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SUMMARY

Twenty three 1ndigenous Rhizobium strains collected and
characterized in the Dominican Republic, were tested ia vitro to
measure their antagonistic reaction toward Macrophomina
phaseolina virulent isolate PRMp2. KIM 5 strain was included as
inhibitory control check. Rhizobium RD-019 strain was identified
as a potential biocontrol agent of PRMp2 by Streak Plate, Double-
Layer, and Modified Spent Methods. The performance of KIM 5 was
similar to that obtained with UPR Collection Screening Tests.
Surveys of Macrophomina incidence at the Dominican Republic (San
Juan de la Maguana region) indicate that the incidence ranged
from 2% to 82%. Pompadour B bean variety was resistant to
M.phaseolina (RDMp2) isolated from the Arroyo Loro Agricultural
Experiment Station fields at San Juan de la Maguana.
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OBJECTIVES:

The principal objectives of this project are: a) to identify
and select Rhizobium strains that inhibit root rot producing
fungi in vitro and in vivo; b) to evaluate biological control
effect of Rhizobium inoculation on bean genotypes susceptible to
Ashy Stem Blight (ASB) .

RESEARCH IN PROGRESS:
I. Puerto Rico Institution:
Rhizobium-Macrophomina pPhaseolina Laboratory Tests:

Twenty three indigenous Rhizobium (RD) collected and
character-ized in the Dominican Republic, were tested in vitro to
measure their antagonistic reaction toward M.phaseolina virulent
isolate (PR Mp2). The methods used in these tests were similar
than those reported 1in the August-December 1988 Semi-Annual
Report. Best antagonistic strain KIM 5 was included as inhibitory
control check. It is very important to note that a small group of
2.phasecli from the UPR Collection had a stimulatory effect on
the fungus growth.

Results from the Streak Plate Test indicate that the strain
RD-019 is a potential as ticlogical agent of PR Mp2. However, it
was not significantly different (P=0.01) for radial growth rates
compared with the control check (fungus alone). The performance
of KIM 5 was similar to that obtained with UPR Collection
Screening Tests (Table 1). Hichly significant differences
(P=0.01) in mycelial weights between control (funcus alone) and
twelve RD strains, including RD-019, were obtained by the
Modified Spent Culture Method (Table 2).

Six RD strains were found to inhibit the fungus growth at
the 96 hr period incubation by the Double-Layer Method (Table 1).



TABLE 1. IN VITRO EVALUATION FOR THE BIOCCNTROL OF
MACROPHOMINA PHASEOLINA WITH RHIZOBIUM SP. BY STREAK
PLATE AND DOUBLE LAYER METHODS

STRERK PLATES DOUBLE LAYER
TREATMENTS RADIAL GROWTH (MM)* RADIAL GROWTH (MM)*

4LBHRS" 120HRS* 43RS 96HRE"
RD-003 22.50NS L4, 25NS 10.00%%* 50.00¢t¢
RD-005 23.00NS 4t ,50NS 9.75%% 66.00%F
RD-C06 22.25NS L4 ,75NS 29.00%%* 64,254k
RD-007 22.50NS 44 ,50NS 9.00** 63.75%%
RD-008 22.75NS L4 ,75NS B.75%¥ 52.25%%
RD-003 21.50NS b4, 25NS 9.25%k 13.00*%*
RD-011 22.50NS 44 .50NS 9.00%* 61.00%+
RD-012 21.75NS 45.00NS 26.00%* 62.75%%
RD-013 22.50NS L4 .25NS 24 ,25%% 67.75%
RD-014 21.25NS 46.00NS 13.50#%* 54.50%*%
RD-015 22 .00NS Ll , 65NS 17.25%% 56.50*%*
RD-016 22.25NS 45.00NS 20.75%% 63.25*+
RD-017 20.50NS L4, 25NS 20.75%% 67.25%
RD-018 22.25NS Li4,25NS 25.00%+ 34,50+ 4
RD-019 20.75NS 43.25NS 17.50%% 07.00%¢
RD-020 22.00NS L4 .75NS 17.0U*% 48,00
RD-021 22.25NS8 L4 ,75NS 9.75%% 52.50%*
RD-022 22.50NS 44 .00NS 9.25%:x% 58.50%4
RD-023 22 .50NS L4, 25NS B.6ET** 55.00%+
RD-024 22.00NS 44, 75NS 17.60%% 64 .40
RD-025 21.00NS 45,.00NS 24,00+ 55.00%4
RD-026 22.75NS 44 .00NS 16.50%* 63.00%4
RD-027 21.75NS 44 ,00NS 20.00%* 61.75%%
CONTROL = 22.50 44 .00 40.50 76.75
KIM 5 6.75%x% 9.75 10.00 10.25
DUNNET'S (0.05) 1.80 3.30 b.69 8.94
DUNNET'S (0.01) 2.62 L.12 8.36 11.17
' MEAN 4 REPETITIONS
" INCUBATION PERIOD

“ FUNGUS ALONE
¥, ¥% SIGNIFICANCE DIFFERENCE (a = 0.05 AND o = 0.01)
BETWEEN CONTROL AND TREATMENTS



TABLE 2. IN VITRO EVALUATION FOR THE BIOCONTROL OF MACROPHOMINA
PHASEOLINA WITH RHIZOBIUM SP. BY THE MODIFIED SPENT CULTUERE

TREATMENTS MICELIAL DRY WEIGHT (M()
KIM-5 2.3%*
USDA 76 2.1%%
RD-003 7 .8NS
RD-005 10.9NS
RD-006 8.4NS
RD-007 8.2NS
RD-008 8.8NS
RD-009 9.0NS
RD-011 L, 6X*
RD-012 8.8NS
RD-013 5.6%x%
RD-014 3.7%%
RD-015 5.9%x%
RD-016 6.0%%
RD-017 5.2%x%
RD-018 4, 0*x
RD-019 3.8%x
RD-020 L, O**
RD-021 b, 3%*
RD-022 11.0NS
RD-023 9.0NS
RD-024 4, 0*x%
RD-025 2.0%%
RD-026 10.8NS
RD-027 Z6.3NS
CONTROL* 11.9
DUNNET'S (P<0.05) 4.19
DUNNET'S (P<0.01) 5.27

' MEAN 4 REPETITIONS
= FUNGUS RLONE
** SIGNIFICANT DIFFERENCE a = 0.01



Alfalfa-Rhizobium-Macrophomina Bioassay:

Selected Rhizobium strains from in vitro tests were used in a
preliminary evaluation of Rhizobium antifungal activity in vivo
using alfalfa (Medicago sativa) plants grown in Jeasen medium.
Florida 77 alfalfa variety (susceptible to PR Mp2) was evaluated
in the following treatments:

-Control (Alfalfa alone)

~Alfalfa + Rhizobium

-Alfalfa + Macrophomina

-Alfalfa + Macrophomina + Rhizobium

A Random Complete Design (RCD) with 5 replications was used

in this test. Dpata are being analyzed for a complete report of

this test.

II. Secretaria de Estado de Agricultura (SEA) of the Dominican
Republic:

A group of indigenous Rhizobium strains were isolated
from San Juan de 1la Maguana bean producing region. These strains
were characterized at the Soil Microkiology Laboratory of
CESDA, San Cristobal (Appendix 1). Twenty three strains from
DR Collection have been screened in vitro as mentioned in
item I.

Surveys of Macrophomira incidence were conducted at San Juan
de 1la Maguana during winter (September—December) and autumn
(January-March) seasons. The 1incidence of M.phaseolina ranged
from 2%, at the Herradura area, to 82%, at the Arroyo Loro
Agricultural Experiment Station. Three bean farms were selected
as potential sites to conduct future biocontrol experiments.

The Arroyo Loro isolate of M.phaseolina (RDMp2) was used in
a pathogenicity test in order to evaluate a group of 17 red
mottled bean varieties (Pompadour types). Results of this test
indicate that Pompadour B was resistant to RDMp2 (Appendix 2).

The disease incidence of RDMp2 is highest in wet fields of
the Arroyo Loro Station, which might indicate that piants were
probably being infected with another race of M.phaseolina. Ashy
Stem Blight severe symptoms are observed in Puerto Rico when
Pompadour adult plants (stages R5-R8) are under stress from
moisture deficit. Further studies are planned to confirm these
observations.

In August 1Ing. Alfonsina Sdnchez (our Plant Pathologist
counterpart in DR) will take a leave of absence from the
Secretaria de Estado de Agricultura to begin studies at the
University of Pue - to Rico, Mayaguez Campus, towards a M.S.degree
in Crop Protection. Ing. Patricio de la cruz from CESDA, has been
appointed in the project 1in substitution of Ms.SA&nchez. Ing.

Q/



Floildan Perdomo expects to complete a M.S. degree during the
upcoming year. His thesis research deals with the biocontrol of
M.phaseolina by Rhizobium strains under laboratory conditions, At
the UPR the project collabnrates with the Bean Breeding Project
(Bean/Cowpea CRSP), and with Dr. Linda Blum project of biocontrol
from the University of virginia.

During the XXIX Annual Meeting of the American
Phytopathological (A.P.S.)~Caribbean Division at CIAT, Colombia,
4 paper was contributed by the project staff: "Biological Control
of Macrophomina pPhaseolina By Rhizobium Strains in Laboratory
Tests",

Publications:

Perdomo, F., R. Echiavez-Badel, M. Alameda, and E.cC. Schrdoder .
1989. In vitro Rhizobium Strains Zvaluation for Biocontrol
of Macrophomina pPhaseolina. Ann. Rep. B.I.C. 32:103-104.

Perdomo, F., R. Echavez Badel, M. Alameda, and E.cC. Schroder.
1982. Biological control of Macrophomina phaseolina by
Rhizobium Strains in Laboratory Tests. Proceedings of the
First International Congress of APS-CD/ALF/ASCOLFI. p 33.
CIAT, Colombia. Abstract submitted to Phytopathology.



Appendix 1

Growth

A - ++++
M- +++

MA- ++

P - +
Texture

E - Elastic
Cc - Creamy
G - Gummy
Cnnsistencx

G - Gelatinous
S - Dry

A - VWatery

Abbreviations (Symbols)

pH

A - Acid produced

N - Non-acid produced
NA- Late acid productlon
C - Alkaline

Color and Shape

R - Round

P - Flat

C - Conical



STRAIN,

SITE DATE GROWTH (Hours) pH TEXTURE | COLGNY SHAPE | CONSISTENCY
241487296 [120 [24[38]72]%6
RD-003 Lucero (Jinova) 2/24/39  MA MA MA MA MA A A A & C R S
RD-004 Lucero (Jinova) 2/24/84 M M M P A A A A A C R S
RD-005 Lucero (Jinova " MMM O MAMA A A A A E R G
RD~006 Sucesidén Ramirez " M M M MAMA A A A A E R G
RD-007 Lucero (Jinova) i P M M A MA A A A A E R G
RD-C08 Suc. Ramire: " - A A A A NA A A A E R G
RD-009 Lucero (Jinova) ’ M A A A A‘ A A A A E R G
RD-0010 " 1" A MA MA MA MA  NA NA NA A E R G
RD-0011 " " M MAMAMAMA A A A A E R G
RD-0012 Juan Herrera 2/28/89 P A A A A NA A A A E R G
RD-0013 Juan Herczra 2/28/89 M MA MA MA MA A A A E R G
RD-0014 Lucero (Jinova) " A A A A A A A A E R G
RD-0015 Lucero (Jincva) " A A MA A A A E R G
RD-0016 Lucero (Jinova) 3/3/89 M A A MA NA A A A E R G .
RD-0017 La Barranca 3/3/8Y A MAMAMAMA A A A & E R G
RD-0018 Lucero (Jincva) 3/3/89 A A A A A A A A A E R G
RD-0019 " 3/6/89 P P MAMAMA A A A A 3 R G
RD-0020 " 3/6/89 M P A A A A A A A C R S
RD-0021 La Barranca ' A P P MA Ma A A A E R G
RD-0022 La Barranca' " A P P A A NA NA A A C R S
RD-0023 Lucero (Jinova) " M M P A A A A A A E R G
RD-0024 Lucero (Jinova) " P P M A A NA NA Na A E R G
RD-0025 " P P M i u A A A A E R G
RD-0026 " 3/10/89 P P M N NA A A A E R G
RD-0027 " 3/10/89 P P M A NA A A A E R G



APPENDIX 2

TABLE: Disease reaction of 17 red mottled bean varieties to Ashy
Stem Blight, Macrophomina phaseolina (RDMp2), at the
Arroyo Loro Agricultural Experiment Station.

Entry No. Identity Disease severity?
1 Pompadour AE 22
2 Pompadour Q 4
3 Pompadour H 4
4 Pompadour XB 4
5 Pompadour B 1
6 Pomp.Rocio 4
7 Pomp.Jorgillo 4
8 Pompadour T 4
9 Pompadour S 3
10 Pompadour K 4
11 Pompadour v 4
12 Pompadour M 4
13 Pompadour AC 3
14 Pompadour E 2
15 Pompadour P 2
16 Pompadour U 2
17 Pomp. PC-50 3

* Based on a scale from 0 to 4, with 0 showing no symptoms and
4= severe symptoms.
? Mean of 2 replications.




APPENDIX 2

TABLE: Incidence of M.phaseolina in different areas of San Juan

de la Maguana region (Dominican Republic).

Area Farmer Incidence (%)
Juan Herrera 14,1
«inova Paulino Garcia 7.0
Jinova Augusto Cepeda 68.3*
Punta Caifia 10.5
Cuenda 7.0
La Culata 3.5
Chalona 8.0
Vallejuelo Rafael Montero 51.0
Arroyo Loro Agr.Exp.Station 82.0%*
Buenavista 4.0
La Herradura 2.0
Barranca Tulio Lapaix 64.0%*

%

% of incidence during the autumn season. Been fields selected

o

by SEA technicians to conduct future biocontrol experiments.
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EE vitro Rhizobium STRAINS EVALUATION FOR LIOCONTROL
OF Macrophomina phaseolina 2

Floildn Perdomo, Rodripo Echavez-Badel, Mvrna Al:aeda, and Eduardo C.
Schroder. Depts. of Apronomy & Soils and Crop Protection, Univ. of Puerto
Rico, Mayarues Compus. Mavacucr, PR 00709,

In rccent  yeare. ashy stem blight (Macrorhomina phascolina) has caused
losses in  experimental plantings in Puerto Fico and in  the Dominican
Republic, particularly when plants are under stress from moisture deficit
(1,3). Severe svaptoms are observed in the field when bean plants are in the
seedling stage, and frequently in adult plante.  Biclogical control of
pathaorens  can  be  accouplished throuph host  plont resistonce, cultural

ractices  antegeaistic Licroorgunisms,  bEaizeoiun i« wbundaut in the
rhizosphliera, provides N to legumes, produces plant growth factors and has
been shown to reduce root rot discases in some cascs 2,4). The objective of
this study was to identify and select Rhizobium strains that inhibit M,
phaseolina growth in bioassay tests. o

Thres in vitro nathods were used to measure the antibicsis of Rhizobium
strains toward 5. rheccoling virulent isolate PR 552, 1he inoculum wes grown
on potato dentrose agar  (PDA) and incubated at 28°C for five days.
Treatments were replicated 4 times and  results statistically analyzed by
analysis of variance. Differences between each treatment and control (fungus
alone) werce obtained by the Dunnet's test.

In the streak plate method Rhizobium strains were streaked on one side
of Yeast LExtract Mannitol Apar (YMA) and incubated for 48 hrs at 28°C. Disks
of active growing PR Mp2 were cut and placed 5 c¢m from bacterial streak on
cach plate. After incubation for 72 and 120 hrs, radial growth was measured.
Sigrificant difierences in radial growth rates between control and KIM-5
strain were ohtained (table 1),

In thr double-laver plate method, Rhizobium strains were grown on Yeast
Extract Mannitol broth (YEM) for 3-4 dz?s. Bacterial culture was
centrifuped, Cells obtained were suspended in 1 1 of YEM broth. Tempered
YMA was added to 1 ml  of cell suspension on a Petri dish and distributed
throughovt the agar by swirling gently the plate. A sccond laver of YEM was
poured over the {irst laver previously solidified. Plates were incubated at
28°C foer 24 hrs. Disks of PR Mp2 were plated and incubnted at 28°C for 48
and 96 hrs. Radial growth rates were considered in this test. Nine strains,
including KIM-5, were found to inhibit the fungus growth (table 1).

The spent  culture, slipghtly modified for us. was the third method used
in this study. ©DPisks >r M. phaseolina mvcelia  were  transfered to YEM
cultures of Rhizobium strains previously pgrown on Erlenmever flasks at 28°C
during 4 to 7 days. Cultures were incubated in a shaker for 5 days at room
temperature. Mycelia were collected, dried at 60°C for 4 days, and
weighted. Results indicated significant differences in fungal biomass
between control and fiftcen strains, including KIM-5. The most effective and
more consistent antagonist was KIM-5. However, its mechanism of biocontrol
has not been identified conclusively. It appears that antibiosis and
Jnutrient cempetition may play important roles. Further studies on mechanism
of action are contemplated.

* This research is supported by AID-PSTC Grant No. DPE-1159-G-55-8012-00,

e
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Table 1. In vitro Rhizobium strains KIM-5, USDA 76; USDA 110 and
UPPM 6000 anmong 32 strains evaluated as biolngical control
of M. phaseclina.

Treatments Streal plate Doble-laver Fungal
Radial growth * Radial growth ? Liomass *
48 hr ° 120 ~° 48 hr * 96 hr * (mg)

KIM-5 2.4% 9,87 10.3" 10.0° 5.77

USDA 76 22.8 £3.3 23.57 46,57 2.17

UsDA 110 27,8 36.0" 10.0" 21.0° 7.57

UPRM 6000 24.0 44,0 25.,2¢% 63.07 14.3

CONTROL 22.5 Lo 0 40.5 76.8 15.5

(Funpgus alone)

Dunnet's test 2.4 4,0 6.5 8.9 5.3

1 Means of 4 replications

2 Incubation periods

* Significant diiference (a=0.05) between contro' and
treatment.
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BIOLOGICAL OONIROL OF Eacroohianing phasoolina BY Rhizobium STRAINS IN
IABORATORY IESTS. TF. Pordaao, R.L. Chivez-Badel, Ii. Alameda, amd E.C.
Schroder.  Departments of I2groncny and Soils and Crcp DProtection.
University of kuarto Rico, Mayagusz Cammas, layaguez, Puerto Rico 00709.

Thirty two Rhizobium strains were evaluated in vitro for their potential
as biological control agents of Macrophoming phaseolina (PR IMp2
isolate). [Ivaluations identified several Fhirzohium strains with the
CHITIty wo Irlibitthe radicd cro of TTOD 0 i bt deslnte, The
WOZT ericctive and more consistent antageonist wae 14l 5, which inhibited
the fungus growth using the streal: plate, the double layer, and the
modified spent culture methods. This 1level of inhibition was
significantly different (P=0.05) compared with the control. The
mechanism of KIM 5 as hiocontrol agent has not been identified
cenclusively., However, it appears that antikiosis and nutrient
corpctition moy play important roles.  furtic ctucics o pothanisms of
action are contemplated.  This research was supperted in part by the
bProgram in Science and Technoloyy Cooperation (PSTC) of the US Agency
for International Development (2ID).

ESTUDIO FARO Y MICROGCOPICO DEL EFECIO DE Verticillium Jlecanii (Zimm.)
Viegas SOERE Hemileia vastatrix Berk. y Br., ASHIT CAUSAL DE LA ROYA
DEL CAFEIO. P.E. Vélez. Centro Nacional de lnvestigaeciones de Café
"CENICAFE", Chinchind, Caldas, Colombia.

Crecimiento micelial y extracto metabdlico de V. lecanii cultivado en

caldo papa dewtrosa (CPD) afectan la evolucidn de la lesion y la
germinacicn de uredosporas de . vastatrix. Al asperjar cultivo licuado

(micelio y conidias) de V. Jecanii sobre lesionas establecidas de H.-

vactatriy, so chaerva cubrimiento ¢ invasién de la pustula por el
micelio Blanzo del hongo con peéniida completa de éota.  E1 extracto
ctabolico de V. Jecanii agperjeds a  lesiones  establecidas de H.

vartatriy, origina una depresion central en la pastula, la cual se

acentua a traves del tiempo. lHicrescdépicamente el efects se manifiesta
con inhibicion total de la germinacion y algunos carbios aparentes en
las uredosporas. Histoldyicamente las hojas aspeorjadas con el cultivo
de V. lecanil muestran al micelio del hongo formando ra<los alrededor de
las uredosporas de roya, en el sitio de penctracion al estoma.  Cultivo
y ertracto mestabolico de V. lecanii asporjado en hojas sanas. no
prcvocan ningun cambio visible en la hoja. El seguimiento efectuado,
evidencia el efecto curativo de V. lecanii y su inccuidad en plantas
sanas; factores fundamentales en un microorganismo usado en Control
Bioldgico.

1
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