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Cofee berry borer — Hypothenemus hampei

(Coleoptera: Curculionidae: Scolytinae)

Photos by E. Erbe (left) and P. Grebb (right), USDA, ARS.
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Coffee berry borer first reported in:

Gabon 1901

Democratic Republic of the Congo (ex Zaire) 1903
Java (Indonesia) 1908-1909
Uganda 1908

Brazil 1913

Borneo and Sumatra (Indonesia) 1919
Cote d’lvoire 1922

Kenya 1928

Malaysia 1929

New Caledonia 1948

Peru 1962

Tahiti 1963

Nicaragua 1969

El Salvador 1969
Guatemala 1971

Honduras 1977

Mexico 1978

Jamaica 1978

Fiji 1979

El Salvador 1981

Ecuador 1981

Colombia 1988

Nicaragua 1988

India 1990

Venezuela 1995
Dominican Republic 1995
Costa Rica 2001

Puerto Rico 2007

Hawaii 2010



Coffee berry borer

Larva Pupa




Basic biology:

- Berries are susceptible ca. 100-150 days post-flowering
- Female has been reported to oviposit up to 300 eggs
- From eggs to adults: 25-35 days
- Skewed sex ratio: 10 females for every male
- Longevity © (days): 35-112 Uganda
87-102 Java
120 Malaysia
157 Brazil

- & can’t fly and remain inside the berry
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Infestation levels

* 60% Colombia and Mexico

e /5% Jamaica

e 50-90% Malaysia

e 80% Uganda and Cote d’Ivoire

e 90% Tanzania



Estimated losses

> S500 MILLION!
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Artificial diet




Wolbachia infection

Nicaragua
India
Ecuador
Colombia

Brazil

Drosophila
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Vega et al., Annals of the Entomological Society of America 95:374-378



» Can we manipulate Wolbachia to reduce the number of
female progeny?
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CBB-associated yeasts
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Pichia burtonii and Candida fermentati

Vega et al., Entomologia Experimentalis et Applicata 107:19-24



> How does the CBB breaks down caffeine?
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BERKELEY LAB

Lawrence Berkeley National Laboratory

Analysis of microbial communities associated with the coffee berry borer

Eoin L. Brodie Javier Ceja Navarro

C. A. Santee, N. J. Bouskill, U. Karaoz, M. Zemla, and M. Auer



Erysipelotrichaceae
Caulobacteraceae
Rhodobacteraceae

Oxalobacteraceae
Acidobacteriaceae

Neisseriaceae

Methylobacteriaceae
Brucellaceae

Streptococcaceae

Staphylococcaceae

Bradyrhizobiaceae
Sphingomonadaceae
Flexibacteraceae

Methylophilaceae
Lachnospiraceae 2%

Xanthomonadaceae
Flavobacteriaceae 4%
Pseudomonadaceae 4%

Streptophyta
Actinomycetales 5%

Burkholderiaceae 6%
Comamonadaceae 7%

Percentage distribution of bacterial phylogenetic groups associated with the CBB.
Combined counts for all samples: family level (except “Firmicutes”)
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Photo by Javier Ceja Navarro



Fungi associated with the CBB in Mexico

v" 40 fungal species in 22 genera

BBPax

Pérez et al., Mycological Research 107:879-887



Penicillium brocae, a new species associated with the CBB in Chiapas, Mexico

Peterson et al., Mycologia 95:141-147






Gary Bauchan (USDA-ARS)



Pest management
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Cultural control

Frequent harvest/sanitation:
e interrupts the life cycle of the insect
e reduces the # infested berries that fall on the ground




Cultural control
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Cultural control

Figura 11, Dusporaivo
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Cultural control

Photoi"CENICAFE




Natural enemies

e Parasitoids
* Predators
e Nematodes

* Fungal entomopathogens

Aaron Davis, Kew Gardens



Parasitoids

* Phymastichus coffea (Eulophidae)

* Cephalonomia stephanoderis (Bethylidae)
* Prorops nasuta (Bethylidae)

* Heterospilus coffeicola (Braconidae)

* Cryptoxilos (Braconidae) — Colombia

e Cephalonomia hyalinipennis — Mexico



Parasitoids

1.00 mm E Vega et al., Terr. Arthropod Reviews 2:129-147




Predators - thrips

Karnyothrips flavipes

Top left photo by L. Mound, CSIRO; others by J. Jaramillo, ICIPE Jaramillo et al., Naturwissenschaften 97:291-298



Predators - thrips

Naturwissenschaften (2010) 97:291-298
DOL 10.1007/500114.009-0641-7

ORIGINAL PAPER

Molecular diagnosis of a previously unreported
predator—prey association in coffee: Karnyothrips flavipes
Jones (Thysanoptera: Phlaeothripidae) predation

on the coffee berry borer

Juliana Jaramillo - Eric G, Chapman -
Fernando E. Vega - James D. Harwood

Abstract The coffee berry borer, Hypothenemus hampei, is
the most important pest of coffee throughout the world,
causing losses estimated at US $500 million/year. The
thrips Karmyothrips flavipes was observed for the first time
feeding on immature stages of H. hampei in April 2008
from samples collected in the Kisii area of Westem Kenya.
Since the trophic interactions between H. hampei and K.
flavipes are camied out entirely within the coffee berry, and
because thrips feed by liquid ingestion, we used molecular

gut-content analysis to confirm the potential role of K.
flavipes as a predator of H. hampei in an organic coffee
production system. Species-specific COI primers designed
for H. hampei were shown to have a high degree of
specificity for H. hampei DNA and did not produce any
PCR product from DNA templates of the other insects
assoctated with the coffee agroecosystems. In total, 3,327
K. flavipes emerged from 17,792 H. hampei-infested berries
collected from the field between April and September 2008.
Throughout the season, 8.3% of K. flavipes tested positive
for H. hampei DNA, although at times this figure
approached 50%. Prey availability was significantly corre-
lated with prey consumption, thus indicating the potential
impact on f. hampei populations.




Predators - birds

Confribuled Paper

Ecological and Economic Services Provided by Birds
on Jamaican Blue Mountain Coffee Farms

JHERIME L. KELLERMANN *$ MATTHEW D. JOHNSON * AMY M. STERCHO,*
AND STEVEN C. HACKETTY

“Depunment of Wikllife, Humbolde Stite Usiiversity, Arcata, CA 95521, USA,

Department of Ecomomics, Humbokit State Uneversity, Arcata, CA 95521, USA
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Predators - ants

* Azteca

* Dorymyrmex
* Mycocepurus
* Pheidole

* Pseudomyrmex

* Solenopsis

e Tetramorium



Nematodes

Heterorhabditis and Steinernema — commercially available
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Heterorhabditis (Photorhabdus)

Steinernema (Xenorhabdus)



Nematodes
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Insect dies and
nematodes begin
development

Nematode life cycle courtesy of David Shapiro-llan, USDA-ARS



Nematodes

Coffee berry borer =2 mm long
Steinernema infective juvenile = 0.5 mm long

adult = 2-3 mm long

Heterorhabditis bacteriophora

Photos courtesy of Alfredo Castillo, ECOSUR, Mexico



Nematodes
e

Metaparasitylenchus hypothenemi

Poinar et al., J. Parasitol. 90:1106-1110



Nematodes

Metaparasitylenchus hypothenemi
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Map showing location in Mexico where parasitized insects were collected.

Alfredo Castillo




Nematodes

Sampling in Kenya - 2006-2009
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Mermithidae — new genus



Fungal entomopathogens

* Beauveria bassiana

* Metarhizium anisopliae
* [saria farinosa

* Isaria fumosorosea

e Lecanicillium lecanii
 Nomuraea rileyi

* Ophiocordyceps entomorrhiza



Fungal entomopathogens

Beauveria bassiana

over 20 phylogenetic species



B. bassiana natural infestations in the field:

* Venezuela 30%

* India 60%

* Mexico <10%

* Brazil <1%



A new method to evaluate the biocontrol potential of single spore isolates of fungal

entomopathogens

(9%) Aep Jad Ayjeuow

Isolates

Posada and Vega, J. Insect Sci., 2005



Life cycle (days) for B. bassiana (IBL
03047)

9.9 +0.2 (n= 40)

( XtS.E.)
Conidia discharged
2.3+ 0.1 (n=40)
Fungal
Inoculation
Time to kill

Production of conidia

0.7 0.1 (n=40)

4.8+ 0.2 (n=40)

Insect covered with mycelium

1.2+ 0.1 (n= 40) 0.9 + 0.0 (n=40)

Mycelium starts to grow



Mycotrol ES

E SUSPENSION MYCOINSECTICIDE

ww Beawveria bassiana Strain GHA.......... ll.396”
Total: ...

*Based on the weight e L4 T0X10
wmmmd’émwﬂ"m

KEEP OUT OF THE REACH OF CHILDREN

e CAUTION SHAKE WELL
‘Sec additional precautionary mdhdm::mm

LAVERLAM INTERNATIONAL CORPORATION
.uumr.o.nmmmm Ph: (406)782-2386; Fax: (406) 782-9912
'EPA Registration Number §2074-1 EPA Establishment Number 65626-MT-02

Net Contents: 1 Gallon Expiration Date: 6.30 2010
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Traps/Attractants

The BROCAP® trap Trap

suspension hook

-
- S2008P
Diffusion .
o < o Dispenser
Spacey holder
Dispenser —
. o Capture
funnel
: e |id
Capture 4

recipient
- Overflow
Capture

liquid e———»




The BPROCAP® trap

A novel solution e
for controlling the coffee
berry borer

he cofice berry borer (CBB), Hypothenemus hamped, is

a major coffee insect pesl. As traditional confrol

methods have their [limitati an ec ical
nk-friendly soluion s proposed

With I dosi adapeed 0 the Ime's blo-
fogy and ks powerlsl aumoant mbers, e
P aMotvdly reduces CS3 populadions In
ofee planasons.

Advantages
of the BROCAP® trap - -
Using tha BROCAP® mp oo 2E ' o
W - Fowtr boans damaged by OS2, 50 ks rsk | oo
- v‘m 1] of W s
concepe of (58 coml KX 3 gy . " |
waly Inograwd soludon Omedcpraes
adapod 0 qualky oS . Prosorves the covimamant and blodvarsieg
producon. - Through rcuod pesdcite dosea. Dot
§ ¢ lmproving prOducer In- s solocve eapping % of e | come
comes. Insocs Gt 3% Cofoe bermy borars. N—
In quarntaty forms Z
- 10 o 16% howase In he HROCAS® has boan [oirety o
of groon cofike CIRAD .
welghe of groon yicics ‘::ml’l G
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Trap description

o Top, the funnel with md Blades, » colour
that attracty cotfer burry bomens

* Comtre, the dispenser containing the
volatile attractant.

» Bonom, the caplure reciplent, ranspascnt
for vissl inspeciion

Trap efficlency

Trap e¥xciency has been confemed by tee
In several countnies, notably i certain
regrons of 1 Sakador

Up i A0.000 N caught prv tnap por day &
e rrgreten perest. in nghy adesel rgawn!

Cofiee bowy borer damage:

An economical solution

The trap is cheap to buy and amonized over
sevoral yearns, w0 it is cheaper 00 use than
msocticde veatments.

Packaging

Traps: in boxes of 36 wes.
Dispensers: in bowes of 36 units

The fiest time, for 2 hictases o 3 manzanas,
one box of 36 waps and ewo boxes of dis-
ey (72 disponmerns in all) ane recuined
Therealser, disperets can be chiained sp-
aravely for roplacement

anisseiaan s TP
BROCAP, & a paservive] vap
ancd soguterved tradeemadk.

s o Sevd bon L L e —
S— T - pomamem by e
« mrasn [ olue mags
™~ ~ () =
e m aw " 163
Comend “u 1320 — —
Recommended use
When shoukd traps be invtalled?

In the post-harves: period, when CBB pop-
ulitions we proparing o kave residual
fruins w0 seck new food sources.

The waps ww sntalied for 4 months each
yoar, g lrom the baginnieg of Mach ©
the oned of Junw in 1] Sabvador

When shoukd the dispenser be replaced?
At aeconnd 2 mords’ use, o dupoosen
will therefore be required per season

How mamy traps, instalied bow?

Ar leass 18 trapshocten (12 trapsiman
zanal, 24 metres apan and 1.20 metres
fom the ground.

Shoxld the trags be replaced each year!
No. The wap can be mused for several
yrars

For further rformation

CIRAD

Tree Cm‘Dlp-t-
;o

13340761 7565/ 06
Fax 433407 61 71 20




When should traps be installed?

In the post-harvest period, when CBB pop-
ulations are preparing to leave residual
fruits to seek new food sources.

The traps are installed for 4 months each
year; e.g. from the beginning of March to
the end of June in El Salvador.

Up to 10,000 CBB caught per trap per day in a
major migration period, in highly infested regions!

How many traps, installed how?

At least 18 traps/hectare (12 traps/man-
zana), 24 metres apart and 1.20 metres

from the ground.

Bored fruits Bored fruits Reduction in CBB | Harvest improvement
Treatment at the start in the first populations by green
of infestation harvest trapping/control coffee weight
(%) (%) (%) (%)
Trapping 1.01 4.60 81.06 16.3
Control 4.46 13.20 E— R




BROCAP trap in Mexico (Garcia et al., 2004)
* sampling for 16 weeks usingl6 traps

* 679,107 insects (= 2,653 CBB per trap per week)

* Dufour (2002) has reported reductions of 12-85% in CBB infestation
* Villacorta et al. (2001) reported 50% reduction in infestation

* Barrera (2006) reported no significant differences



ECOIAPAR

)—

ECOTRAP

12/2/08 19/2/08 26/2/08 4/03/08 11/03/08 18/03/08
ECOIAPAR 269 314 501 486 431 1484
ECOTRAP 83 220 280 274 324 1291

Barrera et al., Entomologia Mexicana, 7:619-624




PASOS PARA LA ELABORACION DE LA TRAMPA ARTESANAL
y

—

Soa Na T ad Sad Nad

e
TRAMPA ARTESANAL OPCION UNO: Se usa una botella plstica de bebida gaseosa (1), se corta la parte supenor de la botella
(2) luego se invierte ta parte supenor de |a bolola (3) y se introduce on ka parte inferior que o la més larga de ta botella que
cortamos {4). Después de tener la estructura plastica armada (4), se coloca el alambre de tal forma que atraviece el ancho de
la botella y se forma un gancho que servird para colgar la frampa (5), wego se colocara el difusor o atrayente en el alambre de
forma individual amamrandolo al alambre (6) o s1 o prefiere, puede colocar 0 amarrar el difusor o atrayente ublizanco el mesmo
alambre con el que sa forma el gancho (7)

TRAMPA ARTESANAL OPCION DOS: Se usa una botella plastica de bebida gaseosa (1), se contan cualro partes iguales de Torma vertical (2) y

a cada una se ks hacen cortes horizontales dejando la parte supenor mas larga con las cuales sa formaran las aletas y eéminando la parte infenor
(3). Despuds de lener armada la estructura plastica que Torma 18 rampa, s¢ elabora con slambre el soporie del difusor o atrayente (4) y (5) luego
se coloca el alambre que formara el gancho para ser colocada la trampa en el cafetal y se e coloca el soporte del difusor o atrayente en la estructura
plastica y de esta manera se tiene 1a frampa ammada (6). Por Oltimo se puede pintar de color rojo la trampa si asi lo desea

COMO UTILIZAR AMBOS MODELOS DE TRAMPAS | ¢ trampeo, puede solicétar i

51 necesita mas iNformacion sobre

+“Llenar el fondo de kas rampas con agua, destapae | 356507 dé un técnico en los 15

altura de 1.2 m y a una destancia de 21 2 22 m entre BL: Tels: 663.0689 y
s m&

los difusores, cortar su punta y colocarios en ks Centros de Atencion al Caficultor
trampas. Se recomienda agregar 3 o 4 gotas de jabdn con que cuenta PROCAFE
liquido sin olor al agua, para evtar &f mal olor por la Oficina Central S

on de beocas oL PBX 298-%@0 %A:ns 9
+_Se debe colgar cada rampa en una rama, a una 'e‘em:"::f‘ y

«Se recomienda revisar kas rampas cada B a 10 dias.
Dependiendo de la cantidad de broca caplurada y ded
nived de agua, se impian y lenan nuevamenie de agua
limpia. El cambio de difusores se realiza
inmediatamenlte se lermine ef que estd en uso.

PROCAFE, El Salvador



Traps — artificial berries

Robert Behle (USDA-ARS)






compound fn  green halfripe  ripe  ovemipe compound fp  green halfripe  ripe  overripe

1,3-butadiene, 2-methyl- 2.68 1839 | f-myrcene 16.92 112 13 154 593
unknown 3.04 160 97 1529 | 1-phellandrene 17.16 196
acetaldehyde 345 1027 2201 o7 8731 | acid acetic, pentyl ester 17.28 91
octane 5.06 282 138 70 396 | a-terpinene 17.53 252
propanal, 2-methyl- 6.23 170 9831 | 2-heptanone 17.66 79 1703
2-propanone b.42 353 m 1289 789 | isoamyl alcohol 18.02 258 in aB2 31265
methyl acetate 6.85 89 125 193375 | 3-pentanol, 2-methyl- 18.39 2n
furan, 3-methyl- 8.23 155 160 207 | p-ocimene 18.68 32 58 614
nonane 8.39 703 23 207 541 | 1-pentanol 19.03 153
acetic acid, ethyl ester 8.84 115 2372 1846 853170 | 1.3.7-octatriene, 3,7-dimethyl 1912 46 107 867
furan, 2-methyl- 9.07 7361 4573 1331 3987 | 3-octanone 1935 15§ 16 17 1194
unknown 9.28 159 210 1245 3040 | styrene 19.64 4270
unknown 9.45 589 | (+)-2-carene 20.06 168
propanal, 2,2-dimethyl- 9.64 488 | unknown 20.21 29 120 100 B92
butanal, 3-methyl 9.80 34 15 738 | 3-hydroxy-2-butanone 20.40 54001
propanoic acid, 2-methyl-, methyl ester ~ 9.95 313 | heptanol 20.48 16 21 98 2052
ethanol 10.56 39055 289641 308099 437377 | cyclopentanol, 2-methyl, trans  20.64 49 200
unknown 11.00 an 252 | 2-buten-1-ol, 2-methyl- 201 135
propanoic acid, ethyl ester 11.14 44 1658 | 3-ethyl, 2-pentanol 21.14 156
propanoic acid, 2-methyl ethyl ester 11.34 856 | hexanol 2128 30 81 175 6530
acetic acid, propyl ester 11.70 46 5050 | anisole 21.60 151 199 470
2-butanone, 3-methyl- 11.94 487 149 3487 53753 | 3-hexen-1-ol, formate 22.05 59 59 120 385
acetic acid, 2-methylpropyl ester 12.89 258 364014 | butanol, 3-methyl-, acetate 22.15 462
1-propanol 13.65 86 1121 1896 9495 | 3-ethyl, 4-methylpentan-1-0l  22.40 535
toluene 13.85 51 102 195 376 | pentanol, 3.4-dimethyl- 22.11 34 181
2-butenal 14.03 12 132 | 1-octen-3-ol 23.19 41
acetic acid, butyl ester 14.61 1071 | acetic acid 23.39 53452
disulfide, dimethyl- 1488 390 593 256 138 | benzene, 1-methoxy-3-methyl  23.68 32 243 168 859
1-propanol, 2-methyl- 15.1 106 138 5507 281861 | formic acid, octyl ester 24.49 35 908
2-butenal, 2-methyl- 15.54 102 43 513 | unknown 25.08 157
2-pentanol 15.80 n 535 | unknown 25.50 376
1-butanol, 3-methyl-, acetate 15.97 23299 | propanedioic acid, dimethyl-  25.58 1109
1-butanol 16.49 64 162 316 1800 | total area counts 51494 304560 332035 2427296
O-xylene 16.71 30 46 106 98 | no. of compounds 21 34 L) 68
1-hexene-3-ol 16.86 56 83 112 578

Ortiz et al., Journal of Agricultural and Food Chemistry 52:5914-5918
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Table 1. Mean = SEM per female for each inseet stage 10 d after placing one, two, or five females in vials containing artificial diet

Developmental No. females in vial
stage 1 2 b}
Eggs 7.1 + 1.72 (143) 6.1 + 2.66* (243) 26 + 3.81* (262)
Larvae 13.1 = 3.01 (263) 41 = 215* (164) 1.7 = 2.76* (168)
Pupae 1.3 +0.38 (27) 0.9 =055 (36) 0.1 =028 (14)
Adults 3.6 =084 (73) 1.8 = 0.65* (74) 1.3 = 0.54* (127)
Total 25.1 + 2.38 (506) 129 = 221 (517) 2.7 £299 (571)

Table 2. Mean = SEM per female for each insect stage 10 d
after placing one female or two females in vials containing artificial

diet
Developmental No. females per vial
stage 1 2
Eggs 6.3 = 1.49 (253) 38 = 1.99* (4M)
Larvae 4.9 = L06 (196) 28 = 1.37* (299)
Pu 0.8 + 0.42 (34) 1.0 =06 (91)
Adults 1.1 + 062 (47) 1.1 = 1.0(138)
Total 13.1 + 1.24 (530) 8.1 = 1.59 (982)
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> Can we develop better CBB attractants?

> Can we develop CBB repellents?



Climate change: coftee on the move?

OPEN @ ACCESS Freely available online @ PLOS one

Thermal Tolerance of the Coffee Berry Borer
Hypothenemus hamper. Predictions of Climate Change
Impact on a Tropical Insect Pest

Juliana Jaramillo'?*, Adenirin Chabi-Olaye®, Charles Kamonjo?, Alvaro Jaramillo®, Fernando E. Vega®,
Hans-Michael Poehling’, Christian Borgemeister?

1 Institute of Flant Diseases and Plant Protection, University of Hannover, Hannover, Germany, 2 International Center of Insect Physiology and Ecology (icipe), Mairobi,
Kenya, 3 Centro Macional de Investigaciones de Café, Manizales, Colombia, 4 Sustainable Perennial Crops Laboratory, United States Department of Agriculture,
Agricultural Research Service, Beltsville, Maryland, United States of America



Climate change: coftfee on the move?

* Field survey of Ethiopia's coffee—growing regions conducted in the late
1960s found no trace of CBB, but in 2003 researchers reported that the

pest was widespread (]. Jaramillo, pers. comm.)

*The average minimum temperature for CBB to reproduce is about

68°F; the mountainous regions of Ethiopia did not reach that temperature

until 1984.

* For every 1.8°F increase in temperature, Colombian Arabica growers
will have to move their plants up about 160 masl to maintain quality and
quantity.

Two possibilities:

* Move (altitude or latitude)

* Adapt

Slide courtesy of J. Jaramillo, Jaramillo et al., PLoS One, 2009



Adaptation Strategy:

 Shade trees

Temperature reduction:
e ca. 7.2°F at low elevations

* ca. 3.6°F at mid- to high
elevations

Using shade trees in Central America and East Africa:

« a reduction of 3.6-10.8°F when compared to coffee grown at full sun

Slide courtesy of J. Jaramillo, Jaramillo et al., PLoS One, 2009



Beauveria bassiana as a fungal endophyte

Beauveria bassiana



Beauveria bassiana endophytic in:
e Corn

* Pinus radiata

* Banana

e Date palm

e Potato, cotton, cocklebur, jimsonweed

¢ Tomato

e Theobroma cacao, T. gileri

* Opium poppy

e Coffee berries

e Sorghum



Beauveria activity against plant pathogens:

e Gaeumannomyces graminis (take-all disease of wheat)

e Pythium, Septoria

e Fusarium oxysporum, Armillaria mellea, Rosellinia necatrix

® Rhizoctonia damping-off
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Beauveria bassiana, a dual
purpose biocontrol organism,
with activity against insect
pests and plant pathogens
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Francisco Posada - Fernando E. Vega

Inoculation and colonization of coffee seedlings (Coffea arabica L.) with the
fungal entomopathogen Beauveria bassiana (Ascomycota: Hypocreales)

Mycologia, 97(6), 2005, pp. 1195-1200.

Establishment of the fungal entomopathogen Beauveria bassiana (Ascomycota:
Hypocreales) as an endophyte in cocoa seedlings (Theobroma cacao)

Francisco Posada
Fernando E. V ega'
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Inoculation of coffee plants with the fungal entomopathogen
Beauveria bassiana (Ascomycota: Hypocreales)

Francisco POSADA®, M. Catherine AIME®, Stephen W. PETERSON®,
Stephen A. REHNER®, Fernando E. VEGA®*



Beauveria bassiana inoculation methods

E SPRAYING
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INJECTION

5 X 10° SPORES ML

7 X 10 SPORES ML!
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Beauveria bassiana recovery

MONTHS % RECOVERY
POST-INOCULATION
2 31
4 55
6 2.7
8 0




Fungal endophytes in coffee seedlings 2 and 4 months post-

inoculation with Beauveria bassiana

Alternaria sp.

Hypocreales sp.

Arthopyrenaceae

Macrophomina sp.

Aspergillus tamari

Paecilomyces sp.

Aspergillus westerdijkiae

Penicillim citrinum

Beauveria bassiana

Penicillium brevicompactum

Bionectriaceae

Penicillium cecidicola

Chaetomium sp.

Penicillium glabrum

Cladosporium cf. sphaerospermum

Penicillium janthinellum

Clavicipitaceae

Penicillium sp. near daleae

Colletotrichum gloeosporoides complex

Penicillium steckii

Cylindrocarpon sp.

Penicillium toxicarium

Exobasidiomycetidae

Phyllachoraceae

Exophiala sp.

Plectosphaerella sp.

Fusarium cf. oxysporum f. sp. vasinfectum

Pleosporales sp.

Fusarium oxysporum complex (1)

Pseudallescheria cf. boydii

Fusarium oxysporum complex (2)

Rhizopycnis sp.

Fusarium sp. (1)

Trichoderma sp.

Fusarium sp. (2)

Trichoderma hamatum

Fusarium sp. (Lateritium clade 1)

Trichoderma harzianum

Posada et al., Mycological Research 111:748-757
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Sampling of Coffea arabica

Hawaii

Puerto Rico

Mexico






Tissue sterilization for endophyte isolation

0.5% NaOCIl -2 min

70% ethanol — 2 min

Sterile dist. water



Ribosomal RNA coding gene (rDNA)

ITS 1-F

SSU (18S) | LSU (26S)

ITS 4



Endophytes

ITS genotypes

recovered
Colombia 267 113
Hawalil 393 126
Mexico 109 32
Puerto Rico 74 40
Total 843 257




» Most abundant and richest taxa:
e Colletotrichum
e Fusarium
® Penicillium
e Xylariaceae

» Of the 257 genotypes:
e 220 found in only one of the regions sampled
e 25 shared by two regions
e 10 shared by three regions

e 2 shared by four regions

» Endophytes also isolated from Coffea canephora, C. congensis, C. liberica, C.
macrocarpa, C. racemosa, and C. stenophylia.
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Metagenomic Analysis of the Human
Distal Gut Microbiome

Steven R. Gill,"*§ Mihai Pop,’t Robert T. DeBoy,” Paul B. Eckburg,**"
Peter ]. Turnhaughf Buck S. Samuel,’ Jeffrey I. Gordon,” David A. Relman,**"*
Claire M. Fraser-Liggettrl'ﬁ Karen E. Nelson®

“The human intestinal microbiota ... contains at least 100 times as many genes as our own
genome.”

“We have 10 times more microbes than human cells in our bodies.”

G. Weinstock, Washington Univ. in St. Louis

1,000 species of bacteria identified in mouth

128 species of bacteria in lungs of healthy people




Fungal endophytes in green coffee seeds

www.sweetmarias.com

Fungal id Country
Acremonium sp. Puerto Rico
Aspergillus sumatrense Puerto Rico
Aspergillus fumigatus India
Aspergillus fumigatus Vietnam
Aspergillus niger Vietnam
Papua New
Aspergillus pseudodeflectus Guinea
Aspergillus pseudodeflectus Vietnam
Aspergillus tubingiensis Colombia
Aspergillus tubingiensis Kenya
Clavicipitaceae sp. 1 Puerto Rico
Clavicipitaceae sp. 2 Puerto Rico
Aspergillus (Eurotium) ruber India
Fusarium solani complex Vietnam
Gibberella sp. Colombia
Penicillium sp., subgenus Biverticillium India
Penicillium crustosum Guatemala
Penicillium olsonii Colombia

Vega et al., Mycosystema 27:75-84




Penicillium coffeae, a new endophytic species isolated from a
coffee plant

Peterson et al., Mycologia 97:659-666



Coffee bacterial endophytes

Vega et al., Journal of Basic Microbiology 45:371-380



Coffee bacterial endophytes

Bacillus cereus

Bacillus megaterium

Bacilus subtilis

Bacillus megaterium
Burkholderia cepacia
Burkholderia gladioli
Burholderia glathei
Burkholderia pyrrocina
Cedecea davisae
Chromobacterium sp.
Clavibacter michiganense insidiosum
Curtobacterium flaccumfaciens
Enterobacter asburiae
Enterobacter cancerogenus
Enterobacter gergoviae

Escherichia vulneris

Gordona sp.

Klebsiella planticola
Klebsiella pneumoniae
Klebsiella trevisanii

Kocuria kristinae
Methylobacterium radiotolerans
Micrococcus sp.

Pantoea agglomerans
Pseudomonas chloroaphis
Pseudomonas putida
Rhodococcus equi
Salmonella typhimurium
Serratia liquefaciens
Stenotrophomonas maltophila
Variovorax paradoxus

Xanthomonas sp.

Vega et al., Journal of Basic Microbiology 45:371-380






> What roles could endophytes be playing?

» Can we establish fungal insect pathogens as systemic
endophytes?



Summary

v Wolbachia
v’ Caffeine

v Natural enemies associated with the CBB: are there viruses,
bacteria, or protozoa that might have a negative effect on the CBB?

v’ Attractants

v Endophytes
- Introducing fungal insect pathogens
- Fungal endophyte biodiversity

- Bacterial endophytes






