actividades y aportaciones de re

cursos necesarios, de acuerdo a las condiciones 
prevalecientes en
 

funci6n de cumplimiento de acuerdos especificos que la implementaci6n 

de este proyecto implique y que previamente hayan sido considerados 

pertinentes para ambas instituciones.
 

III. Corresponde a ICAITI:
 

1. Buscar los recursos financieros para lograr que los programas y estu

dios quo 
se puedan poner an marcha, incluyendo materiales, mano de
 

obra y mejoras on las instalaciones que los proyectos amparados por
 

este Convenio demanden.
 

2. 
Efectuar los trabajos de laboratorio, que requieran la elaboraci6n 

de los proyectos quo se aprueban, siempre quo so cuenta con financia. 

miento para ello. 

3. Multiplicar los organismos qua en el campo se observen, como poten

ciales para efectuar el control Biol6gico.
icio Valsari Ofs. 601-904 6a. Calle 1.36, Zona 10-Telfonos: 51 9 2 9 4-519 415-,31I925.Guatemal-, C. , 
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4. 	 Cooperar en la realizaci6n de las actividades y aportaciones de re

cursos necesarios, de aacuerdo las condiciones prevalecientes en' 

funci6& de dar cumplimiento a acuerdos especificos que la implemen

taci6n de este proyecto, implique y que previamente hayan sido con

siderados pertinentes por ambas instituciones. 

IV. Ambas instituciones deben aprobar los proyectos de trabajo que incluiran 

objetivos generales y especificos, meotodologlas, planes de ejecuci6n.
 

Cdialquier otro aspecto no considerado en el presente Convenlo, serg resuel

to de mutuo acuerdo.
 

V. Los resultados obtenidos, producto de las acciones conjuntas desarrolladas 

directa o indirectamente, bajo el amparo de este convenio, ser~n publicados 

por cim±ntlficos de ambas entidades, que 	hayan participado en su obtenci6n. 

S 

VI. El Presente Convenio, tione una duraci6n de dos afios a partir de la fecha 

de su firma y se prorrogarg autonuticamente por un lapso igual, a menos 

que una dc las partes exprese en forma escrita a la otra, el deseo do 	fi

nalizarlo, por lo menos 
con seis meses de anticipaci6n al per'odo en que 

el Convenio podria finalizar. La finalizaci6n de este Convenio, no debe 

ser motivo do obst~culo o interrupci6rn para actividades que previamente 

oe est6n desarroilando, al amparo del mismo. 

VII. El Presente Convenio,entrar5 en vigor formalmente de mane.-a inmediata
 

despu~s do haber sido firmado.
 

icik 	 Valsari Ofs. 601-90-1 6a. Calle 1-36, Zona 10-Telfonos: 519294-319415-313925-Guatemala, C. A. 
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Suscrito en la Ciudad de Guatemala, a los 7 dfas'del mes do 
do mail novecientos ochenta y seis. En dos ejemplares en espafiol, ambos igual
mente vlidos en la representaci6n de la Instituci6n, aceptamos, ratificamos y' 
confirmamos el presente convenjo. 

• I " 

~w a :rCae] ,oaETE 9 COMISIONeYA 

C. A. 
cio Valsari al's. 601-904 6a. Callc 1.36, Zona 10 -TeI~onos: 3 19 2 9 4-51941551595 -Guatemala, 
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APPNDI8 

FIRST STAGEJ 

F-FELD 'SAMPLE,.CLET O --

8 

, 

~' 

,Altitu~de~ 
A,~ 

espectively. 

FARM 

EL EDEN 

8 

under ~ 9)RfU11 

300 

-2500), 

me 

DATE 

.2/2/8S7,4' 

'r belowb 

'25CIO-3800, 

ZO0NE, 

83 

-

sea,~ level~ 

3800 m 

IDENTIFICATION&< 

NUMBER '' 

(:-oes4 

-mm 

-'8 

.8 

I' 

"PALMIRA" 

Santa 

Escuintla 

LUCla, Cotz. 

8 

5~/3/87 6 '9 

< 

'i>Safl 

"OFELIA" 

Ma 1acat'A 

Ma-Cos 

I-I8 

19/2/07 9 5 

SECOND-

Altitude 

Rainfull 

STAGE,"8 

Under 300-700 

0-25--,2500-3800 

meters 

mmi 

below 

or more, 

sea level~ 

respectively 

Zoe, 2, 3 

88> 

"CONCEPCION" 

Culp.Santa 

"EL R~ODEO"'7 

San Marcos 

Rosa" 

2/2/878 

19/2/07 

2 

58 8 ',, 

2' 

8 
AJ 

48".V'.'~SAHJ 

-,Santa 

ANTONIO 

LiLICYa,' 

LA 

CC 

PAZ" 

t Z. 

5/3/87 

8''A.88>78 

5~ AU~4*.88~8*" 

4i 

SABANA GRANDE" 819/3/87,~88W~ 

P0CHILFHV , TuICtr La 23/4/87 - 5 8 2082>~8A,/ 

.,San Felipe , 2 8 

L 88' 8 ,/ 



THIRD STAGE
 

Altitude Lnder 	 700 meters below sea level 
(zones 1,4,7).
 
Rainfall from 0-2500-3800 mm or more respectibely.
 

FARM 
 DATE ZONE 	 IDENTIFICATION
 

NUMBER
 

"PASTOQFIA,Brberena 2/2/87 1 3
 
Sanra Rona
 

"CAPETILLO,Alotenargo 2/4/87 
 1 14 
Sacatepeqiez
 

"BELLA VISTA",Pa ln 2/4/87 1 15
 
Escu inta
 

"CHIMOFE" Son Pedro 23/4/87 1 21
 
Carchd, Coban
 

"SANTA BARIBARA'
 
Yepocap-o,
 

Chiml te-nan.c,
 

"EL EDEN'"Tumt.ado 2/2/87 4 4
 

"CUCHIL "Tub-d- 23/4/87 4 22
 
Alta Ve,-npa.:
 

"PARK" 2/4/87 7 19
 
Fueblo Hue-,
 

Such i typ tqnez
 

"LORENA" 19/2/87 7 8 
San Rafs1l .Fi 
de !x._Cuw. 

~Son M ,coH 

"EL VOLrAN'L 19/3/87 7 1"
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APPENDIX 3
 

FIELD SAMPLE MYCOPARASIT COLLECTION
 

FIRST STAGE
 

Altitude under 
 300 meters below sea level( zones 3,6,9).

Rainfall 0-2500,2500-3800 mm or 
more respectively.
 

FARM 
 DATE ZONE 	 IDENTIFICATION
 

NUMBER
 

"PALMIRA" 12/8/87 6 2
 
Santa Lucla Cotz.
 
Escu t1 a
 

SECON, STAGE
 

Altitude from 300-700 meters below 
sea level, (zonesR,5,8)
 
Rainfuall 0-2500-3800 and 3800 cr more respectively.
 

FARM 


"SAN ONTONIO L.A F'A" 

Santa Lucia Cotz.
 
Escu in t I a 

"SAN IGNACIOSan Felipe 

Rue.
 

"LOS EhCUE.NI OS" 

San Fealip.,, Reu. 

"EL RODEO".E] F:ODEO 


"F.AC-IiLHA, EI Rodeo 


Sa . .,- o,
 

"SANA TEESA,Tucuru 
Altat vera j '' 

DATE ZONE IDENTIFICATION 

NUMBER 

7/9/87 5 3 

22/9/87 8 6 

22/9/87 8 7 

23/9/87 5 11 

29/9/87 5 14 

29/9/8,'7 5 15 

http:EhCUE.NI
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Al titude , .70C metE o cw sea levelI ~(~os1 ,'4,7)~ 
.-Ranfa 1~o0-50-360 3rd' 360c mco-L- eSpect I ~V' y '~~KY~ 

FAMDATE, 

II 

~"EL VJLCANI' 


.~;STA. BARBARA,"" tI~n PedroC 
pcpaCmatenarigo 

"SAN. FERNANDO." 
Escu int Ia 

"FPARIS' ~bl,,NUeVC. 
SuchtepeqUEZ 

"IPATIf1 DE BIOLAII 
PUEb Ic Nuevo. 
4SUc itepeqUeZ 

"EEN" ,Tuenbadc 

.2'1
Sail~ arENA'S 

7'"LRE1"a Rafael, 
Pie 'de la CUe~ta ~, 

~~San *Niarf.'s ~, I~ 

"'CHIMOTE"San Pedro~Pedc' I29/9'/77 

Carchal, Al1ta Verapaz, 

,~NUMBER 

ZONE~ IDENTIFICATION. 
,. 

1/88 7± 

7/0?/87 

C?.a1/87 

~ 7 

45 

<~'4 

1 

.~~ 

22/?/87 7 8 

229?7 

23/9/8712 
;114 

. 

23/9/8 7 13 

16 11 

~ L : : K4 be7fl ,4 5 1 9 8B , 1 17 4 4 4 

"LAS MARNASPUL~ICI 5/1087 

VNi 11 a' C nal s, GLa M A a44~Vl. 
1 

"LAS ILSOE"a P'l1 ILI. P-3/9/87.5 

San 7111 kCS"A</i 

J.11.. Vilarcanas ,G a 'naa 44>4 

Yi42 
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APPENDIX 4
 

RUST EVOLUTION OVER DETACHED COFFEE LEAVES
 



RUST 
 INDUCED EVOLUTION
 

A = 13 - 18 DAYS A. I. 

A. I, = AFTER INOCULATI,?N 



RUST INDUCED EVOLUTION
 

B = 25 - 28 DAYS A, I. 

C = 30 - 32 DAYS A. I, 

A. I. = AFTER INOCULATION 



RUST INDUCED EVOLUTION
 

D = 38 - 40 DAYS A, I. 

E = 35 - 38 DAYS A. I, 

A. I, = AFTER INOCULATION 



RUST 
 INDUCED EVOLUTION
 

F = 42 - 45 DAYS A, I. 

G = 45 - 50 DAYS A. I. 

A. I. = AFTER INOCULATION 



RUST 
 INDUCED EVOLUTION
 

H = 55 - 60 DAYS A. I.
 

A. I.
= AFTER INOCULATION 



APPENDIX 5
 

SOME MYCOPARASITES AT DIFFERENT STAGES OF INVASION
 



Paecilomyces lilacinus. -U-:;t 

14
 

Trichoderma like verticillium. Aphanocladium meliolae 
Verticillium leptobactrum I-U -t 



APPENDIX 6
 

SCANNING ELECTRON MICROSCOPY OF ANTAGONIST
 



FIGURE I
 

FIGURE 2
 



FIGURE 3
 

FIGURE 4
 



FIGURE 5
 

FIGURE 6
 



FIGURE 7
 

FIGURE 8
 



FIGURE 9
 

FIGURE 10
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SCANNING ELECTRON MICROSCOPY OF ANTAGONIST
 



FIGURE I 

IGURE 2
 

FIGURE 2
 



FIGURE 3
 

FIGURE 4
 



FIGURE 5
 

FIGURE 6
 



FIGURE 7
 

FIGURE 8
 



FIGURE 9
 

FIGIIRE 10
 



VIRULENCE OF INDUCED RUST 
IN DETACHED COFFEE LEAVES
 

DIAMETER DISTRIBUTION 
AMONG SEVERAL CHLOROTIC SPOTS
 

GRAPS 1, 2 & 3
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UREDOSPORES PRODUCTION
 

AMONG SEVERAL CHLOROTIC
 

SPOTS AGAINST TIME
 

GRAPHS 4 & 5
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FARM IDENTIFICATION
 

IDENTIFICATION 
IDENTIFICATION
 
NUMBER 
 FARMS NAME
 

NAMES
 

2 
 C 
 CONCEPCION
 

3 
 P PASTORIA
 

4 
 F 
 SAN FERNANDO
 

5 
 0 
 OFELIA
 

6 
 R 
 RODEO
 

7 
 E 
 EDEN
 

a 
 L 
 LORENA
 

9 
 Pa 
 PALMIRA
 

10 
 A SAN ANTONIO LA PAZ
 

11 
 BA 
 SANTA BARBARA
 

12 
 S 
 SABANA GRANDE
 

13 
 V 
 VOLCAN
 

15 
 B 
 BELLA VISTA
 

16 
 SI 
 SAN IGNACIO
 

17 LE 
 LOS ENCUENrROS
 

19 
 PR 
 PARIS
 



20 Pach. P5ACHILHA~ 

22 cu CIJCHIL 



Table 1
 

INDUCED RUST INFECTION IN COFFEE PLANTS
 

INOCULATION 

DATE 


30/09/86 

27/10/86 

03, 11/86 


12/11/86 

17/11/86 

18/11/86 


10/12/86 

10/12/86 


10/12/G6 

14/01/87 

15/01/87 


19/01/87 


111/2/87 

25/02/97 

11./03/87 


25/03/87 

08/04/87 

22/04/87 


Iq'/05187 

Z7/o5/87 
10/C16/87 

24/06/87 
15/07/87 
29/(:7/87 

I2/uS827 

26/,08.,07 

(9/09/93 

LOT 


1 

2 

3 


4 

5 

6 


7 

8 


9 

10 

11 


12 


13 

14 

15 


16 

17 

18 


19 

20 

21 


22 

23 

24 


25 

e6 

27 


28 


INOCULATED 

PLANTS 


25 

50 

50 


50 

50 

50 


40 

40 


66 

13 

181 


50 


75 

75 

50 


75 

125 

75 


100 

100 


75 


75 

100 

ff 

75 

75 

75 


100 


METHOD 
 TOTAL
 
INFECi iON
 

SPORE DISPERSION 60
 
SPORE DISPERSION 68
 
SPRAY 
 50
 

SPRAY 
 56
 
SPRAY 
 60
 
SPRAY 
 63
 

SPRAY 
 62
 
DIRECT LEAF TO 53
 
LEAF CONTACT
 

SPORE DISPERSION 74
 
SPORE DISPERSION 74
 
SPRAY 
 65
 

DIRECT LEAF TO 48
 
LEAF CONTACT
 

SPOR1E DISPERSION 78
 
SPORE DISPERSION 80
 
SPORE DISPERSION 84
 

SPORE DISPERSION 76
 
SPORE DISPERSION 78
 
SPORE DISPERSION 85
 

SPORE DISPERSION 80
 
SPORE DISPERSION 84
 
SPORE DISPERSION 88
 

SPORE DISPERSION 86
 
SPORE DISPERSION 83
 
SPORE DISPERSION 813
 

SPORE DISPERSION 84
 
SPORE DISPERSION 85
 
SPORE DISPERSION 89
 

SORE DISPERSION 
 94
 23/087 



TABLE 2
 

RUST INDUCED INFECTION ON COFFEE LEAVES
 

INOCULATION LOT GERMINATION APPEARENCE TOTAL TOTAL 

DATE , SMALL INFECTION INFECTION 
DECOLORED % (DAYS) 
SPOTS 
(DAYS) 

17/02/87 1 23 26 37.00 44 
07/03/87 2 43 17 88.00 46 
11/03/87 3 38 19 59.70 41 
13/03/87 4 35 28 94.33 48 
17/03/87 5 40 18 86.00 44 

27/03/87 
09/04/87 
30/04 /P7 
05/05/87 
08/05/87 

6 
7 
8 
9 
10 

42 
40 
39 
41 
42 

13 
18 
13 
15 
17 

60.90 
93.78 
90.10 
92.30 
94.50 

35 
36 
39 
42 
42 

14/05/87 
20/05/87 
22/05/87 

11 
12 
13 

42 
43 
40 

15 
14 
15 

93. 10 
95.18 
91.30 

40 
37 
38 

26/t!5/8" 
28/05 '3 

14 
15 

43 
42 

15 
14 

94.60 
93. F,' 

41 
40 

C'8/c'6/87 16 43 18. 90.10 42 
26/(05/87 17 42 16 92.40 39 
26/1'8 / ",1 o 41 16 90z). 00 43 

2 / 17 19 38 19 88.50 40 
20 34 16 100.0i0(') 47 



- TABLE 3
 
ISOLATED EPIPHYTE BACTERIA
 

COLLECTION FARM DILUTION MEDIUM IDENTIFICATION
 
TRIP NUMBER
 

I P A-4 K I
 
I P A-4 K 2
 
1 P C-3 K 3
 
1 E A-4 K 4
 
1 E C-3 K 5
 
1 E B-3 K 6
 
1 F A-3 K 7
 
1 F C-4 K 8
 
1 F B-4 K 9
 
I F B-4 K 10
 
I F C-4 K 11
 
1 C B-3 K 12
 
1 C B-3 K 13
 
1 C A-3 K 14
 
I C B-4 CH 15
 
1 C B-4 CH 16
 
1 E C-4 CH 17
 
1 C C-4 CH 18
 
1 E B-4 CH 19
 
I F B-4 CH 20
 
1 F A-': MRB 21
 
1 F A-4 MRB 22
 
1 F B-4 CH 23
 
1 P B-4 CH 24
 
1 F V-4 CH 25
 
1 E A-4 CH 26
 
2 R B-6 K 27
 
2 R B-5 K 28
 
2 R B-5 K 29
 
2 R A-3 K 30
 
2 L A-4 K 31
 
2 L B-3 K 32
 
2 L A-5 K 33
 
2 E C-6 K 34
 
2 E A-4 K 35
 
2 E A-4 K 36
 
2 E B-5 K 37
 
2 E E-6 K 38
 
2 0 C-5 K 39
 
2 0 C-6 K 40
 
2 E B-6 MRE1 41
 
2 E C-3 MRB 42
 
2 E C-3 f-.1B 43
 
2 L E-3 MRD 44
 
2 R E-3 MRB 45
 
2 0 C--3 CH 46
 
2 0 C-3 CH 47
 
2 0 B--3 CH 48
 
2 0 A--3 CH 49
 
2 E C-3 CH 50
 
2 E C-3 CH 51
 



COLLECTION FARM DILUTION MEDIUM IDENTIFICATION 
TRIP 
2 
2 
2 

L 
L 
L 

B-3 
B-6 
A-3 

CH 
CH 
CH 

ORDINAL NUMBER 
52 
53 
54 

p-
2 
2 
2 

L 
L 
R 
R 

A--3 
A-3 
C-3 
A-6 

CH 
CH 
CH 
CH 

55 
56 
57 
58 

2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

R 
R 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
Pa 
Pa 
Pa 
Pa 
Pa 
Pa 
Pa 
Pa 
Pa 
Pa 
P 
A 
A 
A 

A-6 
A-3 
A-3 
A-3 
A-4 
A-6 
A-6 
A-6 
B-4 
B-5 
B-5 
C-6 
A-4 
A-3 
A-5 
B-3 
B-3 
B-3 
B-3 
B-5 
C-6 
C-5 
A-3 
A-3 
A-3 
A-4 

CH 
CH 
K 
K 
K 
K 
K 
K 
K 
K 
MRB 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 

59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 

3 
3 
3 

A 
A 
A 

A-6 
C-6 
C-5 

K 
K 
K 

85 
86 
87 

3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

C-5 
C-5 
C-5 
C-5 
C-6 
C-3 
C-3 
D-6 
8-6 
B-6 
A-3 
A--4 
E-6 
A-3 
A-4 
A--4 
C-5 
B-4 

K 
MRB 
K 
K 
CH 
CH 
CH 
CH 
K 
K 
K 
I 
K 

[ 
CH 
CH 
CH 

8 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
1101 
102 
103 
104 
105 



COLLECTION 
 FARM DILUTION MEDIUM 
 IDENTIFICATION
 
TRIP 
 ORDINAL NUMBER

16 
 P C-5 PDA 
 269
 
16 P 
 C-5 PDA 
 270

16 
 P C-5 PDA 271

16 P 
 C-5 PDA 
 272

16 P C-5 PDA 273
 

LM C-5 PDA 
 274
17 
 LM C-5 PDA 275

17 LM 
 C-5 PDA 
 276

17 LM C-5 PDA 277
 
17 LM 
 C-5 PDA 
 278
"" 
 LM C-5 PDA 
 279

17 LM C-5 PDA 280

18 
 LM C-5 PDA 
 281
 
18 LM 
 C-5 PDA 
 282

18 LM 
 C-5 PDA 
 283
 
18 LM C-6 PDA 284

19 PACH C-5 
 PDA 285

19 PACH C-5 
 PDA 286
19 PACH C-6 PDA 
 287
 
19 PACH C-5 
 PDA 
 288

19 PACH C-5 
 PDA 
 289

19 PACH C-5 
 PDA 290

19 PACH C-5 
 PDA 
 291
 
20 
 ST C-4 PDA 292

20 ST 
 C-5 PDA 
 293

20 ST C-5 PDA 294

20 ST 
 C-5 PDA 
 295

20 ST C-5 PDA 296
20 CH C-6 FDA 297 
2C) CH C.-5 PDA 298
20 CH C-5 PDA 299 
20 
 CH C-6 PDA 
 300

21 
 CH C-5 PDA 301

21 CH 
 C-5 PDA 
 302

21 
 CH C-5 PDA 
 303
-
2
 CH C-5 PDA 
 304
22 CH C-5 PDA 
 305

22 CH C-6 PDA 
 306 

MICROORGANISM FROM OTHERS COUNTRIES 

FROM COiLONtDIAi- FROM BRA2.L FROM COSTA RICA 

5-- FSHI CNFDA-- AF 3 I CRR
 
F- rll-[ CNFPDA- AF' 85 ICRA
 
I - H CNF'DA-- A1' 15C
 
B P.L Ij CNF'DA- AF 13
 
a-- HAII CNF'DA- C ;?93
 
9-. -'t![ CNFDA-- C 294
 
D-- PSHI
 
4-- PSI II
 
C- F'SH I
 
A-- FSHI 
F- VI"t
 

13-- PSHI 



TABLE 4
 

ISOLATED FUNGI
 

COLLECTION FARM MEDIUM
DILUTION IDENTIFICATION
 
TRIP 
 ORDINAL NUMBER
 

P A-4 MRB I
 
1 P A-4 MRB 2
 
1 P 2-3 MRD 3
 
i P C-4 MRB 4
 
I P A-4 MRB 5
 
1 F A-4 MRB 6
 
1 F C-4 MRB 7
 
1 F B-4 MRB 8
 
1 F B-4 MRB 9
 
1 C A-3 MRB 10
 
I C A-4 MRB 11
 
I C A-3 MRB 12
 
1 C A-4 MRB 13
 
I C A-4 MRB 14
 
I C B-4 MRB 15
 
1 C C-4 MRB 16
 
1 E C-4 MRB 17
 
1 E A-4 MRB 18
 
I E C-4 MRB 19
 
1 E A-2 MRB 20
 
1 P B-4 MRB 21
 
1 P C-4 MRB 22
 
1 P A-4 MRB 23
 
1 P B-4 MRB 24
 
1 P A-4 MRS 25
 
1 0 A-5 MRB 26
 
2 R A-6 MRB 27
 
i R A-6 TSM 28
 
2 0 C-3 MRB 29
 
2 0 A-3 MRB 30
 
2 0 A-5 MRB 31
 
2 0 B-6 MRB 32
 
2 L E-6 MRB 33
 
& L C-6 MRB 34
 
2 L A-6 MRE! 35
 
2 R A-6 MRS 36
 
2 R B-3 MRB 37
 
2 E C-6 CH 38
 
2 E B-6 CH 39
 
2 E A-6 CH 40
 
2 R C-6 CU 41
 
2 R P-6 CH 42
 
3 BA ( 4 MRB 43
 
3 SA 3D MRS 44
 
3 BA A- 5 PIR 45
 
3 ['A B-3 MRS 46
 
3 DA B-6 MRS 47
 
3 BA 8-5 MRS 48
 
3 EIA B-5 MRB 49
 
3 EIA C-5 MRE 50
 



COLLECTION FARM DILUTION MEDIUM IDENTIFICATION
 

TRIP ORDINAL NUMBER 
3 PA A-4 MRB 51 
3 PA A-5 MRB 52 
3 PA A-5 MRB 53 
3 PA B-5 MRB 54 
3 A A-4 MRB 55 
3 A A-3 MRB 56 
3 A A-5 MRB 57 
4 V C-4 CH 58 
4 V C-3 MRB 59 
4 V B-5 MRB 60 
4 S C-4 CH 61 
4 S A-5 MRB 62 
4 B C-6 MRB 63 
4 B B-4 MRB 64 
4 B A-4 MRB 65 
5 PR S-4 MRB 66 
5 PR A-4 MRB 67 
5 PR A-4 MRB 68 
5 PR A-3 CH 69 
5 PR C-3 MRB 70 
5 PR C-6 MRB 71 
5 PR C-5 MRB 72 
5 PB C-5 MRB 73 
5 PB B-5 CH 74 
5 PB A-3 MRB 75 
5 PB A-3 MRB 76 
5 PB C-3 MRB 77 
5 PB C-5 MRB 78 
5 CH A-6 MRB 79 
5 CH A-6 MRB 80 
5 CH B-6 MRB 81 
5 CH B-6 MRB 82 
5 SI C-6 MR8 83 
5 SI C-3 MRB 84 
5 SI A-4 MRB 85 
5 SI 8-6 MRB 86 
5 SI B-6 MRB 87 
6 PA C-5 MRB 88 
6 PA C-4 MRE4 89 
6 PA E--6 MRB 90 
6 CA E-5 MRB 91 
6 CA C-5 MRB 92 
6 CA C-5 MRB 93 
6 CA C-3 MRB 94 
6 CA C-3 MRB 95 
6 CA C-6 CH 96 
6 BUA A-6 CH 97 

6 BUA A-6 CH 98 
6 BUA A-5 C 99 
6 BUA A-5 CH 1 11
6 PUA C-a MRD 101 
6 PUA C--5 MRB 102 
6 EUA C--6 MRB It13 
6 EUA C-3 CH 10 
6 BUA C-3 CH 105 



COLLECTION 

TRIP 


5 

I 

1 

1 
1 

1 

3 

3 

z 

3 
5 

6 

5 

5 

S 

5 

5 

5 
5 

5 

5 


5 5V 

5 

5 

S 
5 

5 

5 

6 
6
6 

6 
6 
6 
6 
6 
6 

6 

6 

6 

6 

6 

6 

6 

6 


FARM 


CH 

8 
P 
P 
F'
F' 

P 
F' 
P 
P, 

P 

Pa 

Pa 

Pa 

A 
A 


BUA 

A 

V 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

V 
V 

P 

P' 


P 
P 

P 
B 

B 

SP 

SP 
SElA 
F' 
F' 
F' 
P 
P 
P 
P 
PF 
F' 

DILUTION 


B-5 
B 8-2 

A-6 
C-5 
C-3
124 

C-S 
C-3 
C-3 
C-6 

C-5 

C-4 

A-3 
A-3 

A-6 

B-5 

B-5 
B-5 

C-5 

C-5 

C-5 

C-5 
C-5 

C-5 

C-5 


C-5C-5 

C-5 

C-5 

C-5 
C-5 

C-5 
C-5 

C-5 
C-5 

C-5 


C-3 

C-4 

C-5 
(--6 
C-7 
C--5 
C-5 
C-S 
C-4 
C-5 
C-3 
C-4 
C-5 
C-5 
C-4 
C-
C-

MEDIUM 


TSM 
TSM 

FDA 

F'DA 
MRS

FR8 

MRR 
MR8 
MRD 

NRES 

MRB 

TSM 

TSM 

TSM 

TSM 

TSM 

TSM 

TSM 
'DA 
PDA 

PDA 

PDA 

PDA 
PDA 

PDA 

PDA 


PDAPDA 
PDA 

PDA 

PDA 
PDA 

PDA 
PDA 

FDA 

FDA 

F'DA 

FDA 
FDA 
PDA 
FDA 
FDA 
PDA 

FDA 
PDA 
FDA 
F'DA 
FDA 
F'DA 
FDA 
PDA 
FDA 
FDA 
FDA 

IDENTIFICATION
 
ORDINAL NUMBER
 

106 
1O? 
108 
I IV9 

11 

112
 
113
 
114 
115 
116
 
118
 
119
 
12
 
121
 
122
 
123
 
124 
125
 
126
 
127 
128
 
129 
130
 
131
 
132
 
133
134
 
134
 
135
 
136 
137
 
138 
139
 
130 
141
 
142 

143
 
144
 
145
 
146
 
147
 
148
 
149
 
150
 
151
 
152
 
153
 
154
 
155
 
156 
157 
158 
159
 



COLLECTION FARM DILUTION MEDIUM IDENTIFICATION 
TR-P ORDINAL NUMBER 
7 P C-5 PDA 160 
8 P C-5 PDA 161 
8 P C-4 FDA 1,2 
8 P C--5 FDA 163 
8 P C--5 PDA 164 
8 P C-5 PDA 165 
8 P C-5 PDA 166 
8 P C-5 PDA 167 
8 F C-5 PDA 168 
3 B C-6 PDA 169 
8 B C-6 PDA 170 
8 P C-6 PDA 171 
8 P C-5 PDA 172 
8 P C-5 PDA 173 
8 F C-5 PDA 174 
8 P C-5 PDA 175 
8 F C-4 PDA 176 
8 P C-5 PDA 177 
9 B C-4 FDA 178 
9 B C-5 PDA 179 
9 B " C-5 PDA 180 
9 B C-5 PDA 181 
9 B C-5 PDA 182 
9 B C-6 PDA 183 
9 B C-5 PDA 184 
9 B C-5 PDA 18 
9 B C-5 PDA 186 
9 B C-5 PDA 187 
9 B C-5 FDA 188 
9 B C-5 PDA 189 
9 [4 C-5 PDA 190 
9 n C-5 PDA 191 
9 B C-4 PDA 192 
9 B C-5 PA 193 
9 B C-5 FDA 194 
9 F C-5 FDA 195 
9 F C-4 PDA 196 
9 F C-5 PDA 197 
9 F C-5 FDA 198 
9 F C--' PDA 199 
9 
9 

F 
F 

C 
C-5 

FDA 
.PDA 

200 
201 

9 F C -5 FDA 202 
9 
9 

F 
F 

C-5 
C-5 

FDA 
FDA 

203 
204 

9 F C-6 F A 205 
9 F C-'5 F'DA 206 
9 F C-5 FDA 20:17 
9 F C-5 FDA 208 
11 F'R C-1 FDA 209 
1 F'R C - 4 FDA 210 
10 F'R C- FDA 211 
I FR C-5 FDA 212 

11 L. c-5 FDA 213 



COLLECTION FARM DILUTION MEDIUM IDENTIFICATION 
TRIP ORDINAL NUMBER 
11 PR C-5 PDA 214 
11 SI C-5 PDA 215 
11 LE C-5 PDA 216 
12 SI C-5 PDA 217 
12 SI C-5 PDA 21B 
12 SI C-5 PDA 219 
12 SI C-5 PDA 220 
12 SI C-5 PDA 221 
13 E C-5 F-D 222 
13 E C-5 PDA 223 
13 E C-4 PDA 224 
13 E C-5 PDA 225 
13 E C-5 FDA 226 
13 E C-5 FDA 227 
13 E C-5 PDA 228 
13 E C-5 PDA 229 
13 E C-5 PDA 230 
14 FIB C-b PDA 231 
14 R C-5 PDA 232 
14 R C-5 PDA 233 
14 PD C-5 FDA 234 
14 R C-4 FDA 235 
14 PB C-5 PDA 236 
14 PB C-5 PDA 237 
14 R C-5 PDA 238 
14 R C-5 PDA 240 
14 R C-5 PDA 241 
14 LE C-6 FDA 242 
14 LE :-6 PDA 243 
14 PD C-5 PDA 244 
14 F'8 C-5 FDA 245 
14 PB C-5 FDA 246 
14 F'B C-6 FDA 247 
14 P8 C-5 FDA 248 
14 FB C-5 FDA 249 
14 F'B C-5 F5DA 25(: 
14 PE C-5 FDA 251 
14 PI C--4 PDA 252 
1 4 FE C-5 FDA 253 

PFE, C-5 F'DA 254 
15 SJL C-4 FDA 255 
15 SJL C-5 PDA 256 
15 SJ1 CL FDA 257 
15 SJL C -5 FDA 258 
Is SJL C-5 FDA 259 
I SJL C - FDA 260.) 
15 SIL C -5 F'DA 261 
15 SJL c-5 F'Di 262 
15 SJL C-5 F'D 263 

2Lc--5 FDA 254 
16 P C-- 4 FDA 265 
16 F C-4 F'DA 26" 
1F C- 5 F'E'A 267 
1 1F C--5 PDA 260 



TABLE 5
 

ISOLATED MYCOPARASITES
 

COLLECTION 

TRIP 


5 

17 

13 

15 

18 

20 

5 

7 

9 

11 

18 

21 

23 

1 

4 

4 

2 

3 

4 

4 

4 

4 

4 

2 

2 
2 

2 

2 
2 

2 
2 

2 
2 
2 
2 

2 

11 

7 
9 
!' 
6 

6 
6 
6 
6 

8 
13 
12 

FARM 


V 

V 

V 

V 

V 

v 

V 

V 

v 

V 

V 

V 

V 

Pa 

Ba 

Ba 

Pa 

A 

Ba 

Ba 

Ba 

Ba 

Ba 

A 

Pa 

A 

Pa 
Pa 
A 

Fa 
Pa 

Pa 
Pa 
Pa 
Fa 
Pa 

R 
LE 

F:b 

Sf 

S I 
Sl 

SI 
S 
SI 
FR 
L 
E 

MEDIUM 


FDA 

PDA 

PDA 

PDA 

PDA 

PDA 

PDA 

PDA 

PDA 

PDA 

PDA 

PDA 

PDA 

PDA 

FDA 

FDA 

PDA 

PDA 

PDA 

PDA 

FDA 

PDA 

PDA 

PDA 

FDA 
PDA 

PDA 
PDA 
FDA 

FDA 
PDA 

FDA 

FDA 

FDA 

FDA 
FDA 
FDA 

FDA 

F')A 
FDA 

F'DA 
PDA 
FDA 

FDA 
FDA 
FDA 
FDA 
FDA 

IDENTIFICATION
 
ORDINAL NUMBER
 

213
 
214
 
215
 
216
 
217
 
218
 
219
 
220
 
221
 
222
 
223
 
224
 
225
 
226
 
227
 
228
 
229
 
230
 
231
 
232
 
233
 
234
 
235
 
?36
 

238 
239
 
240 
241
 
242
 
243
 
244
 
245 
246 
247 
240
 

249
 
250 
251
 
252
 
253 
254 
25
 

256 

259 
,60 

261 
262 



COLLECrION 


TRIP 


5 

17 


13 

15 


18 

2o 

5 

7 


9 

'I 

18 

21 

23 


1 

4 

4 

2 

3 

4 

4 


4 

4 

4 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 


2 

2 

11 


7 

9 

10 


6 


6 

6 


13 

1_ 


ISOLATED 


FARM 


V 

V 


v 

V 

V 

V 

V 

V 


V 

V 

V 

V 


V 


Pa 
Ea 
Ba 
Pa 
A 
Ba 

a 


Ba 

Ba 
Ba 


A 
Pa 
A 
Pa 


'a 

A 
Fa 
F 
Pa 
Pa 
Pa 


F'F-

Pa 

R 

LE 

Fb 

S 


SI 


S2 

S I 

S I 


TABLE 5
 

MYCOPARASITES
 

MEDIUM IDENTIFICATION
 

ORDINAL NUMBER
 

PDA 213
 
PDA 214
 
FDA 215
 
PDA 216
 
PDA 217
 
PDA 218
 
FDA 219
 
FDA 220
 
PDA 221
 
FDA 222
 
PDA 223
 
FDA 224
 
PDA 225
 
PDA 226
 
FDA 227
 
PDA 228
 
FDA 229
 
FDA 230
 
PDA 231
 
PDA 232
 
FDA 233
 
FDA 234
 
FDA 235
 
F'DA 236
 
FDA 238
 
FDA 239
 
FDA 240
 
FDA 241
 
FDA 242
 
FDA 243
 
FDA 244
 
FDA 245
 
FDA 246
 
FDA 247
 
PDA 248
 
Fi'A 249
 
FDA 250
 
FDA 251
 
:DA 252
 
F'DA
I 253
 
F DA 254
 
FDA 256
 
FDA £56 
FDA 259
 

FDA 2,1 
FDA 262
 



IDENTIFICATION
COLLECTION FARM MEDIUM 


TRIP 


11 

12 

13 

13 

5 

9 

9 

5 
13 

13 

5 

13 

8 

5 

13 

13 

6 

8 

19 

19 

19 

19 

19 

19 

19 

18 
18 

16 

17 

16 

16 

16 

17 

17 

17 

17 

17 

19 

14 
14 
15 
15S 

16 

17 

17 

19 

R 

sI 

PA 

L 

F 

PB 

PB 

SF 

L 

L 


L 

PR 

F 

L 

L 

SI 

PR 

SJL 

SJL 

SJL 

SJL 

SJL 

SJL 

SJL 

M 

M 
CH 

P 

M 
M 

M 

M 

M 

P 

F' 
F' 
SL 

SJL 

F'A 

ST 

[H 
F' 
F 
SL 

PDA 

PDA 

FDA 

PDA 

PDA 

FDA 

FDA 

PDA 

PDA 

PDA 

P
FDA 

PDA 

PDA 

PDA 

PDA 

PDA 

PDA 

PDA 

FDA 
PDA 

PDA 

PDA 

PDA 

PDA 

FDA 
PDA 

FDA 

F'DA 
PDA 

PDA 

PDA 

PDA 

FDA 
FDA 
FDA 
PDA 

FDA 
FDA 
FDA 
F'DA 
FDA 
FDA 
FDA 
FDA 
VIDA 

'DA 

ORDINAL NUMBER
 

263
 
264
 
265
 
266
 
267
 
268
 
269
 
270
 
271
 
272
 
273
 
274
 
275
 
276
 
277
 
278
 
279
 
280
 
281
 
282
 
283
 
294
 
285
 
286
 
287
 
288
 
289
 
290 
291
 
292
 
293
 
294
 
295 
296
 
297
 
298 
299 
i00 
:01
 

302 
:03 
304 
305 
306 
307 
JOB 

LiACTERIA FR;OM DirHFES CUt rT IFS
 

FRUM [i L
 

AV,
 



TABLE 6 

T S M CMODIFIED) 
g P/L 

A. Mg2 S04.7 H20 ........................... 0.29
 

B.-K2HF04 ..................................0 .90
 

C.-KCI...................................... . 15
 

D.-NH4NO3 ................................... 1.00
 

E.-GLUCOSE ................................. 3.00
 

F.-Mirnr,. ements ............ I ml stock solution
 

from: 

FeS04.7H20 .............................. 1.00 

MnS04.1H20 ............................... 0. 065 

ZnSO . 0 .90 I20 ................................ 


G.- AGAR.................................... 15.00
 



TABLE 7
 

K I N G (MODIFIED)
 

g P/L
 

A.- ASPARAGINA ........................ 2.5
 

B.- BEEF EXTRACT ....................... 2.0
 

C.- PEPTON ............................ 5.0
 

D.-K2HPO4 ............................. 1.5
 

E.-MgS04 .............................. 1.5
 



TABLE 8
 

POLL OF ISOLATED FUNGI
 

GROUP A
 

1 77 61' 125 66 129 
 75 36 

2 67 89 84 6c7 96 76 106 

3 121 105 79 88 7195 85 

4 	 102 126 
 108 86 120 92 83
 

5 104 78 93 128
100 112 119
 

6 BC0 73 115 103 63 57 70
 

7 63 81 72 253 90 66 4
 

8 9 10 11 12 13 14 

GROUP C
 

15 	 158 168 296 136 177 148
 

16 	 145 149 209 116 189 148
 

17 	 203 174 132 173
255 171
 

18 160 206 155 157
170 190 

19 163 138 179 142 165 147 

20 169 204 119 192 134 154 

21 22 23 24 ;5 26 

GROUP D 

27 211 243 249 232270 229 261 

28 230 343 224 235 189 258 207 

29 141 260 227 236 265 217 241 

30 	 255 256 234 244 219 221 266 

31 32 34 3633 35 37 



GROUP E 

38 280 144 295 16o 138 177 276 

39 131 133 300 213 278 182 198 

40 274 14:) I4 134 197 2t5 237 

41 165 203 303 292 286 255 212 

42 306 192 239 283 81 211 242 

43 44 45 46 47 48 49 

GROUP H 

50 31 9 43 14 1 23 47 

51 7 18 38 26 10 13 39 

52 15 41 8 33 30 5 20 

53 45 6 32 12 E.9 4 16 

54 19 44 11 37 3 34 28 

55 27 47 35 2 50 25 49 

56 40 21 42 17 25 46 22 

57 58 59 60 61 62 63 

GROUP ! 

64 55 123 74 143 107 159 164 

65 101 156 139 64 54 122 111 

66 51 114 65 141 99 155 161 

67 91 150 135 59 117 52 109 

68 124 56 97 151 153 98 82 

69 53 118 127 58 130 152 94 

146 57 60 37 110 62 113 

71 -2 73 74 75 7& 77 



GROUP 3 

78 289 272 263 304 294 
 281
 

79 264 
 282 291 299 9B 269
 

80 262 298 284 271 301 287 

81 286 268 305 
 267 293 275
 

82 279 302 297 285 
 290 277 

83 84 85 86 87 88 

GROUP K
 

89 167 186 233 
 201 253 187 238
 

90 214 172 
 216 188 240 256 205 

91 185 231 176 220 254 202 213 

92 245 180 223 248 195 259 210 

93 191 257 208 178 222 196 250 

94 228 184 175 218 200 252 181
 

95 194 247 199 
 251 226 183 '225 

96 97 98 99 100 101 102 



TABLE ? 

POOL OF ISOLATED BACTERIA 

GROUP B 

1 257 233 182 269 104 293 219 

2 270 258 249 256 259 200 195 

3 288 296 241 185 238 239 262 

4 129 78 131 197 157 130 286 

5 144 198 243 292 273 201 305 

6 207 230 26t 115 169 242 260 

7 235 247 297 298 246 199 237 

0 9 10 11 .2 13 14 

GROUP E 

15 298 267 287 252 229 147 176 

16 72P 216 72 236 303 304 251 

17 290 225 267 174 146 301 251 

18 244 255 245 271 213 284 268 

19 2u 21 22 23 24 25 

GROUP F 

26 294 120 302 279 
27 275 2 '? 208 222 

213 219 221 17P 2t 

29 3() 31 32 



GROUP G 

33 1 36 38 19 20 13 25 

34 32 5 105 4 1 64 111 8 

35 141 107 59 75 88 77 87 

36 45 80') 97 116 128 136 148 

37 155 110 53 56 81 4 119 

38 62 122 132 65 153 85 68 

39 134 125 152 138 145 94 90 

40 41 42 43 44 45 46 

GROUP H 

47 180 263 2 60 101 149 196 

48 23 73 240 139 28 51 93 

49 10 277 171 40 69 162 285 

50 55 86 154 18 203 121 7 

51 12 300 108 4- 79 15 234 

52 22 67 189 226 46 133 37 

53 50 112 42 127 219 76 253 

54 55 56 57 58 59 60 

GROUP I 

61 232 54 164 159 66 190 113 

62 4 170 43 193 22': 17 J56 

63 99 248 : Lj26 04 142 272 

64 307 16? 95 1:' 123 202 71 
65 16 IE1 58 17 3 47 11 

66 114 35 180 11 21:) 291 21 

7 9 93 172 133 283 93 264 

68 69 70 71 72 73 74 



GROUP J 

75 209 143 33 52 160 82 254 

76 44 213 206 140 12 124 70 

77 89 265 175 274 100 184 48 

78 166 74 39 211 96 183 281 

79 186 109 191 214 157 30 137 

80 31 106 282 150 27 135 204 

81 266 91 163 65 224 158 278 

82 83 84 85 86 87 88 

GROUP K 

89 161 63 24 126 228 

90 250 165 61 223 151 

91 205 92 280 187 102 

92 117 308 173 227 169 

93 168 194 215 295 192 

94 95 96 97 98 



TABLE 10
 

ISOLATED MICROORGANISM SCREENING RESULTS FOR BACTERIA
 

RUST SPORULATION EFFECT OVER 
IMPLANTATION INHIBITION FULL DEVELOPED 

LESIONS 

POOL EFFEC- ANTAGONIC EFFECT- ANTAGONIC EFFEC ANTAGONIC 
TIVITY EFFECT TIVITY EFFECT TIVITY EFFECT 

1 10 N 0 N 0 N 
2 0 N 70 I 44 N 
3 0 N 10 N 50 N 
4 10 N 0 N 30 N 
5 0 N 86 P 44 N 
6 14 N 20 N 25 N 
7 0 10 N 60 I 
8 10 N 40 N 50 N 
9 0 N 64 I 43 N 
10 0 N 0 N 50 N 
11 20 N 10 N 50 N 
12 0 N 82 P 7(0, I 
13 10 N 20 N 60 I 
14 20 N 0 N 44 N 
15 20 N 25 N 5- N 
16 0 N 0 N 55 N 
17 10 N 25 N 0 N 
18 N 20 N 40 N 
19 o N 14 N 46 N 
20 40 N 44 N 33 N 
21 0 N 0 N 64 1 
22 0 N 0 N 75 I 
23 0 N 12 N 50 N 
24 20 N 0 N 50 N 
25 0 N 0 N 58 N 
26 22 ,4 68 I 30 N 
27 12 N 22 N 12 N 
28 62 I 10 N 40 N 

6_ 191 20 N 58 N 
3' I0 N it N 10 N 
31 57 N 65 N 0 N 
32 () N 40 N 20 N 
33 14) N 5' N 38 N 
34 C N 67 I 12 N 

0 N C N 14 N 
36 40 N 4 ) N 0 N 
37 C N 25 N 0 N 
JE) 25 N ') N 0 N 

3(' N 50 N C N 
' '4 N 5c N 0 N 

4 10 N 67 1 12 N 
4n2 5C J.50 N 14 N 
4.r I C N 38 N 



RUST SPORULAT ION EFFECT OVER
 
IMPLANTATION 
 INHIBITION 
 FULL DEVELOPED
 

LESIONS 

POLL EFFEC ANTAGONI C EFFEC ANTAGONIC EFFEC ANTAGONIC 
TIVITY EFFECT TIVITY EFFECT TIVITY EFFECT 

44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

4(l 
0 
58 
1'. 
33 
20 
10 
Ic 
0 
38 
0 
? 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

0 
10 
50 
67 
25 
0 
67 
33 
75 
40 
75 
40 
67 

N 
N 
N 
1 

N 
N 
I 
N 
1 
N 
I 
N 
1 

C) 
0 
25 
50 
0 
0 
50 
0 
28 
25 
20 
0 
25 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

Nl ' N C N 
59 N t N 50 N 
59 
60 
61 
62 
63 
64 
65 
66 

40 
28 
33 
10 
40 
23 
0 
C 

N 
N 
N 
N 
N 
N 
N 
N 

5 
67 
20 
25 
5: 
IC 
75 
75 

N 
1 
N 
N 
N 
N 
I 
I 

0 
50 
0 
38 
50 
25 
0 
71 

N 
N 
N 
N 
N 
N 
N 
I 

67 
68 

30 
50 

N 
N 

75 
75 

I 
1 

25 
25 

N 
N 

69 
70 

14 
25 

N 
N 

75 
25 

1 
N 

71 
20 

I 
N 

72 
73 
74 

"i 
C0 
33 
40 

N 
N 
N 
N 

4i(-
'75 
10 

0 

N 
I 
N 
N 

C)
C 
33 
38 

N 
N 
N 
N 

75 
- 476 

N 
N 

25 
C 

N 
N 

33 
25 

N 
N 

78 
79 
8O 
31 

10 
40 
25 
50 

N 
N 
N 
N 
N 

33 
41) 

-j 
0 
50 

N 
N 
N 
N 
N 

0 
25 
25 
38 
C 

N 
N 
N 
N 
N 

82 
8 3 
94 

33 
c 

N 
N 
N 

0 
(o 
33 

N 
N 
N 

33 
0 
25 

N 
N 
N 

5 ( N C N 50*' N 

87 
,8 
30 

N 
N 

C0 
4( 

N 
N 

25 
25 

N 
N 

88 
I39 
90 
91 5C 

N 
N 

N 
N 

20 
50 
25 
83 

N 
N 
N 
P 

0 
C 
0 
2C0 

N 
N 
N 



RUST SPORULATION EFFECT 
IMPLANTAT ION INHIBIT ION FULL DEVELOPED 

LESIONS 

POOL EFFEC ANTAGONIC EFFEC ANTAGONIC EFFEC ANYAGONIC 
TIVITY EFFECT 

Y. 
TIVITY 

Y. 
EFFECT TIVITY EFFECT 

93 2(: Ni 33 N 0 N 
94 C N 4(') N 25 N 
95 (1 N 25 N 25 N 
96 Ii) N 0 N 36 N 
97 C) N 50 N 0 N 
98 30 N 80 P 33 N 



TABLE 11
 
EVALUATION OF ANTAGONIC ACTIVITY FOR FUNGI
 

RUST SPORULATION EFFECT OVER FULL 
IMPLANTATION INHIBITION DEVELOPED LESIONS 

POOL EFFEC ANTAGONIC EFFEC ANTAGONIC EFFEC ANTAGONIC 
TIVITY EFFECT TIVITY EFFECT TIVITY EFFECT 

1 57 N 38 N 54 N 
2 50 N 50 N 60 I 
3 
4 

62 
50 

I 
N 

14 
0 

N 
N 

54 
84 

N 
P 

5 
6 

66 
64) 

I 
1 

60 
44 

I 
N 

67 
50 

I 
N 

7 5c) N 28 N 50 N 
6 50 N 50 N 90 P 
9 
1(' 

55 
40 

N 
N 

12 
0 

N 
N 

75 
76 

I 
I 

11 44 N 62 I 67 I 
12 
13 

56 
50 

N 
N 

25 
55 

N 
N 

71 
75 

I 
I 

14 
15 

71 
14 

1 
N 

40 
0 

N 
N 

50 
10 

N 
N 

16 0 N 28 N 0 N 
17 C) N 60 1 75 I 
18 12 N 2( N 7 N 
19 0 N 33 N 50 N 
20 12 N 0 N I0 N 
21 10 N 0 N L5 N 
22 C N 0 N 36 N 
23 12 N 67 1 42 N 
24 12 N 0 N 43 N 
25 10 N 33 N 45 N 
26 0 N 11 N 44 N 
27 
20 

1_71 
52'1 

N 
N 

75 
50 

1 
N 

4') 
70 

N 
I 

29 
3 

14 
P 

N 
N 

5C) 
25 

N 
N 

61 
82 

1 
P 

31 II N 50 N 30 N 
32 C' N 5C N 30 N 
33 28 N f) N 75 1 

.35 
I' N 

N 
5i 
60 

N 
1 

50 
83 

N 
P 

36 12 N 25 N 7.1 I 
3' 50 N 75 I 65 1 
38 2 N 43 N 5'" N 
39 12 N 0 N 80 P 

I', N 22 N 51", N 
.1 N 0 N 51 F 
42-

4.3 4'2'.N 
1 12 N 

NN 
5C 
.-

N 
N 

44 I ) N 4(' N 5. N 
45 . N 2( N 55 1 

24 N 40 N 80 P 
47 18 N 22 N 5 5 N 

3(T) N 50 N 



RUST SPORULATION EFFECT OVER FULL
 
IMPLANTATION INHIBITION 
 DEVELOPED LESIONS
 

POOL EFFEC ANTAGONIC EFFEC ANTAGONIC EFFEC ANTAGONIC 
TIVITY EFFECT TIVITY EFFECT TIVITY EFFECT 

49 48 N U N 75 
50 0 N 60 1 60 1 
51 0 N 33 N 0 N 
52 33 N 60 1 67 I 
53 0 N 50 N 50 N 
54 25 N 80 P 25 N 
55 C) N 0 N 33 N 
56 0 N 0 N 0 N 
57 ,i N 25 N 0 N 
58 33 N 67 1 75 I 
59 25 N 50 N 60 I 
60 ' N 90 P 50 N 
61 5,) N 60 1 67 I 
62 33 N 50 N 75 I 
63 33 N 0 N 0 N 
64 0 N 4.1 N 50 N 
65 25 N 33 N 0 N 
66 53 N 50 N N 
67 0 N o N 25 N 
b8 0 N 25 N 0 N 
69 10 N 0 N 33 N 
7. 1 N 41) N Q N 
71 2'.' N 33 N f) N 
72 1C) N 33 N (' N 

N 5 N 0 N 
74 '. N 2 5 N 33 N 
75 0 N 0 N 0 N 
76 0 N 4 N 25 N 
77 50 N 25 N 0 N 
70 25 N to N 0 N 
" 0 N 33 N 5 0 N 

83. 1)0 N ( N 85 P 
91 ' N 0 N 33 N 
82 -" , N 25 N 25 N 
C3 1313 N 25 ci N 
04 0 N 0 N 80 P 
tl 33 N 40 N 25 N 
96 6 N ' N 0 N 
37 N 33 N 33 N 

O 
'34 
2') 

N 
N1 

40 
5' 

N 
N 

1N 
'' N 

9 IN 3 N 33 N 
,. 1 25 N 25 N 5,' , 

I3 N 33 N 

N 33 N 25 N 
N 53: N , . 

3'. N 
N7C,h 

25 
25 

N 
N 

33 
33N 

N 



RUST SPORULATION EFFECTO OVER FULL 

IMPLANTATION INHIBITION DEVELOPED LESIONS 

POOL EFFEC 

TIVITY 

ANTAGONIC 

EFFECT 

EFFEC 

TIVITY 

ANTAGONIC 

EFFECT 

EFFEC 

TIVITY 

ANIAGONIC 

EFFECT 

98 
99 

I (') 
I Cl1 

102 

25 
0 
33 
4 

0 

N 
tj 
N 

N 
N 

0 
40 
50 
0 
33 

N 
N 
N 
N 
N 

0 
25 

0 
0 
0 

N 
N 
N 
N 
N 



TABLE 12
 

MICROORGANISM FROM OTHERS COUNTRIES
 

FUNGI FROM COLOMBIA
 

EFFECT OVER FULL DEVELOPED LESIONS 

EFECTIVITY ANTAGONIC EFFECT 
K 

5- FSHI 4(: N 
E- PSH1 25 N 
16- PSHI 25 N 
B- PSHI 25 N 
2-
9---

F'SH[ 
FSHI 

5I 
50 

N 
N 

D- PSHI 37 N 
4-- F'SH 1 37 N 
C- F'SvH! 2j N 
A- FSHI 62 N 
F-- F'31 11 37 N 
13" FSHI 25 N 

MICROORGANISM FROM BRAZIL
 

CF"DA-AF'-3 25 
 N 
CNF'D- AF'- 0'T 25 N 
CJWrLA- ,F- 15C 25 N 
CtI'DA AR -2,3 -5N 

I''D -C-'325 N 

CNF D - 25 N 

MICROORGANISM FROM COSTA RICA
 

[c F ,1) 37 N 
[CF*RA 37 N 



TABLE 13
 

IDENTIFICATION OF ANTAGONISTS
 

NICROORGANISn ISOLATION IDENTIFICATION EVALUATION OF ANTAGONIC ACTIVITV
 

INHIBITION OF FULL .EVELOPED
 
SPORULATION LESIONS
 

Bacteria 4-V-A-4,CH-102 Pseudooonas sp Pool 91=83%
 
PfI 98:80%
 

Fungus 2-R-0-3,PDA-3? Cladosporiuo sp Pool 54801
 
Pool -T'
 

Fungus 6-BUA-C-5,MRB-102 Trichoderea like 
 Pool 4:841
 
verticillium Pool B:901
 

Fungus 12-ST-C-5,PDA-219 Verticilliuo 
 Pool 30=821
 
leptobactrum Pool 35=83%
 

Fungus I6-P-C-5,POA-273 Paeciloiyces Pool 39:801
 
lilacinus Pool 46=80X
 

Fungus 20-CH-C-5,PDA-298 Aphanocladium Pool 80851
 
meliolae Pool 84-80X
 



YABLE 14
 

MEDIUM USING FOR GROWTH CURVES
 

g/1
 
GLUCOSE .......................... 2.00
 

AMONIUM SULPHATE.................... 1.00
 

yeast ....I g
 

peptone..4 g
 

DIPOTASIUM PHOSPHAt................ 1.00
 

SALT SOLUTION A....................10 ml
 

MGSO4.7H20 ........ 25.00 g
 

FESO4.7H20 ......... 2.8 g
 

MGSO4.H20 .......... 1.70 g
 

NACL .............. 0.60 g
 

CACL2.2H20 ......... 0.10 g
 

NAMO.2H20 .......... 0.10 g
 

ZNSO4.7H20 ......... 0.06 g
 

HCL 0.1 M.......... 1.00 1
 



TABLE 15
 

MEDIUM FOR ENZIMATIC ACTIVITY ASSAY
 

A. 	CARBON SOURCE
 

LAMINARIN
 
CELULOSE
 
QUITINE
 
GLUCOSE
 

B.-YEAST ........................ lg/lt
 

C.-PEPTONE ...................... 4g/lt
 

D.-K2HP04 ....................... !g/lt
 

E.-SAL SOLUTION A;.............. 0.10 mlOF A STOCK SOLUTION
 

PREPARED AS FOLLOWS:
 

MGS04.7H20 ............ 0.2 g/lt
 

FESO4.7H20 ............ 2.8 g/lt
 

MNSO4.H20 ............. 0.1 g/lt
 

NAMOO.2H20 ............ 0.1 g/lt
 

CACLE .................O.03g/lt
 

ZNSO4.7H20 ............ O.03g/lt
 

HCLO.1 M.............. 50 ml
 



TABLE 16
 

ENZIMATIC ACTIVITY OF ANTAGONIST
 

EXPRESSED IN uLOLES GLUCOSE/mg PROTEIN
 

LAMINARASE CELULASE CHITINASE
 

PAECILOMYCES LILACINUS 1.45 0.26 0.00
 

TRILHODERMA LIKE VERTI- 0.53 0.06 0.00
 

CILLIUM
 

APHANOCLADIUM LILACINUS 0.05 0.01 
 0.00
 

VERTICILLIUM LEPTOBACTRUM 0.00 0.00 0.00
 



TABLE 17
 

EFFECT OF GERMINATION BY ANTAGONIST OF COFFEE RUST
 

MICROORGANISM GERMINATION
 

CONTROL 5
 

VERTICILLIUM LEPTOBACTRUM 3.50
 

APHANOCLADIUM MELIOLAE 3.50
 

TRICHODERMA LIKE VERTICILLIUM 2.00
 

PAECILOMYCES LILACINUS 4.50
 

CLADOSPORIUM SP 3.50
 

PSEUDOMONA SP 2.22
 



FIGURES DESCRIPTION
 

VIRULENCE OF THE FUUR MYCOPARASIIES FUNGI
 

UVER COFFEE RUST
 

( FIGURE 1-4)
 

ANTAGONIST GROWTH CURVES
 

( FIGURE 5-8)
 

EFFECT OF Hemileiae vastatrix ON CHLOROPHYLL CONTENT OF
 

LEAVES
 

( FIGURE 9)
 

ANTAGONIST GREENHOUSE EXPERIMENTS
 

( FIGURE 10-1:-,) 

ANTAGONIST FIELD EXPERIMENTS
 

( FIGURE 14-17)
 



FIGURE I TRICHODER-MA IikeVERTICILLIUM 
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FIGURE 2 APHANOCLAIDIUM, fELIOLAE 

100  -

90 
" 

so - ' 

70 - 7O7 

60

50 
U " / 't,K",.[",, K 

40 X, 

40 -
Z 
7 

X 

10 

-_,.70 

"7\I""''. 

'/' 

,/ 

.

"-" 7 I 
-- , / , 

47 51 53 55 59 62 67 69 72 76 

incubation days 



FIGURE 3 PAECILOMYCES LILACINUS 
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FIGURE 4 VERTICILLI UMl LEPTOBACTRUM 
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FI6URE 5 
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FIG6URE 6 
Phaec i D onuces Di O ;inu' 
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FL6URE 7
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