
ETIOLOGY, PATHOLOGY AND CHARACTERIZATION
OF VIRUSES FROM BEANS GROWING IN THE SONORA
DESERT OF MEXICO (COWPEA, CHLOROTIC MOTTLE).

Item Type text; Dissertation-Reproduction (electronic)

Authors Jimenez Garcia, Emilio

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 21:32:12

Link to Item http://hdl.handle.net/10150/187907

http://hdl.handle.net/10150/187907


INFORMATION TO USERS 

This reproduction was made from a copy of a document sent to us for microfilming. 
While the most advanced technology has been used to photograph and reproduce 
this document, the quality of the reproduction is heavily dependent upon the 
quality of the material submitted. 

The following explanation of techniques is provided to help clarify markings or 
notations which may appear on this reproduction. 

I. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent p3ges. This 
may have necessitated cutting through an image and duplicating acijacenc pages 
to assure complete continuity. 

2. When an image on the film is obliterated with a round black mark, it is an 
indication of either blurred copy because of movement during exposure, 
duplicate copy, or copyrighted materials that should not have been filmed. For 
blurred pages, a good image of the page can be found in the adjacent frame. If 
copyrighted materials were deleted, a target note will appear listing the pages in 
the adjacent frame. 

3. When a map, drawing or chart, etc., is part of the material being photographed, 
a definite method of "sectioning" the material has been followed. It is 
customary to begin filming at the upper left hand comer of a large sheet and to 
continue from left to right in equal sections with small overlaps. If necessary, 
sectioning is continued again-beginning below the first row and continuing on 
until complete. 

4. For illustrations that cannot be satisfactorily reproduced by xerographic 
means, photographic prints can be purchased at additional cost and inserted 
into your xerographic copy. These prints are available upon request from the 
Dissertations Customer Services Department. 

5. Some pages i.n any document may have indistinct print. In all cases the best 
available copy has been filmed. 

University 
MicrOfilms 

International 
300 N. Zeeb Road 
Ann Arbor, MI48106 





8511701 

Jimenez Garcia, Emilio 

ETIOLOGY, PATHOLOGY AND CHARACTERIZATION OF VIRUSES FROM 
BEANS GROWING IN THE SONORA DESERT OF MEXICO 

The University of Arizona' 

University 
Microfilms 

International 300 N. Zeeb Road, Ann Arbor, MI48106 

PH.D. 1985 





PLEASE NOTE: 

In all cases this material has been filmed in the best possible way from the available copy. 
Problems encountered with this document have been identified here with a check mark_.J_. 

1. Glossy photographs or pages ~ 

2. Colored illustrations, paper or print __ _ 

3. Photographs with dark background ~ 

4. Illustrations are poor copy ___ _ 

5. Pages with black marks, not original copy __ 

6. Print shows through as there is text on both sides of page __ _ 

7. Indistinct, broken or small print on several pages __ _ 

8. Print exceeds margin requirements __ 

9. Tightly bound copy with print lost in spine __ _ 

10. Computer printout pages with indistinct print __ _ 

11. Page(s) lacking when material received, and not available from school or 
author. 

12. Page(s) seem to be missing in numbering only as text follows. 

13. Two pages numbered . Text follows. 

14. Curling and wrinkled pages __ 

15. Dissertation contains pages with print at a slant, filmed as received ___ _ 

16. Other -------------------------------------------------------

University 
Microfilms 

International 





Etiology, Pathology and Characterization of 

Viruses From Beans Growing in the Sonora Desert of Mexico 

by 

Emilio Jimenez Garcia 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF PLANT PATHOLOGY 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1985 



THE UNIVERSITY OF ARIZONA 
GRADUATE COLLEGE 

As members of the Final Examination Committee, we certify that we have read 

the dissertation prepared by ____ ~E~m~i~l~i~o~J~1~·m~e~n~e~z_G~a~r~c~i~a~ ____________________ _ 

entitled Etiology, pathology and characterization of viruses from bean 
--------~~~----~~---------------------------------------------

growing in the Sonora Desert of Nexico 

and recommend that it be accepted as fulfilling the dissertation requirement 

for the Degree of Doctor of Philosophy 

.T~~L2bk en, Oxe=-
10 905 

Final approval and acceptance of this dissertation is contingent upon the 
candidate's submission of the final copy of the dissertation to the Graduate 
College. 

I hereby certify that I have read this dissertation prepared under my 
direction and recommend that it be accepted as fulfilling the dissertation 

(0, 198'5---
; 



STATEMENT BY AUTHOR 

This dissertation has been submitted in partial fulfillment of 
requirements for an advanced degree at The University of Arizona and is 
deposited in the University Library to be made available to borrowers under rules 
of the Library. 

Brief quotations from this dissertation are allowable without special 
permission, provided that accurate acknowledgment of source is made. Requests 
for permission for extended quotation from or reproduction of this manuscript in 
whole or in part may be granted by the head of the major department or the 
Dean of the Graduate College when in his or her judgment the proposed use of 
the material is in the interests of scholarship. In all other instances, however, 
permission must be obtained from the author. 

SIGNED: .~ ~ .~ 
/ 



ACKNOWLEDGMENTS 

The author wishes to express his profound appreciation to Dr. Merritt R. 

Nelson, Director of this dissertation, for his sage advice during this 

investigation. 

Sincere gratitude is extended to my Graduate Committee, Drs. Stanley 

M. Alcorn, Michael E. Stanghellini, Richard B. Hine, and H. Earl Bloss for their 

useful suggestions and valuable contributions to this study. 

Special thanks are extended to Drs. Jeanne D. Mihail and Peter Cotty for 

their help in analyzing the data and editing this dissertation. 

Sincere gratitude is expressed to Barbara Malandrone for typing this 

dissertation. 

The financial assistance provided by Consejo Nacional de Ciencia and 

Tecnologia-CONACYT; Instituto Nacional de Investigaciones Agricolas - INIA, 

and Patronato Para la Investigacion and Experimentacion Agricola en el Estado 

de Sonora-PIEAES are gratefully acknowledged. 

My deepest appreciation and love are extended to my wife Olga for her 

continued support, company and tolerance throughout my doctoral studies and to 

my daughters Olga Lizzette and Ana Carolina for being constant sources of joy. 

iii 



TABLE OF CONTENTS 

LIST OF TABLES 

LIST OF ILLUSTRATIONS 

ABSTRACT 

CHAPTERS 

1. INTRODUCTION AND LITERATURE REVIEW 

Bean Viruses 
Characterization of Bean Viruses 
Host Range 
Bean Virus Strains 

2. IDENTIFICATION OF BEAN VIRUSES FROM SONORA 

Materials and Methods 
Collection and maintenance of viruses 
Characterization and identification of the 

viruses in field samples 
Purifica tion of viruses 
Virus particle morphology 
Serology 
Electrophoresis for RNA 
Physical properties 
Differentiation of strains 

Re'sults 
Symptoms on maintenance plants 
Characterization and identification of 

viruses from field samples 
Virus purification 
Virus particle morphology and size 
Serology 
Electrophoresis 
Physical properties 
BCMV strains 

Discussion 

iv 

Page 

vi 

vii 

viii 

1 

2 
3 
4 
5 

8 

8 
8 

10 
13 
15 
16 
17 
17 
18 
18 
18 

19 
21 
22 
22 
23 
24 
24 
24 



Page 

3. DETECTION OF BEAN VIRUSES IN SEED AND ALTERNATE HOSTS 38 

Materials and Methods 
Seed transmission 
Alternate hosts 

Results 
Seed transmission of viruses 
Virus infection of alternate hosts 

Discussion 

4. EFFECT OF VIRUSES ON BEAN YIELDS 

Materials and Methods 
Test plants 
Virus treatments 
Trial evaluation 

Results 
Effect of viruses on vegetative growth 
Effect of viruses on flower production 
Rela tionship of flower production to pod set 
Effect of viruses on yeild components 
Effect of viruses on yield 
Ration of dry weight to seed weight 
Ratio of total seed to marketable seed 

Discussion 

v 

40 
40 
40 
41 
41 
42 
42 

48 

50 
50 
50 
51 
52 
52 
52 
53 
53 
53 
54 
54 
54 



LIST OF TABLES 

Table Page 

1. Virus particles visualized with the TEM in bean samples 
collected in three regions of Sonora, Mexico. 28 

2. Reaction of host species to inoculations with sap from 
symptomatic tissue collected from bean fields 
in Sonora, Mexico. 29 

3. Reaction of host species to inoculations with virus 
isolates containing either rod or spherical 
particles separated from bean samples collected 
in Sonora, Mexico. 30 

4. Reaction of host species to inoCUlations with two isometric 
viruses separated from bean samples collected in 
Sonora, Mexico. 31 

5. Classification of BCMV isolates from Sonora, Mexico using 
~. vulgaris cultivars as differential hosts. 32 

6. Transmission through seed of viruses isolated from ~. vulgaris 
samples collected in Sonora, Mexico. 45 

7. Contamination of commercial~. vulgaris seed lots collected 
in Sonora, Mexico with isometric viruses. 46 

8. Reaction of weed and crop species to inOCUlations with 
viruses isolated from ~. vulgaris samples collected 
in Sonora, Mexico. 47 

9. Effects of single, double, and triple virus combinations on 
plant tissue production and ratios of dry weight to 
seed per plant. 57 

10. Effects of single, double, and triple virus combinations on 
yield components, total yield, and yield reduction. 58 

vi 



LIST OF ILLUSTRATIONS 

Figure Page 

1. Transmission electron micrographs of crude sap extracts 
prepared from symptomatic virus infected P. wlgaris 
cv. 'Pinto' collected in agricultural regions of 
Sonora, Mexico. 33 

2. Transmission electron micrographs of three viruses isolated 
from f. wlgaris in Sonora, Mexico purified 
by sucrose density gradient centrifugation. 34 

3. Typical symptoms induced by various strains of the three 
viruses isolated from f. wlgaris in Sonora, Mexico. 35 

4. Serological reaction in im munodiffusion tests of the two 
isometric viruses isolated from f. vulgaris in 
Sonora, Mexico. 36 

5. Particle length distribution of two strains of BCMV 
(NY-15 and YV-l) isolated from f. wlgaris in 
Sonora, Mexico. 37 

6. Effects of virus cultures isolated from field collected 
f. wlgaris plants in Sonora on flower production 
by 'Pinto' bean. 59 

7. Comparison of flower production to pod set in 'Pinto' 
bean plants infected with virus cultures from 
field collected f. wlgaris from Sonora, Mexico. 60 

8. Comparison of total yield and marketable yield of 
'Pinto' bean plants infected with virus cultures 
isolated from field collected f. vulgaris plants 
from Sonora, Mexico. 61 

vii 



ABSTRACT 

Survey of crops of common bean (Phaseolus vulgaris L.) in Sonora, 

Mexico revealed the presence of two isometric viruses and one flexuous rod virus 

on the basis of host reaction, particle morphology, serology and physico-chemical 

properties. The isometric viruses were identified as Bean Southern Mosaic Virus 

(BSMV) and Cowpea Chlorotic Mottle Virus (CCMV); the flexuous rod virus was 

identified as Bean Common Mosaic Virus (BCMV). Using bean cultivar 

differentials, two strains of the potyvirus BCMV were identified, NY-15 and a 

previously undescribed strain designated YV-1. Host range, serological tests, and 

RN A electrophoresis indicated that the Sonoran BSMV cultures are similar to 

BSMV-strain A. Serology and RNA-electrophoresis indicated that the Sonoran 

CCMV isolates are identical to CCMV-strain A. BSMV and CCMV were always 

isolated as a mixture from seed lots and from field collected bean tissue. BCMV 

occurred alone or in mixed infections with BSMV and CCMV. 

BCMV was seed transmitted with an average efficiency of 58 percent. 

The BSMV-CCMV mixture was transmitted with an efficiency of 6 percent. 

BSMV and CCMV were seed transmitted together, but separate transmission of 

BSMV or CCMV was not detected. Commercial seed lots from two major bean 

growing regions of Sonora (Hermosillo Coast, Sonora River) were contaminated 

with the BSMV-CCMV mixture but not with BCMV. The average contamination 

level was 13 percent. 

Two common weeds present in Sonoran agricultural areas were found to 

be potential alternate hosts of CCMV. Both Sisymbrium irio L. and Melilotus 
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indica L. were infected systemically, although the infection in M. indica was 

latent. 

Potential losses due to Sonoran bean viruses were measured in 

greenhouse exper~ments with the cultivar Pinto 111. BCMV strains caused a 29.4 

to 60.1% reduction, whereas BSMV-CCMV mixtures induced a 22.5 to 74.6% yield 

reduction. A synergism occurred between the BSMV-CCMV mixture and BCMV 

resulting in more severe symptoms and a yield reduction of 92.7%. Synergistic 

effects were also observed between BSMV and CCMV. Actual yield reduction 

resulted from impaired flower production and, consequently, reduced pod 

production. Significant effects on plant tissue production, flower fertilization 

and seed quality were not observed. 

Cowpea chlorotic mottle virus infected mung bean (Vigna radiata (L.) 

Wilczek) a previously unreported host. Infection of mung bean by BSMV was only 

possible when CCMV was present in the inoculum. Both BSMV and CCMV could 

be isolated from symptomatic plants infected with the BSMV-CCMV mixture, 

however, symptoms on mung bean were unchanged from infection by CCMV 

alone. 

ix 



CHAPTER 1 

INTRODUCTION AND LITERATURE REVIEW 

French Bean Phaseolus vulgaris L. is a crop grown worldwide (84, 113). 

In Latin American countries it is an important sUbsistance crop, representing the 

main source of protein for low income people (64, 84, 140). In Mexico beans are 

the second most important food crop after corn with 19.5 kg per capita being 

consumed annually (97). One million, seven hundred thousand Ha are planted 

annually in Mexico, yielding approximately 960,000 metric tons (97, 126). 

Beans are grown in most of the agricultural areas of Mexico. The largest 

acreage is planted under rainfall conditions where yields are as low as 550 I<g/Ha 

(97). However, 22% of the total bean production in Mexico is grown and 

harvested in irrigated areas. Under these conditions yields average 1,200 kg/Ha 

(97), although the yield potential of bean in irrigated areas is close to 3,000 

kg/Ha under ideal conditions (98, 116). Sonora is a state where, historically, 

beans have not been a major crop, in spite of the fact that highest yields are 

measured in this state. Acreage planted varies from year to year, and is 

determinated by the economics. The largest annual acreage of beans was in 1981 

when it was approximately 24,000 Ha •. The relatively low yields in relation to 

yield potential, is due to various adverse factors, of these virus diseases are 

believed to be responsible for the largest yield reductions in irrigated bean crops 

(25, 26). 

* Secretaria de Agricultura y Recursos Hidraulicos Representation Office in 
Hermosillo, Sonora, Mexico 

1 



2 

Bean Viruses 

Many different types of viruses and their strains have been reported 

infectious to french beans Phaseolus vulgaris in many countries throughout the 

world (1, 5, 12, 22, 25, 27, 28, 44, 45, 48, 50, 58, 73, 77, 79, 95, 104, 107, 110, 

114, 128, 129, 130, 131, 133, 135, 139, 144, 147, 150). Losses of crops due to 

virus infections was cited as early as 1917 (121, 133), with Bean Common Mosaic 

Virus (BCMV) and Bean Yellow Mosaic Virus (BYMV) being the first two viruses 

reported to be infectious on beans (6, 118, 121, 133). Virus induced diseases on 

beans have increased and those viruses reported and characterized since that 

time include: Bean Southern Mosaic Virus (BSMV) (Synonym: Southern Bean 

Mosaic Virus -SBMV) (15, 65, 89, 108, 135, 142, 149, 150, 151); Cowpea Mosaic 

Virus (CPMV) (139); Cowpea Chlorotic Mottle Virus (CCMV) (7, 41, 91, 92, 96, 

141); Broad Bean Mottle Virus (BBMV) (56); Bean Pod Mottle Virus (BPMV) (15, 

127); Broad Bean Stain Virus (BBSV) (54); Bean Golden Mosaic Virus (BGMV) (12, 

22, 43, 45, 59, 61, 62, 75); Bean Mottle Dwarf Virus (BMDV) (22); Peanut Stunt 

Virus (PSV) (37, 109); Bean Yellow Stipple Virus (BYSV) (41, 47, 49, 152); Bean 

Rugose Mosaic Virus (BRMV) (46, 50); Bean Mild Mosaic Virus (BMMV) (143, 144); 

Bean Curly Dwarf Mosaic Virus (BCDMV) (77, 104); Cucumber Mosaic Virus 

(CMV) (19, 30, 55, 106), and Tobacco Mosaic Virus (TMV) (134). Hampton et. al. 

and Bos have cited various other legume viruses that can be infectious on beans 

(15, 72). 

Bean Common Mosaic Virus and BYMV are the two most widely 

distributed of all cited bean viruses to date. They have been reported to cause 

damage to cultivars of Phaseolus wlgaris in all areas of the world where beans 

are grown, and are the viruses of major economic importance on beans (17, 18). 
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The second most important virus infecting beans, BSMV also has been reported to 

have wide distribution throughtout the world, but it is most prevalent in warm 

temperate and tropical regions (135). Bean Golden Mosaic Virus is widely 

distributed in tropical and subtropical areas of America as well as other 

continents, and is considered the third most important virus infecting beans (62). 

Most other viruses reported on beans have a localized distribution but may cause 

severe damage to local bean crops (22, 49, 50, 56, 104, 109, 127, 139, 144, 152). 

Characterization of Bean Viruses 

A wide range of viruses infect beans (17, 18, 22, 37, 39, 49, 50, 54, 55, 

62, 76, 104, 122, 127, 135, 139, 144). Characterization of these viruses has been 

accomplished by utilizing standard plant-virus ideJ'tification procedures (14, 53, 

57, 76). As a consequence, most viruses have been placed in groups based on 

such characteristics as vector transmission, particle morphology, chemical 

composition, and serology (57. 76. 80). Bean Common Mosaic Virus and BYMV 

are members of the potyvirus group. They have an elongated particles, 750 nm 

in length, 5% ssRNA, and are aphid transmitted (1,5, 17, 18, 82, 83, 111, 113). 

Bean Southern Mosaic Virus has been placed in the sobemovirus group. It 

has an isometric particle 30 nm in diameter, 21% ssRN A, and is beetle 

transmitted (58, 128, 135, 142, 145). 

Bean Golden Mosaic Virus (BGMV) is a whitefly (Bemisia tabaci Genn.) 

gemini virus with a twined dimeric particles (19x38 nm in size) varying numbers 

of monomeric particles (18-20 nm in diameter), and 29% DNA (59, 61, 62, 63, 75, 

88, 122). Bean Mottle Dwarf Virus also is whitefly transmitted (22). 
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Cowpea Mosaic Virus, BPMV, BRMV, and BBSV are all in the comovirus 

group. They have isometric, multi component particles 25-30 nm in diamter, 

with 28-35% ssRNA, and are beetle transmitted (50, 54, 57, 76, 127, 139); some 

are seed transmitted. Cucumber Mosaic Virus (CMV) and PSV are members of 

the cucumovirus group with isometric particles 30 nm in diameter, 16-18% 

ssRNA in three or more molecules, and are aphid transmitted (55, 76, 109). 

Characteristics of BBMV, CCMV, and BYSV are similar to those of the 

bromovirus group. They have isometric particles of 25 nm in diameter, have 22-

24% ssRNA in three or more molecules and are beetle transmitted (7, 47, 49, 56, 

57, 91, 152). 

Bean Mild Mosaic Virus and BCDMV are transmitted by beetles. The 

isometric virus particles characteristic of BMMV are 28 nm in diameter, and 

have 20% ssRNA, while particles of BCDMV are 25 nm in diameter (77, 104, 143, 

144). 

Host Range 

Bean viruses as BSMV, BGMV, BPMV, BYSV, BMDV, BRMV, BMMV, and 

BCDMV may have narrow host range, while CMV, CCMV, and CPMV have a 

broad host range. Generally, viruses that have broad host ranges were first 

isolated and characterized from a host other than bean. Host range, and 

symptomatology has been one of the main tools for characterization and 

identification of bean viruses. However, too heavy a reliance in the past on 

these characteristics has often resulted in confusion and inaccurate 

interpretation of biological variation in and between the bean virus groups (14, 

57, 72). 
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Viruses originally isolated from beans, such as BPMV, BYSV, BMDV, 

BRMV, BMMV, and BCDMV, are reported to infect hosts only in the Leguminosae 

family (22, 49, 50, 104, 127, 144, 152). Additionally, some viruses not originally 

isolated from beans (e.g.) BBMV, BBSV, and PSV have host range restricted to 

legume species (54, 56, 109). In contrast, CPMV, CCMV, and CMV infect a wide 

range of species in many families (7, 55, 91, 139). 

While BCMV was thought originally to be restricted to leguminous plants 

(18); this virus is now known to infect 60 species of plants, including 

representations from Chenopodiaceae, Martynaceae, and Solanaceae (35, 70, 81, 

87, 105, 154). Members of the Leguminosae Chenopodiaceae, Amaranthaceae, 

Solanaceae, Cucurbitaceae, Cruciferae, and Iridaceae are reported as hosts of 

BYMV (1, 5, 8, 16, 20, 33, 34, 103, 124, 153, 156). The host range of BSMV is 

restricted to species of Leguminosae (28, 40, 89, 95, 117, 128, 129, 135, 147, 

150), though one specie of the Amaranthaceae has been reported infected by an 

isolate from the Ivory Coast (58). Though BGMV is reported to infect only 

species within Leguminosae (12, 45, 61, 62, 79), Costa showed that Malva 

parviflora L. carries this virus (22). 

Bean Virus Strains 

A virus strain usually is characterized by some biological or physical 

property that varies from an established norm. Most bean viruses have such 

variants, several of them are reviewed here. About 22 different strains of BCMV 

have been described (36, 42, 73, 105), these have been placed into seven groups 

and six subgroups, on the basis of disease reactions in nine differential hosts (36). 

New York 15 (NY-15), Idaho, and Florida were the first reported strains of BCMV 
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(31, 123, 136, 155). Bean Western Mosaic Virus (BWMV) seed-borne virus with a 

wide host range, originally reported by Skotland and Burke (132) as a new bean 

virus, but now is considered to be a strain of BCMV (36). Silbernagel, in 1969, 

reported the Mexican strain (130). Moreno et al. cited a strain from Costa Rica 

(114). Gamez et al. reported different strains from Peru (44). Gamez also 

identified three different strains from E1 Salvador and Nicaragua (48). Kaiser 

and Mossahebi reported a strain infectious on mung bean (87). Different strains 

have been described by Alconero et al. (4). Drifjfhout and Bos identified two 

strains from Wageningen, BCMV-NL7 and BCMV-NL8. These strains resemble 

those reported from Costa Rica and Peru (35). Gathuru and Cobette reported 

the Tanzania strain (51). 

Bean Yellow Mosaic Virus was originally described by Pierce in 1934 

(118), with several strains reported since (1, 17, 20, 86, 112). Pea, cowpea, and 

red clover were the first three BYMV strains described (8, 17). Hagedorn and 

Walker indicated that Pea Mosaic Virus was a strain of BYMV (66, 67). A strain 

producing necrotic lesion in red clover was reported by Zaumeyer and Fisher 

(153). McCord and Gadauskas described a strain infectious on Vicia sativa L. 

(99). Several strains are mentioned by Bos et al. (8, 20, 86). A strain infectious 

on gladiolus was described by Zettler and Albo EI-N!l (100, 103, 156). Alper and 

Loebenstein reported an isolate infecting irises in Israel (5). Rizvi isolated a 

strain infectious on cucurbits (124). Based on serological and biological 

differences, most strains of BYMV within recent years have been placed in three 

groups (85, 86). The type strain or B, of SBMV was originally described by 

Zaumeyer and Harter (135, 151). Many other different strains of this virus have 

since been found. Shepherd and Fulton described the C or cowpea strain (SBMV-
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CP), which infects .cowpea varieties and other legume species, but not Common 

bean (89, 128). Yerkes and Patino (147), and later Grogan and Kimble (65), 

classified the severe strain from Mexico as M; it infects beans as well as cowpea. 

The strain known as Ghana or G, was isolated in Ghana by Lamptey and Hamilton 

(95) and by Givord from cowpea growing in the Ivory Coast (58). This strain 

mainly infects cowpea and induces necrotic lesions or a latent systemic infection 

in common bean (23). Shoyinka et al. reported a strain from Nigeria (BSMV-CS) 

which infects cowpea (129). Valverde and Fulton described four different strains 

from the United States (138). A strain named BSMV-NCP was described by 

McGovern and Kuhn. This strain incitates symptoms only in cowpea (101). 

No variants have been reported for BGMV (12, 45, 60, 61, 62, 63, 79, 88, 

122), although an isolate infectious on mung bean Vigna radiata (L.) Wilczek 

(Synonym: Phaseolus aureus Roxb.), was reported from Thailand (79). 

Mild and severe strains of BRMV are reported from Guatemala, and 

severe ampollado from EI Salvador (50). Cupertino et al. reported that Bean 

Mosaico-emdeseho'-virus is a strain of BRMV (28). Strains have not been 

recognized for those other virus origninally isolated from beans such as BYSV, 

BMMV, BCDMV (47, 49, 104, 143, 144, 152). 



CHAPTER 2 

IDENTIFICATION OF BEAN VIRUSES FROM SONORA 

Bean crops in Sonora, Mexico are seriously affected by virus diseases. 

Crispin-Medina (25) estimated that bean producing areas in the northwestern 

region of Mexico (Culiacan, Los Mochis, Hermosillo) have suffered yield losses as 

high as 75% from infections of the BCMV type strain. He also indicated that 

bean cultivars originally resistant to the type strain of BCMV are becoming 

infected, this denotes that other strains or other viruses may be present in those 

areas (25). 

Very few reports exist which refer to virus diseases of bean in Sonora. 

To date it is not known actually which or how many viruses are causing losses of 

bean crops in the state. Based on the estimated importance of virus diseases on 

bean production in Sonora, the need to understand the etiology and loss patterns 

is the reason this research was undertaken. 

Materials and Methods 

Collection and maintenace of viruses 

A total of 50 leaf tissue samples exhibiting different virus symptoms 

(e.g. systemic green mosaic, systemic yellow mottle, systemic leaf deformation, 

leaf curling, severe stunting and leaf malformation) were collected from bean 

8 
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fields during the spring and fall seasons of 1982 and spring of 1983 in Hermosillo 

coast Yaqui Valley, and Sonora River agricultural areas of Sonora. Sampled 

fields were planted with either pinto or azufrado (yellow seed) cultivars. 

Infected leaf samples were selected and placed in plastic bags, transported in ice 

chests and stored in refrigerator until processing. Virus-free plants of cultivars 

Pinto 114 and Canario 101, previously checked for freedom from seed-bol'ne 

viruses, were used as test plants to increase and maintain the virus inoculum 

present in collected samples. Host range studies of virus isolates were 

conducted in the greenhouses at the University of Arizona, Tucson. Under 

greenhouse conditions (22-35 C) test plants were germinated in 30x60 cm trays 

containing a bottom layer a of pasteurized soil mixture (2 sandy soil, 1 peat 

moss) and a top layer of vermiculite. Seedlings were transplanted after 

germination, to plastic pots 10 or 15 cm in diameter, each pot containing 

pasteurized soil mixture, received one seedling. Plants were top-dressed 

monthly with 2 to 4 g of slow release fertilizer (Osmocote:NPK, 20-6-12). 

Pinto 114 or Canario 101 virus maintenance plants, as well as those used 

for host range studies, were inoculated by rubbing sap, from appropriately 

infected plants, mixed with 600 mesh carborundum on plant leaves with camel's 

hair brushes. Test plants for virus maintenance were inoculated with sap from 

field collected samples. Sap was prepared by grinding symptom~tic leaves in 0.1 

M phosphate buffer, pH 7.0 in a mortar with a pestle. 

Inoculum was rubbed on the upper surfaces of the cotyledons of one

week-old plants. Five plants were inoculated with each field sample in the first 

set of virus maintenance plants (Pinto 114 or Canario 101), two to three plants 

were inoculated in further virus transfers. Controls consisted of mock 
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inoculation with buffer and carborundum. Original infected test plants were 

used as virus source for virus host range and characterization studies. Isolates 

were serially transferred to new set of maintenance plants as often as necessary 

during the course of the experiment. 

Greenhouses were fumigated weekly to keep plants free from insects, 

particularly aphids, mites, thrips, and whiteflies. 

Characterization and identification of the viruses in field samples 

Tissue from 20 field-samples with symptoms were randomly chosen for 

examination for virus particles using a transmission electron microscopy (TEM). 

Crude sap preparations were made by chopping infected leaf tissues with a 

sterilized razor blade. Chopped tissues were placed in vials containing 0.1 M 

phosphate buffer, pH 7.0 (2 ml/g tissue) and allowed to sit for 10 minutes. A 

drop of this buffer was then placed on a glass slide and mixed with one drop of 

4% sodium phosphotungstic acid (PTA), pH 7.0. Carbon coated 300 mesh grids 

were floated for 2 minutes on this mixture, then blotted with filter paper 

(Whatman No.1) and air dried. 

To distinguish between viruses, several tests have been used; including 

host range, symptomatology on specific hosts, physico chemical properties, 

serology, cross protection, method of transmission and particle morphologies (72, 

86). Fortunately the majority of viruses reported to be infectious on bean are 

readily mechanically transmitted. This facilitates studies of host range. Host 

plants to identify viruses are selected for specific useful differential 

susceptibilities and symptoms. These differences are used to make preliminary 

identifications (72). 
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Bean Common Mosaic Virus, BYMV, BSMV, BGMV, and CMV have been 

the viruses most frequently isolated from bean field crops (17, 18, 55, 62, 135). 

To differentiate between these viruses, Dr. F. J. Morales (Virologist of the Bean 

Program CIAT, Cali Colombia) suggested some specific plants to use in host 

tests (personal communication). Those include: 1) Pea (Pisum sativum, L.) cv. 

'Alaska', to distinguish between BCMV and BYMV; BYMV incites systemic 

infection but not BCMV; 2) Bean (Phaseolus vulgaris) cv. 'Pinto 114', to 

differentiate between BSMV type strain and CMV; BSMV incite local necrotic 

lesions, CMV is systemic; 3) Cucurbitaceous hosts, such as cucumber (Cucumis 

sativus, L.), or pumpkin (Cucurbita ~, L.), are used to detect CMV. (BYMV 

and BGMV, which incite similar types of symptoms are differentiated by particle 

structure.) A number of papers describe host and methods to differentiate 

between those other viruses reported infections on beans 7, 15, 22, 37, 41, 46, 49, 

50, 54, 56, 77, 109, 127, 134, 139, 143, 144). 

To detect possible presence of CMV and TMV in the field samples, plants 

of cucumber (Cucumis sativus) cv. 'Straight Eight', pumpkin (Cucurbita ~) cv. 

'Small Sugar', and tobacco (Nicotiana tabacum L.) cv. 'Xanthi', were 

mechanically inoculated with sap from field virus maintenance host plants. 

Three plants of each host were inoculated with each sample. No indications of 

virus infection were observed in these hosts, therefore back inoculation to mung 

bean (Vigna radiata) and common bean (Phaseolus vulgaris) 'Pinto 114', were 

performed, to detect latent infections. Examinations with the TEM of crude sap 

preparation also were useful. 

Pea (Pisum sativum) cv. 'Alaska', faba bean (Vicia faba, L.) cv. 'Long 

pod', Chenopodium amaranticolor Cost &: Reyn, Chenopodium guinon Wild, 
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tobacco (Nicotiana clevelandii, Gray), Petunia hybrida Vilm, Globe amaranth 

(Gomphrena globosa L.), and Red clover (Trifolium pratense, L.), were inoculated 

to detect and differentiate between BCMV and BYMV. Three plants of each host 

were inoculated with each field sample. Systemic infection developed in Alaska 

pea and faba bean. The TEM examinations of crude preparation and back 

inoculation to pinto bean failed to show presence of elongated particles of 

BYMV. However, isometric particles were observed in tissues of the back

inoculated pinto bean. Bean (Phaseolus vulgaris) cvs. 'Pinto 114', Pinto 111', 

Canario 101, Olathe, and Azufrado Amarillo; Cowpea, (Vigna sinensis (Torner) 

Hassk) cv. 'California Blackeye', Mung bean, (y. radiata); soybean GlYCine max 

Merr. cv. 'Prize' lima bean (Phaseolus lunatus, L.) cv. 'Kinston" were inoculated 

with sap from collected samples to detected or differentiate between BCMV and 

BSMV. Three plants per host were mechanically inoculated with each collection 

(Table 2). Back inoculations to mung bean and pinto bean were performed using 

tissue from those hosts that did not show any indication of systemic infection. 

Examinations with the TEM of crude sap preparations were performed on all 

inoculated plants. 

Two seed-borne viruses were recovered from seedlings derived from 

seeds collected from symptomatic virus maintenance bean plants. One virus had 

flexuous rod particles and high rate of seed transmission, whereas the other, with 

isometric particles occurred relatively infrequently. 

Mung bean plants with tissue harboring the isometric virus showed small 

necrotic local lesions and systemic veinal necrosis. This host was used to detect 

the presence of the isometric virus in cultures of the seed-borne flexuous rod

shaped virus. Clean cultures of the flexuous rod virus were obtained from 

infected seedlings back-indexed to mung bean. Cultures free of the flexuous rod 
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virus, but containing the isometric virus which incited symptoms in mung bean 

were obtained by rubbing local lesion tissue from mung bean onto common bean 

plants (Pinto 114 and Canario 101). The absence of the flexuous rod virus was 

confirmed with the TEM. 

Results of initial host inoculations, TEM examinations, and serological 

tests permitted reduction in the number of virus isolates to four flexuous rods 

and nine isometric types. Host range studies were conducted by inoculating 

hosts previously tested and new hosts such as bean (f.. vulgaris) cvs. 'Great 

Northern 123', 'Red Mexican 34", 'Stringless Green Refugee', 'Kentucky Wonder'; 

tepary bean {E,. acutifolius (Gray). VBr. latifolius, guar (Cyamopsis tetragonoloba 

(L.) Taub.) cv. 'Kinman', cowpea (Vigna unguiculata (L.) Walp.) cvs. 'SA Dandy', 

'Purple Hull', 'Blackeye Mougne', and 'Knukle Purple Hull', pepper (Capsicum 

annuum L.) cv. 'CW 300', and tomato (Lycopersicum esculentum Mill) cv. 

'Marglobe' (Table 3) with sap from each of the nine isometric virus isolates. C. 

amaranticolor, C. quinoa, bean cultivars Pinto 114, Bontiful, Red Mexican 34, 

and Great Northern 123, tepary bean, pepper, tomato, mung bean, cowpea cv. 

'California blackeye' were inoculated with two isolates of the flexuous rod

shaped virus (CH-1, YV-l). Three plants of each host were inOCUlated. 

Subsequent studies revealed that all the isometric virus isolates were mixtures of 

two viruses. These viruses were separated by sucrose density gradient 

centrifugation (see page 15) and their infectivity determined in 23 cultivars of 

12 species of plants (Table 4). 

Purification of viruses 

The flexuous rod-shaped viruses were purified by following the modifed 

procedure described by Morales (111, 113). Triton X-100 0.1% v/v was added to 



14 

potassium phosphate buffer used for virus resuspension after the first PEG 

precipitation. Potassium phosphate buffer, pH 7.0 (0.05 M) was used to 

resuspend pellet after last concentration and for storage of the purified virus. 

The isometric viruses were purified by using infected leaf tissue 

harvested from bountiful or pinto bean plants 3 weeks after ino~ulation. A 

known quantity of infected tissue was homogenized for three minutes in two 

volumes of 0.2 M potassium phosphate buffer, pH 7.0. Homogenized tissue after 

filtering through 4 layers of cheesecloth, was treated with 8% v /w n-butane! by 

stirring in cold (less 4 C) for 10 minutes and then clarified by a low speed 

centrifugation 4,080 g (5000 rpm) for 15 minutes. Clarified supernatant fluid 

was subjected to three cycles of differential centrifugations 4,080 g and 105,000 

g (27,000 RPM) for 15 and 90 minutes, respectively. Virus pellets were 

resuspended in 0.1 M potassium phosphate buffer, pH 7.0. The final high speed 

pellet was resuspended and stored in 0.05 M potassium phosphate buffer, pH 7.0. 

Viruses were further purified by sucrose density gradient centrifugation. 

The gradients were made with buffer containing ribonuclease-free sucrose and 

prepared in 2.5 x 8.9 cm cellulose nitrate tubes for the Beckman SW27 rotor. 

Partially purified viruses were layered, 1 or 1.5 ml, onto 10 to 40% linear sucrose 

gradients in 0.1 M phosphate buffer, pH 7.0 and centrifuged in the swinging 

bucket rotor at 100,000 g (25,000 rpm) for 2 hours. Sedimentation zones were 

collected with 5 ml syringes and pelleted by centrifugation at 120,000 g (36,000 

rpm) for 90 minutes. All cultures of isometric viruses (see page 13) were found 

to carry two distinct virus particles. These appeared as two sedimentation zones 

in sucrose density gradient (SDG) preparations. Top and bottom zones were 

collected as described above, and passed through two subsequent cycles of 



15 

sucrose density gradients to obtain clean virus preparations. Clean cultures were 

obtained by inoculating pinto bean (Pinto 114) and cowpea (California Blackeye) 

with dilution series of each preparation. Serology and symptom expression were 

used to confirm culture purity. 

The ultraviolet absorbance spectrum (220 to 340 nm) of all purified 

viruses was measured with a Beckman-25 spectrophotometer. A 260nm/280nm 

ratios were calculated. 

Virus particle morphology 

Particle structure and size was determined by TEM examinations. Grids 

were prepared with sucrose density gradient purified viruses treated with 4% 

phosphotungstic acid - PTA on a carbon film grids in 1:1 drop proportions (57). 

Grids were viewed and particle images photographed using a Hitachi H-500 

electron microscope at an accelerating voltage of 75 kv. Particle sizes were 

determinated by the following procedure: particles were measured on prints of 

micrographs with a 0.5 mm graded rule, the print enlargement factor was 

determined by measuring the distance between the two most separated reference 

points on the prints and on the corresponding negative and dividing print point 

distances by the negative point distances. Print enlargement factor times 

negative magnification results in the print magnification. Particle size in nm 

was calculated by dividing the print particle dimensions in nm by print 

magnification factor. Shape and size of particles was recorded for all isolated 

virus and strains. 
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Serology 

Antisera to both flexuous rod isolate CH-1 and to the isometric virus 

isolate YV-2 (bottom sedimentation zone in SDG) were produced by immunizing 

rabbits with 1 mg rod-shaped and 2 mg isometric-shaped sucrose density gradient 

purified virus. Each rabbit was injected intramuscularly weekly with 1 ml of a 

purified virus each mixed with 1 ml of Freund's complete adjuvant, for 4 weeks. 

Serum collection began 8 days after the last injection. Five collections of serum 

were done at weekly intervals. Antiserum titer for each serum collection was 

determined by tube precipition and agar-gel double diffusion test (57). Controls 

included normal serum and healthy plant sap. Serological reactions were 

performed to test relationships of antiserum to virus isolates in agar-gel double 

diffusion plates. 

The 100x15 mm plates contained 12.5 ml of 1% noble agar and 0.05% 

sodium azide buffered at pH 7.4 with 0.1 M potassium phosphate containing 0.15 

M Nacl. Media in plates prepared for the rod virus also contained 0.5% of 

Sodium Dodecyl Sulphate (SDS). Wells of size 0.5 to 0.75 cm in diameter were 

made in the agar at 1.0 cm distance apart (from the center of each well). 

Antisera were placed in the center and antigens in the outer wells. Four 

flexuous rod isolates and 20 isometric (mixed) isolates were tested serologically. 

Controls were the known viruses BCMV-NY-151 (for rods) and BSMV-strain type, 

BSMVA-strain A (for isometric). No antisera were produced initially for the 

isometric virus that sedimented in the top zone in density gradients. 

1 The NY-15 strain was kindly supplied by Dr. Matt Silbernagel from IAREC, 

Prosser, WA 99350. 
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Serological tests for this virus were performed by Dr. L. C. Lane at the 

University of Nebraska, Lincoln, NE 68503. Using antisera prepared against 

CCMV-strain A and antigens of an isolate of CCMV-strain A and an isolate of 

BYSV from Arkansas as controls. 

Electrophoresis for RNA 

Electrophoresis was performed with viruses sedimented in the top and 

bottom zones with BSMV-strain type and CCMV-strain A used as the controls. 

Ten to twenty ul of sucrose density gradient purified viruses (500 ug/mI) were 

treated with 3.5 ul of lX TBX buffer, pH 8.5 (10.8 g Trisbase, 5.5 g boric acid, 

0.9 g EDTA), 0.5 to 2 ul of 20% sodium dodecyl sulphate (SDS), and 3-5 ul of BPB 

(Bromo phenol blue). Electrophoresis was on 5 mm thick horizontal 1% agarose 

gel (Bio-Rod Laboratories) for 1 hr at 100 V (10 v/cm) at room temperature with 

lX TBE buffer, pH 8.3. After electrophoresis the nucleic acids were stained 

with ethidium bromide (400 ng/mI) and visualized by exposing the gel to 

ultraviolet radiation (302 nm) and photographed with polaroid type 55 

positive/negative film using a Dot D.L. filter. 

Physical properties 

Dilution end point and thermal inactivation point tests were carried out 

with two cultures of the isometric virus mixture. This was accomplished by 

diluting crude infectious sap from pinto beans from 1:10 to 1:100,000,000 and by 

separately heating 2 ml of infectious undiluted sap at 45, 55, 65, 75, 85, 95, and 

100 C for 10 minutes (two different ml were heated at each temperature). The 
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preparations were cooled immediately after treatment. Diluted and heated sap 

was inoculated into three plants of each y. sinensis cv. 'California Blackeye' and 

y. radiata. These tests were performed twice. 

Differentiation of strains 

Differential bean cultivars suggested by Morales and Silbernagel (36, 

113) were used as test plants to identify and differentiate BCMV strains of the 

cultures CH-1, CH-2, RS-l and YV-l present in collected field samples (Table 5). 

NY-15 and Florida strains were used as controls. 

Three plants of each bean cultivar were mechanically inoculated with 

sap from seedlings grown from seed carrying the virus. Sap from the inoculum 

source also was rubbed on cotyledon leaves of 2-wk-old Vigna radiata plants to 

check for the presence of seed-borne isometric virus. Two week old plants were 

treated on cotylodons leaves. A back-up inoculation was done four days later to 

insure infection. 

Back inoculations to plants of bean cultivars Double White and Sanilac, 

highly susceptible to all isolates, v/ere made with sap from all hosts remaining 

symptomless. Crude sap preparations examined with TEM corroborated results 

of back inoculations. This experiment was repeated twice. 

Results 

Symptoms on maintenance plants 

When inoculated into the greenhouse with sap from tissues from field 

beans, cultivars Pinto 114 and Canario 101, developed a variety of symptoms 
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including systemic green island mosaic, systemic yellow mottle mosaic, systemic 

severe leaf deformation, and systemic necrosis. The most prominent being the 

systemic severe leaf deformation. 

Characterization and identification of viruses from field samples 

Of the twenty symptomatic tissue samples examined, 3% contained 

flexuous rods, 15% isometric particles, and 55% both particles (Figure la, b, c, 

. d); (Table 1). 

Sap inoculation of the 16 host species which are differentially 

susceptibility to BCMV, BYMV, BSMV, CMV, and TMV indicated the presence of 

two or more viruses (Table 2). Lack of symptoms in Cucumis sativus, Cucurbita 

~, and Nicotiana tabacum indicated that CMV and TMV were not present. 

Likewise, the absence of symptoms in Nicotiana clevelandii, Petunia hybrida, and 

Trifolium pretense indicated that BYMV was probably not present. However, 

BYMV hosts Gomphrena globosa, Pisum sativum, and Vicia faba did exhibit 

symptoms. Therefore, these were back-indexed to pinto bean plants which were 

subsequently examined with the TEM. These examinations revealed spherical 

particles and not the flexuous rods typical of BYMV. Based on particle 

morphology, the symptoms induced in Glycine max, Phaselous lunatus, Vigna 

radiata, Vigna sinensis, and the severe systemic reactions in~. vulgaris cultivars, 

it was concluded that the virus might be BSMV. 

Seed collected from the virus maintenance 'plants for the field isolates 

(see page 12) produced seedlings exhibiting symptoms of systemic virus 

infections. TEM examination revealed that symptomatic tissues contained 

distinct flexuous rods about 750 nm in length or isometric particles about 25-30 
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nm in diameter. The flexuous rods had a high rate of seed transmission of 32-

100% and the isometric virus had a relatively low rate 2-10%. 

Eleven cultivars of plants representing 7 species were inoculated with 

the flexuous rod virus and 23 varieties representing 14 species were inoculated 

with the isometric virus. The flexuous rod isolates induced symptoms in all 

Phaseolus vulgaris cultivars and f. acutifolius var. latifolius (Table 3). No other 

plants were infected by the rod virus. These host range data and the high 

efficiency of seed transmission indicated that all the flexuous rod virus isolates 

(CH-l, CH-2, RS-1 and YV-1) were BCMV. The isometric virus induced 

symptoms in all of the inoculated cultivars (Table 3), except Lycopersicum 

esculentum and Capsicum annuum. However, the variety and severity of 

symptoms varied greatly between host viruses. These results strongly suggested 

the possible presence of more than one isometric virus. Subsequently, two 

viruses with distinct particles morphology were purified from the isometric virus 

cultures following the procedure on pages 14, 15. These viruses were identified 

as BSMV and CCMV (see pages 23, 24). Pure cultures of these viruses were 

established in pinto bean plants (Pinto 111) and assessed in a limited host range 

test (Table 4). Hosts developing systemic mosaic or systemic mottle (Figures 3a, 

c) exhibited this symptom 5 to 10 days after inOCUlation. Those developing 

necrotic local lesions or veinal necrosis exhibited the symptoms 5 to 6 days after 

inoculation. Leaf deformation developed later in some bean cultivars (Figure 

3e). Chenopodium amoranticolor, C. guinoa, Cyamopsis tetragonoloba, Glycine 

max, Gomphrena globosa, Pisum sativum, Vigna radiata, and y. sinensis were not 

infected by BSMV. Systemic mild green mosaic developed in all Phaseolus 

vulgaris cultivars (Figure 3a) and f. acutifolius var. latifolius inoculated with 

BSMV. 
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All hosts inoculated with CCMV became symptomatic except some 

cultivar of f. lunatus and Vicia faba. Back-indexing and TEM examinations 

indicated that the asymptomatic hosts were not infected. The symptomatology 

on different cultivars of Phaseolus vulgaris varied. These symptoms were a 

systemic mottle mosaic (Figure 3c) on Pinto 111, Pinto 114 and Red Kidney; 

green mosaic and leaf malformation on Great Northern 31, Great Northern 123; 

veinal necrosis and systemic on Kentucky Wonder. Vigna sinensis exhibited a 

very bright distinct chlorotic mottle in about 10 days after inoculation. 

Virus purification 

No sedimentation zones were observed with BCMV (see page 20) isolates 

on sucrose density gradients preparations. Addition of Triton X-l00 (0.1% v/v), 

increased sucrose concentration and reduction of centrifugation time failed to 

produced sedimentation zones. Transmission electron microscopy examination of 

the pellets at the bottom of the tubes revealed a high concentration of virus 

particles. Particles often appeared in aggregates and particles of isolate YV-l 

exhibited greater aggregation than the other isolates (Figures 2c, d). 

Cowpea Chlorotic Mottle Virus and BSMV produced distinct 

sedimentation zones in sucrose density gradients (SDG) at 20 and 27 mm from 

the meniscus, respectively. Both BSMV strains, (BSMV-type and BSMV-A) also 

formed sedimentation zones at 27 mm. 

All purified viruses and strains showed typical absorbance spectra for 

nucleoproteins (a minimum of 240 nm and higher readings at 260 nm). The 

BCMV, BSMV and CCMV isolates had A260/ A280 ratios of 1.2, 1.6:'0.05, and 

1. 7:'0.05, respectively. 
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Virus particle morphology and size 

Flexuous rod-shaped particles of about 750 nm, typical of potyviruses, 

were visualized with the TEM (Figure 2c, d) in crude sap and sucrose density 

gradient purified viruses preparations from all collections exhibiting typical 

BCMV symptoms. Particle size distribution was measured for BCMV isolates 

CH-1 and YV-1 (Figure 5). Both isolates exhibited a normal particle length of 

748 nm and average particle width of 13 nm, typical of BCMV (44, 113, 130, 155). 

Particles of isolates CH-1, YV-1 and the type strain NY-15 were morphological 

indistinguishable. Isometric particles 25 nm in diameter, typical of the 

bromoviruses BYSV and CCMV were observed in the sedimentation zone at 20 

mm from the meniscus (Figure 2b). Isometric particles about 30 nm in diameter 

were observed in the sedimentation zone at 27 mm from the meniscus (Figure 

2a). Shape and size of these particles coincides with those reported for BSMV 

(129, 135, 138). 

Serology 

Antisera specific to BCMV and BSMV were obtained after 5 weeks of the 

first virus injection to rabbits. The BCMV and BSMV sera had titers of 64 and 

256, respectively, in the agar-gel double diffusion test. In the microprecipitin 

test both sera had a titer of 512. 

Isolates CH-1, CH-2, RS-1, YV-1, and NY-15 type (control) of BCMV 

were serologically identical in the agar gel double diffusion test as illustrated by 

coalescing bands of precipitate without spurs formed between the well 

containing the BCMV antigens. Similarly, BSMV (YV-2), SBMV-type and 5MBV-A 
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strains (obtained from Dr. J. P. Fulton, Department of Plant Pathology, 

University of Arkansas, Fayetteville, AR 72701) were tested in agar gel double 

diffusion plates with the BSMV-YV-2 antisera (Figure 4£1). Twenty field 

collections containing mixtures of isometric viruses were also tested as above 

and each indicated the presence of BSMV with no distinguishable serological 

differences. Double diffusion tests performed by Dr. L. C. Lane (Department of 

Plant Pathology, University of Nebraska, Lincoln, NE 68503), using antisera 

produced against CCMV strain A indicated that the second isometric virus 

sedimenting at 20 mm from meniscus in SDG preparations is serological 

homologous with CCMV-A and partially related to BYSV (Figure 4b) described by 

Fulton and Gamez (41). 

Electrophoresis 

The RNA of Sonoran BSMV isolate migrated identical to that of the 

BSMV-strain type. The RNA of the Sonoran CCMV-isolate migrated faster than 

BSMV-strain type, indicating a molecular weight less than that one for BSMV (1.4 

x 10-6), four bands appeard in CCMV preparations. 

Dr. L. C. Lane (Department of Plant Pathology, University of Nebraska) 

kindly compared proteins from the CCMV- Sonoran isolate with those of CCMV 

strain-A and BYSV, another strain of CCMV. Proteins of the CCMV isolated 

from Sonora and those of the CCMV-strain A were identified in their migration 

patterns. These proteins corresponded to a molecular weight of 20,000 daltons 

which is typical of CCMV (7). 
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Physical properties 

The dilution end point of the isometric virus mixture in mung bean and 

cowpea was 10-3• The thermal inactivation point was between 65-75 C. 

BCMV strains 

The Phaseolus vulgaris cultivars mechanically inoculated with BCMV 

isolates CH-1, CH-2, RS-l, YV-1, and NY-15, Florida strains as controls, 

exhibited symptoms in 8 to 10 days. The main symptoms observed were: typical 

BCMV systemic mosaic (Figure 3b, d), local necrotic lesions, veinal necrosis, and 

systemic necrosis. No symptoms were exhibited by resistant cultivars (Table 5). 

Sonoran isolates CH-l, CH-2, and RS-l induced host reactions identical in bean 

cultivars to the BCMV strain NY-15. However, isolate YV-1, from the Yaqui 

Valley, incited host reacitons different from any other strain tested. YV-1 

incited a systemic green island mosaic in cultivar Amanda and systemic necrosis 

in cultivars Widusa and Black Turtle Soup, which are classified within the same 

resistance group. 

Discussion 

Surveys of bean plants displaying typical virus symptoms collected in 

Sonora, Mexico indicated that infections caused by both flexuous rods and 

isometric particle viruses are common. These viruses were separated into pure 

cultures and identified on basis of symptomatology, host range, serology particle 

morphology, and genome size. 
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The flexuous rod virus found in samples collected in the Hermosillo 

Coast, Sonora River, and Yaqui Valley regions was identified as bean common 

mosaic virus (BCMV) based on host range, symptomatology and high seed

transmission rate. This was confirmed in serological and morphological 

comparisons with the previously identified NY-15 strain of BCMV. 

Host range studies (Table 3) of nine Sonoran isometric virus cultures 

indicated that a mixed infection was present. Two viruses were separated by 

repeated sucrose density gradient centrifugation. The host range and 

symptomatologies (Table 4) of the pure cultures indicated that Bean southern 

mosaic virus (BSMV) and Cowpea chlorotic mottle virus (CCMV) were present. 

The identity of BSMV was confirmed by serology and RNA-gel electrophoresis 

being identical to BSMV-strain type and BSMV-Strain A (Figure 4a). Bean Yellow 

Stipple Virus (BYSV), a virus closely related to CCMV, is typically reported from 

beans (49, 152), while CCMV is generally reported from cowpea (91, 92, 93). Gel 

electrophoresis of proteins and RNA, and serological tests confirmed that the 

other isometric Sonoran virus was CCMV Strain A (Figure 4b). 

Bean southern mosaic virus and CCMV were found only in mixed 

infections in this study and thus, they may be predominantly distributed together 

in Sonora. Mixed infections of BSMV and CCMV were found in all the major bean 

growing regions of the state. Symptomatic plants were selectively collected 

during this study, and therefore the sampling was prejudiced against detecting 

infections of BSMV alone because of very mild symptoms induced by this virus. 

Although mixed virus infections are common in legume crops (9, 90, 93, 138, 

152), mixed infection of the three viruses (BCMV, BSMV, CCMV) were most 

common in the collection from Sonora. 
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The host range of the Sonoran BCMV and BSMV isolates (Table 3, 4) are 

similar to other reported strains (18, 35, 44, 114, 118, 123, 130, 135, 138). No 

host range for CCMV Strain A has been reported, however, host ranges for BYSV 

and CCMV-type strains have been published (49, 91, 152). The Sonoran CCMV 

Strain A isolate reacted similarly in all hosts to a BYSV isolated from Costa Rica 

(49), except that infected Vigna radiata, a non-host of BYSV. CCMV Strain A 

from Sonora induced local necrotic lesion and systemic veinal necrosis in this 

host. The host range of CCMV-type strain differ markedly from BYSV and from 

the Sonora CCMV-A (91). All three viruses infected all Phaseolus vulgaris 

cultivars tested as well as Tepary bean (Phaseolus acutifolius var. latifolius). 

Reactions of the cultivars used to differentiate BCMV strains (36, 113) 

indicated that most of the BCMV isolates were identical to strain NY-15. One 

isolate from infected bean tissue collected in the Yaqui Valley (YV-l) reacted 

unlike any BCMV isolate previously reported (36). This was the only BCMV 

isolate to induce a systemic green island mosaic in the cultivar Amanda and a 

systemic necrosis in the cultivars Widusa and Black Tourtle soup. Strain NL-8 

reacted in some cultivars similar to YV-1, except that this strain did not infect 

cultivars Redland Green Leaf C, Puregold Wax or Amanda (36, 113). The YV-1 

isolate is serologically and morphologically identical to NY-15. However, YV-l 

particles have a greater tendency to aggregate than those of NY-15 strain (Fig. 

2c, d). 

The Sonoran BSMV isolates have host ranges identical to the BSMV Strain 

A reported by Valverde and Fulton (138). However, BSMV strain identification is 

very complex (135, 138). Therefore, further stUdies are needed in order to assign 

permanent designations to the Sonoran isolates. 
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The three viruses reported here are widely distributed in Sonora and 

possibly pose a serious problem for bean cultivation in the state. Bean crops are 

typically infected with more than one virus and the possibility of synergistic 

effects on bean must be considered. Clearly the potential yield loss due to these 

viruses needs to be determinated and a control program devised which integrates 

host resistance, seed certification, and insect and alternate host control to 

optimize the economic yield of beans in Sonora, Mexico. 



Table 1. Virus particles visualized with the TEM1 in bean samples collected in 
three regions of Sonora, Mexico 

Total samples 
·Region examined 

Hermosillo Coast 10 

Sonora River 3 

Yaqui Valley 7 

Total 20 

Rods 

3 

2 

1 

6 

# Samples Containing 

Isometric 

1 

o 

2 

3 

Mixed 

6 

1 

4 

11 

1 Grids were dipped in crude sap preparation negatively stained with 2% 
Phosphotungstic Acid and examined with the TEM at 75 Kv. 

28 



Table 2. Reaction of host species to inoculations with sap from symptomatic 
tissue collected from bean fields in Sonora, Mexico. 

Host 

Chenopodium amaranticolor 

C. guinoa 

Cucumis sativus cv. 'Straight Eight' 

Cucurbita ~ cv. 'Small Sugar' 

Glycine Max cv. 'Prize' 

Gomphrena globasa 

Nicotiana clevelandii 

Nicotiana tabacum cv. 'Xanthi' 

Phaseolus vulgaris cvs. 'Pinto 114', 'Pinto 111', 

'Canario 101', 'Azufrado Amarillo' 

P. lunatus cv. 'Kinstom' 

Pisum sativum cv. 'Alaska' 

Petunia hybrida 

Trifolium pratense 

Vicia faba cv. 'Long pod' 

Vigna radiata 

Vigna sinensis cv. 'California Blackeye' 

a 
Symptoms 

LLc 

LLc 

NS 

NS 

SM, S 

LLn 

NS 

NS 

SMo, Ma, S, SN 

LLn,SM 

MMo 

NS 

NS 

MMo 

LLn, VN, SN 

ChI, SMo 

a ChI = Chlorosis, LLc = Local lesion chlorotic, LLn = Local lesion necrotic, Ma 
= Malformation, MMo = Mild mottle mosaic, NS = No symptoms, S = Stunting, 
SM = Systemic mosaic, SMo = Systemic mottle, SN = Systemic necrosis, VN = 
Vein necrosis. 
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Table 3. Reaction of host species to inoculations with virus isolates containing 
either rod or spherical particles separated from bean samples 
collected in Sonora, Mexico. 

Host 

Capsicum annuum cv. 'cw 300' 

Chenopodium quinoa 

Cyamopsis tetragonoloba 'Kinman' 

Glycine max cv. 'Prize' 

Gomphrena globosa 

Lycopersicum esculentum cv. 'Marglobe' 

Phaseolus vulgaris cvs. 'Pinto 114', 

'Red Mexican 34', Bontiful 

E.. vulgaris cv. 'Great Northern 123' 

E.. vulgaris cv. 'Stringless Green Refugee' 

E.. vulgaris cv. 'Kentucky Wonder' 

P. acutifolius var. latifolius 

P. lunatus cv. 'Kinstom' 

Pisum sativum cvs. 'Alaska', 'Progress No.9' 

Vicia faba cv. 'Long pod' 

Vigna radiata 

y. sinensis cv. 'California Blackeye' 

y. unguiculata cvs. 'Blackeye Mougne' 

'Knukle Purple Hull', rPurple Hull', 'SA-Dandy' 

a 
____ S ..... y ..... m;..;.=p.~ . ..;;;o..;.;m..;.;s'__ __ _ 

Rod 

NS 

NS 

NS 

SMM 

NS 

SM 

SM 

NS 

1 

Isometric 

NS 

LLc 

LLns 

SM, S 

LLn 

NS 

SM, Ma 

LLn,SM 

SSM, Ma 

SSM, SN 

SM,Ma 

LLn,SM 

MMo 

MMo 

LLns, SVN 

ChlSMo 

ChlSMo 

a ChlSMo = Chlorotic systemic mottle; 1 = Latent; LLc = Local lesion chlorotic, 
LLn = Local lesion necrotic; LLns = Local lesion necrotic small; Ma = Leaf 
malformation; MM = Mild mosaic; MMo = Mild mottle mosaic; - = Not tested, 
NS = No symptoms; S = Stunting; SM = Systemic mosaic; SMM = Systemic mild 
mosaic; SN = Systemic necrosis; SSM = Systemic severe mosaic; SVN = 
Systemic vein necrosis; VN = Vein necrosis. 
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Table 4. Reaction of host species to inoculations with two isometric viruses 
separated from bean samples collected in Sonora, Mexico. 

a 
Symptoms by viruses 

b c 
Host BSMV CCMV 

Chenopodium amaranticolor NS LLc 

C. guinoa NS LLc 

Cyamopsis tetragonoloba cv. 'Kinman' NS LLns 

Glycine max cv. 'Prize' NS SM,Ma 

Gomphrena globosa NS LLn 

Phaseolus vulgaris cvs. 'Great Northern 31', 

'Great Northern 123' SM SM 

f.. vulgaris cv. 'Kentucky Wonder' (brown) SM SM,VN 

f.. vulgaris cvs. 'Pinto l11','Pinto 114' SM ChlSMo 

E,. wlgaris cv. 'Red Kidney' SM ChlSMo 

P. acutifolius var. latifolius SSM SMM 

P. luna tus cv. 'Kinstom' LLn SM 

f.. lunatus cvs. 'Bridgton',' Fordhook','Nemabush', 

'Thorngreen', 'Westly', 'White Ventura' NS NS 

Pisum sativum cv. 'Alaska', NS MMo 

Vicia faba cv. 'Long pod' SM NS 

Vigna radiata NS LLc, SVN 

Y. sinensis cv. 'California Blackeye' NS ChlSMo 

a ChlSMo = Chlorotic systemic mottle; I = Latent; LLc = Local lesion chlorotic, 
LLn = Local lesion necrotic; LLns = Local lesion necrotic small; Ma = Leaf 
malformation; MM = Mild mosaic; MMo = Mild mottle mosaic; - = Not tested, 
NS = No symptoms; S = Stunting; SM = Systemic mosaic; SMM = Systemic mild 
mosaic; SM = Systemic mottle; SN = Systemic necrosis; SSM = Systemic severe 
mosaic; SVN = SystemiC vein necrosis; VN = Vein necrosis. 

b Identification was corroborated by serology and RNA-gel electrophoresis using 
BSMV-type strain and BSMV-strain A as controls. 

c Identification was corroborated by serology and protein and RNA-gel 
electrophoresis using CCMV-strain A and BYSV as controls. 
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Table 5. Classification of BCMV isolates from Sonora, Mexico using R. vulgaris 
cultivars as differential hosts. 

1 
Differentials Isolates 

Grou~ Cultivar CH-l CH-2 RS-1 YV-1 NY-15 Florida 

1 Double White S S S SeN) S S 

Stringless Green Refugee S S S S S S 

2 Redlands Green Leaf C SCM) SCM) SCM) SeN) SCM) S 

Puregold Wax S S S SCM) S S 

Imuna SCM) SCM} SCM} SCM) SCM) SCM) 

3 Redlands Green Leaf B T T T T T S 

Great Northern 123 R R R R R S 

4 Sanilac S S S S S R 

Michelite 62 S S S S S R 

Red Mexican 34 S S S SeN) S R 

5 Pinto 114 SCM) SCM) SCM) SCM) SCM) R 

6 Monroe R(N) R(N) R(N} R(N) R(N) R 

Great Northern 31 R R R R R R 

Red Mexican 35 R(N) R(N) R(N) R(N) R(N) R 

7 Widusa R R R SN R R 

Black Turtle Soup R R R SN R R 

Sa Jubila R(NL) R(NL) R(NL) R(NL) R(NL) R 

Sb Top Crop R R R R(N) R R 

Improved Tendergreen R R R R(N) R R 

9 Amanda R R R seN) R R 

S = Susceptible, R = Resistant, (M) = Mild symptoms, SN = Systemic necrosis, (N) = 
Vein necrosis on inoculated leaves; (NL) = Necrotic lesion on inoculated leaves, T 
= Tolerance. 

1 CH-1 and CH-2 isolates from Hermosillo coast; RS-1 isolate from Sonora River; 
YV-1 isolate from Yaqui Valley. NY-15 and Florida cultures were obtained 
from Dr. M.J. Silbernagel at IAREC, Prosser, W A 99350. 



Fig. 1. Transmission electron micrographs of crude sap extracts prepared 
from symptomatic virus infected ~. vulgaris cv. 'Pinto' collected in 
agricultural regions of Sonora, Mexico. 

Electron micrographs show flexuous rod virus particles (a); isometric virus 
particles (b) and mixtures of flexuous rod and isometric virus particles (c, d), 
negatively stained with 2% phosphotungstic acid. (Scale bar = 100 nm) 
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Fig. 2. Transmission electron micrographs of three viruses isolated from P. 
vulgaris in Sonora, Mexico purified by sucrose density gradient 
centrifugation. 

Electron micrographs show (a) BSMV isometric particles (30-32 nm); (b) 
CCMV isometric particles (25-26 nm); (c) BCMV-strain NY-iS flexuous rod 
particles (13 x 748 nm); and (d) BCMV-strain YV-1 flexuous rod particles 
(13 x 748 nm) negatively stained with 2% phosphotungstic acid. (Scale bar = 
100 nm) 
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Fig. 3. Typical symptoms induced by various strains of the three viruses 
isolated from ~. vulgaris in Sonora, Mexico. 

(a) Mild green mosaic induced by BSMV; (b) green island mosaic induced by 
BCMV-strain NY-15; (c) chlorotic mottle induced by CCMV; (d) green island 
mosaic induced by BCMV-strain YV-l; (e) strong leaf deformation induced 
by a mixute of BSMV-CCMV; (f) control plant exhibiting no symptoms. 
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Fig. 4. Serological reaction in immunodiffusion tests of the two isometric 
viruses isolated from ~. vulgaris in Sonora, Mexico. 

4a. Center well contains antiserum to BSMV Sonoran isolate. Outer wells 
contain sucrose density gradient purified virus of (1) BSMV Sonoran 
isolate; (2) BSMV-strain type; and (3) BSMV-strain A. Medium 
contained 1.0% noble agar 0.15 M NaCI and 0.05% NaN3, buffered at 
pH 7.4. 

4b. Center well contains antiserum to CCMV-strain A. Outer wells 
contain partially purified virus of CCMV-strain A (1); CCMV-Sonoran 
isolate (2) and a BYSV isolate from Arkansas (3). This test was 
performed by Dr. L. C. Lane at the University of Nebraska, Lincoln, 
NE 68503. 
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Fig. 5. Particle lengtb distribution of two strains of BCMV (NY-l5 and 
YV-l) isolated from ~. vulgaris in Sonora, Mexico. 

Values represent measurements of 254 and 100 particles of NY-l5 and YV-l, 
respectively. 
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CHAPTER 3 

DETECTION OF BEAN VIRUSES IN SEED AND ALTERNATE HOSTS 

Seed transmission provides an important inoculum source, as do alternate 

host species (19, 23, 69, 70, 72, 80, 87, 119, 148). 

Seed transmission of viruses in Phaseolus vulgaris has been reported most 

often for BCMV, BSMV, BBSV, and BWMV (18, 54, 69, 132, 135). Bean common 

mosaic virus is transmitted up to 8896 in the seed, transmission commonly ranges 

from 5 to 5096 (18, 38, 44, 69, 87, 105, 114, 119, 120, 155). The transmission rate 

depends mainly on strain type (23, 155). Longevity in seed for this virus is up to 

30 years (115). Particles are present in embryo and cotyledonary tissue of 

mature seed (38, 78). 

Bean Southern Mosaic Virus is typically borne in 1 to 2596 of the seed 

(69, 129, 135, 137, 138, 147) and Lampley and Hamilton reported up to 4896 with 

a Ghana strain (95), however, survives only up to 7 months (115). This may refer 

to the fact that BSMV particles are carried only in the seed coat (100, 137). 

A transmission rate of 1-1696 has been reported for BBSV (69) which 

survives up to one year (115). Cucumber mosaic virus is reported to be seed

borne in 1 to 3096 of bean seeds and survives up to 2 years (115). BWMV is 

transmitted by 2-3% of the seeds, and is retained up to 3 years (115). Seed 

transmission tests have been performed for BYSV and BCDMV but no indication 

of seed-borne virus has been found (47, 104). 
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Numerous host reservoirs have been described for the bean viruses, 

including weeds as well as some legume crop species. Systemic and latent 

infection by BCMV has been reported in Nicotiana clevelandii, Gomphrena 

globosa, Vicia faba, Y. Vellosa Roth, and Vigna sesguipedalis L. (35, 44, 87, 155). 

This virus also infects Rhinchosia minima L. (common weed host in Central 

America) (105). Vigna radiata, Lens culinaris (Medic) 'Fengreek', Vicia 

narbonesis L., Phaseolus lunatus, Phaseolus acutifolius var. latifolius, Pisum 

sativum, Cicer arietinum L., Medicago sativa, and Trifolium pratense (44, 87). 

Legume and nonlegume weeds and crops are host plants of BYMV, Trifolium 

pratense, I. hybridum L., I. repens L., Vicia faba, Pisum sativum, Vigna 

unguiculata, Gladiolus grandiflorus Andr., G. psittacinus Hook, Chenopodium 

amaranticolor, C. guinoa, C. murale L., Nicotiana cleveland ii, Petunia hybrida, 

Lupinus agnustifolius L., and Cucumis sativus are systemic or latent hosts for 

BYMV (5, 8, 16, 20, 31, 124, 156). 

Glycine max, Vigna unguiculata, Vigna sinensis, Vicia sativa, and 

Melilotus indica L. are latent and systemic hosts for BSMV (58, 147). 

Trifolium incarnatum L. is a host for BRMV (46), and Pisum sativum, 

Glycine max, and Vigna sinensis are the major hosts of BYSV (49, 152). 

Sesbania exalta (Ra!) Cary, Chenopodium guinoa, and Gomphrena globosa 

are host of BCDMV, as well as many other legume species (104). Chenopodium 

quinoa and Gomphrena globosa have been reported to be infected by BMMV (143). 

Latent infection by BGMV occurs in Malva parviflora (22). 
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Materials and Methods 

Seed transmission 

The following three batches of seed were tested: 1) seed collected from 

different cultivars of virus maintenance plants, 2) commercial seed of cultivars 

Pinto 111, Pinto 114, Olathe, and 'Pinto Regional' harvested from fields in 

Hermosillo coast and Sonora River regions, and 3) seed of cultivar Pinto 111 

collected from virus-infected yield trial described in Chaper 4. Seed from each 

batch were sown in steel trays 30 x 60 cm, as indicated on page 9. Seedlings 

were examined for virus infections 5 to 10 days after germination. Back 

inoculation to mung bean and pinto or azufrado beans, corroborated with TEM 

examinations and serology (as explained in Chapter 1) were performed to confirm 

the presence of viruses. BCMV seed-borne infection is very distinct and occurs 

in very high incidence. Isometric viruses do not incite a distinct symptom and 

usually have a low incidence of seed transmission. 

Alterna te hosts 

Weed hosts considered to be most prevalent in and around bean fields in 

Sonora, Mexico were tested for their suscep!ibility to bean viruses (Table 8). 

Seeds of weed hosts were kindly provided by researchers at CIANO Experimental 

Station (Centro de Investigaciones Agricolas del Noroeste CIANO) and at the 

University of Sonora in Hermosillo, Sonora, Mexico, from collections made in the 

Hermosillo CC'lst and Sonora River regions. Alfalfa Medicago sativa was the only 

commercial crop included. 
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Three plants of each host were mechanically inoculated as (see Chapter 

1) with expressed sap from pinto bean plants, previously, separately, inoculated 

with nine collections of the isometric viruses mixture and with two collections of 

BCMV (CH-1 and YV-1). 

Back inoculations to mung bean and pinto bean were done to check for 

latent infection. Weed host plants inoculated with BCMV isolates were examined 

with the TEM to confirm the presence of the virus. 

Results 

Seed transmission of viruses 

Seedlings grown from seed (different seed sources) contaminated with a 

BCMV isolates exhibited slight deformation of cotyledonary leaves and typical 

green island mosaic and slight deformation of trifoliate leaves; a high incidence 

(41-100%) of seedlings exhibiting these symptoms was normal (Table 6). 

Seedlings contaminated with the isometric virus mixture developed mild to 

severe deformation of cotyledonary leaves and severe systemic mosaic in 

trifoliate leaves; a very low incidence (2-10%) of seedlings with such sympotms 

occurred (Table 6). 

Commercial seed of four cultivars of bean harvested in Hermosillo Coast 

and Sonora River regions were evaluated for contamination with seed-borne 

viruses. A low percentage of plants grown from commercial seed exhibited 

abnormal growth and symptoms like those described above for seedlings grown 

from seed contaminated with the isometric virus mixture. A total of 912 seed 

were assayed; an average of 13% were virus contaminated (Table 7). Seed of 
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cultivars Pinto 111 and Pinto 114 from the Hermosillo coast region showed a 

higher percentage of contamination than seed of cultivars Olathe and Pinto 

Regional from the Sonora River region. Serological tests indicated the presence 

of BSMV in infected seedlings. Symptoms developed in back-indexed mung bean 

plants, a non-host of BSMV, strongly suggest seed transmission of CCMV in 

Phaseolus vulgaris cultivars. Of 10 randomly sampled seedlings (exhibiting 

symptoms caused by isometric viruses) assayed with back-indexing and serology, 

all were positive for both BSMV and CCMV. 

Virus infection of alternate hosts 

No symptoms developed in any potential alternate hosts inoculated with 

two strains of BCMV (Table 8). Back-indexing to pinto bean and TEM 

examination corroborated the absence of BCMV infection. 

The isometric virus mixture did infect some of the potential alternate 

hosts. Sisymbrium irio exhibited a systemic infection, and latent infection was 

detected in plants of Melilotus indica by back-indexing to pinto bean, cowpea, 

and mung bean (Table 8). Detection of BSMV in either M. indica or ~. irio was 

negative with serology. The mung bean plants developed local lesion and 

systemic veinal necrosis and the cowpea plants developed systemic chlorotic 

mottle, both typical of CCMV infections. 

Discussion 

Results of this study suggest that the three viruses (BCMV, BSMV, 

CCMV) most commonly found affecting beans in Sonora, Mexico are seed 
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transmitted. 

The Sonora isolates of BCMV exhibited high seed transmission rates, 

averaging 55-60%. These rates agree with those reported for other BCMV 

isolates (10, 44, 69, 114). . Variation among host cultivars and between virus 

isolates (Table 6) may be attributed to the quantity of seed assayed or to genetic 

differences of the isolates (150). Virus seed transmission in beans is also 

apparently directly related to the severity of the symptoms (10, 23). 

Mixed infections on BSMV and CCMV was the standard situation in 

Sonoran bean crops. Bean plants harboring such mixed infections transmit virus 

to their progeny at a rate of 2 to 10% (Table 6). These rates of seed 

transmission agree with those reported for BSMV (138, 150), which, based on 

serology, was present in all infected progeny checked. However, back-indexing 

to mung bean, a non-host of BSMV, indicated the presence of CCMV in these 

same progeny. Examination of partially purified preparation in the electron 

microscope confirmed the presence of both particles in these seedlings. These 

results are contrary to data from previous studies (52, 91) which indicate that 

CCMV is not seed-transmitted in cowpea. Similarly, BYSV (considered a strain 

of CCMV) is not known to be seed-transmitted in common beans (49, 152). These 

apparently conflicting results may result from the mixed infection used in this 

study. 

Seed transmission of the isometric mixture had an efficiency of 10% or 

less. Yet, 100% of the symptomatic plants assayed contained both BSMV and 

CCMV; if the viruses were transmitted independently of each other, far fewer 

mixed infections would have been detected. Therefore, transmission of BSMV 

may have been the determining factor in transmission of CCMV. The results of 
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this experiment indicate that CCMV is seed transmitted from a plant harboring 

the mixed BSMV and CCMV infections found in Sonora and that BSMV may act as 

a "helper" for CCMV transmission. "Helper" effects have been reported in 

cowpea infected with BSMV and CCMV. Seed transmission of BSMV was 

increased from 12% in single to 20% in mixed infections (93). Clearly more 

thorough studies are required to better describe the BSMV-CCMV "helper" 

phenomenon. 

Commercial seed lots produced in Sonora were highly contaminated with 

the BSMV-CCMV mixture (Table 7). These results strongly indicate that seed are 

a major source of the isometric viruses mixture which occurs throughout the 

bean growing regions of Sonora, Mexico (Chapter 2). Seed from the Hermosillo 

Coast region (Pinto 111, Pinto 114) had higher levels of contamination than that 

from the Sonora River region (Olathe, Pinto Regiona!). This difference would be 

due to genetic differences among the cultivars (10, 23). 

No weed or crop reservoir for BCMV or BSMV was found among the 

sixteen Sonoran plants checked (Table 8). However, two common weeds, 

lVIelilotus indica and Sisymbrium irio, were found to be experimentally infected 

with CCMV (Table 8). This is the first report that these two plants are hosts for 

CCMV. The distribution of these two weed species in Sonora indicates that they 

could be potentially important factors in the distribution and maintanence of 

CCMV within the bean growing regions of Sonora. However, because all CCMV 

infections detected in Sonora were mixed infections with BSMV (Chapter 2), 

contaminated seed appears to be a more important source of CCMV than these 

weed hosts which do not harbor BSMV. 
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Table 6. Transmission through seed of viruses isolated from f. vulgaris samples 
collected in Sonora, Mexico. 

Virus isolate Cultivar Total seed assayed % Transmission 

BCMV - NY-15a 

Azufrado Criollo 47 47 

Bontiful 33 48 

Canario 101 102 41 

Double Whi te 14 100 

Pinto 111 417 54 

Pinto 114 447 66 

Puregold Wax 22 32 

Olathe 41 61 

Stringless Green Refugee 23 91 

TOTAL 1146 60 

BCMV - YV-1 

Canario 101 38 48 

Red Mexican 34 50 60 

Pinto 114 405 56 

TOTAL 493 55 

Isometric Virus Mixture (BSMV-CCMV) 

Pinto 114 819 6 

Pinto 111 800 10 

Canario 101 452 2 

Olathe 59 7 

TOTAL 2130 6 

a Strain identified from bean samples collected in Sonora, Mexico. 
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Table 7. Contamination of commercial f. vulgaris seed lots collected in Sonora, 
Mexico with isometric viruses. 

Cultivar Total seed assa~ed % Contamination 

Pinto 111 332 19 

Pinto 114 188 20 

Olathe 192 7 

Pinto Regional 200 5 

TOTAL 912 13 
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Table 8. Reaction of weed and crop species to inoCUlations with viruses isolated 
from ~. vulgaris samples collected in Sonora, Mexico. 

a 
Sy:m2toms incited by: viruses 

Weed or cr02 s2ecies BCMV b Isometric mixture c 

Amaranthus 2almeri Wats. NS NS 

A. retronexus L. NS NS 

Cassia covesii Gray NS NS 

Chen020dium album L. NS NS 

Convolvulus arvensis L. NS NS 

Datura discolor Bernh. NS NS 

Ipomoea 2ur2urea L. NS NS 

Helianthus annuus L. NS NS 

Malva parviflora L. NS NS 

Melilotus indica L. NS 1 

Medicago his2ida Gaertn. NS NS 

Medicago sativa L. NS NS 

Nicotiana glauea Graham NS NS 

Phy:salis wrightii Gray NS NS 

Sonchus asper (L.) Hill NS NS 

Sisy:mbrium irio (L.) Britt. NS S 

~ NS = No symptoms (no latent infection); 1 = latent infection; S = systemic. 
NY-15 and YV-l isolates were tested. 

c 9-20 cultures of BSMV-CCMV mixtures isolated from Sonoran bean fields 
were used. 



CHAPTER 4 

EFFECT OF VIRUSES ON BEAN YIELDS 

Yield losses of beans caused by virus infections have been reported 

throughout the world (3, 58, 71, 83, 87, 104, 107). Partial yield reductions are 

generally reported but complete crop loss also can occur as a result of virus 

infection (3, 13). 

The number of pods per plant is the factor most often reported in 

determining bean yields. This yield component is greatly affected by virus 

infection of beans (2, 11, 37, 146). Bean common mosaic virus and BYMV have 

been widely referred to as causing the most ubiquitous and destructive virus

induced diseases of common beans. Bean yellow mosaic virus has been estimated 

to cause a 33% reduction in number of pods per plant and a 45% reduction in 

yield, and BCMV is estimated to reduce pods by 50 to 60% and yields by 53 to 

75% (71). Bean common mosaic virus has been reported to cause severe 

reductions in number of pods and a resultant yield decrease in f. mungo L. (3). 

and yield losses of 31 to 75% in y. radiata in Iran (87). 

Other viruses known to be infectious on beans may also cause severe 

crop damage. BGMV was reported to reduce total bean yield by 64% (107). 

Number of flowers, pods, and total yield were greatly reduced by PSV infection 

in common beans (37). Seeds and pods were reduced by 55% and 61% 

respectively in cowpea plants infected with BSMV (58). 
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There is a dearth of information to date, concerning the effect on yield 

of virus infections occurring at various stages of plant growth. Severe plant 

dwarfing was observed in y. radiata when BCMV infection occurred prior to pod 

set (87). No significant yield reduction was obtained in pea plants when they 

were infected at 6, 8, or 13 node stages by Pea Seed-borne Mosaic (PSbMV) (21). 

Mixed virus infections in crops are reported to cause increased damage 

when compared with a single virus infection (125). Presumably as a result of 

synergistic effects of the viruses. Soybean plants inoculated with a mixture of 

BPMV + SMV-1 or SMV-2 developed severe foliage distortion, dwarfing, and 

necrosis which resulted in a yield reduction of up to 80%. Less severe symptoms 

and lower yield reductions occurred with only one virus (125). Strong synergistic 

interaction developed when leaves of Nicotiana tabacum were inoculated with a 

mixture of virus X and Y (29). Severe growth reduction resulted when wheat and 

barley plants were infected with mixtures of Brome Mosaic Virus (BMV), Barley 

Stripe Mosaic Virus (BSMV), and Wheat Streak Mosaic Virus (WSMV) (94, 102). 

Increase in symptom severity resulted when cowpea plants were infected with 

mixtures of CCMV and BSMV (93). Increase in numbers of TMV particles was 

observed in Hordeum vulgare L. plants when they were inoculated with a mixture 

of TMV and BMV (68). 

Since viruses are considered to be the most important pathogens that 

limit bean production in Sonora because of the high reduction in yield that they 

cause, studies were initiated to determine the potential of yield reduction by 

viruses infecting bean crops in Sonora regions. 
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Material and Methods 

Test plants 

Bean seeds (cultivar Pinto 111) harvested from fields in the Hermosillo 

coast area were placed directly into plastic pots (25 cm diameter x 23 cm height) 

on top of pasteurized soil mixture (described in Chapter 2) and covered with 2 

cm of vermiculite. Fifteen to twenty seeds were placed into each pot and 

seedlings were thinned to 3 per pot. Prior examination of plants generated from 

this seed batch, indicated that these plants were virus free. After the seeds 

were sown, pots were maintained in the greenhouse (25-28 C/night to 30-35 

C/day), and watered 2 to 3 times daily. Plants were top-dressed monthly with 

the slow releasing fertilizer, osmocote (20-6012 NPK). Two weeks after 

germination 2 g of Temik 15G. was applied per pot to control chewing and 

sucking insects (mites, thrips, and whiteflies). 

Virus treatments 

Plants were inoculated with sap from seed-borne virus infected seedlings 

carrying BCMV-CH-1 and YV-1, and maintenance plants infected with a mixture 

of isometric viruses, isolates YV-2 and RS-1 (BSMV+CCMV). Seedlings and 

maintenance plants were previously determined to be free of contaminants with 

TEM and indicator host (see Chapter 2). Five virus treatments were tested: 1) 

BCMV-CH-1, 2) BCMV-YV-1, 3) BSMV+CCMV-YV-2, 4) BSMV+CCMV-RS-4, and 

5) BCMV-CH-1+BSMV+CCMV-YV-2. These combinations were all obtained from 

naturally infected beans and cleaned as described in Chapter 2. 

Each virus or viruses treatment was inoculated into both 5 day old 

(cotyledon stage) and 15 day old (6 trifoliate leaf stage) plants. Three plants 
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were inoculated per pot, a second inoculation was done 3 days later to insure 

infection. Control plants were rubbed with buffer and carborundum. After 

symptoms appeared plants were thinned to 1 per pot. Treatments were arranged 

in a factorial experimental design and replicated four times. Replicates 

consisted of two plants each. 

Trial evaluation 

Two measurements of vegetative plant growth were performed: 1) total 

shoot dry weight and 2) relative bulk leaf area (RBLA). RBLA was determined 

by overhead (2m above the plants) photographs of the silhouette of each plant, 30 

days after germination. The areas of the silhouettes were calculated and the 

bulk leaf areas were extrapolated from these. After all pods were ready for 

harvest, the total dry weights of shoots were determined by excising plants at 

the soil line and combining these with all previously shed leaves and petioles. 

Combined tissue was dried for 24 hr at 75 C and weighed to the nearest gram. 

Flower and pods were enumerated at 5-6 day intervals throughout the 

experiment; pods present at the day of data collection were counted as flowers. 

Yield components (number of pods per plant, seed per pods, total seed 

weight, weight of 100 seed-lots, and total marketable seed) were obtained and 

calculated at time of harvesting. Statistical differences were determined by 

analysis of variance after log transformation of the data * and significantly 

difference treatments (P=0.05) were separated by the least significant difference 

method • 

... Computerized statistical analysis of that data was performed by Dr. J. D. 
Mihail, Plant Pathology Department, University of Arizona, Tucson, AZ 85721. 
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Results 

Effect of viruses on vegetative growth 

The two Sonoran strains of BCMV tested caused either severe or mild 

systemic symptoms on pinto beans. The severe strain (CH-l) caused plant 

stunting, severe systemic mosaic, leaf size reduction and leaf deformation, 

whereas, the mild strain (YV-l) induced only a mild systemic mosaic. Similarly, 

the isometric virus mixtures used were either mild or severe isolates. The 

severe isolate incited plant stunting, severe systemic mosaic, and severe leaf 

deformation; the mild isolate caused only a severe systemic mosaic. 

Simultaneous infections with BCMV and the isometric virus mixture (BSMV

CCMV) resulted in 50% plant death. Surviving plants had the most severe 

symptoms observed: stunting, systemic necrosis, leaf deformation, and in most 

cases lack of seed production and complete cessation of growth. 

All virus treatments reduced the relative bull< leaf area and shoot dry 

weight (Table 9). In most cases the reduction was statistically significant at the 

5% level. Both parameters were significantly reduced (P=0.05) when pinto bean 

plants were inoculated simultaneously with the BSMV-CCMV mixture (YV-2) and 

BCMV (CH-l), than when plants were inoculated with either the BSMV-CCMV 

mixture or BCMV alone (Table 9). 

Effect of viruses on flower production 

Total flower production per plant was reduced. The BCMV+BSMV+CCMV 

mixture caused the highest reduction of flower production. Initiation of 

flowering was delayed for 10 days by the BSMV-CCMV mixture treatment and in 
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the mixed BCMV+BSMV+CCMV treatment (Figure 6). 

Relationship of flower production to pod set 

The ratio of total flowers produced to total pod set per plant was not 

significantly affected by any virus treatment (Figure 7). 

Effect of viruses on yield components 

Number of pods per plant was the only yield component that was highly 

affected by virus infections. Number of pods per plant were significantly 

reduced when plants were infected with BCMV (CH-1), BSMV-CCMV (RS-4) and 

BCMV(CH-1)+BSMV+CCMV (YV-2) (Table 10). Numbers of seeds per pod and 

weights of 100 seed lots were not significantly affected by any virus treatment. 

The virus mixture, BCMV+BSMV+CCMV treatment had the lowest value for each 

yield component. However, these figures are somewhat misleading because fifty 

percent of the plants in this treatment died and only two of the survivors were 

sufficiently vigorous to produce seed. 

Effect of viruses on yield 

Virus infected plants produced fewer seed than healthy plants (Table 10). 

Yield reductions of 22.5 to 92.796 were recorded with single, double, and triple 

virus infections. Significant (P=0.05) yield reductions were obtained in plants 

infected with the CH-1 isolate of BCMV, the BSMV-CCMV mixture, and the 

BCMV+BSMV+CCMV mixture. The highest yield reduction (92.796) was recorded 

with the triple virus mixture (BCMV+BSMV+CCMV). 
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Ratio of dry weight to seed weight 

Only two virus treatments, BSMV+CCMV-RS-4 mixture and BCMV(CH-

1)+BSMV+CCMV(YV-2) mixtUl'e caused significant (P=O.05) reductions in dry 

weight to seed we:ight (Table 9). Both of these treatments had ratios three times 

greater than the control. 

Ratio of total seed to marketable seed 

The ratio of total seed to marketable seed was not affected significantly 

(P=O.05) by any virus treatment (Figure 8). 

Discussion 

The results of this study indicate that three virus infections endemic in 

the major bean growing areas of Sonora, Mexico (Chapter 2) can cause 

significant reductions in bean yield (Table 10). These viruses undoubtedly 

contribute appreciably to yield reductions in Sonora and strategies for their 

control should be devised. 

Bean common mosaic virus induced average yield reductions of 29.4% 

and 60.1% with severe (CH-1) and mild (YV-1) isolates, respectively, whereas, 

average yield reductions of 22.596 and 74.6% were induced by mild and severe 

isolates of the BSMV-CCMV mixture. Results of previous studies on bean-yield 

reductions induced by BCMV agree with those data relating to the severe isolate 

but are far higher than those induced by the mild strain (71, 87). The only 

previous study of the effect of the mixed BSMV-CCMV infections on yields was 

performed on cowpea. Results similar to those recorded here with the severe 
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mixture (BSMV-CCMV-RS-4) were obtained (93). The occurrence of mild and 

severe virus strains and the concomitant variation in yield loss indicate the 

complexity of evaluating potential loss in the field due to these endemic Sonoran 

viruses. 

Average of pods per plants was the only yield component significantly 

affected. Although these efficiency of pod set has been reported to be the yield 

component most affected by virus infections on bean; the pod effect in this tests 

was apparently the result of the reduction in flower production and not in a 

reduction in the efficiency of pod set (3, 37, 71). Neither the number of seeds 

per pod nor weight of 100 seed lots were significantly affected by the virus 

treatments tested. This is contrary to other reports in that viruses significantly 

reduce both of these components (37, 71, 107). Furthermore, the quality of the 

seed (Figure 8) was not affecteu, as it is by Bean Golden Mosaic Virus infections 

(107). 

The ratio of shoot dry weight to seed weight was significantly affected 

by only the two most severe treatments (Table 9). However, an apparent effect 

occurred with all virus treatments. Increased ratios indicate that infected plants 

are less efficient seed producers. 

Bulk leaf area and dry shoot weight are both estimates of the quantity of 

photosynthetic tissue. Knowledge of bulk leaf areas may facilitate to crop loss 

estimates in field situations. However, the results presented here indicated it is 

a poor estimate of dry shoot weight which expresses the real effect of viruses on 

plant tissue production. Furthermore, because the dry weight/seed weight ratios 

varied between treatments, the quantity of photosynthetic tissue may not be 

useful in estimating yield. 
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Based on total yield reduction (Table 10) and on symptomatology 

observed in this study, a synergistic effect between BCMV and the SBMV-CCMV 

virus mixture exists. However, this experiment did not differentiate which of 

the isometric viruses caused with BCMV the drastic synergistic response of 

severe systemic necrosis and plant death. In other experiments the two 

isometric viruses, BSMV and CCMV contained in the mixed culture YV-2, 

separately induced only very mild symptoms compared to the mixed YV-2 

infection (See results). Very mild systemic green mosaic was induced by BSMV 

and CCMV caused II systemic chlorotic mottle mosaic (Figure 3a, c), which was 

totally absent from plants infected with the mixed cultures. When BSMV and 

CCMV were inoculated individually with BCMV, symptoms similar to those of the 

BSMV-CCMV mixture were observed, in addition to veinal necrosis in the 

inoculated leaves. However, when all thrt'e viruses were inoculated 

simultaneously, a severe systemic necrosis resulted and often plant death. 

Mixtures of these viruses are widely distributed in Sonora (Chapter 2) and this 3 

way synergism may cause severe yield reductions in the field. 

Virus synergisms in common bean have not previously been reported. 

However, several have been discovered in closely related plants such as soybean 

and cowpea (32, 74, 93, 125). A synergistic effect on yield in cowpeas has 

previously been reported for a BSMV-CCMV mixture. The results presented here 

indicate that the extent of the synergism (at least in common bean) between 

these two viruses may vary depending on the virus isolate used. Variation in the 

synergism between SMV and BPMV in soybean also occur among strains (125). 

Synergistic effects are usually reported between two unrelated viruses (29, 32, 

68, 94, 102, 125), however, synergism involving greater than two viruses are 

generally more severe (9, 94), as in the case here. 
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Table 9. Effects of single, double, and triple virus combinations on plant tissue 
production and ratios of dry weight to seed per planta 

Virus Bulk leaf Dry Dry weight/ 
isolate area (cm 2) weight (g) seed weight (g) 

BCMVb 

CH-1 1609 BC 72.1 B 3.5/1 A 

YV-1 2077 AB 105.3 A 2.8/1 A 

BSMV-CCMVc 

YV-2 1262 C 98.9 B 2.5/1 A 

RS-4 1231 C 89.9 B 6.7/1 B 

BCMV-BSMV-CCMV 

CH-1+YV-2 363 D 24.1 C 6.3/1 B 

Control 2738 A 103.4 A 2.0/1 A 

a Treatments were replicated 8 times, replicates contained two plants each. 
Values in the same column not followed by the same letter were significantly 
different (P=0.05) by the LSD method. 

b Isolates of BCMV from Sonora, Mexico. 

c Naturally occurring mixture of BSMV and CCMV. 



Table 10. Effects of single, double, and triple virus combinations on yield components, total yield, and yield 
reductiona 

Virus Number Number Weight total % yield 
isolates pods/plant seeds/pod 100 seeds (g) yield (g) reductionb 

BCMVc 

CH-l 34 B 3.0 A 17.0 A 20.9 B 60.1 

YV-l 53 A 3.6 A 19.6 A 37.0 A 29.4 

BSMV-CCMVd 

YV-2 53 A 3.8 A 21.1 A 40.6 A 22.5 

RS-4 18 B 3.2 A 14.6 A 13.3 B 74.6 

BCMV-BSMV-CCMV 

CH-1+YV-2 5 C 0.9 A 6.0 B 3.8 C 92.7 

Control 66 A 4.1 A 19.8 A 52.4 A 0.0 

a Treatments were replicated 8 times, replicates contained two plants each. Values in the same column not 
followed by the same letter were significantly different (P=0.05) by LSD method. 

b Percent yield reduction based on inoculated controls. 

c Isolates of BCMV of Sonora, Mexico. 

d Naturally occurring mixtures of BSMV and CCMV. 
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Fig. 6. Effect of virus cultures isolated from field collected ~. vulgaris 
plants in Sonora on flower production by 'Pinto' bean. 

CH-l equals BCMV-strain NY-l5; YV-l is BCMV-strain YV-l; isolates YV-2 
and RS-4 actually were a mixture of BSMV+CCMV. Values represent an 
average from sixteen plants. 
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Fig. 7. Comparison of fiower production to pod set in 'Pinto' bean plants 
infected with virus cultures isolated from field collected ~. vulgaris from 
Sonora, Mexico. 

Treatments were (1) BCMV-CH-1; (2) BCMV-YV-1; (3) BSMV-CCMV-YV-2; 
(4) BSMV-CCMV-RS-4; (5) BCMV-CH-1+BSMV-CCMV-YV-2; and (6) an 
uninoculated control (6). Values represent an average of sixteen plants. 
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Fig. 8. Comparison of total yield and marketable yield of 'Pinto' bean plants 
infected with virus cultures isolated from field collected !.. vulgaris from 
Sonora, Mexico. 

Treatment were (1) BCMV-CH-1; (2) BCMV-YV-1; (3) BSMV-CCMV-YV-2; (4) 
BSMV-CCMV-RS-4; (5) BCMV-CH-1 +BSMV-CCMV-YV-2; and (6) an 
inoculated control. Values represent an average from sixteen plants. 
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