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ABSTRACT

Bean common mosa i c  v i r u s  (BCMV)occurs  on bean, 

Phaseo1 us v u l g a r i s  L. , in Kenya. In order  to 

e s t a b l i s h  the i n c i dence  of  common bean mosaic in 

smal l  s c a l e  farms,  a survey  was conducted du r i ng  the 

long r a i n y  season in 1981. D i s ea s e  i nc i dence of  

up to 63 percent  was recorded in bean f i e l d s .

Four teen v i r u s  i s o l a t e s  from s u s c e p t i b l e  beans in 

C e n t r a l ,  Ea s t e r n ,  Western,  Nyanza and R i f t  V a l l e y  

p r ov i n c e s  and the Na i r ob i  r eg i on were c o l l e c t ed .

These i s o l a t e s  were i d e n t i f i e d  as i s o l a t e s  of  BCMV 

on the b a s i s  o f  host  range,  s ymptomato l ogv , non 

p e r s i s t e n t  aphid t r a n s m i s s i o n ,  p a r t i c l e  morphology,  

s i z e  and s e r o l o gy .  The i s o l a t e s  were s ub sequent l y  

d i f f e r e n t i a t e d  i n to  s i x  s t r a i n s  on the b a s i s  of  r eac t i on s  

they induced on bean d i f f e r e n t i a l s  hos t s .  Some of  

the BCMV i s o l a t e s  d i f f e r e d  from those  s t r a i n s  o f  BCMV 

repor ted  in l i t e r a t u r e ,  but o the r s  were i d e n t i c a l  to 

the NL3 s t r a i n  and the US2 s t r a i n .  The s i x  s t r a i n s  

were c l a s s i f i e d  i nto  f ou r  d i f f e r e n t  pa t h o g e n i c i t y  

groups  o f  which four  of  the s t r a i n s  are re l a ted  to 

NL3 and US2. The o t he r  two s t r a i n s  (NY and 11 A) 

were found to be new. The NL3 s t r a i n  types  

c o n s i s t e d  of  two n e c r o s i s  i nduc i ng
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s t r a i n s  and one n o n - n e c r o s i s  i nduc i n g  s t r a i n .  The 

f i r s t  n e c r o s i s  i nduc i ng  s t r a i n  type compr i sed of 

i s o l a t e s  to,  510 and I CC;  the second n e c r o s i s  

i nduc i ng  s t r a i n  type compr i sed of  i s o l a t e  4 and AhT 

wh i l e  the n o n - " e c r o s i s  i nduc i ng  s t r a i n  type compr i sed 

of i s o l a t e s  E4, "I, K, T, 86 and iIC4. The US2 s t r a i n
4

type was i s o l a t e  Nch2. In order  to i n v e s t i g a t e  the 

presence of  r e s i s t a n c e  among the ava i l ab l e ,  bean

a c c e s s i o n s ,  454 bean c u l t i v a r s  were screened by 

mechanical  i n o c u l a t i o n  a g a i n s t  i n d i v i d u a l  or a

complex of the i s o l a t e s  of  BCMV.

Res i s tance was obta i ned in 77 out  of  the 454

cul t i  vars  s c r e e n e d . The °f  on the y i e ^

of beans was i n v e s t i g a t e d  by t e s t i n g  three v a r i e t i e s  

that  were predominant i n the Kenyan market a ga i n s t  

three BCMV s t r a i n  t>pes r epresented  by i s o l a t e s  Mch2, 

5l0 and d . Tnese s t r a i n  types caused s i g n i f i c a n t  

reduct i on in the y i e l d  of  the bean c u l t i v a r s  ' Rose cocc 

' Canadian wonder '  and 'Mwezi  moja ' .  The y i e l d  of 

these c u l t i v a r s  was reduced by 55, 54 and 67 percent ,  

r e s p e c t i v e l y .
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INTRODUCTION

The i ncreased  importance of  beans (P ha s e o 1 us

vu l g a r i s  l . \  the wor ld over ,  i s  now wel l  e s t a b l i s h e d .
/

Dry seeds  and f r e sh  or  proces sed  pods of  common 

beans are i tems of  human d i et  in both deve l op i ng  and 

de-vr] cp 2d .coun t r i  es ( .Dr i j fhout ,  1 978] . -  The succes s  

o f  beans as a crop has cont r i bu t ed  to t h e i r  wor ld 

wide d i s t r i b u t i o n ,  but a l s o  t h e i r  importance (3mar; ,  

1976).  In terms of acreage,  y i e l d  and p r oduc t i on ,  the 

world s i t u a t i o n  of  beans in 1978 i n d i c a t e s  some 

remarkable improvement (Appendix I ) .

In Kenya, beans are an impor tant  food crop.

They are a s t ap l e  food f o r  the ma j o r i t y  of the 

popu l a t i on  s e r v i n g  as a major source  of  cheap 

prote i n  (CIAT,  1981).  In a dd i t i o n ,  beans are s o l d  

^>in con s i de r ab l e  q u a n t i t i e s  f o r  cann i ng  i n d u s t r i e s  

( E i j n a t t e n ,  1975).  They are c u l t i v a t e d  in 

monocul tures  or in mi x tures  wi th o t he r  crops such 

as maize,  cotton and bananas.  Consequent l y ,  beans 

are w i d e l y  grown by smal l  s ca l e  farmers  in the 

count ry .  Together  wi th othe^r p u l s e s ,  beans are the 

second important  group of  crops in Kenya a f t e r  maize 

(Mukunya and Key a, 1 97 5 ). The t o t a l  area devoted 

to legume product i on i s  about 480,000 hacta res  annua l l y .
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Of t h i s  area about 320,000 hec ta re s  are under beans 

a lone.  E i j n a t t e n  0 9 7 5 )  r epor ted  that  based on the 

p r ov i nce s ,  bean p r oduc t i on  was; Ea s te rn  40.6%;

Cent ra l  32.2% and Nyanza 12.4%,

The com on bean i s  exposed to a l a r ge  number 

of  var i ed  c o n s t r a i n t s .  D i s ea s e s  and o ther  f a c t o r s
i

cont r i bu t e  to the l a r ge  gap between actua l  and
i

p o t en t i a l  y i e l d s .  In Kenya,  Mukunya and Keya (1975)
r
t

gave an average y i e l d  o f  500 kg/ha, but noted the
♦

potent i a l  y i e l d  to be 1500 kg/ha. Average bean 

y i e l d s  in La t i n  America are l e s s  thar 600 kg/ha 

compared to three to f i v e  tons o b t a i r e d  under 

exper imental  c ond i t i o n s  in the same c o u n t r i e s .  In 

the United S t a t e s ,  monocul ture y i e l d s  o f  near l y  

1400 kg/ha have been r epor ted  (CIAT,  1979,

Schwartz and Gal vez,  I 9 6 0 ) .

The importance of  a p l ant  pathogen or pest  

i s  determined by the economic l o s s  i t  causes.  The 

magni tude of  t h i s  l o s s  depends on the f requency of 

the pa thogen ' s  occur rence and the s e v e r i t y  of the 

damage caused du r i ng  the crop cyc l e  ( Schwartz  and Gal vez,  

1980) .  The es t imated y i e l d  l o s s e s  obta i ned  f o r  

bean p a t h o g e n s  and i n s e c t  pests  u n d e r  exper imental  

c ond i t i on s  are shown in appendix 2. These data

r e f l e c t  the p o s s i b l e  impact of d i s e a s e s  on beans /
i
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in a gi yen l ocat i on under cond i t i on s  favourable to 

both the pathogen and the host.

Bean common mosaic v i r u s  (BCMV) has been 

reported as an important pathogen in Kenya, but a l s o  

in Eas tern A f r i c a  ( Ku l ka r n i ,  1 972 ; CI AT, 1981).

The pathogen has been as soc i a ted  wi th the Pha s e d  us 

beans: ' Canadian wonder ' ,  ' Rose c o c o 1, Mwezi moja'

and other  bean c u l t i v a r s .

BCMV is seedborne and aphid t ransmi t ted.  

Consequent ly,  the v i r u s  has spread widel y.  Aphid 

vector s ,  wi thin each farm, can e f f ec t  the spread 

of the pathogen between i nd i v i dua l  p l ant s  as well  as 

between farm p l o t s .  Di sease i nc i dence in any gi ven 

f i e l d  e a s i l y  r e f l e c t s  the extent  of  d i sease spread 

and the r e l a t i v e  importance of  the d i s ease ,  but a l s o  

the r es i s t ance  s tatus  of  the bean l i n e s  ( D r i j f h ou t ,  

1978).

The nature of symptom expres s i on  induced by 

BCMV determines the extent  of i t s  damage to the 

crop. The v i rus  induces vary i ng  symptoms depending 

on the bean c u l t i v a r s ,  the v i rus  s t r a i n s  and the 

p r e v a i l i n g  envi ronmental  cond i t i ons  (Bos,  1971). I t  

may cause common mosaic u sua l l y  a s soc i a ted  with 

general  l ea f  mal format ion;  or severe vascu l a r  

nec r o s i s  known as black root di sease which f r equent l y
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r e s u l t s  i n t o  the death of  the p l ant .  Crop y i e l d  and 

q u a l i t y  of  the ha rves ted  crop can be g r e a t l y  reduced.  

In the f i e l d ,  crop i n f e c t i o n  may reach 100 percent  

whereas l o s s e s  are repor ted  to range from 35 to 95 

percent  (Burke and S i l b e r n a g e l ,  1974; Schwartz and 

Gal vez,  1980) .  Hampton (1975)  r epor ted  that  t h e ’ 

number of pods per p l ant  was reduced by 50 to 64 

percent  wh i l e  the seed y i e l d  by 53 to 64 percent ,  

depending upon the s t r a i n .  Galvez and Cardenas 

(1974)  reported that  depending on the time of 

i n f e c t i o n ,  y i e l d  l o s s e s  cou ld  vary from 6 to 98 

percent.

There has been a r a p i d l y  growing awareness 

of  the impact of r e s i s t a n t  bean c u l t i v a r s  as a tool  

f or  e f f ec t i ve  cont ro l  of  BCMV. P l an t  r e s i s t a n c e  to 

the vi rus  has been a v a i l a b l e  s i nce  r e s i s t a n c e  was 

di scovered in the bean Robus t  ( Schwar tz  and Gal vez,  

1980).  The r e s i s t a n c e  to Robust  was confer red  by a 

s i n g l e  r ece s s i v e  gene. R e s i s t a n c e  governed by a 

dominant gene was i d e n t i f i e d  in the bean Corbett  

Refugee ( P i e r c e ,  1934; Zaumeyer and Thomas, 1957).

Var i ous  workers  have i n v e s t i g a t e d  the

r e l a t i o n s h i p  between d i f f e r e n t  BCMV s t r a i n s  and
. . . /

some sources of  r e s i s t a n c e  in the common bean 

( S i l b e r n a g e l ,  1969; D r i j f h o u t ,  1978).  D r i f j h o u t

I
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has anal ysed the i n t e r ac t i on  between res i s t ance 

genes in the bean and the pathogen i c i t y  genes in 

the v i r u s  and the i nhe r i t ance  of  r e s i s t ance .  He 

has a s s i gned  22 bean c u l t i v a r s  to 11 r e s i s t ance  

groups and d i v i ded 15 known v i r a l  s t r a i n s  i nto 7 

pa thogen i c i t y  groups.  Galvez et al_, (1 977 ) has 

proposed a s i m i l a r  system of nomenclature (BCMV - 1 

to BCMV - 7) to d i s t i n g u i s h  these seven bas i c  

v i r a l  groups.  The I n t e r na t i ona l  Working Group on 

Legume V i ruses  has presented another  v i r a l  

c l a s s i f i c a t i o n  (Bos, 1971).

Known s t r a i n s  o f  BCMV in Kenya and East  

A f r i ca  include the E.A. -BCMV ( Ku l ka r n i ,  1972),  the 

T-BCMV (Gathuru, 1975) and K-BCMV (Buruchara,  1979).  

In addi t i on  to these known s t r a i n s ,  var i ous  i s o l a t e s  

of  BCMV have been reported to occur  in Kenya CBock 

e_t aj_, 1 976 ; Mukunya and Karue, 1 979 ). Therefore,  a 

study of  these s t r a i n s  and i s o l a t e s  along with those 

occur r i ng  in the farmers f i e l d s  in Kenya is use fu l .

A r e l a t i v e l y  l a r ge  c o l l e c t i o n  of  bean 

gerniplasm has been developed in Kenya over the 

year s .  Thi s  fol lowed the implementat ion,  in 1971, 

of  the Dry Bean P ro j ec t ,  j o i n t l y  supported by the 

governments of Kenya and the Nether l ands ,  and the 

e f f o r t s  o f  the Bean Improvement Team of  the
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Uni v e r s i t y  of Nai rob i .

An attempt to t e s t  bean c u l t i v a r s  a v a i l ab l e  

in Kenya for  r e s i s t a n c e  to BCMV was f i r s t  made by 

Ku l karn i  (1972).  However, r e s i s t ance  t e s t i ng  was 

done s o l e l y  with a few American bean v a r i e t i e s .  

Consequent l y,  r e s i s t a n c e  t e s t i n g  and se l ec t i on  o f  

bean c u l t i v a r s  are a matter of  p r i o r i t y  in the Grain 

Legume Improvement.

The ob jec t i ves  of t h i s  study were:

i )  To a s ses s  the i nc idence of bean common 

mosaic v i r u s  in sma l l s ca l e  farms.

i i )  To i n v e s t i g a t e  the occurrence of

BCMV s t r a i n s  in Kenya and to character i ze  

or  d i f f e r e n t i a t e  them.

i i i )  To test  va r i ous  bean c u l t i v a r s  for  r e s i s t anc e  

aga i n s t  the s t r a i n s  of  bean common mosaic

vi r u s .

i v)  To i n ve s t i ga t e  the e f f ec t  of  the s t r a i n s  of  

bean common mosaic v i r u s  on the y i e l d  of beans.



REVIEW OF LITERATURE

EARLY IMPRESSION ON BEAN COMMON MOSAIC VIRUS

Bean common mosai c  v i r u s  (BCMV] i s  one of
/

the four  aph i d-borne v i r u s e s  a f f e c t i n g  beans.  The 

other s  are bean ye l l ow mosaic v i r u s  (BYMV) (Bos,

1970) ;  cucumber mosaic v i r u s  (3os and'Maat > 1974)  ard 

a l f a l f a  mosaic v i r u s .  Bean common mosaic and the
lI

bean ye 1 1 ow 1 mosaic v i r u s e s  belong to tne Po t yv i r u s
i

group whereas cucumber mosaic and the a l f a l f a  mosai c  

v i r u s e s  belong to the Cucumovi rus  and the Rhabdov i rus  

groups,  r e s p e c t i v e l y  (Brandes  and S e t t e r ,  1959).

Al though BCMV was o r i g i n a l l y  repor ted  in 

Rus s i a  by Iwanowski  ( 1899 ) ,  i t  was r ecogn i zed  as an 

i n c i t a n t  of  a v i r u s  d i s e a s e  in the US by Stewart  and 

Reddick (1917).  S tewar t  and Reddi ck (1919) showed 

that  the v i r u s  was t r an s mi t t ed  through seed. A more 

de t a i l ed  d e s c r i p t i o n  o f  the b i o l o g i c a l  p r o p e r t i e s  

o f  BCMV was given oy P i e r c e  (1934) .  He added the 

a d j e c t i v e  ' common'  to d i s t i n g u i s h  oean common mosai c  

v i r u s  from bean ye l l ow mosaic v i r u s .  The names tha t  

have been used f o r  BCMV are mosaic v i r u s  ( S tewart  and 

Hsddicfc, 1 917) ,  bean mosai c  v i r u s  1 and Ph aseol  us v i r u s  

1 ( P i e r c e ,  1934; Hubbe l i ng ,  1963).
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DISTRIBUTION AMD ECONOMIC IMPORTANCE

Bean common mosaic v i r u s  i s  wor ld  wide in 

d i s t r i b u t i o n .  S ince i t s  d i s c o v e r y  in Ru s s i a ,  the 

v i r u s  has been reported i n  most c o u n t r i e s  where 

beans are grown. I t  has been shown to occur  in 

par t s  of  Canada, Amer i ca,  A f r i c a ,  Europe,  A s i a ,

A u s t r a l i a  and New Zealand (Zaumeyer and Thomas^1957 ;
>

S i ngh,  1976; Robinson,  1969) .

The v i r u s  i s  economi ca l l y  impor tant  throughout
c

the wor ld where beans grow (Schwartz and Gal vez,  1980>,  

except  where v a r i e t i e s  r e s i s t a n t  to the v i r u s  have 

been developed (Si 1bernagel  , 1 969 ). Between 1 927 and 

1947 var i ous  American r e s ea r c he r s  (Zaumeyer and Thomas, 

1957) ,  r epor ted  in the US, mosaic i n f e c t i o n  as r ang i ng  

from none to 100 percent  and r educt i on  in y i e l d  

of over  10 percent in bean v a r i e t i e s  such as 

' S t r i n g l e s s  Green Refugee '  and ' Red Mexican 34 ' .

Reports  of  the importance of  BCMV in o t he r  Dart s  of  the 

wor ld are a v a i l a b l e  ( Schwartz  and Ga l vez ,  1980).

More recent  s t ud i e s  (Hampton, 1967;  1975;

Schwartz and Galvez,  1980)  have shown tha t  p l ant  

i n f e c t i o n  may reach 100 percent  in the f i e l d  and f i e l d  

l os s  may range from 16-95 percent.  Accord i ng  to Hampton 

(1967)  the pod number per p l ant  can be reduced by
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5-64 percent  and the y i e l d  by 53-6u percent ,  depending 

upon the v i r u s  s t r a i n s .  E a r l i e r *  Costa and Fo s t e r

(Schwartz and Gal vez,  1980)  had found that  t hs  average
>

number of  pods per p l ant  was 7 to 23 wh i l e  the average 

number of  seeds per pod was 1.7 to 4 .8 .  Galvez and 

Ca' rdenas ( 1 974 ) have r epor ted  that  depending upon the 

c u l t i v a r  and the time o f  i n f e c t i o n ,  the y i e l d  l o s s e s
i

could vary from 6-98 per cent .  In 1975,  Hampton (1975)
i

provided a b a s i s  f o r  a s s e s s i n g  and i n t e r p r e t i n g  seec- 

y i e l d  l o s s e s  induced by bean common mosai c  and bean 

yel l ow mosai c  v i r u s e s . '

The p h y s i o l o g i c a l  b a s i s  of  y i e l d  reduct i on  

dje to BCMV on bean p l a n t s  has beer, l a i d  down.

Harr i son (1935)  showed that  the v i r u s  causes  delay 

in f l ower i ng  and podding per i ods  in p l a n t s  i n f e c t e d ,  

p a r t i c u l a r l y ,  j u s t  before f l owe r i ng ,  and a c e s s a t i o n  

in b l o s soming  of severa l  days in those p l an t s  

i n fected  dur i ng  f l owe r i ng .  In e f f e c t ,  t h i s  l eads  to 

the n e c e s s i t y  for  more p i c k i n g s  onl y  to get s ma l l e r  

y i e l d s .  Ha r r i s on  again found that  the mosaic 

d i seased l eaves  t r a n s p i r e d  l es s  per u n i t  sur f ace  

area and per  gra in of dry weight  than the hea l thy  

ones. Consequent l y ,  there was a co r r e spond i ng  

s i g n i f i c a n t l y  lower percentage of dry matter  in 

the tops o f  mosaic bean p l ant s  from s e e d l i n g  to
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the b l o s somi ng  s t ages .  In add i t i on  there v;as an 

equal r educt i on  in the pod y i e l d  such that  the 

r a t i o  of  thej y i e l d  of pods to the dry weight  was 

approx imate l y  the same in mosaic and in the hea l t hy  

pi a n t s .

I n v e s t i g a t i n g  the e f f e c t  of  bean common
r

mosaic and bean ye i l ow mosai c  v i r u s e s  on the 

f e r t i l i t y  of  ' Canadian wonde r ' ,  Crowley (1957)  showed 

that  both v i r u s e s  s l i g h t l y  reduced the number of 

seeds per f lower.  F a i l u r e  to set  pods on mosaic 

d i seased  p l an t s  has been a t t r i b u t e d  by Nel son and 

coworker in 1 933 to d e f e c t i v e  p o l l e n .  I n i t i a l  

deformat ion of  f l ower s  and subsequent  cur l ed 

mishapen and rough appearance o f  pods renders  them 

q u a l i t a t i v e l y  poor ( Ha r r i s on ,  1935) .  Under c e r t a i n  

c o n d i t i o n s ,  mosaic i s  r o n s t a n t l y  a s s o c i a t e d  with 

water s oak i ng  of pods wi th the r e s u l t  that  such pods 

are darker  than normal o r  the seeds obta i ned from them 

are of remarkably poor q u a l i t y .

B l ack  root de s c r i bed  by J enk i n s  in 1941 has 

been r epor ted  to cause 40 percent  mo r t a l i t y  in 

exper imenta l  p l o t s  (Grogan and Walker  , 1948)

TRANSMISSION AND EPIDEMIOLOGY

Natura l  i n f e c t i o n  by bean common mosaic
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v i r u s  seems to be con f i ned  to Ph.aseol us y u 1 g a r i s L.

The v i rus  i s  t r an smi t t ed  by seyera l  aphid spec i es  in 

the nonpe rs i s ten t manner (Kennedy and Stjoyan, 1 959 ; 

and Wi l k i n s on ,  1955).  A r t i f i c i a l l y ,  the v i r u s  i s

r ead i l y  t r a n s m i s s i b l e  w i t h i n  P_. v u l g a r i s  by sap 

i nocu l a t i on  and through seed (Reddi ck t  s^wcvrb 1919;
i

Crowley, 1957;  S c h i pp e r s ,  1963) and through pol l en 

i nfected p l an t s  (Nel son and Down, 1933) .

Far jado (1930)  showed that  BCMV i nfected  

leaves  used as a source o f  inoculum can be 

homogenized in water or  b u f f e r  such as potas s i um 

phosphate in the r a t i o  1 : 4 - 10  and then manual l y  

appl ied on leaves  of  s u s c e p t i b l e  p l a n t s  (Morales ,

1 979; Schwartz et_ a_l_, 1 980) .

A b r a s s i v e s  such as carborundum powder 

300-600 Mesh have been added i nto  i noculum by many 

workers to f a c i l i t a t e  the i n t r odu c t i on  of  the v i r u s  

pa r t i c l e s  i n to  p l ant  c e l l s  (Rawl i ng and Tompkins,  1940; 

D r i j f hou t ,  1978).  An i n o c u l a t i o n  e f f i c i e n c y  of  

near l y  100 percent  can be achieved in the g l a s s hou s e ,  

but in the f i e l d  the e f f i c i e n c y  i s  l ower  due to the 

adverse env i ronmenta l  f a c t o r s  which may a f f ec t  both 

the v i r us  and the host  p l a n t s  (Al conero and Me i ne r s ,  1974).

V i r u s  p a r t i c l e s  can be t r an smi t t ed  through
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pol l en g r a i n s ,  the ovu l es  and the f l ower s  of 

i n fected p l an t s  (Wi l son and Dean, 1964) .  Nel son 

and Down (1933)  have shown 25 percent  e f f i c i e n c y  of  

v i r u s  t r an smi s s i on  through po l l en  and ovu l es  in the 

bean Refugee and ea r l y  p r o l i f i c  bean v a r i e t i e s .

Seed t r an smi s s i on  can occur  in s u s c e p t i b l e  

v a r i e t i e s  o f  P. vu l g a r i s ; _P. a cut i fol  i us Gray;

_P. cocc i neus  L. , P. poly antus  1_. , P_.. mungo L. ,

Macropi  t i  1 i urn 1 athy roi  des (1_) Urbs;  and Rhychos i  a 

minima (L.) DC. ( Skot l and  and Burke,  1961;  Schwartz 

and Galvez,  1980).  P i e r ce  (1934)  r epor ted  seed 

t r an s mi s s i on  of  up to 35-40 percent .  P r ov v i den t  and 

Cobb (1975) obtained 7-22 percent  t r a n s m i s s i o n  rate f o r  

BCMV in the tepary bean (_P. a cut i f ol i us ). Bos (1971)  

cons idered seed t r a n s m i s s i o n  to be common and 

probabl y the most important  source of  i n i t i a l  crop 

i n f e c t i on .  The percentage of  seed t r a n s m i s s i o n  may 

vary from 3-95 percent  depending upon the v a r i e t y  

and the time of  i n f e c t i on  ( C r i s p i n  and Grogan,  1961) .  

Sci i i ppers  (1963)  has shown that  the d i s t r i b u t i o n  of 

tiie v i r u s  i n i n fected seeds and in pods i s  e r r a t i c .

Ekpo and S a e t t l e r  (1975) have demonstrated the 

d i s t r i b u t i o n  pat tern of the v i r u s  in i n f e c t ed  seed.

The v i r u s  i s  found in the embryo and the coty l edons  

but seldom in the seed coat.  Thi s  c o n t r a s t s  wi th
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southern bean common mosai c  y i r u s  which i s  p resent  

in both the embryos and seed coats  of  devel oping  

bean seeds ,  and i t  i s  not  seed-borne.

The v i r u s  cannot be t r a n s f e r r e d  from the 

i n f ec ted  p l a n t  to the he a l t h y  one in the absence 

of  a t r a n s m i s s i o n  agent.  Hea l thy  seeds grown with 

i n fected  seeds  come out hea l t hy  (Zaumeyer and Thomas, 

1957).  I n f e c t i o n  has flot been shown tc occur  when
l

the r a d i c l e  o f  a hea l t hy  p l ant  pas ses  through the 

l e a f  of an i n f ec ted  one. The v i r u s  can su r v i ve  in 

bean seeds f o r  as long as 30 yea r s  ( P i e rce  and 

Hunger ford,  1 929 )..

Severa l  aphid s p e c i e s  t r an smi t  the v i r u s  in 

the n o n p e r s i s t a n t  manner from i n f e c t e d  p l an t s  to 

hea l thy  ones.  Reported aphid s pec i e s  i n c l ude : -  

the bean aphi ds  A p h i s f ab ae Scop, and A. r u m i c i s L; 

the cucumber aphid A. g o s s yp i  i G l ove r ;  the potato 

aphid M a c r o s i p h u m sol  an i f o l i  i Ashm; the pea aphid 

M. p i s i K a l t ;  the compos i tae f ami l y  aphid M. ambros1ae 

Thos;  the peach aphid My z u s pe rs i c ae S u1z ; the 

cabbage aphid  B r ev i co r yne  b r a s s i  cae L. and the 

chenopodium aphid Hyal opte rus at r i p ;  j •: i s * . Other  

vector s  t ha t  can t r an smi t  BCMV from i n fec ted  p l an t s  

are A. medi cagi ns  Koch. ,  from an amaranthus spec i e s  

and P_. 1 un at u s ; and Rhopalos iphum pseudobras s i cae  i

VI
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Davi s  from tu rn i p  p roduc i ng  44 - 100 percent  mosaic 

( Z e t t l e r  and W i l k i n s o n ,  1 966 and TIAT,  1981).

S t u d i e s  have shown that  in j ean s ,  aphid 

popu l a t i on s  are of ten l ower  than those of  other  

i n s ec t  s p e c i e s ,  ye t  aph i d s  are r e s p o n s i b l e  f o r  

natural  t r a n s m i s s i o n  o f  BCMV p a r t i c l e s .  Zaumeyer and 

Thomas, (1957)  noted t ha t  beans are not f avourab l e  

hos t s  f o r  aphids .  Ne v e r t h e l e s s ,  aphids  t r ansmi t  the 

v i r u s  even by probing.  Uptake on i f e c t e d  p l ant s ,  

and t r an s mi s s i o n  to the hea l thy  ones occur s  in
i

minutes i f  not seconds ( D r i j f h o u t ,  1978) .  There i s  

no l a tent  per i od.  The e f f i c i e n c y  of  t r an s mi s s i o n  

depends upon the l e a f  and the per i od of pre and pos t  

feeding by the aphids  ( Z e t t l e r  and W i l k i n s o n ,  1966) .  

The aphids  t r ansmi t  the v i r u s  more r e a d i l y  from 

c h l o r o t i c  l e a f  areas  than from d a r ; green areas.

I n f ec ted  seeds and p l ant s  of  s u s c e p t i b l e  bean 

c u l t i v a r s  and weed hos t s  serve as sour ces  of  i n i t i a l  

inoculum f o r  BCMV in the t r o p i c s  and o ther  r e g i on s .  

Aphids  are r e s pon s i b l e  f o r  secondary t r a n s m i s s i o n  o f  

the v i r u s .  S t ud i e s  have shown that  apterous  aphid 

popu l a t i on s  can i n c i t e  100 percent  p l an t  i •••“,- c t i  :.r. 

from a seed source that  i s  15-25 oercent  

contaminated ( Cl AT , 1 9 75 ). In Kenya , Ku l karn i  ( 1972 ) 

found that  v i r u s  i nc i dence  was r e l a ted  to the
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i n i t i a l  aphid popul at i on  i nc rea se  aid aphid 

mi g r a t i o n .
ii

HOST RANGE AMD BIOASSAY •

The hos t  range f o r  BCMV i s  more l i mi t ed  than 

reported f o r  BYMV. D r i j f h o u t  (1 978) repor ted that 

i t  i n c l ude s  both leguminous  and non leguminous  

spec i es .  Bes i des  P. v u l g a r i s  L; the a r t i f i c i a l
j

hos t s  i n c l u d e : -  P_. a t r opurpureus  Moc & Sesse;

P_. radi  a tus  L; P_. 1 un at us L; P_. 1 ath y r o i  des L;

P. 1 imens i s Macf;  IP. acut i fol  i us Gray var  1 at i fol  i j s

Freeman; P_. angul ar i  s ( W i l l d )  Wr i ght ;  P_. aeon i t i  fo 1 i us

Hacq; P. aureus  Roxb; P_. cocc i neus  pe r s ;  P_. mungo L;

V i g n a s i n e n s i s  (To  r n  e r ) S a v i ;  V_. se sq u i pe da 1 i s  ( L )

Fruhw; Vi ci  a f aba l.; Can a va 1 i a ens i  formi  s ( L ) DC;.

C r o t a l a r i  a s pec t ab i 1i s Roth; Lup i n us a l bus  L ;

Macropi  t i  1 i urn 1 a th yroi  des [ L ) Urb; M. a t r opu rpureu s

Urb; P i s um s a t i  vum L ; Med i cago sat  i va L; Pol i  chos

1ab1ab L ; T r i  f o l i  um para tense L ; Rh yn chos i a minima 

(L) DC. and Sesban i a e xa 1 ta ta Raf. (Zaumeyer ê t al ,

1957; Schwar tz  end Ga l vez,  19S0).  The v i r u s  has been

recovered from i nocu l a ted  leaves  of Chenopodium

quinoa L. and Gomph ren a g l obosa  L. and has been

i s o l a t e d  from un i nocu l a ted  leaves  of  N i c o t i a na

c l e v o l a n d i i  Gr ay  ( B o s ,  1 9 7 0 ;  D r i j f r o u t ,  1 9 7 8 ) .
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C. q u i n o a ; G. g l o b o s e ; Tet ragon ja expansa 

( L . )  Murr.  and c u l t i v a r s  of  £. v u l g a r i s , e s p e c i a l l y
I

' Monroe '  serve as l oca l  l e s i o n  i n d i c a t o r s  to v a r i ou s

s t r a i n s  o f  BCMV (.Bos, 1 970 ; S a e t t l e r  and T r u j i l l o ,
/

1 972 ). The c u l t i v a r s  o f  P_. v u l g a r i s  have been 

used as d i a g n o s t i c ,  p r opaga t i on  and d i f f e r e n t i a l  

ho s t s .  Bos (1970) has po i n ted  out t ha t  s l i g h t l y
i

s e n s i t i v e  c u l t i v a r s  are s u i t a b l e  f or  p ropagat i ng  tne

v i r u s ,  but  i t  can a l s o  be mainta i ned iri seed from
i

i n f ec ted  p l an t s .

As s ay  s e n s i t i v e  c u l t i v a r s  develop c h a r a c t e r i 

s t i c  mosaic but other s  develop n e c r o t i c  l ocal  l e s i o n s  

wi th c e r t a i n  s t r a i n s  o f  the v i r u s .  Leaves of 

h y p e r s e n s i t i v e  c u l t i v a r s  such as ' Topc r op '  detached 

a f t e r  i n o c u l a t i o n  and i ncubated  in c l o s ed  pet r i  

d i s hes  under  a r t i f i c i a l  l i g h t  at 30-32°C have 

developed ne c r o t i c  l oca l  l e s i o n s  a~ te r  2-3 days 

(Bos 1970) .  D r i j f h o u t  (1978)  has obta i ned  p i n p o i n t  

l e s i o n s  and v e i n n e c r o s i s  with t r i f o l i a t e  l eaves  of  

symptornless p r e - i n o c u l a t e d  p l an t s  when detached and 

i n o c u l a t e d  with the NL3 s t r a i n  in a moi s t  chamber 

mai nta i ned  under 100 percent  humid i t y  with i n t e r n a l  

chamber t e m p e r a t u r e  of 2 7 - 3 0 0C f o r  3-4 days. The 

t e s t  he l ps  to d i s t i n g u i s h  p l an t s  wi th the 1 gene 

from those c a r r y i n g  the i gene in Q s e g r e g a t i n g
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progeny. Leaves from i p l a n t s  would show no 

react i on or  only s u p e r f i c i a l  n e c r o s i s .  P_. 1 a t hv r o i de s  

g i ves  n e c r o t i c  l e s i o n s  (Quantz,  1961; Bos 1971) wh i l e  

C. qu i noa , may g i ve  d i f f u s e  c h l o r o t i c  l ocal  l e s i o n s ,

2-3 mm in d iameter  ( Bos ,  1970).  For  anhid 

t r an smi s s i on  t e s t s ,  P. v u l g a r i s  has been used.

4 *

DISEASE AND SYMPTOMS

BCMV may i n c i t e ,  i n  Phaseo lus  spp. mosaic,  

systemic n e c r o s i s  ( b l ack  root )  or  l o c a l  l e s i on  

symptoms whose s e v e r i t y  v a r i e s  depending upon the 

c u l t i v a r s ,  the time cf  i n f e c t i o n ,  the s t r a i n  and 

the envi ronmental  c o n d i t i o n s .  Be s i de s  P. v u l g a r i s ,

P. coccineus  i s  n a t u r a l l y  i n f ec ted .

Mosa i c  symptoms apoear  in s v s t e m i c a l l y  

i nfected c u l t i v a r s  and may be a s s o c i a t e d  with 

mott l i ng,  l e a f  r o l l i n g ,  s t u n t i n g ,  vein c h l o r o s i s  o r  

vein c l e a r i n g ,  ye l l ow s po t s  or y e l l o w  mosai c,  vein 

banding,  b l i s t e r i n g ,  pu c k e r i n g ,  cupping  and general  

mal format ion of l eaves  (Zaume.yer and Goth,  1964;

Schwartz and Galvez,  1980) .  S y s t e m a t i c a l l y  i n f e c t ea  

p l ant s  may have sma l l e r  pods which conta i n  fewer seeds 

than pods from un i nfected  p l ant s  ( Schwartz  and Gal vez,  

1980).  I n f ec t ed  pods may o c c a s i o n a l l y  be covered by small  

darkareen spot s  ana mature l a t e r  than hea l thy  ones
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A

X
(Zaumeyer and Goth, 1964) .  The pc ' s are often curved,  

s e ve r e l y  reduced in s i z e  and mal formed with l a r ge  

green i s 1 ands occur r i ng  on l i g h t e r  green t i s s u e .

A c h l o r o t i c  band sur rounded  by dark green t i s s u e  

or dark green band of ten extends  the l ength of  the 

i n f ec ted  pods (Zauneyer  and Goth, 1 964 ). Zaumeyer 

and Thomas (1948) have r epor ted  g r ea s y  symptoms on
1 i

pods caused by the s h i n y  pod s t r a i n .  Symptoms of  

mosaic are expres sed moderate l y  at temperatures  

between 20-25°C.

Sy s t emi c  n e c r o s i s  or  b l ack  root  d i sease  

( Jenk i ns ,  1940) i s  a l s o  caused by BCMV and i s  

c ha r a c t e r i z e d  by v a s c u l a r  n e c r o s i s  and p lant  death 

(Bos,  1971) .  I n i t i a l l y  the symptoms appear as l e a f  

l e s i o n s  in the p l ant  appex or  t r i f o l i a t e  leaves  

which w i l t  and become d u l l  green and then black.  

C h a r a c t e r i s t i c  reddi sh  n e c r o s i s  o f  the v a s c u l a r  

system may be ev ident  in l eaves ,  stems,  roots  and 

pods. E v e n t u a l l y ,  the e n t i r e  p l ant  d i e s  e s p e c i a l l y  

i f  a f f e c t ed  when young.  When a f f e c t e d  l a t e r ,  p l an t  

par t s  may die and pods may show b l ack  d i s c o l o u r a t i o n s  

which s t i l l  render them unmarketable due to t h e i r  

appearance ( Jenk i n s ,  1 9 4 1 ) . "

Acco rd i ng  to Grogan and Walker  (1948)  

s y s temi c  n e c r o s i s  appears  only in c u l t i v a r s  hav i ng
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a dominant type of r e s i s t anc e  der i ved from the 

c u l t i v a r  ' Corbet t  Refugee ' .  P l ant s  with dominant 

r e s i s t ance  were r e s i s t a n t  to the type and the NY 15 

s t r a i n s ,  but could show systemic nec r o s i s  when 

graf ted on plants  of the c u l t i v a r s  ' S t r i n g l e s s  

Green Refugee'  which react s  with any of the s t r a i n s  

to g i ve  a mosaic. Common mosaic was found by Grogan 

and Walker (1948) onl y in p l ants  wi th the r eces s i ve  

(i gene) res i s t ance  d r i ved  from the c u l t i v a r  

' Robu s t '  or  ' M i c h e l i t e  ' . These p l an t s  were 

r e s i s t a n t  to the type s t r a i n  but suscept i be  to the 

NY 15 s t r a i n  (Ri chards  and Burkholder ,  1943; 

D r i j f h o u t ,  1978). Hubbel ing (1963) has shown that 

systemic necros i s  may appear at low temperatures 

(20°C) in c u l t i v a r s  which are i n fected  by nec r o s i s  

i nducing s t r a i n s  or at high temperatures  (26-32°C)  

with other  s t r a i n s .

E a r l i e r ,  Grogan and Walker, (1948)  found 

that some r e s i s t an t  c u l t i v a r s  developed vascu l ar  

ne c r o s i s  with the type and NY 15 s t r a i n s  at over 

30°C but were r e s i s t a n t  at normal temperatures 

(20-28°C).  A1i (1950) found that c u l t i v a r s  with 

dominant type of  r e s i s t ance  show sys temic  nec r o s i s  

under cont inuous  supply of the v i r u s  inoculum 

whereas no symptoms may be exh ib i ted f o l l owi ng
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mechanical  i nocu l a t i on  or  natural  f i e l d  i n f ec t i on .  

He a l s o  showed that Corbett  Refugee type of  

r e s i s t ance  was governed by a dominant 1 gene, which 

in the presence of the bas i c  gene A f o r  s u s c e p t i b i 

l i t y ,  r e s t r i c t e d  v i r u s  m u l t i p l i c a t i o n  at the normal 

growing temperature and permitted the development 

of  b l ack  root at high temperature (A 1i , 1 950 ; 

Hubbel ing,  1963).

Local  l e s i on s  may occur e x c l u s i v e l y  

(Hubbel i ng,  1972) or may preceed sys temic  ne c r o s i s  

or  mosaic.  Dr i j f hou t  (1978) has mentioned two 

groups of  local  l e s i o n s .  One type, the local  

n e c r o s i s ,  may a r i s e  as p i npo i nt  l e s i o n s  and enl arge 

to appear as l ocal  vein nec r o s i s  v i s i b l e  on both 

sur faces  of  the leaves of i nocul ated p lant s .  They 

occur  in c u l t i v a r s  with the dominant 1 gene. The 

other  type known as l oca l  d i s c o l o u r a t i o n s , occurs  

in p l an t s  with i gene and compri ses of  c h l o r o t i c  

l e s i o n s ,  f lecked r i n g s ,  s u p e r f i c i a l  browning of 

ve ins ,  or  s u p e r f i c i a l  brown spots .  Zaumeyer and 

Goth (1962b, 1963) mentioned local  l e s i on s  

character i zed  by small  white nec r o t i c  r i ng l e s i o n s ,  

2-3 mm diameter,  on i nocul ated  leaves of some 

c u l t i v a r s  i noculated with cer ta i n  BCMV s t r a i n s  and 

brown i sh r i ng  l e s i o n s ,  5-7 mm in diameter  on other
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genotypes with the same s t r a i n s .

The number of l oca l  l e s i o n s  i s  i nf luenced 

by temperature.  Quantz (1957) obtained the 

h i ghes t  number of  l e s i o n s  at temperatures of  30 and 

35°C. The number and c l earnes s  of  c i r c u l a r  dark 

red s po t s ,  descr ibed on ' Monroe '  was high at 20°C, 

good at 24°C, but poor  at 16 and 28°C. Hubbel ing 

(1972) i s o l a t ed  s t r a i n s  of  BCMV that  could induce 

local  systemic ne c r o s i s  at 20°C in p l ant s  with 

dominant type of  r e s i s t ance .

GENETICS OF RESISTANCE

The genet i cs  o f  r e s i s t ance  to BCMV has been 

e s t ab l i s hed .  Pierce (1935) pointed out two types 

of  r e s i s t ance ,  one i nhe r i t ed  dominant l y as in 

' Corbet t  Refugee'  and the other  r e c e s s i v e l y ,  as in 

the c u l t i v a r s  ' Robus t '  and 'Great  Northern U1 ' .

Al i  (1950) provided evidence of  two types of  

independent l y i n he r i t ed  genes. According to A l i ,  

a dominant gene A i s  requi red for  v i r u s  i n f e c t i o n ,  

render i ng  the t i s s u e s  s u s cept i b l e .  Another dominant 

gene 1, when present wi th the gene A, i n h i b i t s  

symptom expres s i on f o l l owi ng  mechanical  i nocu l a t i on  

and cond i t i on s  sys temic  nec r o s i s  under a cont i nuous  

supply of  v i r us  inoculum, as a f t e r  approach g r a f t
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i n o c u l a t i o n .  With aa, the p l an t  becomes r e s i s t a n t  

to both mosai c  and s y s t emi c  n e c r o s i s .  The f o l l o w i n g  

are the genotypes  of  the c u l t i v a r s  s t ud i ed :

' S t r i n g l e s s  Green Refugee '  AA i i  ( s u s c e p t i b l e ) ;  

' US 5 Refugee and ' I d a h o  Re fugee1 AA11 ( r e s i s t a n t ,  

systemic  n e c r o s i s  i f  g r a f t e d ) ;  ' R obu s t  aa i i  

( r e s i s t a n t ,  no s y s t emi c  n e c r o s i s  i f  g r a f t e d ) .  The 

nec r o t i c  r eac t i on  a f t e r  g r a f t  i n o c u l a t i o n  i s
i

governed by gene 1 in the presence o f  gene A, most 

l i k e l y  through  a h y p e r s e n s i t i v e  mechanism. P l an t s  

wi th the genotypes  a a l - ,  a a i i  or  A - i i  do not react  

with n e c r o s i s .  The aa l -  and a a i i  genotypes  remain 

heal thy wh i l e  the A - i i  genotype devel opes  mosaic 

symptoms.

Anderson and Down (1954) used the NY 15 

s t r a i n  to t e s t  the F2 o f  t h e i r  c r o s s e s  and 

demonstrated that one o f  the c r o s se s  was governed 

by one dominant gene and the other  by one r ec e s s i v e  

gene. Peter sen  (1958)  proposed that  r e s i s t an c e  

i s  c o n t r o l l e d  by two genes i nd i ca ted  as a/M ana 

s/S for  r e s i s t a n c e  and one 1/i f o r  s y s t emi c  n e c r o s i s .  

The dominant genes A and S i n he r i t e d  i ndependent l y  

cause s u s c e p t i b i l i t y .  In the presence of  the 

dominant gene A, the dominant gene 1 c o n t r o l s  

h y p e r s e n s i t i v i t y .  Re s i s t a nc e  i s  c o n t r o l l e d  by
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both r ece s s i v e  genes a and s with 1 or  i i .  For 

h i s  t e s t s ,  Peterson used the s t r a i n  Voldagsen.

D r i j f h o u t  (1978) has s tudied the r e l a t i o n s h i p  

between BCMV and r e s i s t a n c e  in the common bean 

us ing more than one s t r a i n .  He developed a s tandard 

set of bean d i f f e r e n t i a l s  and anal ysed the 

i n t e r ac t i on  between r e s i s t an c e  genes in the bean 

and the pathogen i c i t y  genes in the v i r u s  and the 

i nhe r i t ance  of r e s i s t an c e .  Consequent l y,  22 bean 

c u l t i v a r s  were as s i gned  to eleven r es i s t ance  groups 

c o n s i s t i n g  of  12 subgroups  of d i f f e r e n t i a l  c u l t i v a r s  

by t e s t i n g  450 bean c u l t i v a r s  with 8-10 s t r a i n s .  

F i f teen known v i r u s  s t r a i n s  were c l a s s i f i e d  into 

10 pa thogen i c i t y  groups and subgroups r epresent i ng  

ten s t r a i n s  and the i s o l a t e s  of  those s t r a i n s .

D r i j f hou t  worked out a gene for  gene model 

for  r e s i s t ance  and pathogen i c i t y .  He d i s t i n g u i s h e d  

7 r e s i s t ance  genes in bean. The genes are:

a nec r o s i s  gene 1;

a s t r a i n  - u n s p e c i f i c  gene bc-u and
2

5 s t r a i n  - s p e c i f i c  genes bc-1 ; bc-1 ; bc-2;
2

bc-2 and bc-3.

2 2 The genes bc-1 and bc-1 as well  as bc-2 and bc-2

are cons idered to be a l l e l i c .  Five l oc i  are

represented,  seg regat i ng  independent ly or near l y
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so. Four pa thogen i c i t y  genes (P I ,  PI , p2 and 
2

P2 ) are pos tu l a ted  to be l i k e l y  present  at

d i f f e r en t  l o c i ,  in the v i r u s  s t r a i n s .  Whereas the
2

s t r a i n  s p e c i f i c  genes bc-1 to bc-2 had a gene for  

gene r e l a t i o n s h i p  with the four  pathogen i c i t y  

genes, the gene bc-3 accord ing  to D r i j f h ou t ,  had 

not been overcome by a cor responding  pathogen i c i t y  

gene.

According to D r i j f h o u t  (1978) r e s i s t ance  in

the i d i f f e r e n t i a l s  i s  governed by r eces s i ve  genes.

These compri se of  the s t r a i n  un s p e c i f i c  gene (bc-u)

which i s  complementary to a s e r i e s  of  s t r a i n

2 2
s p e c i f i c  genes (bc-1,  bc-1 , bc-2,  bc-2 and bc-3) .  

Res i s tance occurs i f  the s t r a i n  un s p e c i f i c  gene 

i s  present  together  wi th at l eas t  one s t r a i n  

s p e c i f i c  gene for  r e s i s t ance  e f f e c t i v e  f or  the 

v i r u s  s t r a i n  i nvolved.  The bc-u gene i s  present  

in the r eces s i ve  cond i t i on  in a l l  non nec r o s i s  

e xp re s s i ng  d i f f e r e n t i a l  c u l t i v a r s  except ' Dubbele 

w i t t e ' .  The s t r a i n  s p e c i f i c  genes at the 3 l oc i  are 

i nhe r i t ed  independently or  by weak l i nkage  between 

them or some of them. The i nher i tence of s t r a i n  

un spec i f i c  gene i s  independent of  the s t r a i n  

s p e c i f i c  gene.

2
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PHYSICAL PROPERTIES

Bean common mosai c  v i r u s  p a r t i c l e s  can be 

observed e a s i l y  wi th t h e . e l e c t r o n  microscope in 

crude sap o r  p a r t i a l l y  p u r i f i e d  p r e p a r a t i o n s
/

(Schwartz,  1930).  The f l e x i b l e  and f i l amentous  

v i r u s  p a r t i c l e s  are 730-750 nm in l eng th  and 

12-15 nm in width (Brandes  and W e t t e r 1959; Schwartz 

and Gal vez , ;19SO).

Cytop l asmi c  i n c l u s i o n s  are a l s o  e a s i l y  

observed in p r epa r a t i on s  and may be p resent  as 

f i l ament s ,  l ame l l e te s  or  p i nwheel s .  Accord i ng  to

Ekpo ?nd S a e t t l e r , (1374' , 1 975 ) BCMV p a r t i c l e s  are 

t r an spo r t ed  throughout  the phloem and can be detected

in upper p l a n t  par t s  w i t h i n  24-48 f ou r s  and in the 

root  system wi th i n  60 hour s  a f t e r  i n o c u l a t i o n .

Bos (1971) has r epor ted  that  BCM.V p a r t i c l e s  

in expres sed  sap are i n a c t i v a t e d  a f t e r  heat i ng  f or

10 minutes at 50 -65°C. The d i l u t i o n  end po i n t  i s .

-3 -4 . *
u s ua l l y  10 and 10 and aging in v i t r o  at room » .

temperature,  1-4 clays. Mora l es  (1 979 ) has determined

that BCMV has 260/230 absorbance r a t i o  of 1.27 arH
3

a molecu l ar  weight  of 32.5  x 10 da l t on s  for  the 

caps i d  p r o t e i n  subumi t s .
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PURIFICATION AND SEROLOGY

Berks  ( 1 960 ) and Uyemoto e_t aj_, ( 1 972 ) have
l

observed t ha t  BCMV i s  hard to p u r i f y  s u f f i c i e n t l y  

and to concent rate.  P a r t i c l e s  tend to aggregate and 

p r e c i p i t a t e  at low c e n t r i f u g a l  f o r ces  and are 

d i f f i c u l t  to separate from major p l ant  contaminant s .  

H i ghes t  repor ted  ant i s e rum t i c r e  i s  1/2048 (Bos,  1971
■ • i

and K u l k a r n i ,  1972).  Mora l e s  (1979)  has developed 

a p u r i f i c a t i o n  method which permi t s  the, p repara t i on  

of  BCMV i s o l a t e s  wi th a h i gh  degree of  p u r i t y  and in 

adequate amounts of  s p e c i f i c  serum. '  The procedure 

i n vo l ve s  c l a r i f i c a t i o n  wi th  carbon t e t r a c h l o r i d e ,  

p r e c i p i t a t i o n  with po l y thyene  g l yco l  and e q u i l i b r i u m  

c e n t r i f u g a t i o n  in caes ium c h l o r i d e .  Us i ng  a method 

descr i bed by Ross (1967) f o r  p u r i f i c a t i o n  of  

soybean mosaic v i r u s .  Ku l ka r n i  (1972)  s u c c e s s f u l l y  

obtained a p a r t i a l l y  p u r i f i e d  p r epa r a t i on  as wel l  as 

a b r i g h t  l i g h t  s c a t t e r i n g  zone in s uc r o se  den s i t y  

g r a d i e n t s .

P r e c i p i t i n  and m i c r o p r e c i p i t i n  t e s t s  are 

commonly used for  s e r o l o g i c a l  s t ud i e s  wi th BCMV 

because i n t a c t  p a r t i c l e s  do not d i f f u s e  in agar  gel 

(Bos 1971; Uyemoto e_t al_, 1 972 ). An ant i s erum with 

a homologous t i t r e  o f  1/1024 in tube p r e c i p i t i n  t e s t  

has been obta i ned from a r abb i t  immunized us i ng
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a p a r t i a l l y  o u r i f i e d  v i r u s  p r epa r a t i on  ( Ku l ka r n i ,

1972). Oermol jer  and Chod (1966)  nave descr i bed a 

s e r o l o g i c a l  method for  d e t e c t i n g  the v i r u s  in 

germinat i ng  seeds.

y
DIFFERENTIATION OF BCMV STRAINS AND THEIR RELATIONSHIPS

The concept of  BCMV s t r a i n s  has been wel l  

e s t a b l i s h e d .  BCMV, by mu t a f ' o n ,  r e a d i l y  develops  new 

s t r a i n s  which i n f e c t  p r e v i o u s l y  r e s i s t a n t  bean
i

c u i t i v a r s  ( D r i j f h o u t  and Bos,  1977).  I n t r oduc t i on  of  

new BCMV s t r a i n s  i s  a l s o  p o s s i b l e  through i n t r odu c t i on  

of BCMv i n f ec t ed  seeds (A l conero  and Meiner ,  1974).
t

Therefore,  the development of  r e s i s t a n c e  to o r eva l en t  

s t r a i n s  must go hand in hand wi th both the 

i d e n t i f i c a t i o n  and the d i f f e r e n t i a t i o n  of  new s t r a i n s .

Over the yea r s ,  s e ve r a l  s t r a i n s  o f  BCMV have 

been desc r i bed  on the b a s i s  of  v a r i e t a l  r eac t i on s .

From e a r l i e r  s t ud i e s  by Reddi ck and Stewar t  ( 1919) ,  

the o r i g i n a l  v i r u s  i n f e c t i o u s  to ' R o b u s t '  and ' M i c h e l i t e '  

was recorded as type s t r a i n .  S i nce then,  new s t r a i n s  

have been d i s covered  in newly bred boon c u i t i v a r s ,  

r e s i s t a n t  to e a r l i e r  de s c r i bed  s t r a i n s  of  the v i r u>  

(Alconero and Meiner s ,  1972;  Bos and Maat,  1974;

D r i j f h ou t  and Bos, 1977).

Ri chards  and Burkho l de r  (1943)  demonstrated
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the occur rence -of a v a r i a n t  s t r a i n  of  BCMV from the 

o r i g i n a l  v i r u s .  The v a r i a n t  s t r a i n  was named 

NY 15 s t r a i n .  Dean and Hunger ford  (1946)  a l s o  

repor ted MY 15 s t r a i n  in Idaho.  The c u l t i v a r s  

' M i c h e l i t e ' ,  ' GN 1 ' , 'GN 81 1 and ' GN 123'  were 

r e s i s t a n t .  Zaumeyer and Thomas (1947)  repor ted a
p

greasy pod s t r a i n  which l a t e r  was concluded to be 

s i m i l a r  to t yp i ca l  BCMV s t r a i n .  Th i s  s t r a i n  

at tacked on l y  c u l t i v a r s  r e s i s t a n t  to BCMV such as
i

' I d aho  Refugee '  and b lack  root  symptoms were 

produced. In Germany, Frandsen (1952)  descr i bed  

the s t r a i n s  Voldagsen an'd Mar ienau.  Bean 

c u l t i v a r s  ' R obu s t ' , ' M i c h e l i t e  ' and ' Red Mi x i can  34'  

were s u s c e p t i b l e  to the s t r a i n  Vo ldagsen.  Two yea r s  

l a t e r ,  van der Want ( 1954) ,  in the Ne t he r l and s ,  

reported s t r a i n s  Wes t l and i a  (W) and Ro l za i ek  (RM). 

Both s t r a i n s  gave symptoms d i f f e r i n g  in s e v e r i t y  

in c u l t i v a r s  ' Be k a ' and ' Dubbele W i t t e ' .

Cean and Wi l son ( 1959)  reported a s t r a i n  

i n f e c t i n g  ' GN 12 3'  and ' GN 31'  and named i t  Idaho

(or B) s t r a i n .  Bean c u l t i v a r s  c a r r y i n g  res i stance,  

to the type s t r a i n  were e i t h e r  r e s i s t a n t  or  

s u s c e p t i b l e  to t h i s  new s t r a i n .  The c u l t i v a r  

' Improved Tender g r een ' ,  wi th dominant r e s i s t a n c e  was 

s u s c e p t i b l e  to the type and the Idaho s t r a i n s , b u t
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r e s i s t a n t  to the NY 15 s t r a i n .  Quantz (1961) used 

i s o l a t e s  P 487 and P 1075,  both of  which at tacked 

' Dubbele W i t t e '  and 'Wachs R h e i n l a n d ' ,  but f a i l e d  to 

i n f ec t  the c u l t i v a r s  ' GN 1 5 ' ,  ' 3 1 ' ,  and ' 123 ' * ,
/

' P i n t o  111 '  and ' RM 34 ' .  In the same yea r  S kot l and  

and Burke desc r i bed  the bean western mosai c  v i r u s  

i n f e c t i ou s ,  to 'GN 123^ but not ' M i c h e l i t e ' ,  ' S a n i l a c
c

' P i n t o  1 1 1 ' ,  ' RM 34'  and'GN 31 ' .  La t e r ,  t h i s  v i r u s
t

was cons i dered  a s t r a i n  o f  BCMV ( Si  1 b e r n a g e l , 1 969 ) 

c a l l ed  Western s t r a i n .

Zaumeyer and Goth (1962a,  1964) i d e n t i f i e d  

the F l o r i d a  s t r a i n .  T h e ‘symptoms of  the F l o r i d a  

s t r a i n  on s u s c e p t i b l e  c u l t i v a r s  were more severe 

than those caused by the t ype,  NY 15 or  the Idaho 

s t r a i n s .  ’ S t r i n g l e s s  Green Refugee '  was s u s c e p t i b l e  

to the T l o r i d a  s t r a i n , b u t  ' p i n t o  1 1 1 ' ,  ' M i c h e l i t e ' ,  

' S a n i l a c ' ,  ' RM 34 ' ,  ' GN 123 '  and ’ GN 31 '  were 

r e s i s t a n t .  Ne i t he r  did c u l t i v a r  ' Topc r op '  show 

l oca l  n e c r o s i s  when i n o c u l a t e d  with the F l o r i d a  

s t r a i n  at 32°C as i t  did a f t e r  i n o c u l a t i o n  with the 

type s t r a i n  or  NY 15 s t r a i n .

Hufcbel-.ng (1963)  de s c r i bed  the Imuna, the 

M i c h e l i t e  and the GN s t r a i n s  from c u l t i v a r s  ' I m u n a 1 

' M i c h e l i t e '  and 'GN 123 ' ,  r e s p e c t i v e l y .  He compared 

those s t r a i n s  wi t h - the  s t r a i n  II, and d i f f e r e n t i a t e d
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them, among others  on c u l t i v a r s  ' Dubbele Wi t t e ' ,  

' I muna ' ,  ' M i c h e l i t e ' ,  ' GN 123'  and ' Wi dusa ' .  While 

the W s t r a i n ,  attacked on l y  ' Dubbele Wi t t e ' ,  Imuna 

s t r a i n  and M i che l i t e  s t r a i n  bes ides  a t t ack i ng  

' Dubbele Wi t t e ' ,  each gave symptoms on the c u l t i v a r s  

' Imuna '  and ' Mi chel i t e '> but not on the c u l t i v a r  

'GN 123'  which was s u s c e p t i b l e  to the GN s t r a i n .  

M i c he l i t e  s t r a i n  d i f f e r e d  from Imuna s t r a i n  in 

i nduc ing  l oca l  and sys temi c  nec r o s i s  at 20°C in 

'Widusa '  and the c u l t i v a r s  with dominant r e s i s t ance .  

Thus a s t r a i n  was found i nduc ing s y s temic  nec r o s i s  

at that  moderate temperature.  In 1964, S i l bernage l  

(1966, 1969)  found a s t r a i n  in a PI l i n e  of 

Ph aseol  us v u l g a r i s  (pi 1 97690 S) from Mexico which 

he i nd i ca ted  as Mexican s t r a i n .  Mexican s t r a i n  

d i f f e red  from p r ev i ou s l y  reported s t r a i n s  in being 

seed t ransmi t ted  through the c u l t i v a r  ' Red Mexican 

35'  and by i t s  i n a b i l i t y  to i n fect  ' Improved 

Tendergreen ' . Symptoms induced by t h i s  s t r a i n  on 

cer ta i n  bean c u l t i v a r s  were as severe as those

caused by the F l o r i da  s t r a i n .  The ne c r o s i s  induced
%

on 'Top c rop '  by the type and the NY 15 s t r a i n s  when 

subjected to 32°C for  3 days was a l so induced by the 

Mexican s t r a i n .

An i s o l a t e  from Costa Rica reported by
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Moreno e_t a_l_, (1 968 ) i n f e c t e d  the c u l t i v a r s  that 

were also s u s c e p t i b l e  to the type s t r a i n  but 

un l i k e  the type s t r a i n  i t  induced no l o ca l  n e c r o s i s  

on ' Top c r o p '  at 32°C. There was a s i m i l a r i t y  in 

the pathogeni  ~ i t y  spect rum of  the Costa Rican 

i s o l a t e ,  and the type and the F l o r i d a  s t r a i n s .
i

Whereas ' S t r i n g l e s s  Green Re fugee1 was s u s c e p t i b l e  

to the Cos ta  Rican i s o l  ate , ' P i n to  1 1 1 ' ,  ' M i c h e l i t e ' ,
i

' S a n i l a c '  and ' Top crop '  were r e s i s t a n t .  Two year s  

l ater,Gomez e_t a]_ (1 970 ) r epor ted  the Peru s t r a i n  

which they compared with the Costa Ri can i s o l a t e  and 

other  s t r a i n s .  None of the c u l t i v a r s  used whether 

r e s i s t a n t  o r  s u s c e p t i b l e  to the type s t r a i n  was 

attacked by the Peru s t r a i n .  Hubbe l i ng  (1972) 

i s o l a t ed  and d i f f e r e n t i a t e d  other  two s t r a i n s  in 

the Nether l ands  from the pods of  ' d o l a n d a '  and 

' C o l a n a ' .  Th i s  t ime, the number of  bean d i f f e r e n t i a l  

c u l t i v a r s  got  r a i s ed  to i nc l ude  ' I n u n a ' ,  ' M i c h e l i t e ' ,

' GN 31 ' ,  ' GN 123 ' ,  ' W i d u s a ' ,  ' Top c r o p ' ,  ' S a n i l a c ' ,  

' P i n t o  1 1 1 ' ,  ' RM 3 4 ' ,  ' Red Mexican 35'  and ' J u b i 1 a '

(H u b b e 1 i n g f 1972).

A l cone ro  and Me i ne r s ,  (1572)  b r i e f l y  de s c r i bed  a 

s t r a i n  Puer t o  Ri co,  i n f e c t i o u s  to c u l t i v a r s  which 

were a l so s u s c e p t b l e  to the type s t r a i n .  However, 

the d i s t i n c t i o n  between the Puerto Ri co s t r a i n  and;1
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the type s t r a i n  remained unclear.  In the 

Nether l ands ,  D r i j f hou t  and Bos (1977) i den t i f i ed  

two s t r a i n s  coded NL 7 and NL 8. On the quest ion 

of  real  d i f f e r ence s  between s t r a i n s ,  D r i j f hou t  

e_t aj_ (1 978) d i f f e r e n t i a t e d  and grouped the s t r a i n s  

of BCMV. Twenty repor ted v i r a l  s t r a i n s  were 

reduced to ten groups and sub-groups .  A standard 

set of  bean d i f f e r e n t i a l s  f i t t i n g  i nto 11 

r e s i s t ance  groups was e s t a b l i s he d .  D r i j f hou t  (1978) 

has proposed a system of  naming BCMV s t r a i n s  by the 

i n t e r na t i o n a l  two l e t t e r  country code fol l owed by 

a number in sequence of de s c r i p t i on  of  the s t r a i n s  

of  the v i r u s  in the count ry  concerned. The 

f o l l owi ng  s t r a i n s  were named ( D r i j f h o u t ,  1978):

Westlan di a 

Imuna 

Michel i  te 

Great Nothern 

Jolanda

- NL

- NL

- NL

- NL

- NL

- NL

- NL

- NL

1

2

3

4

5

6

7

8

Col an a
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Type - us

NY 15 - US2

Idaho (or B) - u s 3

Weste rn -

F l o r i da '  US5

Mexi co - US6

Puerto Rico - PR1

In A f r i ca  the f o l l ow i ng  s t r a i n s  of  BCMV 

have been i de n t i f i e d :

E. A.-BCMV (Kulkarn i , 1 972 )

K-BCMV (Buruchara,  1979)

T-BCMV (Gathuru,  1 975 )

The s tandard recommendations and the systems of  

naming s t r a i n s  of BCMV developed by D r i j f h ou t  

(1978) would at l eas t  f a c i l i t a t e  the study of new 

BCMV s t r a i n s  and i s o l a t e s  with l e s s  d i f f i c u l t y .
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3. MATERIALS AND METHODS

3.1 F I ELD ASSESSMENT OF BEAN COMMON MOSAIC INCIDENCE

In o r de r  to e s t a b l i s h  the i nc i dence  of bean 

common mosai c  in smal l  farms in Kenya, a survey was 

conducted from Ap r i l  to May and part  o f  October,  1981. 

Di sease i nc i dence  was a s s e s s e d  in twelve d i s t r i c t s  

se l ected in Cen t r a l ,  Western and Eas te rn  Prov i nces  and'  

Na i robi  area in Kenya ( F i g .  1). The d i s t r i c t s  were 

se l ected  based on the predominance of  smal l  s ca l e  

farming as appl i ed in the S t a t i s t i c a l  A b s t r a c t s ,  Kenya 

( C . B . S . ,  1980) .  In each d i s t r i c t ,  farms were se l ec ted  at 

i n t e r v a l s  o f  25-50 km d i s t a n c e s  depending on the i mpor t 

ance of  bean a c t i v i t y  in the d i s t r i c t  ( Schoner r  and 

Mbugua, 19 7 6 ). Di seased as wel l  as hea l t hy  D i ant s  were 

counted at each s i t e  w i t h i n  a 10 x 10 m area and the 

d i sease  i nc i dence  was computed as percentages .  The 

occurrence of  the black  aph i d s  was a s s e s sed  on a 10 m 

row ( e qu i v a l e n t  to 100 p l a n t s )  s e l ec ted  at random. 

Add i t i ona l  i n f o rmat i on  was r e c o r d e d , 'where p o s s i b l e ,  

r ega rd i ng  the cropping s y s tem,  the c ond i t i o n  and 

the s tage o f  the crop,  the source of seed and the 

a l t i t u d e  of the area. Bean samples wi th symptoms of  

mosaic and s t un t i n g  were c o l l e c t e d  l a b e l l e d  and preserved 

in c lean moistened po l y thene  bags. The v i r u s  i s o l a t e s  

were l a t e r  i d e n t i f i e d  as s t r a i n s  of  bean common mosai c  

v i r u s  and used for  bean r e s i s t a n c e  and y i e l d  l o s s  

assessment  s t ud i e s .
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3.2 THE VIRUS ISOLATES AND THEIR MAINTENANCE

Of the v i r us  i s o l a t e s  co l l ec ted  dur i ng  the 

survey,  on l y  fourteen were s u c c e s s f u l l y  t r an s f e r r ed  

mechani ca l l y  onto s u s c e p t i b l e  maintenance hosts  

(Table 1). The rest  of  the i s o l a t e s  co l l ec ted  

dur i ng the survey (F i g .  1) were l o s t  dur i ng  

mechanical  i noc u l a t i on s .  Among the i s o l a t e s  that  

were preser ved,  i s o l a t e s  E^,  E ^ , IOC, 4, NY, Ah 1 , 

Nc4, Nch2 and 11A were obta i ned from the farmers '  

f i e l d s .  Dr. K.R. Bock of  Kenya A g r i c u l t u r a l  

Research I n s t i t u t e  ( KAR I ) , Muguga, near Nai robi  

generous l y  of fered the i s o l a t e s  K, T and N. The 

res t  of  the i s o l a t e s ,  510 and 86 were taken from 

greenhouse experimental  p l an t s  r a i sed  from seeds 

stocked by Dr. D.M. Mukunya, at the P l ant  pathology 

l abor a to r y ,  Facul ty of  A g r i c u l t u r e ,  Kabete.

The i s o l a t e s ,  E4, E5,  10c, 4, NY, A h l , Nc4, 

Nch2 and 11A obtained from the farmers '  f i e l d s  were 

recogni zed by symptoms, c h a r a c t e r i s t i c  of  bean 

common mosaic v i rus  ( P i e r ce ,  1935).  These symptoms 

cons i s t ed  o f  s t un t i ng ,  mosaic,  l ea f  r o l l i n g  and 

cupping and severe reduct i on in the s i z e  of l eaves 

(Table 1). The i s o l a t e s  N, K and T obtained from 

KARI were taken from P. v u l ga r i  s
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Table 1. I s o l a t e s  of bean common .mosaic y i r u s
ob t a i ned  fron i n f e c t ed  beans in f a rmer s '  

k f i e l d s  and r e s ea r ch  i n s t i t u t i o n s  in Kenya.

I so l  ate S i t e 1 Symptoms ^

E4 Emb u SLRO

E 5 Embu Mdgl

He 4 Chi romo ( N a i r o b i ) In tC

Nch2 c Chi romo (Nai r o b i ) LCuRe

Ah 1 Kabete ( N a i r o b i ) - LCRo

510 Kabete Campus ( N a i r o b i ) SLNaE l o ,  l i gM

86 Kabete Campus ( N a i r o b i ) LNaElo

NY N y e r i M

4 Gatura (Muranga) SStu

10c Nyandarua LC

11 A Subuk i a  (Nakuru) SStu

N
2

KARI LRoMa

T KARI LROMa

K KARI LRoMa

1 . I s o l a t e s  f rom Ki t a l e  , K i s i i ,  South Nyanza
and Kakamega were l o s t dur i ng  t r a n s m i s s i o n .
In Machakos and K i t u i the farms v i s  led
were f ree of  v i r u s .

2, KARi = Kenya A g r i c u l t u r a l  Research I n s t i t u t e .

3, A b b r e v i a t i o n s  f o r  symptom d e s c r i p t i o n :

SLR.O = Severe l ea f  r o l l i n g

Mdgl = Mosa i c  with deep green 1ea ye s .
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IntC = I n t e r v e i n a l  c h l o r o s i s .

LCuRe = Leaf  cupping and reduct i on in s i ze .

LCRo = Leaf  c h l o r o s i s  and l eaf  r o l l i n g .

SLNaElo = Severe l e a f  nar rowing  and e l ongat i on .  

l i gM = L i g h t  green mosaic.

LNaElo= Leaf  narrowing and e l ongat i on.

SStu = Severe s t un t i n g .

LC = Leaf  c h l o r o s i s .

M = Mosa i c

LRoMa = Leaf  r o l l i n g  and mal format ion.

c u l t i v a r  ' Long  Tom' . The bean ' Long Tom'  infected 

with these i s o l a t e s  produced s t r i k i n g  l e a f  r o l l i n g  

an,d mal format ion a s s oc i a t ed  with severe reduct ion in 

the s i ze  o f  l eaves.  The r e s t  of the i s o l a t e s ,  510 

and 86, obta i ned from the greenhouse experiment 

conducted by Dr. D.M. Mukunya, were taken,  

r e s pec t i v e l y , f r om the bean ent r i e s  ' 5 1 0 '  and ' 86  ‘ . 

Di seased p l an t s  of  these bean v a r i e t i e s  showed 

severe narrowing and e l ongat i on  of  the leaves and 

mosaic of  l i g h t  green with a coarse tex ture  on the 

leaves.

Al l  the fourteen v i r u s  i s o l a t e s  were 

preserved and maintained in the Plant  pathology 

greenhouses at Kabete, where greenhouse temperatures 

were about 25 ± 5°C. The i s o l a t e s  were maintained 

on the bean c u l t i v a r  ' Long Tom' . Bes ides  the
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c u l t i v a r  ' Long  Tom' , the p l ant  spec ies  M a c r o p i t i 1ium 

1athyroi  des (L) U rb ; and Ca s s i a  occ i denta l  i s  L. , 

were used as maintenance ho s t s .  When ' Long Tom' was 

used, r e g u l a r  r out i ne t r a n s f e r s  of  the v i r u s  i s o l a t e s  

from old maintenance p l an t s  were made a f t e r  every 2 

months. However, wi th the use of  e i t h e r  M. 1athyro i  des 

or C. occi  denta l i  s as the maintenance hos t ,  the 

i n ter va l  of  v i r u s  t r a n s f e r  could be extended to over 

3 months.

The p l ant s  i nocu l a ted  with d i f f e r e n t  

i s o l a t e s  were kept separate from each o the r  by use 

of  p a r t i t i o n s  of  polythene sheet,  750 grade.  The 

p a r t i t i o n s  were helpfu l  in prevent i ng  po s s i b l e  

contaminat ion of  the i s o l a t e s  dur ing i n o c u l a t i o n s .

The greenhouse was kept f ree of  i n sec t s  and sp i der  

mites by rout i ne  spray i ng  with rogor  E or  metasystox 

at the rates  of lml or  1.5ml per l i t r e  o f  water, 

r e s pec t i v e l y .  A Baygon s p raye r ,  1 l i t r e  capac i t y  

was found useful  for  chemical  app l i c a t i on  throughout  

the study per i od.

3.3 SOURCES OF TEST PLANTS

The p lant s  used f o r  tes t s  conducted dur ing 

these s t ud i e s  were of  two ca tegor i e s :  the d i f f e r e n t i a l

bean c u l t i v a r s  and the bean germplasm acces s i on s .
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D i f f e r e n t i a l  bean c u l t i v a r s  were generous l y  suppl i ed  

by Dr. E. D r i j f h o u t ,  IJageningen, The Nether l ands ,  

through the permi s s i on  of  the D i r e c t o r  o f  the Plant  

Quarant ine S t a t i on ,  Muguga near Na i r ob i .  The bean 

germplasm acce s s i on s  that  were used f o r  r e s i s t ance  

t e s t i ng  a ga i n s t  bean common mosaic v i r u s  were obtained 

from the Nat i ona l  H o r t i c u l t u r a l  Research S t a t i on ,  

Thika,  Kenya. These seeds i ncluded c o l l e c t i o n s  

which had been suppl i ed  to the s t a t i on  by Dr. D.M. 

Mukunya of the Facul t y  of  A g r i c u l t u r e ,  Kabete.

3.4 RAIS ING AND MAINTENANCE OF TEST PLANTS

Al l  the p l ant s  used for  t e s t i n g  were ra i sed  

in the greenhouses at the F i e l d  S t a t i on  of  the 

Facul ty  of A g r i c u l t u r e ,  Kabete, where greenhouse 

temperatures  were mainta ined at about 25 + 5°C.

The temperatures  were regu l ated  in extreme cases,  

us i ng the mi s t  system i n s t a l l e d  i n s i de  the 

g r eenhouses .

In order  to r a i s e  p l an t s  f o r  d i f f e r e n t  t e s t s  

conta i ner s  of  d i f f e r en t  s i z e s  were used. Pots of

12 cm diameter  were used f o r  r a i s i n g  p l an t s  for  the 

d i f f e r e n t i a t i o n  of i s o l a t e s .  Polythene bags,

13 x 23 cm, were found very convenient f o r  r a i s i n g  

p l ant s  for  r e s i s t ance  t e s t i n g .  For s t ud i e s  on the
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ef f ect  of the v i r u s  on the parameter s  of  beans,  

p lants  were grown in bucket s  of  22 cm d i ameter  

S t e r i l i z e d  s o i l  was used for  g e r mi na t i ng  

p l ant s  f o r  a l l  the o p e r a t i o n s .  The s o i l  was f u r t he r  

t reated with diamonium phosphate ( 2 - 4g/po t )  or  top 

dressed with ca l c i um of  amonium n i t r a t e  ( 2g/pot )  to 

make a v a i l a b l e  n i t r ogen  (Eden,  1964} which i s  

e s s e n t i a l  f or  p l a n t  growth.
tl
I
i

3. 5 MECrlAN ICAL INOCULATIONS

Mechani cal  i n o c u l a t i o n s  were oer formed 

r ou t i ne l y  on 12 day -o l d  p l a n t s  in the case of 

Phaseolus  s pec i e s  and on s l i g h t l y  o l de r  p l a n t s  in 

case of other  p l an t  s pec i e s .  Inoculum was prepared 

by macerat ing 22 day -o l d  d i s ea s ed  p l a n t s  in 0.01 M 

potass i um phosphate b u f f e r ,  pH 7.3 at the r a t i o  of  

1:1 ( t i s s u e :  b u f f e r )  and the crude e x t r a c t  d i l u t ed  

with d i s t i l l e d  water at the r a t i o  1:10 (crude 

e x t r a c t : w a t e r ) , ( Buruchara,  1979;  Mo r a l e s ,  1979).  

P l ant s  to be i nocu l a t ed  were dusted with 500 or f>00 

mesh caborundum powder and rubbed wi th the fore f i n g e r  

a f t e r  d i pp i ng  i t  i nto the inoculum.

3•6 I prwr I F I CAT 1 OH AND CHARACTERISATION OF BEAN 

COMMON MOSAIC VIRUS ISOLATES

In o rder  to i d e n t i f y  and c h a r a c t e r i s e  the
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v i r u s  i s o l a t e s  acceptable c r i t e r i a  were appl ied.

These c r i t e r i a  i ncluded hos t  range, symptomatology,  

v i r us  t r a n s mi s s i o n ,  determinat i on of phys i ca l  

p r op e r t i e s ,  p a r t i c l e  morphology and s e r o l ogy  ' 

( Ku l ka r n i ,  I 9 7 2 ; Bos et_ aj_, 1 974 )

3.6.1 Host range and Symptomatology

Al l  hos t  range exper iments  were conducted

under the greenhouse cond i t i on s  (day mean

temperature,  25-30°C;  n i g h t  mean temperature,  14-

18°C). The plants  used were al l  grown d i r e c t l y

from seeds in e i t he r  12 cm diameter p l a s t i c  pots or

18 cm by 23 cm polythene bags.  The seeds of  smal l -  

seeded p l an t s  such as Chenopodiurn spec i es  were sown

in a nu r se r y  bed in 20 cm by 30 cm p l a s t i c  t r ays  in

the green house and the s eed l i ng s  were t ransp l anted

when they were about 8-12 cm in he i ght .  Both legumes

and non-legume plant  spec i es  or c u l t i v a r s  were tes ted,

each represented by at l e a s t  f i ve p l ant s .

The p l an t s  were i nocul a ted  mechani ca l l y  as 

descr i bed e a r l i e r ,  then they were observed da i l y  

for  symptom development. The symptoms which were 

both local  and systemic were recorded once a week 

unt i l  the f l ower i ng  stage.  P l ant s  that  did not show 

any symptoms were back - i nocu l a ted  onto the bean
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c u l t i v a r  ' Long  Tom' which i s  known to be s e n s i t i v e  

to BCMV, but i s  a l so usefu l  as the maintenance host 

(Ku l karn i  et_ al_, 1 970).  The p l ant s  were al lowed to 

grow and observed p e r i o d i c a l l y  f o r  the presence of 

BCMV symptoms.

3.6.2 V i r u s  t r ansmi s s i on

3.6.2a T ransmi s s i on  by aphids

The b lack  bean aphid,  Aph i s fabae Scop;

(H i l l  , 1975) was used f o r  t r an smi s s i on  te s t s .  The 

aphids were co l l ec ted  from Phaseolus  bean plants  

that were grown in the exper imental  f i e l d s  at 

Kabete. They were reared on the heal thy Chinese 

cabbage, B r a s s i c a  pek i nen s i s  Rulpzl  at 20-25°C to 

free them o f f  any v i r u s  (Buruchara,  1979).  The 

r ea r i ng  p l an t s  were kept in a netted ca_ge, 38 by 

45 by 60 cm, suppl i ed with a movable g l a s s  pane 

which served as an opening.  L i ght  was supp l i ed  to 

the p l ant s  us i ng  a f l ou r e s cen t  lamp placed two 

metres,  d i r e c t l y  above the cage.

The aphids  were used to t ransmi t  the v i rus  by 

the procedure s i m i l a r  to the one descr i bed  by 

Buruchara (1979) .  They were s tarved for  45-60 min 

and al lowed an acqu i s i t i on  per iod of  2 min on BCMV
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i nfected ' Long  Tom' p l a n t s ,  a f t e r  which they were 

t r an s f e r r ed  from the i n f ec ted  to the hea l thy  p l ant s .  

Two groups ,  each c o n s i s t i n g  of  f i ve  aphids ,  were 

t r an s f e r r ed  from the i n f ec ted  to heal thy p l ant s  and 

each group was then al l owed an i nocu l a t i on  feeding 

per iod of  15-20 min.

3.6.2b Transmi s s i on  by dodder

The v i nes  of Cuscuta sp. were kept in water 

contained in 250 ml f l a s k s .  They were then t r a i l e d  

on the ax i l  of  ' Long Tom' p l ant s  i n fected  with 

the va r i ou s  v i r u s  i s o l a t e s  in the greenhouse,  so 

that the v i nes  could e s t a b l i s h  themselves.  The 

vines got e s t a b l i s he d  on the ' Long Tom' p l an t s ,  but 

f a i l e d  to grow fu r ther  and f i n a l l y  died.

3.6.3 V i r u s  I s o l a t i o n s

Al l  the v i rus  i s o l a t i o n s  were performed 

us ing the bean ' Long Tom' in two l o t s .  The f i r s t  

l ot  of  p l an t s  was mechan i ca l l y  i nocul a ted,  four  

p l ants  per i s o l a t e ,  when the plants  were 15 days old. 

These p l ant s  were al lowed to grow and develop symptoms 

unt i l  the podding stage.  The second l o t  was r a i sed  

when at l e a s t  one out of f ou r  p l ants  i nocul ated with 

a s i n g l e  v i r u s  i s o l a t e  had podded. I s o l a t i o n s  from 

pods, embryo plus coty ledons  and the seed coats of
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infected ' Long Tom' p l an t s  were performed and 

back- i nocul ated  onto twelve day-o ld hea l thy  ' Long 

Tom' p l ant s .  Al l  the t e s t s  were conducted in the 

greenhouse.

3.6.3a I s o l a t i o n s  from pods

Young pods of i n f ec ted  p lant s  were harvested.  

The seeds were removed and the she l l  mercerated to 

provide the des i red inoculum which was tested f o r  

i n f ec t i  vi ty .

3.6.3b I s o l a t i o n s  from seed coats^

Seedsfrom infected p l ant s  were used to 

separate the seed coats  from the coty l edons .  The 

seed coat from each seed was used to make inoculum 

whose i n f e c t i v i t y  was then determined s epar a te l y .

3.6.3c I s o l a t i o n s  from embryo and coty ledons

The embryo and coty l edons  whose coat had 

been removed were mercerated to provide inoculum 

and the ex t r ac t  was b i oas sayed  for  i n f e c t i v i t y  by 

i nocu l a t i ng  the p lant s  of the bean c u l t i v a r  ' Long Tom'

3.6.4.  Phys i ca l  p rope r t i e s  in crude s a p .

V i rus  i nfected leaves  of about one month-old 

' Long Tom' p l ant s  were mercerated us ing a mortar and
7 . - ' ■  ' - " ;

pes t l e.  The mercerated t i s s u e  was squeezed through
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a double l a ye r  of cheece- c l oth  in order  to ext ract  

plant  sap which was used f o r  a l l  the determinat i ons  

of phys i ca l  p roper t i e s .  Phaseolus  v u l g a r i s  L. var. 

' Monroe '  was used as the l ocal  l e s i on  assay plant.

3.6.4a D i l u t i o n  end po i n t

A s e r i e s  of  d i l u t i o n s ,  10°-10 "^,  was made 

from 2 nil of  v i r u s - c o n t a i n i n g  sap us i ng d i s t i l l e d  

water. The d i l u t i o n s  were then checked for  

i n f e c t i v i t y  on the l ocal  assay plant.  At l eas t  four  

assay p l ant s  were used f o r  each v i r u s  d i l u t i o n .

The leaves  of  the assay p l ant s  i nocu l a ted  with the 

var i ous  d i l u t i o n s  of  the sap were r i n sed  10 min a f t e r  

i nocu l a t i on .  The assay p l an t s  were kept in the 

greenhouse and were observed da i l y  for  development 

of symptoms.

3.6.4b Thermal i n a c t i v a t i o n  point

One m i l l i t r e  po r t i on s  of f resh v i r u s - c o n t a i n i n g  

sap were p ipetted i nto th i n  wal led te s t  tubes and 

were heated in a water bath to d i f f e r e n t  temperatures 

f r o m  the range 50 to 7 0 °C ,  a t  1Q°C i n t e r v a l  for  10 m i n ,  

The temperature i n ter va l  was then lowered to 2° from 

54 to 60°C and the procedure repeated. The samples 

were then al lowed to cool in ice and were checked 

for  i n f e c t i v i t y  by i n o c u l a t i n g  undetached leaves of
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the bean 1 Mon roe .

3.6.4c Longev i t y  in v i t r o

Ten m i l l i t r e s  of  crude sap were s tored in a 

test  tube which was covered with a l l umini um f o i l  

and s tored at 20-25°C. l n f e c t i v i t y  of the sap was 

checked d a i l y ,  for  a whole week, by removing 1 ml 

por t i ons  and i nocu l a t i ng  the assay p l ant s .

3.6.5 V i r u s  P u r i f i c a t i o n

3.6.5a Low and high speed c e t r i f u ga t i o n

The procedures  descr i bed by Kul karn i  (1972) 

and Buruchara (1979) for  p u r i f i c a t i o n  of  BCMV were 

appl i ed,  wi th only s l i g h t  mod i f i c a t i on s ,  for  

p u r i f i c a t i o n s  of i s o l a t e s  of  BCMV ♦

Fourteen days a f ter  v i r us  i nocu l a t i on ,  75 g of 

pr imary and t r i f o l i a t e  l eaves  were harvested from 

s y s t emi c a l l y  i nfected ' Long Tom' p l ant s .  The leaves  

were homogenized for  20 min. with a blender  in 

150 ml. of  0.5 M t r i s od i um c i t r a t e  bu f f e r ,  pH 8.0 in 

0.1% sodium s u l ph i t e  and then expressed through 

cheese- c l oth.  To 180 ml o f  the ex t r ac t ,  an equal 

volume of n - butano l - ch l o ro f o rm (1:1)  mixture was 

added gent l y  whi le s t i r r i n g  for  20 min with a magnetic 

s t i r r e r .  The procedure was repeated with 7% 

chloroform and n-butanol  used separate l y  as organi c



48

sol v e n t s .

The mixture of  the ext r act  and s o l vent  was 

c l a r i f f i e d  by c e n t r i f u g a t i o n  at 6000 r e v o l u t i o n s  per 

minute (rpm) in MSE Super minor cen t r i f u ge  for  20 min, 

a f ter  which pe l l e t  was d i s carded.  The supernatant  

was concent rated by a 90 min c e n t r i f u g r a t i o n  at 

29000 rmp in an Omikron u l t r a c e n t r i f u g e  us i ng Rotor 

No. 40. Re f r i g e r a t i o n  was set  at 4°C. The p e l l e t s  

were resuspended in 2 ml of  0.01 M sodium tet raborate  

buf fer ,  pH 8.0 by s t i r r i n g  f o r  20 min wi th a magnetic 

s t i r r e r .  The r e s u l t i n g  suspens i on was c l a r i f i e d  by 

c e n t r i f u g a t i o n  for  15 min at 6000 rpm. in a bench 

centr i  fuge .

3.6.5b Sucrose dens i ty  g r ad i ent  cen t r i f u ga t i on  

A s e r i e s  of sucrose  dens i t y  s o l u t i o n s  

(40, 30, 20,  10%) were prepared in 0.05 M sodium 

tet raborate  buf fer ,  pH 8.0.  The g r ad i en t s  of 

sucrose were then l ayered in a 2.5 by 7.5 cm 

ce l l u l o s e  cent r i f uge  tube. A 7 ml por t i on  of the 

40% sucrose s o l u t i on  was f i r s t  pippeted i nto the 

tube supported on a wooden rack, a f te r  which a f ine 

cork d i sc  2 mm th i ck ,  was placed gent l y  on i t s  

sur face.  The other sucrose dens i ty  s o l u t i o n s  were 

appl ied gen t l y  above the cork in a decreas i ng  

gradient.  A f t e r  the dens i t y  gradient  s o l u t i o n s
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were l ayered,  the cork was removed and 0.5 ml of

the v i r us  was then l ayered over  the sucrose
(

gradients  and kept f o r  16 hr.  at 4°C, before 

cen t r i f uga t i on  in a SW 25 Omikrom Model Rotor  at 

23000 rpm f o r  2 hr. A second tube in which was 

layered the sucrose den s i t y  g r ad i ent s  but the v i r u s  

was excluded was kept as the cont ro l .  Both tubes 

were then examined in a dark-room us i ng  a ve r t i c a l  

i l l umi na t i on  lamp f o r  the presence of the v i r us .

3.6.5c U l t r a v i o l e t  absorpt i on  spectrophotometry of 

p a r t i a l l y  p u r i f i e d  v i r u s .

The u l t r a v i o l e t  absorpt i on  of  p a r t i a l l y  

pu r i f i ed  preparat i on  of BCMV i s o l a t e  Nch2 in 0.01 M 

sodium tet raborate  bu f f e r ,  pH 8.0,  was measured in 

a Beckman DB spectrophotometer .  A cuvette was 

f i l l e d  with the p a r t i a l l y  p u r i f i e d  v i r u s  preparat i on 

and another  with the resuspens i on bu f f e r  to serve as 

cont ro l .  The spectrophotometer  was set to read zero 

absorbance (100% t r ansmi t t ance)  us i ng the control  

cuvette a f t e r  which the absorbance of the v i rus  

preparat i on was read in the range 220 - 320 nm at 

i n t e r v a l s  of  5 nm or l e s s .
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3 . 6 . 5d ( i )  Es t imat i on  of  v i r u s  concent rat i on  

by spect rophotometr i c  data

The concent rat i on  of  the v i r u s  was obtained 

us ing the method descr i bed  by Noordam (1973)  f o r  

determining the concent rat i on  of TMV. The maximum 

absorbance was represented by X whi le the d i l u t i o n  

factor  used dur ing spectrophotometry was represented 

by Y. The concent rat i on of  BCMV was est imated by 

us ing E-|*CI° 260 nm = s Pe c i f i c e x t i n c t i o n

c o e f f i c i e n t  of  TMV, uncorrected f o r  l i g h t  s c a t t e r i n g  

(Noordam, 1973).  I t  was g i ven by the formula:

( 3- ! - x.y ) mg/ml.

3 . 6 . 5d ( i i ) Es t imat i on by dry weight determinat ion

Dry weight determinat i on of  concent rat i on  for  

the BCMV i s o l a t e  Nch2 was performed accord i ng  to the 

procedure descr i bed by Noordam (1973).  Al luminium 

cups, 20 mm diameter,  were prepared u s i ng  al luminium 

f o i l .  Seven cups were heated in the oven at 1 050C 

for  15 min to dry them a f t e r  which t h e i r  weights  were 

determined. Five of  the cups were each suppl i ed  with 

0.1 ml of the p a r t i a l l y  p u r i f i e d  v i r u s  preparat i on 

whi le two were each supp l i ed  with 0.1 ml of the 

resuspens i on  buf fer ,  us ing a pipette.  A l l  the cups 

with t h e i r  contents  were oven dr ied at 1 050C for
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2 hour s ,  a f t e r  which t h e i r  wei ght s  were determined,  

and the v i r u s  c oncent ra t i on  computed.

3.6.6 E l ec t r on  microscopy

The p a r t i c l e  morphology of  BCMV i s o l a t e s  was 

determined u s i ng  a P h i l l i p s  200 Model e l ec t ron  

microscope.  Copper g r i d s ,  200 mesh coated with 1 % 

formvar  were used f o r  mount ing the v i r u s  

p r e p a r a t i o n s ,  before n e g a t i v e - s t a i n i n g  wi th 1% 

potass ium phosphotungs ta te  (PTA), pH 7.0.  For al l  

i s o l a t e s ,  the v i r u s  p r epa r a t i on  was mounted onto the 

g r i d  us i ng  a 5 ml s y r i n g e  f i t t e d  with a 25 gauge 

hypodermic needle and TMV or  po l y s t e r ene  l atex

spheres  of 0.109 n d iameter  were used as the i n t e r na l  

magn i f i c a t i on  s tandard.

3.6.6a  Coat i ng  of g r i d s

One gram of formvar  powder was weighed and

d i s s o l v e d  in 100 ml of ch l oroform conta i ned in a

dark bo t t l e .  A g l a s s  t r a y  5x7 x 15 cm was f i l l e d

with d i s t i l l e d  water and a drop of  formvar  was

gent l y  app l i ed  on the water  s ur f ace  u s i ng  a

c a p i l l a r y  tube.  A copper g r i d  was pl aced upper

sur face  down on the r e s u l t i n g  formvar  f i l m  over

water,  u s i ng  forceps .  The g r i d  was p res sed  onto

the formvar  in the water u s i ng  a clean s l i d e  held
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more or  l e s s  h o r i z o n t a l l y  above the water  sur face  

such that  the g r i d  was t rapped between the formvar  

and the s l i d e .  The formvar  coated g r i d  was then 

picked from the s l i d e  wi th f or ceps .

3.6.6b L e a f - d i p  p r epa r a t i on

The v i r u s  p r e p a r a t i o n s  were mounted onto the 

formvar  coated copper g r i d s  by the technique 

descr i bed by Noordam (1973) .  A drop of  d i s t i l l e d  

water was p l aced onto the g r i d  and then the edge of  

an i n f ec t ed  t r i f o l i a t e  l e a f  t i s s u e  cut wi th a sharp 

razor  b l ade,  was used to touch the drop of  water  f o r  

5 sec. Three t i s s u e s  cut from d i f f e r e n t  leaves  of 

the same p l a n t  were brought  in touch wi th the drop 

of water  on the g r i d  for  a total  o f  15 sec.  A t i n y  

drop of  p u r i f i e d  TMV p reparat i on  was then app l i ed  on 

the g r i d  as an i n t e r na l  mag n i f i c a t i on  s tandard 

(Bos 1975) a f t e r  which the g r i d  was a i r - d r i e d  f o r  

15 min. The v i r u s  p r epa r a t i on  on the g r i d  was 

negat i ve  s t a i n e d  by f u r t h e r  add i t i on  of  a drop of  

1% PTA and a i r - d r i e d  for  another  15 min before i t  

was examined in the e l ec t r on  microscope.

3.6.6c  P a r t i a l l y  p u r i f i e d  v i rus

A drop of  p a r t i a l l y  p u r i f i e d  BCMV preparat i on  

was placed on the formvar  coated g r i d .  Another
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drop of  TMV preparat i on  was added as an i n t e r na l  

magn i f i c a t i on  s tandard (Bos ,  1975).  A f t e r  the g r i d  

had a i r - d r i e d  for  15 min, the p r epa r a t i on  was 

n e g a t i v e - s t a i n e d  by a dd i t i on  of a drop o f  1% PTA 

and then i t  was examined in the e l ec t r on  microscope.

3.6.7 Se ro l ogy

The New Zealand whi te r abb i t  f o r  the ant i serum 

preparat i on  was obtained from the Ve t e r i n a r y  

Department o f  KARI , with the permi s s i on  of  Dr. W.N. Mas i ga,  

the D i r e c t o r  of  the Department.  I t  was reared in the 

r abb i t  cage at the F i e l d  S t a t i o n ,  Kabete where i t  was 

fed r e g u l a r l y  with r abb i t  p e l l e t s .

3.6.7a Ant i serum prepar a t i on

The r abb i t  which was s l i g h t l y  over  three 

months old was bled at the ear.  The l e f t  ear was 

shaved with a sharp blade and washed wi th 70% 

e thano l ,  a f t e r  which a cut was made a long  the 

marginal  ve i n .  The blood was co l l e c t ed  us i ng  a tes t  

tube and then covered with a l l uminium f o i l  and 

al l owed to s tand  for  2 hr to c l o t .  A f t e r  r i n g i n g  

the c l o t  the supernant  was decanted and cen t r i f uged  

f o r  15 min at 6000 rpm u s i n g  a bench ce n t r i f u g e .

The r e s u l t i n g  c l a r i f i e d  f r a c t i o n  was preserved in 

0.5% ch l o ro fo rm and subsequent l y  used as normal serum.
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Three days a f t e r  b l eed i ng  the r a b b i t  f o r  

normal serum, the r abb i t  was i n jected  wi th the 

p a r t i a l l y  p u r i f i e d  p r epa r a t i on  of  BCMV. A 

combinat ion of  i n t r avenous  and i n t r amus c u l a r  routes  

of i n j e c t i o n  was used to i n j e c t  the r ab b i t .  For  

these procedures ,  the r a b b i t  was held f i r m l y  on the 

bench and i t s  r i gh t  ear was rubbed with 70% ethanol  

us i ng cotton wool to d i l a t e  the ear  ve in .  One ml of  

the v i r u s  p repar a t i on  in an equal volume of  0.85% 

sodium c h l o r i d e  was admin i s tered  i n t r a v e n o u s l y  

us i ng  a 5 ml s y r i nge  with a 25 gauge hypodermic 

needle.  A s e r i e s  of  three i n j e c t i o n s  was given at 

3 day i n t e r v a l s .

When the f i r s t  i n t r avenous  i n j e c t i o n  was 

admi n i s t e red,  the r abb i t  was gi ven an i n t r amus cu l a r  

i n j e c t i o n  wi th 1 ml of  the v i r u s  e m u l s i f i e d  in an 

equal volume of  F reund ' s  i ncomplete adjuvant .  The 

i n t r amus c u l a r  i n j e c t i o n  was admin i s t ered  us i ng a 

5 ml s y r i n ge  with a 27 gauge hypodermic needle.

Three i n j e c t i o n s  were admin i s t ered  i n t r a m u s c u l a r l y , 

the second and the t h i r d  being  a f t e r  9 and 12 days,  

r e s p e c t i v e l y .  The r abb i t  was bled as u s ua l ,  2-3 

weeks a f t e r  the i n j ec t i on  schedule.
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3.6.7b M i c r o p r e c i p i t i n  t e s t

The mi c r op r ec i p i  t i n  t e s t  developed by 

van S l ogteren (1955) and recommended f o r  plant  

v i r u s e s  with e l ongated p a r t i c l e s  (Wetter,  1965) was 

used to diagnose the v i r u s .  The v i r u s  ant i gen was 

prepared by homogeniz ing approx imate l y  10 g of p l ant  

t i s s u e  i n fected  with BCMV p r e p a r a t i o n ,  u s i n g  a 

pes t l e  and mortar .  The homogenate was then squeezed 

through a cheese - c l o th  before a 20 min c l a r i f i c a t i o n  

at 6000 rpm. The heal thy  sap was prepared in a 

s i  mi 1ar manner.

The t e s t  was performed on 0.1% formvar coated 

p e t r i - d i s h e s . The bottom of  the p e t r i - d i s h  was 

marked with 8 mm squares.  The v i r u s  ant i gen  and the 

ant i serum were d i l u t ed  in the s e r i e s ,  1 - 1/2048 

us i ng  0.85% NaCl in 0.01 M borate b u f f e r ,  pH 8.0.

The number o f  the d i l u t i o n s  f o r  v i r u s  ant i gen 

a g a i n s t  the ant i serum were then i nd i c a t ed  on the 

scheme marked in the p e t r i - d i s h .  The s e r o l o g i c a l  

r e l a t i o n s h i p  was determined by p i p e t t i n g  a drop of  

the v i r u s  ant i gen  d i l u t i o n s  onto the p e t r i - d i s h  to 

cor respond wi th  the d i l u t i o n  numbers, s t a r t i n g  

wi th the l e a s t  concent rated.  The hea l thy  sap and 

normal serum were i nc l uded as c on t r o l s .  Us ing a 

s eparate  p i p e t t e ,  a drop of  each ant i serum d i l u t i o n
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was added to each v i r u s  an t i gen  u i l u t i o n  and to the 

heal thy sap as wel l  as the normal serum.

The v i r u s  was a l s o  t e s t ed  a g a i n s t  the 

an t i s e r a  f o r  European BCMV and European BYMV.

i

3.6.8  I d e n t i f i c a t i o n  of  BCMV s t r a i n s  u s i n g  bean 

d i f f e r e n t i a l  c u l t i v a ^ s .

BCMV i s o l a t e s  were d i f f e r e n t i a t e d  on s t andard
I
i

bean d i f f e r e n t i a l s  on the b a s i s  o f  t h e i r  r eac t i on
I

a f t e r  mechanical  i n o c u l a t i o n  accord i ng  to the 

procedure developed by D r i j f h o u t  (1978).  For

t h i s  p rocedure s ,  e l e v en ' bean  d i f f e r e n t i a l s  r e p r e s e n t i n g  

eleven p a t h o g e n i c i t y  sub groups  cP the bean p l a n t s  were 

t e s t e d .

Each bean d i f f e r e n t i a l  was i noc u l a t ed  wi th 3 

v i r u s  i s o l a t e  at l e a s t  twi ce  depending on the amount 

of seed a v a i l a b l e .  For t h i s  purpose,  one p l ant  was 

grown per pot.  Three to f ou r  such p l a n t s  for  every  

v a r i e t y  were tes ted  with each of  the ’ s o l a t e s .  One 

p l ant  was kept  to serve  as a c on t r o l . .  All tes t  

p l an t s  were i nocu l a t ed  when they were 12 days old.

They were l e f t  to grow in the greenhouse and 

ob s e r v a t i o n s  made f o r  symptom development.  Recovery  

t e s t s  were performed on the bean ' Long  Tom' . Al l  

ope r a t i on s  were conducted under h y g i e n i c  c ond i t i o n s  

D r i j f h o u t  / l 978) .  Dur i ng  i n o c u l a t i o n s  the f i n g e r  n a i l s
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were kept s h o r t  as these cou l d  ha rbour  the v i r u s .

|
3.6.9 Cros s  p r o t e c t i o n  t e s t s

Te s t s  of  c r o s s - p r o t e c t i o n  among some of  the 

v i r us  i s o l a t ' s  were per formed in o r de r  to show the 

presence or  absence of  mutual  r e l a t i o n s h i p .  The
i

tes t s  were performed with the i s o l a t e s  10c, K, 510, 

and Ah 1 . These i s o l a t e s  were c on s i de red  f o r  these 

tes t s  as they  had shown v a r i a t i o n s  in the bean 

d i f f e r e n t i a l  r ea c t i o n s .  The i s o l a t e s  510 and K
j

which could e a s i l y  be r ecogn i zed  by t h e i r  symptoms 

we re used as the c ha l l e n ge  v i r u s .

The t e s t s  were performed on the bean c u l t i v a r s  

' S a n i l a c '  and ‘ P i nto  114'  by f i r s t  i n o c u l a t i n g  wit a 

the p r o t e c t i n g  s t r a i n  then the cha l l e n ge  s t r a i n  on 

the pr imary  and secondary  l eaves  three days l a t e r  

( S i l b e r n a g e l , 1969) .  For  each t e s t , 8-12 p l an t s  were 

used. Three p l an t s  were kept to serve as c on t r o l s .  

V i rus  p r o t e c t i o n  was moni tored by no t i n g  any 

d i f f e r ence s  in symptom development, in the t e s t  p l an t s .

3.7 SCREENING OF GIT RHP LA SM FOR RESISTANCE TO B C * i V 

Bean gennplasm a c c e s s i o n s  c f  P_. v u l g ? r i s 

l o c a l l y  grown in Kenya and some few of American

o r i g i n  were tes ted f o r  r e s i s t a n c e  a g a i n s t  BCMV j
j

i s o l a t e s .  Te s t i n g  of  bean a c c e s s i o n s  was done in

I
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two stages  r e p r e s e n t i n g  two l e v e l s  of  v i r u s  i noculum 

(Rus se l ,  1978) .  In the f i r s t  s tage the beans were 

i nocul ated wi th inoculum . c on s i s t i n g  of a mixture

of  a l l  the 14 v i r u s  i s o l a t e s .  A f t e r  t ha t  the bean
/

acces s i on s  were tes ted  wi th s i x  v i r u s  i s o l a t e s  

i nocu l a ted  i n d i v i d u a l l y  on each bean acce s s i on .  Of 

the s i x  v i r u s  i s o l a t e s  E5, IOC,  and 510 were
c

n e c r o s i s  i nduc i ng  whi l e  Nch2,  K and T i nduced other  

types of  symptoms.

For each bean a c ce s s i o n  two p l a n t s  were 

i nocu l a ted  wh i l e  a t h i r d  one was kept as the c on t r o l .  

I'he v a r i ab l e  observed was symptom e xp r e s s i o n .

The symptom e xp r e s s i on  in each bean c u l t i v a r

i nd i ca ted  the a b i l i t y  of  the bean to wi t hs tand
»

d i s ea se  under i ntense  d i s e a s e  p re s su r e .  Ob se r va t i on s  

were taken f o r  three weeks s t a r t i n g  from the time of  

i n o c u l a t i o n .  At the same t ime s e e d l i n g s  of  the 

bean ' Long Tom'  were r a i s e d  to demonst rate the 

presence or  absence: o f  the v i r u s  from l eave s  of  

p r e i no c u l a t e d  bean v a r i e t y  p l a n t s .  As l o c a l  l e s i o n  

hos t  seed was l i m i t e d ,  v i r u s  i ndex i ng  onto the been 

' Long  Tom' was done f o r  a l l  p l ant s  which showed weak 

or  q ue s t i onab l e  symptoms and those that remained 

s ymptomles s .
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3.8 EFFECT OF THE VIRUS ON THE VARIOUS PARAMETERS 

OF BEANS

In o r de r  to determine the e f f e c t  of  BCMV 

i n f ec t i on  on beans,  three parameters  namely bean 

he i ght ,  pod and seed y i e l d  and the dry matter  

content were cons idered.  Three v i r u s  i s o l a t e s  were 

tested a g a i n s t  three bean v a r i e t i e s  a v a i l a b l e  in the 

Kenyan market. The i s o l a t e s  were Nch2, 510 and N 

with a cont ro l  whereas the v a r i e t i e s  were ‘Mwezi M o j a 1, 

' Canadian Wonder '  and ' Rose  coco ' .  The v i r u s  i s o l a t e s  

were tes ted on whole un i t s  whi l e the v a r i e t i e s  were 

tested on s u b - u n i t s  in a complete l y  randomized des i gn 

(Steel  and T o r r i e ,  1960) wi th f i ve  r e p l i c a t i o n s .

The exper iment  was conducted in the greenhouse.  Ten 

pots 18 cm diameter  were used per v a r i e t y  as a 

s ub - un i t  and in each pot f ou r  p l ant s  were grown.

3.8.1 Bean hei ght

Four t y  days a f t e r  the beans had been 

i nocu l a ted ,  the he i ght s  of  a l l  the t e s t  p l ant s  were 

measured and the e f f e c t  of  the v i r u s  i s o l a t e s  on the 

bean growth determined.

3.8.2 Pod number

The pods of v i r u s  i n f ec ted  bean p l ant s  were 

ha rves ted  at matur i ty  and counted in o r de r  to
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determine the percentage r educ t i on  in the podding 

a b i l i t y  of the beans .

3.8.3 Seed weight

Af ter  the pods of  the v i r u s  i n f ec t ed  bean 

plants  were harvested at ma t u r i t y ,  they were kept 

in paper bags and sun dr i ed f o r  four  days before 

s h e l l i n g .  The seed was weighed on p o t - b a s i s  to 

determine the e f f ec t  of  the v i r u s  on seed s e t t i n g  

a b i l i t y  of the beans .

3.8.4 Weight of  dry matter

The shoot s  of v i r u s  i n f ec t ed  p l an t s  were 

harvested on p o t - b a s i s  a f t e r  p i c k i n g  a l l  the pods 

f or  the p o d d i n g - a b i l i t y  exper iment  and oven - d r i ed  

at 60°C. They were weighed f o r  3 days t i l l  the 

weight  became constant  and the e f f ect  of  the v i r u s  

on the weight  of  dry matter  of  the beans determined.



4. RESULTS

4. 1 OCCURRENCE AND INCIDENCE OF BEAN COMMON

MOSAIC IN SMALL SCALE FARMS

The occur rence and i nc i dence  of  bean common 

mosaic in f a r mer ' s  f i e l d s  accord i ng  to d i s t r i c t s  i s  

summarized in Table 2. The d i s ea s e  i nc i dence  

r e f l ec ted  con s i de r ab l e  v a r i a t i o n  from l o c a l i t y  to 

l o c a l i t y  in terms of the number of  p l a n t s  i n f ec t ed  

per f i e l d .  The h i ghe s t  i nc i dence  of 63 percent  was 

recorded i n Kakamega. I nc i dence  of  up to 15 percent  

and 40 percent  were recorded in Muranga and Nyandarua,  

r e s p e c t i v e l y .  Of the o t he r  a rea s ,  South fiyanza and 

Kiambu had been common mosa i c  i nc i dence  lower than 

2.5 percent .  Dur i ng  t h i s  s tudy ,  the d i s e a s e  was not  

observed in Machakos and K i t u i  D i s t r i c t s  a l though 

these areas  are important  in bean p roduc t i on .

Bean common mosaic was presented in a l l  the
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Table 2: Occur rence and i n c i denc e  of  bean common
mosa i c  in the main bean growing  areas 
o f  Kenya .......................

D i s t r i c t
Surveyed

Area
I n spec ted

Approximate 
Farm s i z e  

(Ha)

D i s ea s e  
I nc i  den ce '(% )

K i s i i Boson go 
Nyanza

0.25 0

Ag r i  c u l t u r a l Exper imenta l '
Research
S t a t i on

b lock 55.5

South Homa Bay 0.25 0
H y a n z a K a n y a d a 0.20 2.5

Kakamega Ebusa r a 1e 0.20 63
I sukha Vie s t 0.33 60

Mach akos Kangund a 0.80 0
M u t a 2.20 0

Ki tu i M a t i n y a n i 0.62 0
M u t e n d a 1 .00 0

tmbu Runyenjes  
E mb u
A g r i c u l t u r a l

1 .20

Expe ri mental

5

Research
S t a t i on

block 1

Ki a rub u Gatundu • 0.10 1
M a g i n a 0.20 2

Mu r a n g 1a Kan dara 0.30 4
G a t u r a 0.80 1

•Jyeri

. G i k o e 

Nyer i  Town

0.40 1 5

Area 1 .60 1

11 y  a n o ar  u a Ah i t i - 
Governnent
S t a t i on 0.10 43

T ran s
■11 o i a K i t a 1 e 2.00 20

N a k u r u S u b u k i a
Hortb

0.10 40
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s i x  p r ov i nces  . rveyed.  In C e n t r a l ,  Western,  R i f t  

Val ley and Nyanza p r o v i n c e s  the d i s e a s e  occur red in 

al l  the d i s t r i c t s  where i t  was observed in most bean • 

farms. In Eas te rn ,  i t  was however p r e s e n t  in Embu, 

but not in Machakos and K i t u i  d i s t r i c t s .  The presence 

of bean common mosaic in a l l  the p r o v i n c e s  i s  c l e a r l y  

i n d i c a t i v e  of  i t s  widespread occur rence in the count ry .

In view of the t ransmi  s s i b i 1 i t y  o f  bean common < 

mosaic v i r u s  by aphids  (Rober t son and K1o s t e r meye r ,

1961),  the occur rence of  the l a t t e r  in the areas  surveyed 

was recorded.  As shown i n  Table 3, the  black bean 

aphid,  Aphi s  fabae S copo l i  ( P l ate  1) occu r red  in 

most areas where the bean common mosai c  was p re s en t .

Thi s  i n f o rmat i on  s ugge s t s  an apparent  r e l a t i o n s h i p  

between the d i s t r i b u t i o n  of  the aphid and the 

i nc idence of the d i s ea se  because the aph i ds  t r a n s m i t  

the causal  agent of  the d i s ea s e .  However,  in 

Gatundu and I s i s h i  bean common mosaic was recorded 

in the absence ot the bean aphid s u g g e s t i n g  t hat  

t r a n s m i s s i o n  could have been t hrough. seed  as the 

p l an t i n g  seed o r i g i n a t e d  from the p r ev i ou s  harves t .

The source of  p l a n t i n g  seed in a l l  the rar::s 

surveyed was e i t he r  the p rev i ous  h a r v e s t ,  l ocal  

market or  c e r t i f i e d  seed. Thi s  was conf i rmed by 

d i s c u s s i o n s  conducted wi th  the farmers .

i
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Table 3: Occur ren :e  of  bean common mosa i c  (I3CM)
r e l a t i v e  to the d i s t r i b u t i o n  o f  aphid,  
Aph i s fa 3 ae ............................................

Area Surveyed 
( A l t i t ude  in M)

Occur rence  and 
re 1 at i ve 
p r o p o r t i o n  of  
aph i ds

Occurrence 
of  BCI i

Nai r o b i : Ch i romo 
(2500 )‘

Hi gh +

Kabete 
(2510 )

High +

Kiambu: Gatun du 
(1 860. 1 5 ) None +

M u r a n g 1 a : Katura 
(1769)
1s i sh i 
(2135)-

Moderate

None

+

+

E mb u : Cmbu Town 
Area
(1372.5) Moderate +

Nyandarua : Nyahururu 
2600

Moderate +

Nakuru: S u b u k i a 
(1524)

High +

Maci i akos: Kangundo 
(1 550 )

None -

K i t u i : M u t o n d a 
(1 500) .

None -

K a kamega: Ebusa r a l e  
(1 570 )

Moderate +

K i s i i : Boson go 
(1708)

Mode rate —

+: BCM p re sent  BCM absent 

None: aph i ds  absent  in a l l  the p l an t s .

Moderate:  aphids  p resent  in 11 -20% of  cl  ants.

H i g h : a e h i d s o resent  i n 21  - 5 0 % o f  t h e  n 1 a n + .
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7ha i n terv i ews  revealed tha t  most or the seeds which

had been p l anted  by farmers  under s tudy  o r i g i n a t e d

from the i r  p r e v i ou s  h a r v e s t .  S i nce the causal  agent
>

of  bean common mosaic i s  seed borne the use of seed 

from the p r e v i ou s  ha r ve s t  by the farmers  i s  l i k e l y  

to'  accentuate the d i sease  i nc i dence  as l ong  as they 

l ack  the knowledge of  h a nd l i n g  t h e i r  own seed f o r
i

r ep l an t i n g .

I t  was found that  the beans were i n te r c ropped  

wi th a number of  crops  such as maize, po ta t oes ,  

bananas,  cabbages ,  onions., pyrentrui r ,  avocadoes ,  

cof fee  and mangoes. In most of  the farms the beans 

were planted wi th one crop or  a ' S i : e a b l e  number of 

c rops .  In Nakuru d i s t r i c t ,  at Subuk i a ,  f o r  

i n s t ance ,  the farms conta i ned  beans,  on i ons  and 

pyrethrum. Mixtures  of  beans with maize and other  

crops  were more predominant  than beans alone.  The 

i n t e r c r o p p i n g  of  beans wi th maize iri Machakos and 

U i t u i was a predominant  p r a c t i c e  which was 

i n t e r r up t e d  o c c a s s i o n a l l y  by beans in cof f ee  and 

bananas.  In Western Kenya, be s i de s  maize,  beans 

were i n te r c ropped  wi th cowpeas. The occur rence 

of  bean common mosaic r e l a t i v e  to the c ropp ing  

system in the major bean growing areas showed a 

h i gh  d i s ea se  f requency of  83% in pure bean s tands
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as compared to 33% or  l e s s  observed in mixtures of  

beans with maize and other  crops such as potatoes ,  

cabbage, pyrethrum and on i on s .

4.2 I d e n t i f i c a t i o n  and c h a r a c t e r i z a t i o n  of  s t r a i n s  

of  bean common mosaic v i r u s  (BCMV) .

4.2.1 Host range and symptomatology

The legume as wel l  as non- legume plant  s pec i e s  

tested a g a i n s t  14 BCMV i s o l a t e s  reacted with l a t en t  

or s ys temi c  i n f e c t i o n s .  The r eac t i on s  o f  the host  

range tes t  p l ant s  to the v i r u s  i s o l a t e s  were 

determined by v i s ua l  ob se r va t i on  f or  v i r a l  d i s ease  

symptoms and back i n o c u l a t i o n  onto the bean ‘ Long 

Tom' (Table 4).  Out of 38 p l ant  s pec i e s  or v a r i e t i e s  

tes ted,  9 produced s y s t emi c  symptoms. Al l  the p l ant  

spec i es  or v a r i e t i e s  which reacted with product i on 

of s y s temi c  symptoms were legumes and u s u a l l y  showed 

mosaic symptoms.

In Chenopodi aceae, Chenopodium album and 

C. amarant i co l  oar reacted with the v i r u s  i s o l a t e s  

producing l oca l  l e s i o n s  1.5 mm in d iameter ,  whereas 

the res t  o f  the non legume p l ant s  such as 

He!i  anthus annus , Cuccumi s s a t i  va and Datura 

stramonium showed n e i t h e r  s y s temic  nor  l atent

i n f e c t i o n .



67

Among the legumes, Cajanus  cajan reacted with 

the product i on  of  h y p e r s e n s i t i v e  n e c r o t i c  l e s i o n s  

3-4 days a f t e r  i n o c u l a t i o n  wi th 11 i s o l a t e s .  These 

i s o l a t e s  were E4, M, K, 86,  Nc4, T, 11A, Ahl ,  4, 510 

and E5. P l a n t s  of t h i s  s p e c i e s  did not react  to the 

i s o l a t e s  10c,  Nch2 and NY.

The r e a c t i o n s  c o n s i s t e d  of  t i n y  l e s i o n s  

(Plate 2) t h a t  developed at 31 - 10C greenhouse 

t emperat ures . These l e s i o n s  then became numerous on 

the l eaves  which wi l t ed  a f t e r  f u r t he r  2 days. The 

react i on was qui te severe,  i n v o l v i n g  n e c r o s i s  of  

plant  t i p s  p a r t i c u l a r l y  wi th i s o l a t e s  T, K, N, E4, 

Nc4 and E5. However, wi th the i s o l a t e s  11a, 510, 4 

and Ahl the symptoms were not accompanied by t i p  

death. The v i r u s  was recovered on the bean ‘ Long 

Tom' in the case of  i s o l a t e  T f o l l ow i ng  back 

i n o c u l a t i o n s .  The i s o l a t e s  Nch2, NY and 10c did not 

cause symptoms, ne i t he r  was the v i r u s  recovered.

Ca s s i a  o cci  den t i a l i  s served as a good 

maintenance host  f o r  BCMV and reacted wi th a l l  the 

i s o l a t e s  produc i ng  i d e n t i c a l  mosaic and l ea f  

mal format i on.  The s y s t emi c  symptoms were severe 

with the i s o l a t e  4, 10c, and Nch2 but were rather  

mild wi th 11 A and N .

A l l  the 14 i s o l a t e s  of  BCMV caused on Gl yc ine
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max, mosaic which was more obv i ous  on the younger  

l eaves.  The symptoms were a s s oc i a t ed  wi th vein 

browning p l u s  s t r i k i n g  c h l o r o t i c  spot s  in the case 

of i s o l a t e s  4, 510, 86, 11 A, NY and Nch2. The 

c h l o r o t i c  symptoms caused by i s o l a t e s  4 and 11A were 

conf ined to the i nocu l a t ed  l eaves .  T h i s  s pec i e s  

produced l oca l  l e s i o n s  a f t e r  i n o c u l a t i o n  with 

i s o l a t e  N, but no v i r u s  was recovered in back 

i nocu l a t i  o n s .

The f i r s t  r eac t i on  of  Macrop i t  i 1 i urn 

1 athy ro i de s to a l l  the 14 BCMV i s o l a t e s  was the 

product i on of  f l e c k s  which were accompanied by 

mosaic. The other  symptoms c on s i s t ed  of  l ea f  

r o l l i n g  and s t un t i n g  which were very pronounced,  

p a r t i c u l a r l y  with the i s o l a t e s  Nch2, N and 10c, but 

s l i g h t  wi th  K .

The bean Phaseo lus  acut i  f o l i  us reacted to the 

i s o l a t e s  10c, 510, Nch2, K, 4, Ahl and Nc4 wi th the 

product i on  of  ve ina l  n e c r o s i s  on both pr imary and 

s e c o n d a r y  l e a v e s ,  E a r l y  s h a d i n g  o f  p r i m a r y  l e a v e s  

and d r y i ng  of the p lant  apex r e s u l t e d  from the 

react i on  to Nc4, 10c, 4 and K. I s o l a t e s  E4, E5, N, 

T, NY, 11A and 86 caused l a t ent  i n f e c t i o n .

Phaseo lus  v u l g a r i s ; ' Canadian wander ' ,  

produced c u r l i n g  and mal format ion preceeded by l oca l
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l e s i on s  on pr imary l eaves  when i t  was i nocu l a t ed  

with a l l  the i s o l a t e s .  The i s o l a t e s  510,  Nch2 and N 

al so caused s t u n t i n g  which was a s s o c i a t e d  with the 

product i on o f  many branches  in the case of  i s o l a t e s  

Nch2 and N. In a d d i t i o n ,  the i s o l a t e  Nch2 caused 

s t r i k i n g  c h l o r o s i s  on a l l  the leaves  o f  ' Canadian 

wander '  p l a n t s .

P_. v u l g a r i s  var ' Long  Tom'  reacted to a l l

the 14 v i r u s  i s o l a t e s  wi th the p roduc t i on  of l i g h t

green mosaic that  c o n s i s t e d  of l e a f  r o l l i n g ,  l e a f

s i ze  r educt i on  and cupping which showed only s l i g h t

v a r i a t i o n s  (Pl ate 3).  O c c a s i o n a l l y ,  the mosaic was 

preceeded by local  l e s i o n s .

The bean ' Mon r oe ' ,  a l ocal  a s s ay  host  f o r  

severa l  s t r a i n s  of  BCMV reacted to the v i r u s  wi th 

i den t i c a l  n e c r o t i c  l e s i o n s  ( P l a tes  4) .  The l e s i o n s  

f i r s t  developed as brown spots  ex tend i ng  along the 

ve ins  and l a t e r  a f t e r  5-6 days they en l a rged  i nto  

r i n g s ,  2 -4  mm in diameter .  The n e c r o t i c  l e s i o n s  were 

e s p e c i a l l y  numerous and very s t r i k i n g  wi th the 

i s o l a t e s  10c and N which induced the r i n g s  of  4 mm 

di ame t e r .

Chenopodi  urn amaran ti  co l a r  reacted to a l l  the 

14 v i r u s  i s o l a t e s  p roduc i ng  l ocal  l e s i o n s  (P l ate  5) 

a f t e r  6 to 8 days. The l e s i o n s  delayed in
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appearance and a l s o  remained d i f f u s e  in the case 

of  i s o l a t e  4, T and 86. They however,  developed 

into r i n g s ,  2 mm in d i ameter  a f t e r  15 days wi th the 

i s o l a t e s  E4, E5, Nc4 and Ahl .

The p l ant s  of  C_. album produced l ocal  l e s i o n s  

9-11 days a f t e r  i n o c u l a t i o n  with the 14 v i r u s  

i s o l a t e s .  There was a de l ay  in the appearance of  

the l e s i o n s  which a l s o  remained d i f f u s e  with most 

i s o l a t e s  except E4, E5, Nch2, Ahl and Nc4. With 

these i s o l a t e s ,  the l e s i o n s  developed i nto  r i n g s  

2 mm in diameter  a f t e r  15-16 days of  i n o c u l a t i o n s .  

However, wi th the i s o l a t e s  Ahl ,  4 and E4 the r i ng s  

remained d i f f u s e d  even a f t e r  the s hed i ng  of the 

f i r s t  set  of  o l der  l eaves .
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Table 4: Reac t i on s  of  ho s t  range t e s t  pl ints  to i s o l a t e s  of bean common mosaic v i r u s

INOCULATED TEST PLANTS

ftmiW/Klant s pec i e s____________

AMARA.NTACEA:
Amaranthus sp.

CHENOPODI ACE AE:
Beta vul gar i s  L.
Chenopodium album L.
C. amaranTTcol a Coste & Reyn 
?pinacia annus L .

COMPOS IT AE :
Helianthus annus L.

CUCURBITACEAE:
Cucumis s a t i va  L.

) ---------------------
LEGUMINOSAE:

Cajanus cajan (L)  Mi l  1 sp 
Cassia occi den t a l i  s L .
CyamopsTs t e t r a g l o n o l  oba ( L )  Taub 
Pol icnos 1 ab 1 ab L . 
fiTycine max (L)  Merr.
Hacropiti 1 Turn 1 athy ro i des L .
Med i ca go s a t i v a  L. 
j^aseofus a c u t i f o l i u s  Gray.
P. calcaratus Roxb"~~
F. Tunatus IZT
P. vu 1 gari  s L. ' Monroe '

' Mwez i moj a ' 
' Canad i an  wonder '
' Garden c o n t e n d e r 1 
' Jamapa '
' L ong  Tom'
' Ma s te r  p i e c e '
' M o n e l '
' Red Mexi can 142'  
' Ro se  c o c o '

Pisum sa t i va  L.
jri fol  ium pra tense  L .
jjci a fatTa L.

S°UNACEAE:
Lapsi cum ann um L .
Ljtura s t ramon i um L .
Lfcopers i r.nn escu l  en turn Mi 1 1 sp 
ffiandra p h y s a l o i d e s  Gaertn 
jjicoti*na s amsum Nfl~~ 
d*" tapucum" ‘ White b a r l e y '

d* _debynei L .

i w s  i s o l a t e s  a :|p P LA H T  R l A C T IQ I L S

EA N K 86 Nc4 T

Ln lR i Lnl Lnl Lnl

•

LnlRi Lnl
Ln lR i Lnl Lnl v d f L n 1 LnlRi dfLnl

Hnl Hnl Hnl Hnl Hnl Hn 1 +
dgMm Mm m m m IgM

Hnl Hnl Hnl Hnl -

Vbc vaM LgVc Vbc val! IgM
vs i FR s i FR vs i FR FmiM Lnl^R Fs iR

Fmi M VbsST Hnl IgM sRST sMN

nl nl nl nl nl nl
DReST DRec DRe DRe DReST DRe
DReST DST DReST DRST DST mi MRe

DMReR VcST lgMR OR CuRST IgM
BcST BcST BcST BcST '  cS BcST

1 gMRe 
«

1 gMRe 1 gMRe 1 gMRe 1 gMRe 1 gMRe

_ - - - -

_ - - - - -

- - -
'

. • -

- - - -

n i  Ah 1 4 JOC 51Q---------f t

- - - -

-

Lnl LnlRi Lnl Lnl Lnl LnlRi
dfLnl LnlRi dfLnl Lnl Lnl LnlRi

Hnl Hnl Hnl

-

Hn Hnl
m mVc sM sm Mm ReR

Hnl Hnl Hnl - Hnl
Vbc vaM IgM VbCl Vc Vbc
FR Lnl s i  R F s iF s i F siF

IgM NRST sST Hn 1 ST FST Hnl ST

nl nl nl nl nl nl
DcST DcST DcST DRe DcST DcsST
ST ST DcST CuRe s Re CuRe
mi M - mi M mi M mi M yaM

• R Re IgM CuR CuR sR
BcST IgM BcST miM BcST BcST

bl bl bl bl

1 gMRe 1 gMRe 1 gMRe 1 gMRe 1 gMRe 1 gMRe

- - -
- - -

- -

_ - -
- - - — *

Nch2 RK

LnlRi Lnl 
Lnl Lnl

sm mf Vc

Hnl Hnl
Vbc Vbc
SFRsh F

Hn 1 ST sST

nl n 1
DcsST Dc
DSTP sR
vaM •

DCuR 1 gm
SMST Be

bl bi
1 gMRe 1 gMRe
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Table 4. ( cont i nued)

A b b r e v i a t i o n s  for  symptom d e s c r i p t i o n .

Ln 1 = Local  n e c r o t i c  l e s i o n s ,  v i r u s  not
/

recovered.

’ d f Ln 1 = D i f f u s e  l oca l  n e c r o t i c  l e s i o n s ,  v i r u s9 r

not r ecovered.

v d f L n 1 = Very d i f f u s e  l oca l  n e c r o t i c  l e s i o n s , v i r u s  

not recovered.

Ln lR i = Local  n e c r o t i c  l e s i o n s ,  deve l op i ng  i nto  

r i n g s ,  v i r u s  not  recovered.

Hnl = H y p e r s e n s i t i v e  n e c r o t i c  l e s i o n s ,  v i r u s  

not recovered.

Hnl + = H y p e r s e n s i t i v e  n e c r o t i c  l e s i o n s ,  v i r u s  

r ecove r ed .

M = Mosaic

dgM = deep green mosai c

dgMm = deep green mosai c  and mal f o rmat i on .

m i M 

sM

= mi ld mosaic 

= Severe mosaic

v a M = vague mosai c ,  v i r u s  recovered.

vaMr = vague mosai c ,  v i r u s  not recovered.

i g M = l i g h t  green mosaic

m = l ea f  ir.al f ormat i on .

sm = Severe l e a f  mal format i on.
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Table 4. ( cont i nued)

A b b r e v i a t i o n s  for  symptom d e s c r i p t i o n .

Ms i m Mosaic with s l i g h t  l e a f  mal format i on.

c = c h i o r o s i s

Vc vein c h l o r o s i s .

mVc : Ma l format i on and vein c h l o r o s i s .

Cl C h i o r o t i c  l e s i o n s .

R * Leaf r o l l i n g

sR = severe 1eaf r o l l i n g .

s MR = severe mosaic and l e a f  r o l l i n g .

Re = Leaf r educ t i on  in s i z e .

sRe == severe l ea f  reduct i on  in s i z e .

ReR = Leaf r educ t i on  in s i z e  and r o l l i n g .

Ln 1 sR = l ocal  n e c r o t i c  l e s i o n s  and severe l ea f  

r o l l i n g .

Vbc = vein browning with c h l o r o s i s .

L nl  si  R = local  n e c r o t i c  l e s i o n s  and s l i g h t  l e a f

VbC 1

r o l l i n g .

= Vein browning with c h l o r o t i c  l e s i o n s .

Vb = s u p e r f i c i a l  vein browning.

l gVc = L i ght  vein c h l o r o s i s .

F = F l e ck i ng  on the Veins.

s i F = S l i g h t  f l e c k i n g  on ve i ns .

Fmi M = F l e c k i n g  wi th mi ld mosaic.

FR = f l e c k i n g  wi th l ea f  r o l l i n g .
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Tab!e 4 ( cont i  nued)

A b b r e v i a t i o n s  f o r  symptom d e s c r i p t i o n .

s i F  

s i F R  

vs i FR 

s i R 

sFRsh

Cu

S T

s ST 

N

nl

D

CuRe

P

B

= s l i g h t  f l e c k i n g  wi thout  l e a f  r o l l i n g .

= s l i g h t  f l e c k i n g  with l ea f  r o l l i n g .

= very s l i g h t  f l e c k i n g  with l e a f  r o l l i n g .  

= s l i g h t  l ea f  r o l l i n g .

= severe f l e c k i n g ,  l e a f  r o l l i n g  with 

sheding of o l d e r  l eaves .

= c u r l i n g  

= s t u n t i n g  

= Severe s t u n t i n g .

= l ea f  n a r r o w i n g .

= n e c r o t i c  l e s i o n s .

= l ocal  d i s c o l o u r a t i o n .

= c u r l i n g  and l e a f  reduct i on in s i z e .

= p rofuse  branching.

= l ocal  brown l e s i o n s .

= no symptoms, v i r u s  not recovered.
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4 . 2 .2  T ransmi  s s i  on

4.2 .2a  ' Aph i d t r an s mi s s i  on

The t r a n s mi s s i o n  o f  BCMV i s o l a t e s  by aphids  

was t e s ted  us i ng  the b l ack  bean aphid,  Aphi s  f a ba e . 

The i s o l a t e s  E4, N and Nch2 which were tes ted  were 

s u c c e s s f u l l y  t r an smi t t ed  by the bean aphid,  A. fabae 

on the bean ' Long Tom' in a n o n p e r s i s t e n t  manner. 

Mosa i c  symptoms were observed on the t e s t  p l an t s  20 

days a f t e r  the aphid had been al l owed an i n o c u l a t i o n  

feed i ng  pe r i od  of  15-20 minutes.  Th i s  i nd i ca t ed  

that  the b l ack  bean aphid could acqui re  the v i r u s  

and r e a d i l y  t r an smi t  i t  on s u s c e p t i b l e  bean p l an t s  

in a n o n p e r s i s t e n t  manner a f t e r  2 min a c q u i s i t i o n
l

per i od.

4.2.2b Dodder ( Cuscuta sp)  t r a n s mi s s i o n

U n i de n t i f i e d  Cuscuta sp. was used to t e s t  

the t r a n s mi s s i o n  of  BCMV. However, the dodder v i nes  

f a i l e d  to e s t a b l i s h  s u c c e s s f u l l y  on the bean p l an t s  

and t he r e f o r e  the t r an s mi s s i on  of  BCMV i s o l a t e s  

through Cuscuta sp. was not accompl i shed.

4 . 2 . 3  I s o l a t i o n s  of  BCMV from i n f ec t ed  bean p l a n t s . 

4.2.3a I s o l a t i o n s  of BCMV from pods

In order  to determine the presence of  the
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v i r u s  in bean pods,  i s o l a t i o n s  were made from pods 

o f  i n f e c t e d  p l a n t s .  I n o c u l a t i o n s  performed on 

' L ong  Tom'  u s i ng  i n f e c t e d  pods as the source of  

i noc u l a  f o r  the 14 i s o l a t e s  of  BCMV r e s u l t e d  i nto
t \

the p roduc t i on  of  mosaic symptoms, 6 days a f t e r  

i n o c u l a t i o n .  Thi s  i nd i c a t ed  the presence in the 

pods of the v i r u s  which i s  known to cause the pods 

to be dark green (Zaumeyer and Goth, 1964).

4. 2 .3b  I s o l a t i o n s  of BCMV from seed embryos .

When the p repa r a t i on  from the seed embryos 

of  i n f e c t e d  ' Long Tom' p l an t s  was . t e s t ed  f o r  

i n f e c t i v i t y ,  i t  was i n f e c t i o u s  when b i oa s s ayed  

onto p l a n t s  of  the v a r i e t y  ' Long Tom' .  Al l  the 

14 i s o l a t e s  of  BCMV were recovered mechan i ca l l y  from 

' seed-embryos ,  of  seeds of  i n fected  ‘ Long Tom' p l an t s .  

(Table 5).  The presence of  the v i r u s  in the seed 

embryo was important  as i t  would i n f l uence  the 

product i on  of  BCMV i n f ec ted  seed. The t r a n s mi s s i o n  

of  the v i r u s  through ovu l e s  and f l ower s  had been 

demonstrated (Wi l son and Dean, 1964).  Schippers  

(1963) showed that  f o r  the product i on of  BCMV 

i n f ec ted  seeds the f l ower  buds should  n e c e s s a r i l y  

become i n f ec t ed  before f e r t i l i z a t i o n .  In t h i s  

study the seed embryos used f o r  the inoculum
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Table  5. Recovery of  BCMV i s o l a t e s  frojn pods and
seed pa r t s  of  the-bean y a r i e t y  •' Long Tom' .

Source of  I s o l a t i o n

I s o l a t e Pods Seed Embryo 
and co t y l e tons

Seed ; 
coats

E4 + + -

E5 + + -

N + + -

I O C + + -

510 + + -

Ah 1 + + -

K + + -

T + + -

Nch2 + + „  I

4 + + -

N c4 + + -

NY + + -

86 + + -

11A + +

+: Sys temi c  mosaic 

s e e d l i n g s .

symptoms on i nocu l a t ed  bean

- ; No symptoms on i nocu l a ted  ' Long Tom' bean

seed ! i  n g s .
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p r e p a r a t i o n  were taken from source -Hants  that  were 

i n o c u l a t e d  at the age of 12 days.  ihe f a c t  that  the 

p r e p a r a t i o n s  from the embryos of these p l a n t s  were 

i n f e c t i o u s  was expected s i n c e  i t  i s  wel l  known that  

i n o c u l a t i o n  of  p l an t s  before  f u l l  development of  tne 

f i r s t  t r i f o l i a t e  l ea f  may r e s u l t  in the i n f ec ted  seed 

( S c h i p p e r s ,  1963).

4 . 2 . 3 c  I s o l a t i o n  of  BCMV from seed coat s

The t e s t s  performed to i s o l a t e  the v i r u s  from 

seed coats  snowed that  i noculum o r e o a r a t i o n s  from seed 

coat s  were not i n f e c t i o u s  a f t e r  b i o a s s a y i n g  onto ' Long  

Tom'  p l an t s  and no v i r u s  was recovered (Table 5).
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4 . 2 . 4  P h y s i c a l  p r o p e r t i e s  in c r ^de sap

4 . 2 . 4 a  D i l u t i o n  end p o i n t  ( PEP)

As shown in t ab l e  6,  out of  14 v i r u s  i s o l a t e s ,  j

t ho s e  wi th DEP of  1 0 ' 3 - 10 ‘ 4 were E 5 , Nch2, E4, T,

4,  A h l , 86 and 11A. The r e s t  of  the i s o l a t e s  namely

N, 10c,  510,  N c 4 , K and NY had DEP of  1 0 " 4 - I t f 5 .

- 3A l t houg h ,  t h i s  va l ue was very  c l o se  the DEP 10
- 4  i

10 repor ted  f o r  BCMV, i t  appeared to r e f l e c t

v a r i a t i o n  that  would be expected f o r  s t r a i n s  of  the 

same v i r u s .

4 . 2 . 4b  Thermal  i n a c t i v a t i o n  po i nt  ( T I P )

Dete rmi na t i on s  of  T I P  f o r  t h » 14 i s o l a t e s  of  

BCMV i nd i c a t e d  that  they were w i t h i n  the temperature 

range of  54-58°C.  (Table 6) .  The i s o l a t e s  E5, Nch2,

N and K had the h i ghe s t  i n a c t i v a t i o n  p o i n t  of 58°C. 

wh i l e  T, 86,  NY and 11A were i n a c t i v a t e d  at 56°C.

I s o l a t e s  E4,  E5, Ah l ,  10c,  510 and Nc4 which were 

most uns t ab l e  were i n a c t i v a t e d  at 54°C. Al though the 

TIP val ues  o b t a i n e d - f o r  the v i r u s  i s o l a t e s  were 

w i t h i n  the ranee 50 ' 60°C acceptable  f o r  BCMV 

(Bos ,  1971) they i nd i c a t e d  some v a r i a b i l i t y  wi t h i n  

the i s o l a t e s  as regards  the s t a b i l i t y  o f  these
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Table 6. P h y s i c a l  p r o p e r t i e s  of  bean common mosaic 
v i r u s  i s o l a t e s ,

I s o l a t e D i l u t i o n  Thermal L ongev i t y  in
end po i nt  I n a c t i v a t i o n  ' vi  t ro  CdayTJ

po i n t  (°C [-  ••

E5

i0i
C

O1o

58 4

Nch2 ii 58 . 3

E4 n 56 3

T ii 54 2

4 ii 56 4

Ah 1 ii 56 4

86 ii 54 4

11 A ii 54 2

N 1 0 ' 4 - 1 0 ' 5 58 4

10c II 56 4

510 II 56 2

Nc4 II 56 4

K II 58 3

NY II 54 3
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i s o l a t e s  to temperature.

4 . 2 . 4 c  Longev i t y  i n  vi t r o

• >

The ag i ng  a b i l i t y  f o r  BCMV i s o l a t e s  was 

determined at 25°C room temperature.  Eleven 

i s o l a t e s  remained s t ab!e  i n  v i t r o f o r  3-4  days.  The 

i s o l a t e s  T, 11A , and 510 l o s t  t h e i r  s t a b i l i t y
i

a f t e r  2 days.  Thi s  was in agreement w i t h  the known 

s t a b i l i t y  vn v i t r o  f o r  BCMV which i s  u s u a l l y  1-4 days

4 . 2 . 5  P u r i f i c a t i o n  of  BCMV

4 . 2 . 5 a  Low and high speed c e n t r i f i g a t i o n .

The i s o l a t e  Nch2 o f  BCMV was p a r t i a l l y  

p u r i f i e d  as a sample and used f o r  UV-absorpt i on  

spect rophotomet r y ,  e l e c t r on  microscopy and s e r o l o g y .  

S y s t e m i c a l l y  i n f ec ted  l eaves  of one mor.th-old 

’ Long Tom' p l an t s  were macerated in 0.5 M t r i s od i um 

c i t r a t e  b u f f e r ,  pH 8.0 in 0.1% sodium s u l p h i t e  as a 

s t a b i l i z e r .  A s a t i s f a c t o r y  p a r t i a l l y  p u r i f i e d  v i r u s  

p repar a t i on  was obtained when ch l o ro fo rm (added at a 

rate  of 7m/100ml of e x t r a c t )  was used as the 

c l a r i f y i n g  agent.
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4.2 .5b  Sucrose  d en s i t y  g r a d i e n t  c e n t r i f u g a t i o n

A l i g h t  s c a t t e r i n g  zone was obta i ned  15 mm below 

t e mer i scus  in the dark room. Th i s  zone

showed the presence of  the v i r u s  whfch had i n f e c t i v i t y
A

when b i oas sayed  to p l an t s  of  ' Long  ium'  wi t h  the 

p roduc t i on  of  mosaic symptoms.

4 . 2 . 5 c  U l t r a v i o l e t  ab s o r p t i on  spect rophotomet ry

of  p a r t i a l l y  p u r i f i e d  v i r u s  p r epa r a t i on  of 

> i s o l a t e  Mch2.

The v i r u s  p repa r a t i on  had maximum and minimum 

abso r p t i on s  at 259 nm and 246 nm, r e s p e c t i v e l y  

( F i g .  2). For  t h i s  v i r u s ,  which was d i l u t e d  10 t imes  

the abso rpt i on  (A max: min) r a t i o  was T.216 wh i l e  the 

absorbance 280/260 r a t i o  was 0.52 which i nd i c a t e d  

that  the v i r u s  being a nuc l eop ro t e i n  conta i ned  n u c l e i c  

ac i ds  capable of u l t r a v i o l e t  ab so rpt i on .

4 . 2 . 5 d E s t i mat i on  of  v i r u s  concen t r a t i on

The concent ra t i on  of the v i r u s  in p a r t i a l l y  

p u r i f i e d  p r epa r a t i on s  es t imated from spect rophoteme-  

t r i c  data was 0.94 mg per ml. IJhen the concen t r a t i on  

was determined by dry weight  method i t  was ! mrj per 

ml of  the v i r u s  p repar a t i on .
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4 .2 .6  E l e c t r on  microscopy

The p a r t i a l l y  p u r i f i e d  v i r u s  p r e p a r a t i o n  f o r

the i s o l a t e s  i nd i c a ted  the oresence of f i l a m en tou s
‘

p a r t i c l e s  when examined in the P h i l l i p s  200 model 

e lec t ron  microscoDe (P la te  6) .  The normal l eng th  

obta ined f o r  p a r t i c l e s  of  BCMV i s o l a t e  11A was 

758 nm, fo r  64 p a r t i c l e s ,  w i t h  a c o e f f i c i e n t  of  

v a r i a t i o n  o f  8.23 percent.

4 .2 .7  Se ro log y

The BCMV i s o l a t e  Ilch2 had a t i t r e  o f  1/512. 

The t i t r e  o f  i t s  homologous a n t i s e r u n  was 1/128. 

I nfected sap d id not show any reac t i on  a g a i n s t  the 

normal serum. Ne i the r  did the heal th  sap.  The 

i s o l a t e  Nch2 of  8CI1V a l so  reacted with he te r o l og ou s  

antiserum to the Eurooean BCMV and with the 

antiserum to the European bean ye l l ow  mosai c v i r u s .
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4 . 2 . 8  D i f f e r e n t i a t i o n  Q f  BCMV s t r a i n s

The i s o l a t e s  of  BCMV induced v a r y i n g  r e a c t i o n s  

upon the bean d i f f e r e n t i a l s  which were te s ted .  These 

r e a c t i o n s  are summarized in Table 7. The v i r u s  

i s o l a t e s  induced both l o ca l  and s y s temi c  symptoms.

Two types  o f  systemic symptoms were observed:  mosaic

and s y s temi c  n e c r o s i s .  The mosaic symptoms were 

observed in those d i f f e r e n t i a l s  known to car ry  the 

r e c e s s i v e  a l l e l e s  ( i i )  o f  the n e c r o s i s  gene, whi le  

s y s temic  n e c r o s i s  occur red in the d i f f e r e n t i a l s  tha t  

ca r r y  the dominant a l l e l e s  (11) of  the gene 

( D r i j f h o u t ,  1978). The l oca l  r e a c t i o n s  which were 

induced by the i s o l a t e s  were e i t h e r  s u p e r f i c i a l  l oca l  

l e s i o n s  observed on the i i  gene p la n t s  or l oca l *  

n e c r o s i s  observed in those p lan t s  of  11 gene group 

( D r i j f h o u t ,  1978).

A l l  the 14 i s o l a t e s  produced i d e n t i c a l  mosaic 

symptoms on the d i f f e r e n t i a l  bean v a r i e t i e s ,

' S t r i n g l e s s  Green Refuge '  and ' P i n t o  114'  

and on ' Long  Tom', but they f a i l e d  to induce sy s temic  

symptoms on 'Monroe ' .  The i s o l a t e s  E4, N, K, T, 86 and 

Nc4 induced mosaic on ' I m u n a ' ,  ' Red lands  Green l e a f  

B ' ,  ' S a n i l a c '  and ' M i c h e l i  t e 1 and ' P i n t o  114'

( P l a te  7 ) ,  but f a i l e d  to induce symptoms on ' W i d u s a ' ,  

' J u b i l a ' ,  ' Topc rop '  and 'Amanda' .  The v a r i e t i e s



T a b l e  7. R e a c t i o n s  o f  b e a n  d i f f e r e n t i a l s  t o  14 i s o l a t e s  o f  b e a n  common 
mosaic  v i r u s  (BCMV)

Groups and subgroups of  BCMV i s o l a t e s

Bean d i f f e r e n t i a l  
cul t i va r s

la lb l c Id 1 e 11 111 IV

E4 N K T 86 Nc4 4 Ah 1 E 5 510 10c NY N ch 2 1 1 A

* S t r i n g l e s s  Green 
Refugee + + + + + + + + + + + + + +

* Imuna + + + + + + + + + + + - + +

* Red land s  Green-  
l e a f  B + + + + + + + + + + + + - +

* S a n i l a c + + + + + + + + + + + + + -

* Mi c h e 1 i te + + + + + + + + + + + + + -

* P i n t o  114 + + + + + + + + + + + + + +

* Monroe - - - - - - - - - - - - - -

* *  Widusa - - - - - - - - +n +n +n - - -

* *  J ub i 1 a - - - - - - -n -n +n - - -n - -

* *  Topcrop - - - - - - - n +n - +n +n +n - -

* *  Amanda - - - - - - - - - - - +n - -

Long Tom + + + + + + + + + + + + + +

oo
CT>
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Table 7. (Cont inued)

D e s c r i p t i o n  of n o t a t i o n s ;

+ = Mosa ic  symptoms; or  v i r u s  recovered by

index in g  onto the bean ' Long Tom'.

+n = Sys temic n e c r o s i s .

-n = Local  ve ina l  n e c r o s i s .

= No s y s temic  symptoms, the v i r u s  not recovered 

by i ndex ing  onto the bean ' Long Tom'.

*  = C u l t i v a r  with r e c e s s i v e  a l l e l e s  ( i i )  or  the

n e c r o s i s  gene ( D r i j f h o u t ,  1978).

* *  = C u l t i v a r  with dominant a l l e l e s  (11) of  the

n e c r o s i s  gene ( D r i j f h o u t ,  1978) .
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' I m u n a ' ,  ' Red lands  Green l ea f  B ' , ' S a n i l a c '  and 

' M i c h e l i t e ' ,  reacted with the p rod uct i on  o f  mosaic 

a g a i n s t  i s o l a t e  4 and A h l . Whereas these i s o l a t e s  

f a i l e d  to i n f e c t  ' W i d u s a ' ,  they i n f e c t e d  ' J u b i 1 a ' 

and ' T o p c r o p '  p roduc ing  l ocal  v e in a l  n e c r o s i s  which 

became sy s temic  on ' T opc rop '  with the i s o l a t e  Ah l .

The reac t i on s  o f  i s o l a t e  E5, 510 and 10c on 

' I m u n a ' ,  ' Red lands  Green leaf B 1 , ' S a n i l a c ' ,

' M i c h e l i t e '  ' P i n t o  114 '  and 'W idusa '  were s i m i l a r .

They c o n s i s t e d  o f  mosaic on the f i r s t  four  

d i f f e r e n t i a l s  and s y s tem ic  n e c r o s i s  on 'W idusa '

( P l a te  8) .  The i s o l a t e  E5 induced s y s temic  n e c r o s i s  

a l s o  on ' J u b i 1 a ' which was r e s i s t a n t  to both 510 and 

10c. ' To pc rop '  was however, r e s i s t a n t  to E5 a l though 

i t  developed s y s temic  n e c r o s i s  with the i s o l a t e  510 and 

10c.

The i s o l a t e  NY induced mosaic on ' Redlands  

Green l e a f  B ' ,  ' S a n i l a c '  and ' M i c h e l i t e ' ,  s y s temic  

n e c r o s i s  on ' Topc rop '  and 'Amanda'  and l oca l  ve ina l  

n e c r o s i s  on ' J u b i l a ' .  I t  was unable to i n f e c t  

' Imuna '  and 'W id u s a ' .  I s o l a t e  Nch2, l i k e  NY, induced 

s y s temic  mosaic in ' S a n i l a c '  and M i c h e l i t e '  but i t  

a l so  induced these symptoms on ' Imuna '  whereas i t  did 

not induce any symptoms on ' J u b i l a ' ,  ' Topc ro p '  and 

'Amanda'  which had been attacked by NY. Bes ides
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' S a n i l a c '  and ' M i c h e l i t e ' ,  i s o l a t e  11A f a i l e d  to 

react  with 'W i d u s a ' ,  ' J u b i l a ' ,  ' T opc rop '  and 'Amanda' .. 

However, i t  reacted wi th  ' Imuna '  and ' Red lands  Green 

l e a f  B'  i nduc i ng  mosaic symptoms.

i
4 .2 .9  C ro s s  p ro te c t i o n

The c ro s s  p r o t e c t i o n  t e s t s  were performed on 

the Phaseo lu s  v u l g a r i s  c u l t i v a r s  ' S a n i l a c '  and ' P i n t o  

11 4 ' .  The c u l t i v a r  ' S a n i l a c '  was used to te s t  the 

s t r a i n s  510 and Ahl wh i l e  the s t r a i n s  10c and K were 

te s ted  on ' P i n t o  114!. The ' S a n i l a c '  p l ant s  

i n o cu l a t ed  with the s t r a i n  Ahl produced a mosaic whi le  

those i n o cu l a te d  with Ahl and then cha l l enge  - 

i n o cu l a t ed  with the s t r a i n  510 produced mosa i c ,but  

with more numerous f l e c k s  than those produced in 

p l a n t s  i n oc u l a te d  with the s t r a i n  510 alone.

' P i n t o  114 '  p l a n t s  i no cu l a t ed  with the 10c 

s t r a i n  produced dark vein banding,  whi le those 

i no cu l a te d  with K s t r a i n  produced i n t e r v e i n a l  mosaic.  

When the p lan t s  were however i no cu l a t ed  with 10c 

s t r a i n  and then c h a l l e n g e - i n o c u l a t e d  with the K 

s t r a i n ,  gen e ra l i s ed  c h l o r o s i s  was produced.

The r e s u l t s  i n d i c a te d  that  in the case o f  

strai -ns Ahl and 510 the i n t r o d u c t i o n  of the s t r a i n  

510 as the cha l l enge  v i r u s  i n c reased  the s e v e r i t y  of
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the symptoms produced by the cha l l enge  v i r u s .  However, 

in the case of  s t r a i n  10c and K, the i n t r o d u c t i o n  o f  

the c ha l l e nge  v i r u s  a l t e r e d  the na ture  of symptoms.

4 . 3  RESISTANCE IN BEAN CULTIVARS TO STRAINS OF BEAN 

COMMON MOSAIC VIRUS

I n v e s t i g a t i o n s  on r e s i s t a n c e  to BCMV in l oc a l  

bean a c ce s s i o n s  revea led the presence of  some 

p ro m i s i n g  l i n e s .  The bean l i n e s  were e s s e n t i a l l y  

te s t ed  a g a i n s t  two l e v e l s  of  the v i r u s  inoculum so 

as to p ro v i de  fo r  pathogeni c  v a r i a b i l i t y  to which 

bean p l a n t s  are often exposed n a t u r a l l y .  The f i r s t  

l e ve l  o f  the v i r u s  inoculum c o n s i s t e d  of  a mixture 

o f  14 i s o l a t e s  of  the v i r u s  (Table 8a ) ,  whi le  the 

second l eve l  comprised o f  s i x  i n d i v i d u a l  i s o l a t e s  

(Table 8b).  The t e s t s  a ga in s t  the v i r u s  inoculum 

c o n s i s t i n g  of 14 i s o l a t e s  showed tha t  77 out of 454 

bean l i n e s  were r e s i s t a n t .

Responses  of  bean ac ce s s i on s  to v i r u s  inoculum 

were a s s o c ia t e d  with s p e c i f i c  symptom e x p r e s s i o n s .  

Three types  of symptoms were a s s o c ia t e d  with the 

r e s i s t a n c e  response.  The f i r s t  type comprised o f  

l oca l  brown l e s i o n s .  These symptoms were, to a l a r ge  

extent ,  r e s t r i c t e d  to the primary l eaves  of the 

t e s t  p l a n t s .  They were found o c c a s i o n a l l y  on the
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l o c a l  ve ina l  n e c r o s i s .  The l oca l  ve ina l  n e c r o s i s  

which c h a r a c t e r i s e d  r e s i s t a n c e  was not accompanied 

by any o the r  symptoms and was often con f ined  to the 

p r ima ry  l e a v e s .  Absence of  symptoms, rep re sented 

the t h i r d  fe a tu re  o f  r e s i s t a n c e .  In a l l  the 

e x p r e s s i o n s  tha t  c h a r a c t e r i s e d  r e s i s t a n c e ,  the v i r u s  

was not  recovered by back i n o c u l a t i o n  onto the bean 

cul t i  var ' Long Tom ' .

From a s u s c e p t i b i l i t y  view p o in t ,  the bean 

l i n e s  were a s s o c i a t e d  wi th  the e x p r e s s i o n s  of  e i t h e r  

mosaic  or s y s temic  n e c r o s i s ,  the l a t t e r  being, 

accompanied by death of the p lant  t i p  and subsequent 

death of the whole p lan t .  To t h i s  end, 377 bean 

l i n e s  were s u s c e p t i b l e  (Table 8a).  Mosa ic  symptoms 

on s u s c e p t i b l e  l i n e s  were preceeded o c c a s i o n a l l y  by 

e i t h e r  l o c a l  l e s i o n s  or h y p e r s e n s i t i v e  reac t i on .  

S i m i l a r l y ,  sy stemic  n e c r o s i s  could be preceeded by 

l oc a l  v e in a l  n e c r o s i s .  S u s c e p t i b l e  symptomless l i n e s  

were demonstrated to be v i r u s  c a r r i e r s  by recovery  of 

the v i r u s  on the c u l t i v a r  ' Long Tom', with e xp re s s i on  

o f  mosaic sysmptoms.

In o rde r  to demonstrate the c o n s i s t e n c y  of the 

r e s i s t a n c e  response of the bean l i n e s ,  98 l i n e s  were 

tested  a g a i n s t  s i x  i n d i v i d u a l  BCMV i s l a t e s .  The
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t e s t  was a l s o  used to demonstrate he occur rence  of

bean l i n e s  w i th  the dominant 1 gene r e s i s t a n c e  which
*

e x h i b i t s  i t s e l f ’ in the e x p re s s i o n  of n e c r o s i s .  

( D r i j f h o u t  and B o s , (1977)1 f o r  t h i s  pu rpose ,  f i v e  

i s o l a t e s  s i m i l a r  to NL3 s t r a i n  ( n e c r o s i s  i nduc ing  

s t r a i n )  namely E5, IOC, 510, K and T and a non 

n e c r o s i s  i n d u c i n g  i s o l a t e  Nch2 were u t i l i z e d .  The

98 bean l i n e s  c on s i s t e d  o f  12 l i n e s  found e a r l i e r
|

to be - r e s i s t a n t  to BCMV and 86 l i n e s  t h a t  were
l

s u s c e p t i b l e  but i nc luded  those tha t  reacted with 

s y s temic  n e c r o s i s .

The r e a c t i o n s  of  the bean l i n e s  to the 

i n d i v i d u a l  i s o l a t e s  of  the v i r u s  a-e summarized in 

Table 8b. Of the 98 bean l i n e s  tested., 16 expre s sed  

systemic n e c r o s i s  a g a i n s t  at l e a s t  one o r  more 

v i r u s  i s o l a t e s .  In t h i s  re sp ec t ,  the GLP numbers:

103, 145, 398, 440, 1285 and 1347 were s t r i k i n g  in
-

that  they expre s sed  s y s t emi c  n e c r o s i s  a g a i n s t  at 

l ea s t  four out  of  the s i x  i s o l a t e s .  The l a s t  two 

GLP numbers, 1 285 and 1 347 , were of American o r i g i n .

Of spec ia l  importance were bean l i n e  numbers: 58 and.

1000. These l i n e s ,  be s ide s  being symptomless,  were 

non c a r r i e r s  o f  the v i r u s .  Inc luded  in t h i s  category  

was the bean l i n e  number 697 which,  however,  un l i k e  

t,io numbers 58 and 1 000, was s u s c e p t i b l e  to the v i r u s
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e a r l i e r .  A few l i n e s ;  417,419,  429, 582, 733, 734, 

831, 870, 878, 1262 and x-6 were r e s i s t a n t  to some 

i s o l a t e s ,  but s u s c e p t i b l e  to o the r s .  The majo r i t y  

of  the l i n e s  were those s u s c e p t i b l e  to a l l  the 

i s o l a t e s  o f  the v i r u s  e x p re s s i n g  mosaic symptoms.

4
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Table 8a. React ions  o f  bean c u l t i v a r s  to 14 mixed 
i s o l a t e s  o f  bean common mosa i c  v i r u s  

.................. ( BCMV) .......................................

Test
Number

Cu l t  i var 
Number O r i g i n

In fee-  
t i v i ty

Reacti  on

1 RH - 3 KIP - 78-98.1 + S

2 RH - 27 MB 84 + S

3 RH - 34 GLP-3 x F ' [GLP-3

X GLP-9 ) + S

4 GLP-58 KARI 2725 - R

5 GLP-62 KARI 2729 +n S

6 GLP-69 KARI 2729 - R

7 GLP-90 KARI 2957 + S

8 GLP-99 KARI 2966 - R

9 GLP-103 KARI 2970 •m ' S

10 GLP-145 UNKNOWN +n S

11 GLP-152 UNKNOWN +n S

12 GLP-153 UNKNOWN + S

13 G L P - l 62 UNKNOWN + S

14 GLP-217 KARI 3066 + S

15 GLP-218 KARI 3068 + S

16 GLP-277 UNKNOWN + s

17 GLP-278 UNKNOWN + s

18 GLP-279 ii + s

19 GLP-284 ii + s

20 GLP-340 ii + s
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Table 8a. (^Continued)

Test
Number

Cu l t  i var  
Number O r i g i n

In f  ec-r 
t i v i ty React ion

21 GLP-349 UNKNOWN + S

22 GLP-350 ii + S

23 GLP-351 ii + S

24 GLP-352 n + S

25 , GLP-353 ii + S

26 GLP-354 II + S

27 GLP-355 II + S

28 GLP-356 n + S

29 GLP-357 ii + S

30 GLP-358 ii + S

31 GLP-366 it + S

32 GLP-398 ICARI 3939 -n R

33 GLP-414 KARI 4186 + S

34 GLP-416 KARI 4174 + S

35 GLP-417 KARI 4175 - R

36 GLP-418 KARI 4176 + S

37 GLP-419 KARI 4177 + S

38 GLP-424 KARI 4182 - R

39 GLP-425 KARI 4188 +n S

40 GLP-426 KARI 4189 + S

41 GLP-427 KARI 4190 + S
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Table 8a. (Cont inued)

Test  C u l t i v a r  
Number Number

42 GLP-429

43 GLP-436

44 GLP-438

45 GLP-440

46 GLP-442

47 GLP-502

48 GLP-530

49 GLP-582

50 GLP-585

51 GLP-647

52 GLP-669

53 GLP-681

54 GLP-683

55 GLP-697

56 GLP-728

57 GLP-729

58 GLP-730

59 GLP-731

60 GLP-733

61 GLP-734

62 GLP-758

O r i g i n  I n fe

4192 +

4199 -

4201 +

4203 **

4205 +

1 361 +

3069 +

4837 +

4841 -

5183 +

5205 +

5217 +

5219 +

4175 +

5300 +

5301 +

5302 +

5303 +

5305 +

5306 +

5331 +

t i  vi  ty React i on

S

R

S

R

S

S

S

S

R

S
ks

s
s
s
s
s
s
s
s
s
s
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Table  8a f [Cont inued)

Tes t  C u l t i v a r
Number Number O r i g i n  I n f e c t i v i t y  React i on

63 GLP-759 KARI 5332 + S

64 GLP-760 n 5333 + s

65 GLP-765 H 5338 + s

66 GLP-766 it 5339 + s

67 GLP-767 ii 5340 + s

68 GLP-797 it 5469 + s

69 GLP-784 n 5486 + s

70 GLP-805 + s

71 GLP-823 ii 4803 - R

72 GLP-824 ii 4809 - R

73 GLP-825 ii 4812 - R

74 GLP-826 ii 4813 - R

75 GLP-830 n 4827 + S

76 GLP-831 n 4836 + S

77 GLP-844 n 5481 + S

78 GLP-845 n 5486 + S

79 GLP-846 ii 5487 + s

80 GLP -854 n 5828 + s

81 GLP-855 n 5829 + s

82 GLP-860 n 5853 + s

83 GLP-870 ii 6045 + s
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Table 8a. (^Continued)

Test  C u l t i  var
Number Number O r i g i n I n f e c t i  vi  ty React ion

84 GLP-871 KARI 6046 + S

85 GLP-877 il + S

86 GLP-878 II 4182 + S

87 GLP-881 II 3099 +n S

88 GLP-883 II 3107 + S

89 GLP-884 II 3109 - R

93 GLP-898 II 6117 + S

94 GLP-934 II 6159 + S

95 GLP-941 II 6166 - ft

96 GLP-944 II 3102 + S b
97 GLP-946 II 3105 + S

98 GLP-947 II 3108 -*-n 5

99 GLP-948 II 31 10 - R

100 GLP-949 II 3111 - R

101 GLP-950 II 3112 +n S

102 GLP-961 II 3113 + S

103 GLP-952 II 3114 +n S

104 GLP-956 II 3126 - R

10b GLP-958 II 3130 - R

106 GLP-959 II 3131 - R

107 Gl P- 9 60 II 3132 + S



99

Tab le  8a. (^Continued)

Tes t  C u l t i  yar

Number Number O r i g i n  I n f e c t i v i t y  React i on

108 GLP-961 KARI 3134 + S

109 GLP-962 " 3135 + S

n o GLP-963 M 3136 + s

111 GLP-964 " 3 1 37 + s

112 OLP-965 " 3139 + s

113 GLP-966 " 3140 + s

114 GLP-969 " 3144 + s

115 GLP-1000 " 3191 - R

116 GLP-1265 • " 9425 + S

117 GLP-1270 " 9430 - R

1 18 GLP-1285 " 9445 +n S'

119 GLP -1347 " 10081 +n S

120 GLP-1348 " 10082 + S

121 GLPX-1 KABETE 1 + S

122 GLPX-2 " 2 + S

123 GLPX-3 " 3 + S

124 GLPX-4 " 4 - R

125 GLPX-5 " 5 + S

126 GLPX-6 " 6 + S

127 GLPX-7 " 34 + S

128 GLPX-8 " 35 + S

i



Tab le 8a. (_continued)

Te s t
Number

C u l t i  var 
Number O r i g i n In fee t i  v i t y React i  on

129 GLPX-9 KABETE 36 + S

1 30 GLPX-10 M 37 + S

1 31 GLPX-11 M 38 + S

1 32 GLPX-12 ii 39 + S

1 33 GLPX- 1 3 ii 40 + S

1 34 GLPX-14 ii 41 + S

1 3b GLPX-15 ll 45 + S

1 36 GLPX-16 ii 49 + S

137 GLPX-17 H 50 + S

1 38 GLPX-18 n 51 + S

1 39 GLPX-19 II 52 + S *

140 GLPX-20 II 53 + S

141 GLPX-21 ii 55 + S

142 GLPX.-22 n 56 + S

143 GLPX-23 ii 57 + S

144 GLPX-24 ll 58 + S

145 GLPX-25 ii 59 + S

146 GLPX-26 II 60 + S

147 GLPX-27 ii 61 + S

148 GLPX-28 ii 62 • + S

149 GLPX-29 ll 63 + S
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Table 8a. (_Cont|nued^

Test  C u l t i v a r
Humber Humber O r i g i n  In fe e t i  vi  ty React i on

1 50 GLPX-30 KABETE 64 * S

1 51 GLPX-31 " 65 + S

152 GLPX-32 " 66 + s
1 53 GLPX-33 M 6 7 + s
1 54 GLPX-34 " 68 +n s
155 GLPX-35 " 6 9 + n s
156 GLPX-36 " 70 + s
157 GLPX-37 " 71 + s
158 GLPX-38 " 75 + s
1 59 GLPX-39 " 76 + s
160 GLPX-40 " 77 +

k
$

161 GLPX-41 " 78 + s
162 GLPX-42 " 79 + s
163 GLPX-43 " 91 + s
164 GLPX-44 " 92 + s
165 GLPX-45 " 9 3 + s
166 GLPX-46 " 94 + s
167 GLPX-47 " 95 + s
168 GLPX-48 " 96 + s
169 GLPX-49 " 97 + s
170 GLPX-50 " 98 + s
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Table 8a. (Cont inued)

Test  C u l t i  var
Number Number O r i g i n ....... I n f e c t  i.v.i ty React i on

1 71 GLPX-51 KABETE 100 + S

1 72 GLPX-52 ii 101 + S

173 GLPX-53 ii 102 + S

174 GLPX-54 ii 103 + S

1 75 GLPX-55 n 104 + S

1 76 GLPX-56 ii 105 + S

177 GLPX-57 ii 106 + S

178 GLPX-58 ii 107 + S

179 GLPX-59 II 112 + S

180 GLPX-60 II 114 + ?

181 GLPX-61 n 115 + s .

1 82 GLPX-62 n 116 + s

1 83 GLPX-63 n 118 ■h s

184 GLPX-64 ii 121 + s

185 GLPX-65 ii 122 + s

186 GLPX-66 II 123 + s

187 GLPX-67 ii 124 + s

188 GLPX-68 ii 125 + s

1 89 GLPX-69 ii 126 + s

190 GLPX-70 ii 127 + s

191 GLPX-71 ii 128 + s
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Table 8a. (Cont inued!

Test C u l t i v a r
Number Number O r i g i n  I n f e c t i  vi  ty React i on

192 GLPX-72 KABETE 129

193 GLPX-73 " 130

194 GLPX-74 " 133

195 GLPX-75 " 134

196 GLPX-76 " 137

197 GLPX-77 " 138

198 GLPX-78 " 139

199 GLPX-79 " 140

200 GLPX-80 " 141

201 GLPX-81 " 142

202 GLPX-82 " 143

203 GLPX-83 " 144

204 GLPX-84 " 145

205 GLPX-85 " 146

206 GLPX-86 " 147

207 GLPX-87 " 148

208 GLPX-88 " 149

209 GLPX-89 " 150

210 GLPX-90 " 151

211 GLPX-91 " 152
212 GLPX-92 " 153
213 GLPX-93 " 154

GLPX-94 " 155214
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Table 8a. [.Continued)

Test
Number

C u l t i  var  
Number O r i g i n ' In feetf.v Tty Reacti  on

215 GLPX-95 KABETE 1 56 + S

216 GLPX-96 ii 158 + S

217 GLPX-97 H 159 + S

218 GLPX-98 ii 160 + S

219 GLPX-99 H 161 + S

220 GLPX-100 H 162 + S

221 GLPX-101 ii 163 + S

222 GLPX-102 II 164 + S

223 GLPX-103 ii 165 + S

224 GLPX-104 II 166 + S
>

225 GLPX-105 ii 167 + s
226 GLPX-106 ii 168 + s
227 GLPX-107 II 169 + s
228 GLPX-108 n 174 + s
229 GLPX-109 ii 175 + s
230 GLPX-110 ii 176 + s
231 GLPX-111 ii 178 + s
232 GLPX-112 ii 179 + s
233 GLPX-113 ii 180 + s
234 GLPX-114 ii 181 + s
235 GLPX-115 ii 182 + s
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Tab le  8a. (Cont inued^

Tes t  C u l t i v a r
Number Number O r i g i n  . ' I n f e e t i v i t y  Reac t i on

236 GLPX-116 KABETE

237 GLPX-117

238 GLPX-118

239 GLPX-119

240 GLPX-120

241 GLPX-121 "

242 GLPX-122

243 GLPX-12 3

244 GLPX-124

245 GLPX-125

246 GLPX-126

247 GLPX-127

248 GLPX-128

249 GLPX-129

250 GLPX-130

251 GLPX-131

252 GLPX-132

253 GLPX-133

254 GLPX-134

255 GLPX-135 

GLPX-136

183 + S

184 + s
185 + s
186 + s
187 + s
188 + s
194 + s
195 + s
196 + s
199 + s
200 +

i

s
201 + s
202 +

+

s
s

203 + s
204 + s
205 + s
206 + s
207 + s
208 + s
209 + s256
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i

T ab l e  8a. (Cont inued )

Tes t  Cul t i  var
Number Number O r i g i n  I n f e c t i v i t y  React ion

2 5 7 GLPX- 1 3 7  KABETE 210 + S
2 5 8 GLPX- 1 38 " 211 + S
2 5 9 GLPX- 1 3 9 " 212 + s
2 6 0 GLPX- 1 4 0 " 213 + s
261 GLPX-141 " 214 + s
262 GLPX-1 4?. " 215 + s
2 6 3 GLPX- 1 4 3 " 216 + s
2 6 4 GLPX- 1 44 " 217 + s
2 6 5 GLPX- 1 45 " 218 + s
266 GLPX- 1 46 " 219 + s
2 6 7 GLPX- 1 4 7 " 220 + ' s
2 6 8 GLPX- 1 4 8 “ 221 + s
26 9 GLPX- 1 50 “ 223 + s
2 7 0 GLPX- 1 51 " 224 + s
271 GLPX- 152 " 22 5 + s
272 GLPX- 1 53 " 22 6 + s
2 7 3 GLPX- 1 54 " 227 + s
274 GLPX- 1 55 " 228 + s
275 GLPX- 1 56 " 229 + s
276 GLPX- 1 57 " 2 30 + t s
277 GLPX- 1 58 " 231 + s



Table 8a. (Cont inued}

Tes t  C u l t i v a r
Number Number O r i g i n I n f e c t i  vi ty React i on

278 GLPX-159 KABETE 232 + S

279 GLPX-160 a 233 + S

2 80 GLPX-161 ii 237 + S

281 GLPX-162 ii 238 + S

282 GLPX-163 ii 239 +n S

283 GLPX-164 II 240 +n $

2 84 GLPX-155 ii 242 -Hi s

285 GLPX-166 II 243 - R

286 GLPX-167 ii 244 +n S

287 GLPX-168 ii 245 + n 5

288 GLPX-169 II 246 +n S

289 GLPX-170 II 247 + n S

290 GLPX-171 ii 248 +n s

291 GLPX-172 II 249 -i-n s

292 GLPX-173 n 250 + n s

293 GLPX-174 ii 251 + n s

294 GLPX-175 n 252 +n s
295 GLPX-176 ii 253 + n s
296 GLPX-177 ii 254 +n s

297 GLPX-178 ii 255 + n s
298 GLPX-179 n 260 +n s



108

Tab le  8a (Cont inued)
. . V• . . v .

T e s t
Number

C u 11 i v a r 
Number O r i g i n • I n f e c t ! v i i ty •React i on

299 G L P X - l 80 KABETE 261 +n S

300 GLPX-181 II 264 +n S

301 G L P X - l 82 II 265 - R

302 G L P X - l 83 II 266 + n S

303 G L P X - l 84 II 2 69 +n S

304 GLPX-185 II 271 - R

305 GLPX-186 II 273 +n S

306 G L P X - l 87 II 274 +n S

307 G L P X - l 88 II 275 + S

308 G LP X - l 89 II 276 -n R

309 G L P X - l 90 II 277 +
>

S

310 GLPX-191 II 278 +n s

311 GLPX-192 II 280 +n s

312 G L P X - l 93 II 281 +n s

31 3 GLP X - l 94 + n s

314 G LP X - l 95 II 284 +n s

315 GLPX-196 II 285 +n s

316 GLPX-197 II 287 +n s

31 7 G LP X- l 98 II 289 +n s

318 GLPX-199 II 290 +n s

319 GLPX-200 II 291 +n s
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Table 8a. (_Continuedl

Test  
Numbe r

C u l t i  var 
Number O r i g i n I n f e c t i  vi ty React i  on

320 GLPX-201 KABETE 292 - R

321 GLPX-202 it 293 R

322 GLPX-203 it 294 - R

323 GLPX-204 ii 295 +n S

324 GLPX-205 H 296 - R

325 GLPX-206 H 297 - R

326 GLPX-207 ii 298 - R

327 GLPX-208 ii 301 + S

328 GLPX-209 ii 303 +n S

329 GLPX-210 ii 304 + n S
*

330 GLPX-211 ii 306 - R

331 GLPX-214 II 309 - R

332 GLPX-215 ii 311 - R

333 GLPX-217 ii 313 + S

334 GLPX-218 n 314 + s
335 GLPX-219 II 315 - R

336 GLPX-220 n 316 + S

337 GLPX-221 ii 317 + S

338 GLPX-222 n 319 + s
339 GLPX-223 ii 321 + s
340 GLPX-224 ii 322 + s
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Table 8a. (,Continued)

T e s t ' 
Number

C u 11 i v a r 
Number .• O r i g i n In fe e t i  v i t y React

341 GLPX-226 KABETE 324 + S

342 GLPX-227 + S

343 GLPX-228 " 325 + S

344 GLPX-229 " 326 + S

345 GLPX-230 " 327 + S

346 GLPX-2 31 " 328 + S

347 GLPX-232 " 329 + S

348 GLPX-233 " 3 30 + S

349 GLPX-234 " 331 + S

350 GLPX-235 " 332 + S

351 GLPX-236 " 333 + ' S

352 GLPX-238 " 336 + s
353 GLPX-239 " 339 + s
354 GLPX-240 " 340 +n s

. 355 GLPX-241 " 342 + s
356 GLPX-242 " 343 + s
357 GLPX-243 " 346 + s
358 GLPX-244 " 347 + s
359 GLPX-245 " 348 -HI s
360 GLPX-246 " 349 +n s
361 GLPX-247 " 350 + s
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Table 8a. CCont inued}

Test  
Number•

C u 11 i v a r 
Number Ori g i n In fee t i  vi ty React

362 GLPX-248 KABETE 351 +n S

363 GLPX-249 " 352 - R

364 GLPX-250 " 353 +n S

365 GLPX-251 " 354 - R

366 GLPX-252 " 355 +n S

367 GLPX-253 " 356 - R

368 GLPX-254 " 357 -n R

369 CLPX-255 " 358 + S

370 GLPX-256 " 359 +n S

371 GLPX-257 " 360 +n S

372 GLPX-258 " 361 +n
*
s

373 GLPX-259 " 362 - R

374 GLPX-260 " 363 +n S

375 GPLX-261 " 366 +n S

376 GPLX-262 " 367 - R

377 GPLX-263 " 368 - R

378 GPLX-265 " 370 +n S

379 GPLX-266 " 371 - R

380 GLPX-267 " 372 - R

381 GLPX-268 " 373 + S

382 GLPX-269 " 374 +n S



T a b l e  8 a .  ( . C o n t i n u e d ^

Test
Number

C u l t i  yar 
N umber O r i g i n In f e c t i  vi ty ■ React i on

383 GLPX-270 KABETE 375 +n S

384 GLPX-271 ii 376 + S

385 GPLX-272 ii 377 + S

386 GLPX-261 ii 366 +n S

387 GLPX-274 ii 382 - R

388 GLPX-275 ii 383 - R

389 G l p X-276 n 384 - R

390 G l p X-277 ii 385 + S

391 G LPX-278 II 386 + S

392 G LPX-279 n 387 +n S

393 G l p X-280 ii 388 + S

394 G LpX-281 ii 389 + S

395 G LPX-282 II 390 + S

396 G LPX-283 II 391 + 's

397 GLPX-284 ii 392 + s  •

398 G LPX-285 n 393 +n s

399 GL.PX-286 ii 394 - R

400 GLPX-287 ii 395 +n S

401 GLPX-288 ii 396 - R

402 GLPX-289 ii 398 +n S

403 GLPX-290 ii 400 + S

404 GLPX-291 II 401 + S

405 GLPX-292 ii 402 +n S

406 GLPX-293 ii 403 - R

407 GLPX-294 ii 404 + S

408 GLPX-295 ii 409 + S

409 GLPX-296 ii 410 + S

410 GLPX-297 n 411 R
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T a b l e  8 a .  ( C o n t i n u e d )

T e s t  C u l t i y a r
Number Number O r i g i n  - I n f e c t i v i t y  - React i on

411 GLPX-298 KABETE

412 GLPX-299 ii

41 3 GLPX-300 ii

414 GLPX-301 n

41 5 GLPX-302 n

416 GLPX-303 n

41 7 GLPX-304 ii

418 GLPX-305 ii

41 9 GLPX-306 ii

420 GLPX-307 ii

421 GLPX-308 ii

422 GLPX-309 ii

423 GLPX-310 n

424 GLPX-311 ii

425 GLPX-312 ii

426 GLPX313 ii

427 GLPX-314 n

428 GLPX-31 5 ii

429 GLPX-316 n

430 GLPX-317 ii

431 GLPX-318 ii

416 +n S

417 - R

418 +n S

419 - R

420 -  R

421 - R

422 +n S

423 +n S

424 + S

433 + S

434 + S

435 + S

436 + S

446 + S

447 + S

448 +n S

449 - R

450 +n S

451 + S

452 +n S

453 R



1 1 4

T a b l e  8 a .  ( C o n t i n u e d \

Test  C u l t i v a r
Number Number O r i g i n ......... T n f e c t i v i t y  • React i on

432 GLPX-319 K.ABETE 454 + S

433 GLPX-321 " 458 + S

434 GLPX-322 " 459 - R

435 GLPX-323 " 460 + S

436 GLPX-324 " 461 + S

437 GLPX-325 " 462 + S

438 GLPX-326 " 463 - R

439 GLPX-327 " 464 +n S

440 GLPX-329 " 466 + s

441 GLPX-330 " 468 T ' R

442 GLPX-331 " 469 - R

443 GLPX-333 " 471 +n S

444 GLPX-334 " 472 - R

445 GLPX-335 " 473 + S

446 GLPX-336 " 478 + S

447 GLPX-337 " 479
l

R

446 GLPX-338 " 480 - R

449 GLPX-339 " 482 + S

450 GLPX-340 " 483 +n S

451 GLPX-341 " 485 - R

452 GLPX-342 " 486 R
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Table 8a. (Cont inued}

Tes t  C u l t i  var
Number Number O r i g i n  Infect- i -vi ty React i on

453 GLPX-345 KABETE 493 + S

454 GLPX-346 " 494 + S

D e s c r i p t i o n  of  n o t a t i o n s :

+ = Mosa i c  or  s y s temi c  i n f e c t i o n  detectab l e  by

back i n o c u l a t i o n  onto the bean ' Long Tom' .

= No s y s temi c  symptoms, v i r u s  not recovered by 

back i n o c u l a t i o n  onto the bean ' Long Tom' .

+n = S y s t emi c  n e c r o s i s .

-n = Local  veinal  n e c r o s i s .
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T a b l e  8b. Reacti<?ns o f  bean c u l t i y a r s  to s i x  
i n d i v i d u a l  i s o l a t e s  of  BCMV.

T e s t

Number

C u l t i  yar 

Number

• V i r u s S t r a i n

Nch 2 K/V. r .v\  r r E 5 IOC ‘.510

1 RH - 3 + + + + + +

2 RH - 27 + + + + + +

3 RH - 34 + + + + + +

4 GLP- 58 - - - - - -

5 GLP- 62 - - +n - +n +n

6 GLP- 69 - + + - + +

7 GLP- 90 + + + + + +

8 GLP- 99 - +n +n - - +n

9 GLP-10 3 - +n +n +n +n -

10 GLP-145 - +n +n - +n +n

11 GLP- 152 - - +n - - +n

1 2 G L P - l 53 - - +n +n - +n

1 3 GLP-162 + + + - + +

14 GLP-217 + + + + + +

1 5 GLP-218 + + + + + +

16 GLP-277 + + + + + +

1 7 GLP-278 + + + + + +

18 GLP-279 + + + + + +

19 GLP-284 + + + + + +

20 GLP-340 + + + + + +

21 GLP-349 + . + + + + +

22 GLP-350 + + + + + +

23 GLP-352 + + + + + +

24 GLP- 35 3 + + + + + +

25 GLP- 354 + + + + + +

26 GLP- 355 + + + + + +
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Table 8b. (_Continued)

Tes t  C u l t i y a r  . V i r u s ' . S t r a i n

Number Number Nch2 K T E5 IOC 510

27 GLP-356 +

28 GLP-357 +

29 GLP-358 +

30 GLP-398 -

31 GLP-414 +

32 GLP-416 -

33 GLP-417 +

34 GLP-418 +

35 GLP-4.19 -

36 GLP-425 +

37 GLP-426 +

38 GLP-427 +

39 GLP-429 +

40 GLP-436 -

41 GLP-438 '+

42 GLP-440 -

43 GLP-442 +

44 GLP-502 +

45 GLP-582 +

46 GLP-585 -

47 GLP-647 +

48 GLP-669 +

49 GLP-681 +

50 GLP-683 +

51 GLP-697 -

52 GLP-728 +

53 GLP-729 +

+ + + + +

+ + + + +

+ + + + +

+n +n - +n -n

+ + + + +

+ + + + +

- + - - +

+ + + + +

+ + + + +

+ + + + +

+ + + + +

+ + + + +
>

+ - + ‘ + +

- -n - +n +n

+ + + + +

- +n +n +n +n

+ + + + +

+ + + + +

+ + + - +

- - +n - -

+ + + + +

+ + + + +

+ . + + +

+ + + + +

- - - +

+ + + + +

+ + + + +
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Table 8b. ^Cont inued)

Te s t  C u l t i v a r  

Number Number

V i r u s  S t r a i n

Nch2 ' . K • *. T - E5 IOC 510

54 GLP-730 + . + + + + +

55 GLP-731 + + + + + +

56 GLP-733 + + + + + +

57 GLP-734 + - + + + +

58 GLP-758 + + + + + +

59 GLP-759 + + + + + +

60 GLP-760 + + + + + +

61 GLP-765 + + + + + +

62 GLP-766 + + + + + +

63 GLP-767 + + + + + +

64 GLP-779 + + + + + +

65 GLP-784 + + + + + +

66 GLP-805 + + + + + +

67 GLPt 823 - - +n - +n + n

68 GLP-831 - + + + - +

69 GLP-870 - + + - + +

71 GLP-877 + + + + + V +

72 GLP-878 + + + - + +

73 GL P- 9 34 T r +n +n. +n

74 GLP-964 + + + + + +

75 GLP-965 . + •f + + . +

76 GLP-966 + + + . + + +

77 GLP-969 + , + . + + +• • +

78 GL P - l 000 - - - - -

79 GLP-1265 - - + - - +

80 GLP - l 270 - +n - +n +n

81 •GLP-1285 - +n +n +n +n +n
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Table 8b. (Cont inued }

Tes t  C u l t i  varY .%
Number Number

Vi rus S t r a i  n .... V K * V

Nch2 • K T.. • • E 5 • IOC ...510..

82 GLP •-1347 - +n +n +n +n +n

83 G L P •-1348 - + +n + +n +
84 GLP X- l + + + + + +

85 GLP X-2 + + + + + +

86 GLP X- 3 + + + + + +

87 GLP X-4 + + + + + +

88 GLP X - 5 + + + + + +

89 GLP X-6 - + + - + +

90 GLP • X- 7 + + + + + +

91 GLP X-8 + + + + + +

92 GLP X- 9 + + + + + +

93 GLP X-10 + + + + + + *

94 GLP X- l  1 + + + + + +

95 GLP X - 1 2 + + + + + +

96 GLP X- l  3 + + + + + +

97 GLP X 1 -P» + + + + + +

98 GLP X- l  5 + + + + + +

D e s c r i p t i o n  of  N o t a t i o n s ;

+ = Mosa i c  or s y s t emi c  i n f e c t i o n  detectab l e
by back i n o c u l a t i o n  onto the bean ' Long Tom'

-  No s y s temi c  symptoms, y i r u s  not  recovered 
by back i n o c u l a t i o n  onto the bean ' Long Tom'

+n = Sys temic  n e c r o s i s .

-n = Local  veinal  n e c r o s i s .
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4.4 EFFECT QF BCMV INFECTION ON THE VARIOUS 

GROWTH PARAMETERS OF BEANS.

4.4.1  He i gh t

He i gh t s  for  the bean v a r i e t i e s  ' Canadian 

wonde r ' ,  kRose coco'  and 'Mwezi mo ja ' ,  40 days 

a f t e r  i n o c u l a t i o n  wi th BCMV are shown in Appendix 4. 

The data were subjected to the a n a l y s i s  of  va r i ance  

[Appendi x  5).  The mean he i gh t s  and the appropr i a te  

s t anda r d  e r r o r s  and the LSDs are a l s o  shown in 

Table 9.

In a l l  the three v a r i e t i e s  the control

r e s u l t e d  in s i g n i f i c a n t l y  h i gher  p l an t  he i gh t s  than

any of  the v i r u s  s t r a i n s .  P l ant  he i gh t  in the three
>

v a r i e t i e s  was reduced by an average o f  55.3%. The 

v a r i e t y  ' Rose  coco'  which had the l e a s t  growth he i gh t  

was,  however,  the l e a s t  s u s c e p t i b l e  and i t  had a 

growth reduct i on  of  52.6%. 'Mwezi moja'  which had the 

g r e a t e s t  he i gh t  was reduced by 53.9% which was 5.4% 

l e s s  the amount of  r educ t i on  in the growth of  

' Canadi  an wonder ' .

The s i g n i f i c a n t  i n t e r a c t i o n  between s t r a i n s  

x v a r i e t i e s  i nd i ca ted  tha t  the v a r i e t i e s  responded 

d i f f e r e n t l y  to the v i r u s  s t r a i n s .  Whi l e  the he i gh t s  

f o r  the v a r i e t i e s  'Mwezi moja'  and ' Canadian wonder '  

were s i g n i f i c a n t l y  d i f f e r e n t  wi th a l l  the s t r a i n s ,  

s i g n i f i c a n t  d i f f e r ence s  between 'Mwezi  moja'  and

UNIVERSITY DF NAIROBI
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Tabl e  9. Mean l ieicjhtsin cm of three bean v a r i e t i e s  
I n f ec t ed  with three s t r a i n s  of  BCMV

BCMV S t r a i n s Bean v a r i e t i e s BCMV S t r a i n

: MM : • cw v. Vr.RCT; Means

Nch2 19.29 16.77 18.12 18.06

510 17.84 13.61 14.74 15.40

N 17.38 14.01 12.96 14.78

Con t r o l 39.38 36.33 32.18 35.96

Var i  ety Means 23.47 20.18 19.50 21.05

SED of two s t r a i n  means = 0.83 cm; LSD = 1.76

SED of  two v a r i e t y  means = 0.57 cm; LSD = 1.16
I

SED of  two v a r i e t y  means

f o r  the same s t r a i n =  1.13 cm; LSD = 2.29 

SED of  two s t r a i n  means.

f o r  the same v a r i e t y  or d i f f e r e n t  v a r i e t i e s

= 1.24 cm; LSD = 2.57

D e s c r i p t i o n  of  n o t a t i o n s  

MM = 'Mwezi  moja'

CW = ' C a n a d i a n  w o n d e r '

RC = 1 Rose c o c o 1
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' R o s e  coco '  occur red with, s t r a i n s  510 and N, but not  

w i t h  Nch2,  However, the he i gh t s  for  the v a r i e t i e s  

' Canad i an  wonder1 and ' Ro se  c oco1 remained the same 

w i t h  a l l  the s t r a i n s .

T e s t i n g  the s t r a i n  means f o r  each ya r i e t y  

( LSD = 2 . 5 7 )  showed that  there were not  s i g n i f i c a n t  

d i f f e r e n c e s  between the s t r a i n  means f o r  the v a r i e t y  

'Mwezi  mo j a ' ,  but s i g n i f i c a n t  d i f f e r e n c e s  e x i s t ed  

f o r  ' Canad i an  wonder1 and ' Rose c o c o 1. The s e v e r i t y  

o f  the three  s t r a i n s  on 'Mwezi moja'  was the same. 

Fo r  the v a r i e t y  ' Canadian wonder '  s t r a i n  Nch2 was 

s i g n i f i c a n t l y  d i f f e r e n t  from both 510 and N, but the 

d i f f e r e n c e  between 510 and N was not s i g n i f i c a n t .  

Both of  these  s t r a i n s  which had the same s e v e r i t y  on 

' Canad i an  wonder '  were seve re r  than Nch2 on t h i s  

v a r i e t y .  The same t rend was shown f o r  the y a r i e t y  

' Rose coco ' .

4 . 4 . 2  Pod number

The pod counts  o f  beans i n f e c t ed  with BCMV 

and the a n a l y s i s  o f  va r i ance  f o r  the data are shown 

in Appendices  6 and 7, r e s p e c t i v e l y . The mean pod 

count s  of  the beans,  the appropr i a te  s tandard  e r r o r s  

and the LSds are then shown in Table 10.

The control  was s u p e r i o r  than the s t r a i n s  in
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Table  10; Mean pod count s  of three bean v a r i e t i e s  
'Mwezi nioja ' ,  ' Canadian wonder '  and 
' Rose coco '  i n f ec ted  wi t h  three s t r a i n s  
of  BCMV.

BCMV S t r a i n s Bean V a r i e t i e s  

MM CW RC .:

BCMV S t r a i n  

Mean s

Nch2 22.2 25.6 17.8 21.87

510 20.8 21 .0 10.4 17.40

N 38.6 30.4 22.8 30.60

Cont ro l 52.2 67.0 39.2 52.80

V a r i e t y  Means 33.45 30.00 22.55 30.67

SED o f two s t r a i n means = 4.33 pods ; LSD = 9.18

SED of two var i  ety mean s = 2.59 pods; LSD = 5.26

SED of two va r i e t y means for  the same

s t r a i n = 5.18 pods ; LSD =10.52

SED of two s t r a i n means for  the same

v a r i e t y = 6.06 pods ; LSD =10.11

D e s c r i p t i o n  of  n o t a t i o n s  

MM = 'Mwezi  moja'

CW = ' Canadian wonder '  

RC = ' Rose coco '
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a l l  the three  v a r i e t i e s  i n d i c a t i n g  t ha t  the v i r u s  

s i g n i f i c a n t l y  reduced pod y i e l d  (,p = 0 .05) .  The 

average r educt i on  in pod y i e l d  in the three 

v a r i e t i e s  was 55.9% which was about the same 

q u a n t i t y  as the amount of  r educt i on  in t he i r  

growth he i g h t s .  'Mwezi  moja'  which had the h i gh e s t  

pod y i e l d  was a l s o  the l ea s t  s u s c e p t i b l e  to the 

v i r u s  wi th pod y i e l d  reduct i on  of  47.9%.  Al though 

' Ro s e  coco '  had the l e a s t  pod y i e l d i n g  a b i l i t y ,  i t s  

pod y i e l d  was reduced by 5.1% l e s s  the amount of  

r educ t i on  in the pod y i e l d  of  ' Canad i an  wonder ' .

The v a r i e t y  ' Canadian wonder '  was t he r e f o r e  the most 

s u s c e p t i b l e  v a r i e t y  wi th a reduct i on  in the pod 

y i e l d  of  61.7%.

The i n t e r a c t i o n  between the s t r a i n s  and the 

v a r i e t i e s  was h i g h l y  s i g n i f i c a n t  i n d i c a t i n g  that  

the v a r i e t i e s  responded d i f f e r e n t l y  to the s t r a i n s .  

Whereas the pod y i e l d s  f o r  the three  v a r i e t i e s  

was the same with the s t r a i n  Nch2, there were 

s i g n i f i c a n t  d i f f e r e n c e s  between v a r i e t i e s  f o r  the 

other  s t r a i n s  (510 and N). With the s t r a i n  510, 

s i g n i f i c a n t  d i f f e r e n c e s  occur red between ' Canad i an  

wonder '  and ' Rose coco '  but, a l s o  between 'Mwezi  

moja'  and ' Rose coco '  onl y.

When t h e  s t r a i n  me a n s  f o r  e a c h  v a r i e t y  w e r e



125

te s t ed  (1$D -  10.11)  there were no s i g n i f i c a n t  

d i f f e r e n c e s  between the s t r a i n  means f o r  the v a r i e t y  

' Canad i an  wonder' ,  but s i g n i f i c a n t  d i f f e r e n c e s  

e x i s t e d  f o r  the v a r i e t i e s  'Mwezi moja'  and ' Rose coco' .. 

For  l Mwezi moj a 1 , the s t r a i n  N was s i g n i f i c a n t l y  

d i f f e r e n t  from both 510 and Nch2, but the d i f f e r enc e  

between s t r a i n s  510 and Nch2 was not s i g n i f i c a n t .  The 

t rend f o r  the v a r i e t y  ' Rose coco'  was t hat  s i g n i f i c a n t  

d i f f e r e n c e s  occur red  between s t r a i n s  N and 510 but,  

not between N and Nch2 nor  between 510 and Nch2.

>
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4 . 4 . 3  Seed weight

Seed y i e l d s  of BCMV i n fected  beans are 

shown in Appendix 8 and the a n a l y s i s  of  var i ance 

(Appendi x  9) shows s i g n i f i c a n t  d i f f e r e n c e s  

between the v i r u s  s t r a i n s ,  the v a r i e t i e s  and the 

i n t e r a c t i o n  between s t r a i n s  and v a r i e t i e s .

As compared to the c on t r o l ,  the s t r a i n s  

s i g n i f i c a n t l y  reduced the p l ant  y i e l d s  (Table 11) .  

The average reduct i on in the bean seed y i e l d  in the 

t hree  v a r i e t i e s  was 63%. Al though the v a r i e t y  

'Mwezi  moja1 had the h i gh e s t  y i e l d ,  i t  was the 

most s u s c e p t i b l e  to the v i r u s  wi th a reduct i on in 

seed y i e l d  o f  67%. Whi le the seed y i e l d  of  the 

v a r i e t y  ' Canadian wonder1 was reduced by 64%, ' Rose  

c o c o 1 which had the l e a s t  y i e l d i n g  a b i l i t y  was 

however,  the l ea s t  s u s c e p t i b l e  v a r i e t y .  The seed 

y i e l d  in ' Rose coco '  was reduced by 55%.

The s i g n i f i c a n t  i n t e r a c t i o n  between the 

v a r i e t i e s  x s t r a i n s  i nd i c a t ed  that  the v a r i e t i e s  

responded d i f f e r e n t l y  to the v i r u s  s t r a i n s .  Te s t i n g  

the v a r i e t y  means for  each s t r a i n  (_LSD = 4.36)  

showed that  whi le the y i e l d s  f o r  the cont ro l  were 

d i f f e r e n t  for  a l l  the v a r i e t i e s  there were no 

s i g n i f i c a n t  d i f f e r e n c e s  between the v a r i e t i e s  f o r  

the s t r a i n s  Nch2 and 510. However, wi th s t r a i n  N,
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Table 11. Mean y i e l d s  in 9 per p lot  C/our p l a n t s )  
Of three bean y a r i e t i e s  i n f e c t ed  vyi th 
three s t r a i n s  of  RCMV

V i r u s  S t r a i n s  V a r i e t i e s  V i r u s  S t r a i n

..................... ' ......... Means

MM CW RC

Nch2 14.93 1 1 . 5 4 ’ 12.85 13.11

510 9.02 9.36 9.72 9.63

N 15.50 14.38 10.47 13.45

Cont rol 40.72 32.71 24.42 32.62

Var i  ety means 20.24 16.99 14.37 17.20

SED of two s t r a i n  means = 1 .70; LSD = 3.6

SED of two var i  ety means = 1.08;  LSD = 2.19

SED of two v a r i e t y means for the same

s t r a i n  = 2 .15,  LSD = 4.36

SED of two s t r a i n means for the same

v a r i e t y  or d i f f e r e n t
1

v a r i e t i e s  = 2.45;  LSD = 2.08

D e s c r i p t i o n  of  n o t a t i o n s  

MM = 'Mwezi  moja'

CW = ' Canadian wonder1 

RC = ' Rose  coco'
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a s i g n i f i c a n t  d i f f e r e n c e  ex i s t ed  between 'Mwezi

moja '  and ' Rose coco '  on l y .

When the s t r a i n  means f o r  each v a r i e t y  were 

t e s t ed  (LSD = 2 .08)  there  were s i g n i f i c a n t  

d i f f e r e n c e s  between a l l  the s t r a i n s  f o r  v a r i e t y  

' Canad i an  wonder '  whi l e  d i f f e r e n c e s  ex i s t ed  only 

f o r  some of  them fo r  the v a r i e t i e s  'Mwezi  moja ' ,  and 

‘ Rose c o c o ' .  For  ' Mwe zi  moja ' ,  s t r a i n  510 was 

s i g n i f i c a n t l y  d i f f e r e n t  from N and Nch2>but the 

d i f f e r e n c e  between N and Nch2 was not  s i g n i f i c a n t .  

The t rend f o r  the v a r i e t y  ' Rose coco '  was that  

whi l e  s t r a i n  N was not  s i g n i f i c a n t l y  d i f f e r e n t  from 

510, s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  between Nch2 

and 510 and a l so  between Nch2 and N. ,
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4 . 4 . 4  Wei ght of  dry ma t t e r

Dry weight  of  ha rves ted  shoot s  was 

determined (Appendix 10).  Appendix 11 shows the 

a n a l y s i s  o f  va r i ance.

BCMV s i g n i f i c a n t l y  reduced (P = 0.05)  the 

dry weight  of  shoot s .  The shoot dry weights  of  the 

t h r ee  v a r i e t i e s  were reduced by an average of  27.2% 

(Table  12) .  The v a r i e t i e s  ' Rose c o c o ' ,  'Mwezi moja'  

and ' Canad i an  wonder '  were reduced by 25.31,  25.33 

and 30.34%,  r e s p e c t i v e l y .  Al though the v a r i e t y  

'Mwezi  moja'  had a h i g h e r  dry matter  y i e l d  than 

•Rose c o c o ' ,  the two v a r i e t i e s  were s i m i l a r  in t h e i r  

s u s c e p t i b i l i t y  to the v i r u s  s t r a i n s .  The v a r i e t y  

' Canad i an  wonder '  was a f f ec ted  by the v i r u s  more 

than,  both 'Mwezi moja'  and ' Rose c o c o ' .

The s i g n i f i c a n t  i n t e r a c t i o n  between v a r i e t i e s

and s t r a i n s  i nd i ca ted  t ha t  the v a r i e t i e s  responded

d i f f e r e n t l y  to the s t r a i n s .  Whi le the dry weight  

means f o r  the v a r i e t i e s  ' Rose coco '  and ' Canadian

wonder '  remained the same f o r  s t r a i n  Nch2, the

v a r i e t y  'Mwezi  moja'  was d i f f e r e n t  from ' Canadian

wonder '  and ' Rose coco '  f o r  t h i s  s t r a i n .  A s i m i l a r

pat tern  ho l ds  for  s t r a i n  N. However, f o r  s t r a i n

510 a s i g n i f i c a n t  d i f f e r e n c e  ex i s t ed  between

'Mwezi  moja'  and ' Rose coco '  onl y.



Tab l e  12. Mean weight s  o f  d r y  .matter y i e l d  of  
bean f o l i a r  t i s s u e  \n 9 per  p l o t 3

V i r u s  S t r a i n s • V a r i e t i e s .  .... ..

Vi rus  S t r a i n  
"MeansMM CW ’ rc : :

N cK2 48.46 41 . 85 43.81 44.71

510 44.41 41 .67 41 .63 42.57

« i 47.03 13.14 41.12 43.44

Con t ro l 62.45 60.61 56.49 59.85

V a r i e t y  means 50.59 46.82 45.51 47.64

a
Four p l a n t s  were ha r ve s ted

Sc D of two s t r a i n means = 1 .06; LSD = 2.25

SED of two v a r i e t y mean s = 0 .68; LSD = 1 . 3 8

S l D of two v a r i e t y mean s fo r the same

s t r a i n = 1 .37; LSD = 2.78

SED 0 f two s t r a i n mean s fo r the same

var i  e t y  or  di f f e r e n t  

v a r i e t i e s  = 1.57;  LSD = 2.07

Desc r i p t i o n  o f  n o t a t i o n s  

MM = 'Mwezi  moja'

Cl- - ' Canad i an  wonder '

RC = ' Ro s e  coco '
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T e s t i n g  s t r a i n  means f or  each v a r i e t y

(LSD = 2 . 0 7 )  showed that  whi le s t r a i n  means

remained the same f o r  the v a r i e t y  ' Canadian wonder ,

there were d i f f e r e n c e s  between them f o r  the other

v a r i e t i e s ,  ' Rose coco'  and 'Mwezi moja ' .  For 

' Mwezi moja '  s t r a i n  510 was d i f f e r e n t  from Nch2 and

N, but the d i f f e r ence  between Nch2 and N was not

s i g n i f i c a n t .  The t rend f o r  ‘Rose coco '  was that

whi l e  the d i f f e r e n c e  between N and 510 was not

s i g n i f i c a n t ,  the s t r a i n  Nch2 was d i f f e r e n t  from

both N and 510.
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5. DI SCUSSION AND CONCLUSION

5.1 DISCUSSION

3.1.1 D i sease  I nc i dence As ses sment

The occur rence  of  bean common mosa i c  in the'-' 

f i e l d  was r ecogn i zed  by c h a r a c t e r i s t i c  vein band i ng ,  

severe  mosai c,  l e a f  pucke r i n g ,  l e a f  d i s t o r t i o n s  and 

s t u n t i n g  of  the p l an t  as wel l  as r educ t i on  in the 

s i z e  of  the pods.  The use of  symptoms has long been 

recogni zed as an e s s e n t i a l  tool  f o r  r ap i d  d i a g n o s i s  

of  v i r u s  d i s e a s e s  ( S t o r e y ,  1935). New v i r u s e s  or 

v i r u s  s t r a i n s  have been recogn i zed  in the f i e l d  on 

the ba s i s  o f  symptom’s they have induced in the p l an t  

( B i r d  et. £l_, 1974; Yerkes  and P a t i no ,  1960;

Zauneyer arid Groth,  1 964 ). Va r i ou s  worker s  have 

as ses sed v i r u s  d i s ea se  i n c i denc e s  u s i n g  symptoms as 

one of  the a i d s  to d i a g n o s i s .  In Wash i ngton,  Burke 

(1964) repor ted mosaic i n c i dence  which was h i gher  in 

l ate May and Mid June p l a n t i n g s  than Mid May n l a n t i n g s  

of the same year .  in h i s  s t u d i e s ,  Ku l k a r n i  (1972)  

as sessed BCMV i nc i dence on the b a s i s  o f  symotomc and 

subsequent l y  i d e n t i f i e d  the v i r u s .

The as ses sment  or bean common mosa i c  i nc i dence  

i s  c on s i s t e n t  with the data in the l i t e r a t u r e .

Ho r s f a l l  in 1930 (Zaumeyer and Thomas, 1957) in a



133

s u r v e y  of catmint) beans found from t r ace  to 100 percent  

i n i  a c t i on  by BCHV wi i ch  was e s t i mated  to cause an 

ove r age  l o s s  of  100$. In Co l o rado,  Zaur.ieyer (1946)  

r epo r t e d  l o s s e s  of  33% r e s u l t i n g  from 75% i n f e c t i o n .  

Lockhart and F i s h e r  (1 974 ) noted tha t  in the case of

h i g h e s t  d i s e a s e  i n c i dence  d i s ea s e  growers  es t i mated  

l o s s e s  of 50 percent .  ‘ In 1 972 , Ku l karn- ; e s t a b l i s h e d
i

tne occur rence of  bean common mosaic in Kenya
i

h i g h l a n d s  and noted tha t  the causal  v i r u s  occur red  

w i d e l y  in Ea s t  A f r i c a .  Occas i ona l  r ep o r t s  on bean 

p r oduc t i on  have shown that  the d i s e c s e  occur s  in 

o t h e r  bean growing  areas  of  Kenya, es wel l  (G.L.P,

19 76;  Bock et a l , 1 976 , Rheenen et a! , .981).  A 

s eve re  v i r u s  i d e n t i f i e d  by Bock e_t a_l_ ( 1 976 ) 

occu r red  in hi gh i n c i dence .  The r e p o r t s  in the 

l i t e r a t u r e  have been conf i rmed by t h i s  survey,  

pr;.|V occur red wide l y  in the smal l  s e a l 0 ' 'arms in 

Kenya.  The recorded i n c i de nc e s  of  none to 63 per 

v(.„t were impor tant  c o n s i d e r i n g  that  an i n f e c t i o n  of 

o n l y  about 2 - 2 .5% could r e s u l t  in 1% i n s s  (Zaumeyer,

1946) .  .

The marked v a r i a t i o n  in the * nc i dence  of oean 

common mosaic among l o c a l i t i e s  i s  an a t t r i b u t e  of  

both the v i r u s  t r a n s m i s s i o n  v e c t o r s ,  the q u a l i t y  ,
ii

o f  >eed an:' the i n t e r a c t i o n  of  envi  r onrent  in genera l .  

The aphids ,  Mys us n e r s i c a e and Aph i s  fabae
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are known to be natura l  vector s  CB0S,  1971;

Z e t t l e r  et, aj[, 1 966).  The presence o f  the black

aphi d,  A. f a b a e , in the f a rmer s '  f i e l d s  was

s i g n i f i c a n t  as i t s  ro le  in BCMV t r a n s mi s s i o n  i s  wel l

known. Robert son and K l o s te rmyer  (1961)  have

prov i ded  c onc l u s i v e  ev idence of  the spread of  BCMV 

by mig rant  aphids .  In Kenya, Ku l ka r n i  (1972) has

shown the i n i t i a l  aphid popu l a t i on  i nc rea se  and

mi g r a t i on  to be r e l a t ed  to the v i r u s  i nc i dence.  I t

i s  t he r e f o r e  ev ident  that  the aphid t r an s mi t s  BCMV

wi t h i n  and between bean f i e l d s  r e s u l t i n g  in an

app rec i ab l e  i nc i dence of  bean common mosaic.

Whi le l o c a l i z e d  t r a n s mi s s i o n  o f  BCMV i s

brought  about by the aphid vec to r s ,  l ong  d i s t ance
- *

spread could be a t t r i b u t e d  to t r a n s m i s s i o n  through 

i n f ec t ed  seed. Des seminat i on through seed could have 

been p o s s i b l e  due to the fact  that  beans which grew 

on most o f  the farms s t ud i ed ,  were p l anted  from 

u n c e r t i f i e d  seed. Bos (1971)  has po i n ted  out the 

e f f e c t i v e  r o l e  of  i n f ec t ed  seed in the spread of  

BCMV. Robertson (1962)  has shown t ha t  p l ant s  grown 

from v i r u s - c a r r y i n g  seeds  can act as sources  of 

v i r u s  i noculum fo r  po t en t i a l  migrant  aphid vec to r s .  

Accord i ng  to Lockhart  and F i s he r  (1974)  i n f e c t i o n  

by seed borne BCMV in beans,  i s  a c u a l l y  one of  the
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p r i n c i p a l  causes of  y i e l d  l o s s  in bean product i on.

Bean common mosai c  was not recorded in 

Machakos  and K i t u i  dur i ng  t h i s  s tudy.  However, 

e a r l i e r  r epo r t s  (_Mukunya and Karue, 1 979 ) have 

s u g ge s t e d  the presence o f  the d i s ea se  in the two 

a r e a s .  The reason for  the absence o f  bean common 

mosa i c  in Machakos and K i t u i  dur i ng  the survey i s  

n o t  c l ea r .  I t  may be due to a number of  f a c t o r s  

r e l a t e d  to v i r u s  t r a n s m i s s i o n ,  seed hea l th  and 

c u l t u r a l  p r a c t i c e s .  One of  these may be the use 

o f  c lean seed or c u l t i v a r s  with dominant 1 gene 

r e s i s t a n c e  r e s u l t i n g  in the prevent i on  of  BCMV 

i n f e c t i o n  in beans which f a i l  to expres s  mosaic.

The presence of  bean l i n e s  with dominant 1 gene 

has  been demonstrated in severa l  l oca l  bean 

a c c e s s i o n s  i n c l ud i n g  some of  those from Machakos 

and K i t u i  (Omunyin, 1979) .  Another  f a c t o r  that  

may i n f l uence  BCMV i nc i dence  i s  the absence of  

aphid  vector .  The f i e l d  ob se r va t i on s  dur i ng  the 

s u r vey  did not reveal  the presence o f  aphid vector  

at  the time in both Machakos and K i t u i .  The absence 

o f  the aphids  could be exp l a i ned  by f l u c t u a t i o n s  in
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seasona l  aboundance of aphids  which would t r an smi t  

BCMV as repor ted by Eastop 0 9 5 7 }  and ICulkarni  

0 9 7 2 ) .

5 . 1 .2  I d e n t i f i c a t i o n  and d i f f e r e n t i a t i o n  of

s t r a i n s  of  BCMV.

The fourteen v i r u s  i s o l a t e s  shown in Table 1 

were concluded to be s t r a i n s  of  BCMV. They had many 

f ea t u r e s  in common with t yp i c a l  BCMV as regards ,  

among o t h e r s ,  symptomatology and host  range,  

phy s i ca l  p r o p e r t i e s ,  t r a n s mi s s i o n  and p a r t i c l e  s i z e  

p r o p e r t i e s .  The symptoms c o n s i s t i n g  o f  va r y i ng  

shades of  l i g h t  and green mosaic and s t u n t i n g  which 

were observed in the f i e l d  were a l s o  observed in »the 

greenhouse on the c u l t i v a r s  ' Long Tom'  ' Canadian 

wonder '  and ' Rose coco ' .  The v a r i e t i e s  ' Rose coco'  

and ' Canad i an  wonder '  are grown by farmers  and were 

t herefore  important  in a s s e s s i n g  the BCMV symptoms 

c o n s i d e r i n g  the tendency of  s y s temic  symptoms to vary  

with the type of v a r i e t y  bes ides  the s t r a i n  and 

temperature.  The a s s o c i a t i o n  of  mosaic symptoms wi th 

BCMV in beans has e a r l i e r  been demonstrated ( P i e r c e ,

1 934 ; Harr i sor i j  1 9 35 ; D r i j f h o u t ,  1 978)

Mechanical  i n o c u l a t i o n  t e s t s  showed that  the 

v i r u s  was recovered from the pods and par t s  of  the



137

seed except  the seed coat s .  The i . r u s  t herefore  

d i f f e r s  from BYMV which i s  seed t r an s mi t t e d ,  not in 

beans  ( Schwartz  and Gal vez,  1930) out in peas and 

c l o v e r  to a smal l  percentage (Bos ,  1970; Corbet t ,

1958 ) .  Tne v i r u s  r epor ted  here a l s o  d i f f e r s  from 

s ou the rn  bean common mosai c  v i r u s  v/nich occur s  in 

the seed coat s  and i s  non seed borne in beans (EkDO and 

S a e t t l e r , 1974; McDonald and Hami l ton,  1972).  The 

f a i l u r e  o f  the v i r u s  to occur  in the seed coats  was 

expected f o r  SCMV which seldom occur s  in the seed coat  

( Schwar t z  and Gal vez,  1980) .  I t s  absence in the seed 

coat  may be due to developmental  changes whicn take place 

in the nuce l ' l a r  t i s s u e  and the medium s u r round i ng  egg cel l  

be f o r e  f l owe r i n g .  S ch i ppe r s  (1963)  has shown that  these 

t i s s u e s  d i s i n t e g r a t e  2-3 days befor  } f l owe r i n g  wi th the 

r e s u l t  t ha t  v i r u s  m u l t i p l i c a t i o n  and t r a n s p o r t  w i t h i n  them . 

i s  impeded.

The r e s u l t s  of  phy s i c a l  p r o p e r t i e s  f o r  BCMV i s o l a t e s ,  

were c l ose  to those acceptao le  f o r  BCMV. From the view po i n t  

of s t a b i l i t y  in d i l u t i o n ,  two groups  of  i s o l a t e s  which wi t h s t oc  

the d i l u t i o n  of  10  ̂ - 10  ̂ and 10 J - 10  ̂ were recogn i zed .

However,  s i n c e  the d i l u t i o n  s t a b i l i t y  repor ted f o r  BCMV i s

- 3 - a .
u s u a l l y  lO - 10 (Bos ,  1971) ,  the apparent  e x i s t e n c e  oi

two groups of  the v i r u s  i s o l a t e s  r e f l e c t s  the i n s e n s i t i v i t y

of  the d i l u t i o n  end po i n t  assay r a t he r  than actua l  d i f f e r e n c e s

between the i s o l a t e s .  The v a r i ou s  i s o l a t e s  w i t h s t ood  thermal

i n a c t i v a t i o n s  of  54 -58°C and the ag i ng  in v i t r o  o f  2-4 days.
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These f i n d i n g s  f a vou r ab l y  cor respond wi t h  those r epor ted  f o r  

wChV in the l i t e r a t u r e  (Zaumeyer and Groth,  1964, Smi th 1972) .

The v i r u s  had a l i m i t e d  host  range.  Thi s  was ev i den t

from the f a c t  that  s y s t emi c  i n f e c t i o n  wi th  a l l  v i r u s  i s o l a t e s

occur red o n l y  in Ca s s i a  occ i  d e n t a l i s , Macropi  t i 1i urn 1a thy ro i  des ,

Phaseolus  a c u t i f o l i u s  and P. v u l g a r i s  c u l t i v a r s ,  most of  which

were s u s c e p t i D l e  except ' Red Mexican 1 4 2 ' .  The p l a n t s  of  the 

spec i es  Tr i  f o l i u m  p raten s e , Pi sum sat i vum and V i c i a faba were

not, i n f e c t e d ,  but the l a s t  two p l ant  s pec i e s  are s u s c e p t i b l e

host s  f o r  BYMV(Bos,  1 970; Bos ejt d/\_, 1 974 ). The f a i l u r e  of
i

the v i r u s  to i n f e c t  P i sum s a t i  vum, which i s  s e n s i t i v e  to a l l  

s t r a i n s  of  BYMV ( D r i j f o u t  ejt aj ,̂ 1 978) i s  another  b a s i s  of 

d i f f e r ence  between the v i r u s  repor ted here and BYMV. The f ac t  

that the v i r u s  induced l oca l  l e s i o n s  on l y  on Chenopodium 

amaranti  col  a r  which produced sys temi c  symptoms a g a i n s t  BYMV 

(Bos, ejt aj_, 1 974) i s  a l s o  important.  The cowpea aphid  borne 

mosaic which produces  l oca l  l e s i o n s  and s y s temi c  symptoms in *

C. amaranti  coI  a r and G l y c i ne  max, r e s p e c t i v e l y ,  cannot  be 

confused wi th  BCMV repor ted here s i nce  i t  i s  i n f e c t i o u s  to 

Cucumi s s a t i v a , Phy sa l i  s f 1o r i d a n a ,Pi sum s at i vum and Ni cot i  ana 

tabacum a l l  o f  which were r e s i s t a n t  to BCMV i s o l a t e s  repor ted 

he^e ( Smi th,  1972).  The c l o v e r vy e l 1ow ve in  v i r u s  which could be 

confused wi th  BCMV due to i t s  f i  1 amentous ' pa r t i  cl es , 700-800 rim 

long, was however ruled out  due to i t s  i n f e c t i o u s n e s s  to Ni c o t ia 

bynei , f|. t abacurr., C. s a t  i va , Hi candra physal  oi des and 

f i s um sat i vum which were r e s i s t a n t  to BCMV.
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The a rbsorbanca  280/260 r a t i o  of  0.52 and the 

maximum to minimum ab so r p t i on  of  1.216 were obta i ned  

f o r  3CMV which had uncor rected y i e l d  of 0 . 94-  1.00 ir.g 

per 75 g of  i n f ec ted  t i s s u e .  These val ues  were 

c l o s e r  to those obta i ned by Mora l e s  (1979) who found 

r a t i o  of  1.27 f o r  BCMV whose s pec t r opho tomet r i c  data 

i s  l a c k i n g  (Moordam, 1 973).

The BCMV had f i l amentous  p a r t i c l e s .  The normal
i

l eng th  of  758 nm which was obta i ned  l i e s  w i t h i n  the 

range 730-790 nm repor ted f o r  the Potato v i r u s  Y 

group to which BCMV belongs  (Brades  and ’. le tte r ,  1 959 ) 

On the grounds of  t h e i r  f i l ament ou s  nature the 

i s o l a t e s  could not be confused wi t h  any of  the 

i s o m e t r i c  p a r t i c l e s  which may hi  seed borne or  may 

produce bean common mosaic l i k e  symptoms.

S e r o l o g i c a l l y  the v i r u s  behaved l i k e  BCMV.

I t  was rel ated to the European BCMV as wel l  as the 

European BYMV. The r e l a t i o n s h i p  between BCMV and 

BYMV has a l ready  been demonst rated (Berk s ,  1960;

Dri  j f ho ut et, aj_, 1978;  Burucha^a,  1 979 ).

5 . 1 . 3  D i f f e r e n t i a t i o n  of I s o l a t e s

The v a r i e t a l  r ea c t i o n s  to BCMV i s o l a t e s  were
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important.  The sys temi c  symptoms induced by the 

var i ous  i s o l a t e s  were usefu l  in drawing the 

d i s t i n c t i o n  between the i s o l a t e s .  On the evidence 

that  temperature i n f l u e n c e s  the exp r e s s i o n  of  

sys temic  mosai c  l e s s  than s y s temi c  n e c r o s i s ,  the 

former was cons i dered  pr imary  in s t r a i n  d i f f e r e n t i a 

t i on .

Based on t h e i r  r ea c t i o n s  to both the 1 gene 

and the i gene p lant  d i f f e r e n t i a l s ,  four teen BCMV 

i s o l a t e s  were c l a s s i f i e d  i nto  f our  s t r a i n  groups 

c o n s i s t i n g  of  e i gh t  subgroups .  The f i r s t  s t r a i n  

group of  the v i r u s  compr i sed of i s o l a t e s  E4, N, K ,

T, 86, N c 4 , 4, A h l , E5, 510 and 10c. These i s o l a t e s  

reacted wi th i den t i c a l  mosaic symptoms to al l  the 

i gene p l a n t s  tes ted except  ' Monroe ' .  They however,  

d i f f e r ed  in t h e i r  r ea c t i o n s  to the 1 gene p l ant s  

namely: ' W i d u s a ' ,  ' J u b i l a ' ,  ' Topc r op '  and ' Amanda ' .  

On the b a s i s  of  these r eac t i on s  the s t r a i n  group one 

could be seen to c o n s i s t  of  f i ve  subgroups .  These 

subgroups and the i s o l a t e s ,  r e s p e c t i v e l y ,  are la ,

( E4 , N, K, T, 86 and Nc4) ,  lb ( 4 ) ,  l c ( Ah l ) ,  Id (E5)  

and le (510 and 10c).

Al l  the i s o l a t e s  represented  by s t r a i n  

subgroup one f a i l e d  to induce symptoms in ' W i d us a ' , 

' J u b i l a ' , ' Topcrop ' and ' Amanda ' .  The i s o l a t e s  

4 and Ahl in subgroups  lb and I c ,  r e s p e c t i v e l y ,
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• >

to - induce l oca l  vein r e c r o s i s  in ' d u b i l a '  and 

' T o p c r o p ' . In ' Topc rop '  the l oca l  n e c r o s i s  symptoms 

became s y s t emi c .  The re f o r e> i s o  1 ate 4 d i f f e r e d  from 

i s o l a t e  Ahl  in i t s  a b i l i t y  to induce s y s temi c  

n e c r o s i s  in ' Topc r op ' .

The r eac t i on s  of  i s o l a t e s  in subgroups  Id 

(E5) and Ie (510 and 10c)  on ' W i d u s a ' with exp r e s s i on  

of s y s t emi c  ne c r o s i s  s e t s  them separate  from those 

in subgroups  la,  lb and I c .  However, the s t r a i n  

subgroup Id induced sy s temi c  n e c r o s i s  whereas the 

i s o l a t e s  510 and 10c in the s t r a i n  subgroups  Ic d i d  

not. Aga i n ,  whereas i s o l a t e  E5 f a i l e d  to induce any 

react i on  on ' T opc r op ' ,  both i s o a l a t e s  510 and 10c 

reacted to t h i s  bean c u l t i v a r  i nduc i ng  sys temic  

ne c r o s i s .

The s t r a i n  group I I  i s  compr i sed of i s o l a t e  

NY. Th i s  i s o l a t e  d i f f e r s  from other s  on the b a s i s  

of i t s  r e a c t i o n s  to ‘Im una1 and ' Amanda1. Unl i ke  

o ther s ,  which induced mosaic symptoms on ' I muna ' ,  

i s o l a t e  NY was unable to i n f e c t  t h i s  v a r i e t y .  

' Amanda' ,  however, produced sy s temi c  n e c r o s i s  wi th 

i s o l a t e  NY but was symptomless with the other  13. 

i s o l a t e s .

The s t r a i n  groups  I I I  and IV are represented
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i s o l a t e s  N c h 2 and 11 A, r e s p e c t i v e l y .  Both these 

i s o l a t e s  f a i l e d  to induce any r e a c t i o n s  wi th 

' v: ui  u s a ' , * J u b i 1 a ' , ' T opc r op '  and 'Airanda. However,  

i0 i-,2 and 11A d i f f e r e d  in r espec t  to the d i f f e r e n t  

p a c t i o n s  which they induced in ’Redlands  Green 

Lea f  B, ' S a n i l a c '  and ' M i c h e l i t e 1. The bean 

c u l t i v a r - ' R e d l a n d s  Green Leaf c ' was ' s u s cep t i  bl e to
«• i

i s o l a t e  l l A »bu t  not Nch2.  In a d d i t i o n ,  whereas
i

i s o l a t e  11A was unable to i n f e c t  both ' S a n i l a c '  and
*

* ili cht l  i te ' , the i s c l a t e  Nch2 r eacted  to these

c u l c i v a r s  i nduc i ng  i d e n t i c a l  mosaic symptoms.

The i s o l a t e s  in t h i s  s tudy  d i f f e r e d  a l s o  from

r.jost of  the s t r a i n s  r epor ted  e a r l i e r  on the b a s i s  of

the l i t e r a t u r e  data (Appendi x 3). D i f f e r e n c e s

between the i s o l a t e s  and the p r e v i o u s l y  repor ted

r t r a i i is were ev i den;  as regards  the exp r e s s i on  o f

uoth mosai c  and n e c r o s i s  symptoms.

The i s o l a t e s  in s t r a i n  group'  I ,  l i k e  the NL3
\

s t r a i n  were i n f e c t i v e  in the c u l t i v 3 r s  S t r i n g l e s s  

Green Re f u ge e ' ,  ' I m u n a ' ,  ' Red l ands  Green Leaf  B ' ,

• S a n i l a c ' ,  ' Mi che l i  t e ' and ' P i n t o  114 '  a l l  of which 

i r e ' i ' g e n e  p l an t s  (Appendi x 3) .  On the b a s i s  o f  

sl!i, i i a r  i d e n t i c a l  r e a c t i o n s  on the i gene p l a n t s ,  the 

- o i a t e s  in the s t r a i n  group I and the tlL3 s t r a i n  

r i j j i (j be seen to be long to the same p a t h o g e n i c i t y .
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group.  Howeyer, the a b i l i t y  of  the NL3 s t r a i n  to 

i nduce s y s t emi c  n e c r o s i s  in 1U i d u s a 1 , 1J u b i 1 a ' and 

' T o p c r o p '  was not shared by i s o l a t e s  E4, N, K, T, 86 

and Nc4 in subgroup la.  As NL3 i s  a n e c r o s i s  

i n d u c i n g  s t r a i n  ( D r i j f h o u t ,  1978) i t  i s  thus apparent  

t h a t  the i s o l a t e s  in subgroup la c o n s t i t u t e  a non 

n e c r o s i s  i nduc i ng  s t r a i n  type of  NL3.

The d i f f e rence  between i s o l a t e  4 and Ah 1 of  

s ubg r oups  lb and I c , r e s p e c t i v e l y ,  was based on the 

a b i l i t y  of  i s o l a t e  4 to induce l oca l  n e c r o s i s  on 

' T o p c r o p '  which developed sy s temic  n e c r o s i s  with Ahl .  

Both 4 and Ahl induced l oca l  n e c r o s i s  on ' J u b i l a ' .

The r eac t i on  of these i s o l a t e s  to ' J u b i l a '  i nduc i ng  

l o c a l  n e c r o s i s  onl y  and t he i r  i n a b i l i t y  to i n f e c t  

' W i du s a ' i s  not t y p i c a l  of  the NL3 s t r a i n  which 

i nduces  s y s temi c  n e c r o s i s  in both ' J u b i l a '  and 

' W i d u s a '  ( D r i j f h o u t ,  1978) .

That l ocal  n e c r o s i s  may or may not preceed 

p r oduc t i on  of  s ys temic  n e c r o s i s  i s  t y p i c a l  of  n e c r o s i s  

i nduc t i on  dependent on temperature.  The response 

o f  the c u l t i v a r  ' J u b i l a '  to i s o l a t e  4 and Ahl i s  

a ppa r en t l y  i n d i c a t i v e  o f  the tendency of  n e c r o s i s  

to depend on temperature which was 30 *  2°C. The 

i s o l a t e  4 and Ahl would be seen as s t r a i n  types  of  

NL3 which induce n e c r o s i s  probabl y  depending on both
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temperature and y a r j e t y .

In c on t r a s t  to 4 and Ahl ,  the i s o l a t e  E5 in

subgroup Id and i s o l a t e  510 and 10c in subgroup Id

induced s y s t emi c  n e c r o s i s  in one or the other  of the

c u l t i v a r s  ' W i d u s a ' ,  ' Jubi  1 a 1 and ' T opc r op ' .  On the

c u l t i v a r  ' J u b i 1 a ' ,  i s o l a t e  E5 onl y  induced s y s t emi c

n e c r o s i s .  The a b i l i t y  to induce s y s temi c  n e c r o s i s

had been l o s t  completel y  by i s o l a t e s  510 and 10c in

1J ub i 1 a ' j u s t  as E5 had l o s t  i t  in ' T o p c r o p ' .  These 

i s o l a t e s  could not, howe ver, be mi staken for  the NL5

s t r a i n  which reacted to ' W i d u s a ' ,  1J ub11 a ' and

' Topcrop*  wi th e xp r e s s i o n  of s y s temi c  ne c r o s i s

because NL5 was i n f e c t i o u s  to ' Amanda ' .  The bean

'Amanda'  had been used by D r i j f h ou t  1 9 78) to

d i s t i n g u i s h  the NL3 s t r a i n  from the NL5 s t r a i n .  L i ke

the NL3 s t r a i n ,  the i s o l a t e s  E5, 510 and 10c were

unable to i n f ec t  ' Amanda ' .  Apparent l y  the i s o l a t e

E5 in subgroup Id and i s o l a t e s  510 and 10c in

subgroup Ie could be cons i dered  as n e c r o s i s  i nduc i ng

s t r a i n  t ypes  of the NL3 s t r a i n .  They d i f f e r  from

i s o l a t e  4 and i s o l a t e  Ahl  in t h e i r  a b i l i t y  to i nduce

sys temic  n e c r o s i s  in ' W i d u s a ' .

I s o l a t e  NY, s t r a i n  group I I ,  d i f f e r s  from both 

the NL5 and the NL3 s t r a i n s  in that i t  was unable to 

i n f ec t  ' W i du s a '  which was s u s c e p t i b l e  to both NL5 and 

NL3 (Appendix 3). The i s o l a t e  NY was therefore  seen
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as a new s t r a i n .
. \

The I s o l a t e  Nch2 was re l a ted  to the US2 s t r a i n .

The c u l t i v a r s  ' S t r i n g l e s s  Green Re f u ge e ' ,  ' I m u n a ' ,

• S a n i l a c ' ,  ' M i c h e l i t e '  and ' P i n t o  114 '  reacted wi th

Nch2 produc i ng  s y s temi c  mosaic symptoms which had

been induced by the US2 s t r a i n  as we l l .  The i s o l a t e

Nch2 was t here fore  cons i dered  to be a s t r a i n  type of

the US2 s t r a i n  on the ev idence that  they induced 

s i m i l a r  r eac t i on s  on those d i f f e r e n t i a l s .

The i s o l a t e  11A was d i f f e r e n t  from a l l  the 

s t r a i n s  repor ted e a r l i e r .  The p e c u l i a r i t y  of  t h i s  

i s o l a t e  was seen in i t s  r ea c t i o n s ,  among o t he r s ,  

to ' S a n i l a c ' ,  ' M i c h e l i t e ' ,  ' P i n t o  114 '  and ' Mon r oe ' .  

• S a n i l a c '  and ' M i c h e l i t e '  were r e s i s t a n t  to 11A j u s t  

as they were to the US6 and NL4 s t r a i n s .  I s o l a t e  

11A was,  however, d i f f e r e n t  from both US6 and NL4 

in i t s  i n a b i l i t y  to s y s t e m i c a l l y  i n f e c t  ' Monroe '  

which was s u s c e p t i b l e  to US6 and NL4 s t r a i n s  

( D r i j f h o u t ,  1 978) .  The i s o l a t e  11A was cons i dered  

as a new s t r a i n .

The KBCMV s t r a i n  repor ted by Buruchara (1979)  

was i n f e c t i o u s  to ' S t r i n g l e s s  Green Re fugee1 and 

• S a n i l a c ' ,  i nduc i ng  mosai c  and a g a i n s t  ' U i d u s a ' ,  

• J u b i l a '  and ' Topc rop '  i nduc i ng  e i t h e r  top n e c r o s i s  

or  s y s temi c  n e c r o s i s .  Thi s  i s o l a t e  was unable to
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i n f e c t  ' R e d l a n d  G r e e n  l e a f  B 1 , ' M o n r o e '  and
. *»

' Amanda ' ,  sy s tejni ca 11 y . The I n a b i l i t y  of  t h i s  

s t r a i n  to i n f e c t  ' Red l ands  Green Leaf  B ' makes 

i t  d i f f e r e n t  from a l l  but i s o l a t e  Nch2. The KBCMV 

s t r a i n  was however,  d i f f e r e n t  from Nch2 and flY i/i 

that  i t  was not abl e  to i n f e c t  M e d u s a '  and ' Amanda'  

-which were s u s c e p t i b l e  to the i s o l a t e  Nch2 and the 

i s o l a t e  NY,' r e s p e c t i v e l y .

5 • 1•T Cross  p r o t e c t i o n

The r e s u l t s  a f  c ros s  p r o t e c t i o n  i n d i c a t e d

the occur rence  among BCMV s t r a i n s  of  i n t e r a c t i o n

• whi ch e x h i b i t s  i t s e l f  i n  t h e  c h a n g e  i n  s y m p t o m s  o r

the s e v e r i t y  of  sympt ims.  Some i n s t a n c e s  have been

recorded in which i n t e r a c t i o n  between v i r u s e s  has

r e s u l t e d  i nto  i n c r ea sed  s e v e r i t y  o f  t i e  symptoms

or the format ion of  t o t a l l y  d i f f e r e n t  symptoms, a 

phenomenon r e f e r r ed  to as s y ne r g i s m  ( h a s s a n i s ,

r:u;3). N o r r i s  ( 1951)  found that  a s t r a i n  of  tomato

spot ted  w i l t  did not  r e a d i l y  i nvade p airc> r.i-

cal ' ly* but  when i n o c u l a t e d  wi th the r i n g s po t  s t r a i n .

•the s y s t emi c  i n v a s i o n  occur red wi th  ease.  However,

s t u d i e s  f o r  s eparate  i n o c u l a t i o n  o f  the s t r a i n s  were

not conducted for  i n t e r a c t i o n  in v.hid  s t r a i n s  were

pre sent  together.

L
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The cross, p r o t ec t i on  r e s u l t s  are s i m i l a r  or  

n e a r l y  s i m i l a r  to those desc r i bed  by Benda (1956)  

f o r  TMV s t r a i n s .  He found that  the p l an t s  N i co t i  ana 

s y 1v e s t r i  s i nocu l a ted  wi th the type s t r a i n  of  TMV and 

wi th  aucuba s t r a i n  d i s p l a yed  d i f f e r e n t  symptoms. The 

y e l l ow  spo t s  produced in s y s t e m i c a l l y  i n f ec ted  p l an t s  

were fewer when the two s t r a i n s  were i nocu l a ted  

s e p a r a t e l y ,  than as a mixture.  The s ynerg i sm in the 

s t udy  repor ted  here,  l i k e  that  shown by Benda, 

e x h i b i t e d  i t s e l f  in the change of  symptoms. Whereas 

Berks  (1959)  found complete p r o t ec t i on  between two

German s t r a i n s  of  BCMV, S i l be r nage l  (1969) 

demonst rated p a r t i a l  p r o t ec t i on  between the F l o r i d a ,  

NY 15 and Mexixan s t r a i n s .  The r e s u l t s  in t h i s  

s tudy  have, however, succeeded in demonst rat i ng  

s yne r g i sm among s t r a i n s  of  the same v i r u s .

5 . 1 . 5  Re s i s t ance  of Bean C u l t i v a r s  to d i f f e r e n t  

s t r a i n s  of  Bean Common Mosai c  V i ru s

Re s i s t ance  was obta i ned in some of  the bean 

c u l t i v a r s  tes ted  a g a i n s t  s t r a i n s  of  bean common 

mosaic v i r u s .  Bean c u l t i v a r s  r e s i s t a n t  to a mixture 

of  the s t r a i n s  of  the v i r u s  were a l s o  r e s i s t a n t  to 

some of  the i n d i v i d u a l  s t r a i n s .  B a s i c a l l y ,  

r e s i s t a n c e  enables  the p lant  to s u r v i v e .  In beans
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£.• v u l g a r i s  r e s i s t anc e  to the yirus has been
\

a t t r i b u t e d  to the presence of  s p e c i f i c  genes for

r e s i s t a n c e .  D r i j f h ou t  O  978 ) i d e n t i f i e d  seven

r e s i s t a n c e  genes in beans:  an u n s p e c i f i c  r e c e s s i v e

gene bc-u a c t i n g  in a complementary manner with

2 2
s p e c i f i c  genes b c ■ 1 , bc~l  , b c ~ 2 , bc-2  and bc-3 

wi th a n e c r o s i s  gene 1 or  i i .  The bean acces s i on  

417 found r e s i s t a n t  reacted with onl y  l ocal  l e s i o n s  

c h a r a c t e r i z e d  by s u p e r f i c i a l  brown spot s  or browning 

o f  the v e i n s .  These s u p e r f i c i a l  symptoms were qu i t e  

d i s t i n c t  from l oca l  n e c r o s i s  and b e s i de s , t he  v i r u s  

was not recovered by i ndex i ng  onto the s u s c e p t i b l e  

bean ' Long  Tom' . On the ba s i s  of  i t s  r eac t i on ,  

the bean acces s i on  GLP 417 appeared to have 

r e c e s s i v e  type of r e s i s t an c e .  The a c c e s s i o n s  GLP 

58 and 1000 f a i l e d  completely  to e x h i b i t  any 

symptoms wi th al l  the s t r a i n s .  A l though the p l an t s  

r a i s ed  from these c u l t i v a r s  were not tes ted  for  the 

n e c r o s i s  t e s t ,  these p l an t s  reacted n e g a t i v e l y  in 

the i n f e c t i v i t y  t e s t ,  a r eact i on  tha t  i s  t yp i ca l  of  

p l ant s  wi th the r e c e s s i v e  type of r e s i s t a n c e  as 

mentioned e a r l i e r .

The bean a c ce s s i on s  GLP 69 and GLP x-4 

e xh i b i t e d  mi ld mosaic a g a i n s t  some s t r a i n s , b u t  

remained symptomless  a g a i n s t  o t he r s .  E a r l i e r ,  these
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a c c e s s i o n s  were r e s i s t a n t  to the f i x t u r e  of the 

s t r a i n s .  The apparent v a r i a t i o n  in r eac t i on  by 

GLP 69 and GLP x-4 a g a i n s t  the v i r u s  s t r a i n s  (used 

as a mixture and then i n d i v i d u a l l y )  cou ld  be due to 

the i n t e r f e r enc e  e f f e c t  among the s t r a i n s .  Thi s  

cou l d  have been p o s s i b l e  s i nce i t  has been 

demonst rated that p a r t i a l  i n t e r f e r enc e  occurs  among 

the s t r a i n s .  P a r t i a l  i n t e r f e r enc e  among the s t r a i n s  

cou l d  a l s o  serve as an exp l ana t i on  f o r  react i ons  of  

o t h e r  c u l t i v a r s  which induced onl y  s y s temi c  n e c r o s i s  

a g a i n s t  some s t r a i n s > b u t  remained symptomless 

a g a i n s t  o the r  s t r a i n s  as wel l  as a mixture of  a l l  

the s t r a i n s .

Another  mode of r eac t i on  i s  represented by 

the response of  the acces s i on  GLP 398 which 

developed sy s temi c  n e c r o s i s  with s t r a i n s  IOC, K and 

T and l oca l  vein n e c r o s i s  with the s t r a i n  510, but 

i t  f a i l e d  to e x h i b i t  any symptoms wi th the s t r a i n s  

E5 Nch2 and N. The same c u l t i v a r  had responded to 

the mixture of  the s t r a i n s  by showing onl y l ocal  

vein n e c r o s i s .  Acco rd i ng  to D r i j f h o u t  (1978) ,  

l o c a l  vein n e c r o s i s  i s  a r e s i s t a n t  r eac t i on  whi l e 

s y s temi c  n e c r o s i s  a s u s c e p t i b l e  one. Therefore 

GL’P 398 could be cons i dered  s u s c e p t i b l e

A number of  the s u s c e p t i b l e  c u l t i v a r s
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reacted wi th  sys temi c  n e c r o s i s  to i n d i v i d u a l  s t r a i n s  

of  the v i r u s  or  a mixture of  them. Grogan and 

Walker (1948)  sugges ted that  sys temic  n e c r o s i s  i s  a 

r eact i on  o c c u r r i n g  on l y  in c u l t i v a r s  wi th a dominant 

type of r e s i s t a n c e  der i ved  from the c u l t i v a r  

' Corbet t  Refugee ' and  i t  appears  on l y  in c u l t i v a r s  

hav i ng  t h i s  type of  r e s i s t a n c e .  La t e r ,  A1 i (1 950.) 

found that  under mechanical  i n o c u l a t i o n  or  f i e l d  

na tura l  i n f e c t i o n ,  c u l t i v a r s  with such type o f  

r e s i s t a n c e  may remain symptomless  but may show 

s y s temi c  n e c r o s i s  under cont i nuous  s upp l y  of inoculum. 

He showed that  Corbett  Refugee type of  r e s i s t anc e  was 

governed by a dominant gene. D r i j f h ou t  (1978) has 

s ugges ted  tha t  in c u l t i v a r s  with such r e s i s t a n c e  the 

v i r u s  i s  n e i t h e r  t r a n s i m i t t e d  through seed nor  by 

aphids  s u g g e s t i n g  that  use of  such c u l t i v a r s  may 

completely  exclude the v i r u s .  Bean a cce s s i on s  

reac t i ng  wi th sys temi c  n e c r o s i s  though s u s c e p t i b l e  

are useful  as they are l i k e l y  to pos s e s s  dominant 

type of r e s i s t a n c e  that  can be u t i l i z e d  in the 

breeding programme.

Absence of  symptoms or  the presence of l ocal  

d i s c o l o u r a t i o n s  in which the v i r u s  was not recovered 

were shown in some bean a c c e s s i o n s .  D r i j f h o u t  (1978)  

pointed out that  response c ha r a c t e r i s e d  by absence
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of symptoms o r  presence  0/ l o c a l  d i s c o l o u r a t i o n  

w i t hou t  r ecover y  o f  the v i r u s  t y p i f i e s  r e c e s s i v e  

r e s i s t a n c e .  The bean a c c e s s i o n s  GLP 58 and GLP 1000 

a pp a r e n t l y  p o s s e s s  r e c e s s i v e  r e s i s t a n c e .  Accord i ng  

to D r i j f h o u t  (1 978)  r e c e s s i v e  r e s i s t a n c e  i s  g o v e n e d  

by s t r a i n  u n s p e c i f i c  gene a c t i n g  in a complementary 

f a s h i o n  wi th one o r  more of  the s e r i e s  of  s t r a i n  

s p e c i f i c  genes.  In p l an t s  r a i s e d  from c u l t i v a r s  

witn such type of  r e s i s t a n c e ,  aph i ds  are capable o f  

t r a n s m i t t i n g  the v i r u s  thereby i n c r e a s i n g  the l evel  

- f -he d i s ea s e  inc.i den ce . In v iew of t h i s ,  bean 

a c c e s s i o n s  wi th r e c e s s i v e  r e s i s t a n c e  would t he r e f o r e  

be- 1 e s > f avourab l e  than those wi th  the dominant tvpe 

cf  r e s i s t a n c e .

5 . f . 6  Y i e l d  t e s t s

The three s t r a i n s  of  BCMV; Nch2, 510 and l\ 

s i g n i f i c a n t l y  reduced the y i e l d  responses  c f  the 

beans .  The r educ t i on  in the y i e l d  responses  of  the 

b e a n s C a n a d i  an w o n d e r ' , ‘ Rose coco '  and '(•h/ezi i .oja'  

i n d i c a t e d  tiie importance of  BCMV in a f f e c t i n g  beans 

( Schwar t z  and Ga l vez ,  19SC } . Hampton (1375)  showed tha 

under f i e l d  condi t i on: *  BCMV can cause y i e l d  l oos  U 

beans o f  16-95 percent .  In t h i s  s tudy y i e l d  l o s s  

due to BCMV i n f e c t i o n  was 54.9 - 67.0 percent  in the •
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green house,  dept . d i ng  on the tyoe of  bean va r i e t y .

These f i g u r e s  are w i t h i n  the range of  5 - 98  Dercent 

y i e l d  l o s s  r epor ted by Gal vez and Cardenas  (.1974 ). 

There f o re ,  the e f f ec t  of  BCMV in r educ i ng  the y i e l d  

o f  l oca l  food beans i n Kenya under greenhouse 

c on d i t i o n s  has been e s t a b l i s h e d .

The three  bean v a r i e t i e s  showed d i f f e r e n c e s  in
j

t h e i r  s u s c e p t i b i l i t y  to BCMV s t r a i n s .  The reduct i on  in 

y i e l d  c aused ' by  the three v i r u s  s t r a i n s  was g r ea te s t  

in ‘Mwezi noj a 1 fo l l owed  by ' Canad i an  wonder ' .  Th i s  

ob se r va t i on  r ea sonab l y  compares wi th e a r l i e r  r epor t s  on 

the s u s c e p t i b i l i t y  of  these v a r i e t i e s  to BCMV. P r ev i ou s  

ev idence by the M i n i s t r y  of  A g r i c u l t u r e  based on 

f i e l d  data has shown that  a l t hough  ' Canad i an  wonder '  

i s  a h i gh  y i e l d i n g  v a r i e t y ,  i t  i s  h i g h l y  s u s c e p t i b l e  

to BCMV. A l l  the v a r i e t i e s  ' Canadian wonder ' , 1 Rose 

coco’ and 'Mwezi  moja'  t e s t ed  a ga i n s t  BCMV, had t h e i r  

y i e l d  reduced by over 50 percent .  The v a r i e t y  'Mwezi  

moja'  i s ,  however,  wel l  adapted to d r y l a nd s  of Kenya 

such as Eas tern  Prov i nce.

As a r e s u l t  of  BCMV i n f e c t i o n ,  the three bean 

v a r i e t i e s  showed a decrease in seed y i e l d  wi th a 

cor responding  r educt i on  in he i gh t ,  pod y i e l d  and 

the biomass ( a e r i a l  p o r t i o n )  of  the p l a n t s .  The 

decrease in y i e l d  was due to the r educ t i on  in both
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l ea f  area as wel l  as the number of  pods.  Esteban 

Reyes-Jimenez and K o h a s h i - S h i b a t a  J . , ( 1979)  have 

pointed out t ha t  the percentage  of  a b s c i s e d  r ep r oduc t i v e  

organs ,  aborted seeds and s e e d l e s s  pods are f a c t o r s  

respons ible f o r  decrease i n  seed y i e l d .  Leaf  area 

and the po s i t i u n  of the l e a f  on the p l a n t  are important  

y i e l d  determinants as they c o n s t i t u t e  the a s s i m i l a t i o n
i

source.

In p l ant s  i n f e c t ed  w i t h  BCMV, the v i r u s  a f f ec ted  

al l  the above components.  Apar t  from the  usual  s t u n t i n g  

and l eaf  mal format ion c h a r a c t e r i s t i c  o f  BCMV, Ha r r i s o n  

(1935) has shown that  the v i r u s  causes  a decrease in the 

percentage o f  dry mat ter ,  a delay  in f i c w e r i n g  and 

associated deformat i on  of  f l owe r s .  Taken i nto account ,  

the s tunt i ng and ma l f o rmat i on  of tne bean p l an t s  caused 

by the s t r a i n s  of  BCMV, c o n t r i b u t e d  to the r educt i on  <n 

y i e l d.

!



5.2 CONCLUSIONS

Bean common mosaic y i r u s  CB.CMV] occur s  

in Kenya in s u s c ep t i b l e  food beans,  l i m i t i n g  t h e i r  

product ion.  The v i r u s  i s  d i s t r i b u t e d  in almost  a l l  

bean growing areas of the count ry.  In a survey  

done in 1981 dur i ng the long r a i n s  between Ap r i l  and 

May, v i r u s  i nc i dences  o f  upto 63 percent  were 

recorded in parts  of  Western,  C e n t r a l ,  Eas tern,  

Nyanza and R i f t  Va l l ey  P r ov i nce s  and the Na i rob i  

region of Kenya. In these areas i n f e c t ed  seeds and 

the black bean aphid,  Aph i s  fabae were found to be 

the agents r e s pons i b l e  f o r  the spread of  the v i r u s .

Us i ng  s tandard bean d i f f e r e n t i a l s  f our teen 

v i rus  i s o l a t e s  of  BCMV were c l a s s i f i e d  into four  

groups that  cons i s t ed  of  s i x  s t r a i n s .  Of the s i x  

s t r a i n s ,  two were new wh i l e  the o ther  four  were 

types of p r e v i o u s l y  repor ted  s t r a i n s  o f  BCMV. The 

new s t r a i n s  were NY and 11A. Of the s t r a i n  t ypes ,  

three belonged to the NL3 s t r a i n  whereas , -one 

belonged to the US2 s t r a i n .  Two of  the NL3 s t r a i n  

types were ne c r o s i s  i nduc i n g  s t r a i n  t ypes ,  the 

f i r s t  compri sed of  the i s o l a t e s  E5, 510 and 10c, 

whi le the second compr i sed of  the i s o l a t e s  4 and 

Ah 1. The other  NL 3 s t r a i n  type was a non n e c r o s i s  

inducing type and compr i sed of  the i s o l a t e s
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£4-, H, K, T. 86 and NC4. L a s t l y ,  th,» i s o l a t e  

Nch<L belonged to the U$2 s t r a i n ,

Among the l oca l  bean a c c e s s i o n s  that  were 

t e s t ed  a ga i n s t  BCMV, some l i n e s  had aos sas sed  

e i t h e r  dominant or r e c e s s i v e  r e s i s t a n c e .  Of the 

454- bean l i n e s  t e s t ed ,  77 l i n e s  conta i ned
i

r e s i s t a n c e  o f  e i t h e r  dominant or r e c e s s i v e  type 

wnich can be deternrned b e t t e r  by use of  nec r o s i s
i

or  non n e c r o s i s  i nduc i ng  s t r a i n  t ypes .  Therefore
i

witn the use of  n e c r o s i s  and the non n e c r o s i s  

i n d uc i n g  s t r a i n s  j u s t  d i s cove r ed  f u t u r e  bean 

r e s i s t a n c e  t e s t i n g  of  l o ca l  bean a c c e s s i o n s  i s  very 

p o s s i b l e .

i n v e s t i g a t i o n s  i n t o  the e f f e c t  of  BCMV on 

the y i e l d  r esponse s  of  l o c a l  beans showed 

s i g n i f i c a n t  y i e l d  r e d u c t i o n s .  The th ree  l ocal  bean 

v a r i e t i e s :  ' Canad i an  wonde r ' ,  ' Rose c o c o 1 and

’! W z i  moja'  responded tc BCMV wi th y i e l d  reduct i ons  

r ang i ng  from 54 . 9 - 6 7 . 0  percent .  These r educ t i ons  

in y i e l d  s u g g e s t  t ha t  a l t hough  ' Canad i an  wonder ' ,  

' Rose  coco'  and Mwe.:i mo j a 1 may be hav i ng  good 

y i e l d i n g  a b i l i t i e s ,  BCMV i s  and w i l l  remain a 

th reat  to t h e i r  p r oduc t i on  s i nce  these 

v a r i e t i e s  are s u s c e p t i b l e  to the v i r u s .
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Pl ate  1. Black aph i d s ,  Aphi s  fabae c l u s t e r ed  on 

the pod o f  Phaseo1us v u l g a r i s  c u l t i v a r  

' Canadian wonder ' .



•Plate 2
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Caj anus caj an a f fec ted  wi th BCMV^isol  ate 

T. K y p e r s e n s i t i y e  r eac t i on  c o n s i s t i n g  of 

t i ny  n e c r o t i c  l e s i o n s  on both l eaves .
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P l a t e  3. Phaseolus  v u l g a r i s  cv ' Long  Tom' . R i g h t ,  

l ea f  a f f e c t ed  with BCMV- i s o l a te  Nch2 

showing mosai c  and deformat ion of  

l eaf l e t s .  L e f t ,  hea l thy  c on t r o l .



• P l a t e  4. Phaseolus  v u l g a r i s  cv ' Mon r oe ' .  R i gh t ,  

primary l e a f  a f fec ted  by BCMV- i s o l a te  E4 

showing n e c r o t i c  l ocal  l e s i o n s  and ve i na l  

nec r o s i s .  Le f t ,  hea l thy  con t r o l .
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P l a t 6  5 ‘ £-h e n 0P0diuin a m a r a n t i c n V a r  L e f t ,  l e a f  

a f f e c t e d  w i t h  B C H V - i s o l a t e  E5 s h o w i n g  

n e c r o t i c  l e s i o n s .  R i g h t ,  h e a l t h y  c o n t r o l .
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•Plate 6. E l ect ron micrograph of  a p a r t i a l l y

p u r i f i e d  preparat i on  of  BCMV i s o l a t e  

11A showing f l exous  f i l amentou s  v i r u s  

p a r t i c l e s ,  m a g n i f i c a t i o n ,  x 43,000.
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•Plate 7. Phaseolus  v u l g a r i s  cv ' M i c he l i t e
R i ght ,  l e a f  a f fected  wi th  B C M V - i s o l a t e  

Nc4 showing dark vein banding.  Le f t ,  

heal thy con t r o l .
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P l a t e  8.  P h a s e o l u s  v u l g a r i s  c v  1W i d u s a ' .  L e f t ,  

p l a n t  s h o w i n g  s ey e  re n e c r o s i s  i n d u c e d  

by B CMV - i  s o l  a t e  10c.  R i g h t  h e a l t h y  
c o n t r o l .
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APPENDICES

APPENDIX I
- 4 1 i- ■ ' - • * •,

Dry bean a c r e r a g e ,  y i e l d  and p roduc t i on  in the 

Wor ld d u r i n g  1978.

Con t i n e n t  Area Harves ted  Y i e l d  Product i on
1 000 ‘ Ha ........Kg/ha • • 1 000 MT...

Af  ri  ca 21 31 603 1285

N. C. Amer i ca 2767 794 2198

S. Amer ica 5271 519 5736

As i a 1 3640 526 7176

Europe 1 501 467 701

A u s t r a l i  a 10 794 8

USSR 52 1865 94

Uorl  d 25372 580 1 4202

Source:  FA0 Product i on  yearbook 1 979.

\



A P P E N D I X  2

Es t imated  bean y i e l d  l o s s e s  
and i n s e c t s .

a t t r i b u t e d  to p l a n t  pathogens

P l an t  di sease  or  
i n s e c t  pes t

E s t i mated  
Y i e l d  l o s s

■ •%

Re f e ren ce 
Area

Bean common mosai c  v i r u s 53-68 USA

1 6-95 L a t i n  Amer i ca

Bean golden mosai c  v i r u s 48 -85 B r a z i l

Common b a c t e r i a l  b l i g h t 10-38 USA

18-45 Colombia

Rust 38- 50 B r a z i l

4̂ O ) 00 o Colombia,  U.S.

Angu l a r  l e a f  spot 50 USA

40-60 Colomb i a



A P P E N D I X  2 ( C o n t i n u e d )

P l ant  d i s e a s e  or  E s t i ma ted  Reference
i n s e c t  pes t  Y i e l d  l o s s  Area

%

Root Rots 80 Me xi co

Root Rots 60 B r a z i l

1 5-86 USA

Leaf  hoppers 14-23 Wet Season 
Colomb i a

* 73-95 Dry season 
Colombi  a

94 E l s a v a d o r

90 Mexi co

S tor age  I n s e c t  ( B r u c h i d s ) 35 M i x i c o ,

Cent ra l  America 
Panama

7.4 Columb i a

Source:  Schwar t z ,  F .H. ,  and G.E. Ga l vez ,  1980.
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a p p e n d i x  2

Di  f f e  r en  t  i a t i on and  g r o u p i n g  o f  BCMV s t r a i n s  and  s t r a i n  g r o u p s

Host  r e s i s t a n c e  group 
arid d i f f e r e n t i a l  
c u l t i v a r  name

Pathogenec i  ty g roups of  the v i r u s

I I I I I I IVa IVb Va Vb Via VI b Vl l

NLI USI PRI NL7 NL8 US5 US4 US3 NL6 US2 NL2 N L 3 NL5 US6 NL4

★ 1. Dubbele Wi t te + + + + + + + + + + + + + + +

S t r i n g l e s s  Gr.
Re f . + + + + + + + + + + + + + + +

* 2. Imuna - - - +1 - + + + + +t + + 1 + + +
* 3. Red Gr. B - - - - - + + + + - - + + + +

Gr. Nor th .  123 - - - - - + + + + - - +1 +1 + +
* 4 . S a m  1 ac - - - - + - - - - + + + + - -

Mi che1 i te - - - - + - - - - + + + + - -

* 5. P i n t o  114 - - - - - - - - - + + + + - -
★ 6. Monroe - - - - - - - - - - - - - + +

G r . Nor th .  31 - - - - - - - - - - - - - + +
* * 8. Widusa - - - - + n - + n +n +n - - +n + n - -
* * 9 a< Jubi  1 a - - - - - - +n +n +n - +n +n +n - -

9b. Top crop - - - - - - £n +n +n - +n +n + n - -

* * 1 0- Amanda T - - - - - - - - - - - +n - -
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APPENDIX 3 ( C on t i nued )

* C u l t i v a r s  w i t h  r e c e s s i y e  a l l e l e s  [ i i ) of 

t h e  n e c r o s i s  g e n e ;

* *  C u l t i v a r  wi th dominant a l l e l e s  (11 ) of  the 

n e c r o s i s  gene;

+ S u s c e p t i b l e ,  s e n s i t i v e ,  s y s t emi c  mosaic;

+t S u s c e p t i b l e ,  t o l e r a n t ,  s y s t emi c  symptoms or  

ve ry  weak , V i r u s  recovered from un i nocu l a ted  

l e a v e s  by b a c k - i n o c u l a t i o n  onto ' Dubbe l e  W i t t e 1

R e s i s t a n t ,  no s y s t emi c  symptoms, v i r u s  not  

r ecovered  from un i nocu l a ted  leaves  by back 

i n o c u l a t i o n ;

+n S u s c e p t i b l e ,  s e n s i t i v e  symptoms, u s u a l l y  a l l  

p l an t s  wi th s y s t emi c  n e c r o s i s ,  not c l e a r l y  

dependent on temperature;

=tn S u s c ep t i b l e  o r  r e s i s t a n t ,  dependent on

temperature from none to a l l  but most l y  onl y  

a few p l an t s  wi th  n e c r o s i s ,  the number v a r y i ng  

in repeated mean temperature 22-26°C,  day and 

n i gh t  f l u c t u a t i o n  at most, 20 - 24°C in Winter  

and 20-30°C in Summer.

Source;  Schwar tz,  H.F. ,  and G.E. Galvez,  1980.



■ A P p i Z N U l X  4

Hei ght  of  three bean v a r i e t i e s  40 days a f t e r  i n o c u l a t i o n  wi th BCMV s t r a i n s .

Vi  r u s  
S t r a i n

Be an 
V a r i e t y

H e i g h t  ( c m / p l a n t ) T r e a t m e n t

Rep . 1 Rep. 2 Rep. 3 Rep. 4 Rept.  5 Tota l Mean

N ch 2 MM 20.10 19.75 20.07 19.13 17.38 96 .43 19.29

cw 16.75 20.36 18.19 13.82 14.72 83.84 16.77

RC 15.57 17.50 20.82 17.94 18.74 90 . 58 18.12

Main p l o t t o t a l 52.42 57.61 59.08 50.89 50.85 270.85 18.06

51 0 MM 18.38 16.44 15.82 19.69 18.88 89.21 17.84

cw 14.75 11.50 12.44 14.63 14.75 68.07 13.61

RC 14.00 13.69 13.25 15.44 16.32 73.70 14.74

Main p l o t t o t a l 47 . 13 41.63 42.51 49.76 49.95 230 . 98 1 5.40

N MM 17.19 17.25 IS. 32 17.50 16.63 86.89 17 . 38

CW 17.00 15.69 13.59 11.25 12.50 70.03 14.01

RC 10.57 11.75 13.44 13.19 15.86 64.81 12.96

Main p l o t t o t a l 44.76 44.69 45.35 41 .94 44.99 221.73 14 . 78
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A P P E N D I X  4 (Continued)

V i  r u s  
S t r a i n

Be  an 
V a r i e t y

H e i g h t  { c m / p l a n t ) T re a tmen t

R e p . 1 R e p . 2 R e p  . 3 R e p . 4 R e p . 5 T o t a l Mean

C on t r o l MM 38.83 41 .38 36.50 41.75 38. 38 196.98 39.38

CW 40.50 39.38 32.75 34.00 35.00 189.63 36.33

RC 3 0 . 00 34.25 30.63 31 .00 35.00 160.88 32.18

Main p l o t t o t a l 109 . 38 115.01 99.99 106.75 108.38 539.40 35.96

i
V a r i e t i e s

MM CW RC

Tota l 469.42 403.57 389.97

Me ai^s 93.88 80.71 77.99

D e s c r i p t i o n  o f  n o t a t i o n s  

MM = Mwezi moja 

CW = Canadian Wonder 

RC = Rose coco 

Re p . = Repl  i ca t i  on
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APPEND I X  5

A n a l y s i s  of  yar i ance of bean p l an t  he i ght  f o r  y i r u s  
s t r a i n s  x v a r i e t y  experiment.

Source of df u ss ms Obse rved
var i  at i on . F

Tota l 59 4983.78

S t r a i n s 3 4537.40 1512.47 291.42 * *

S t r a i n s  x control 1 4446.56 4446.56 857 . 17 * *

Between s t r a i n s 2 90.84 45.42 8 . 76 * *

E r r o r  (a) 16 83.00 5.19

V a r i e t i e s 2 180.55 90.28 28 . 11 * *

S t r a i n s  x 
va r i  et i es 6 67.22 12.20 3 .38 * *

E r r o r  (b) 36 115.61 3.21

* *  = S i g n i f i c a n t  at the 1% l evel  

CV (a) = 12.78%

CV (b) = 8.38%

/

h



APPENDIX 6

Number of  pods o f  beans per  
three  s t r a i n s  of  BCMV.

pot ( f ou r p l a n t s )  f o r three v a r i e t i e s i n f e c t e d  with

V i r u s
S t r a i n

Bean
V a r i e t y

Pod c o u n t s / f o u r  p l a n t s T reatment

Rep. 1 Rep. 2 Rep. 3 Rep. 4 Rep. 5 Tota l Mean

Nch2 MM 08 17 26 37 23 111 22.2

CW 12 1 3 38 34 21 128 25.6

RC 24 12 22 18 1 3 089 17.8

Main p i o t Tota l 44 52 86 89 57 328 65.6

510 MM 09 24 1 6 39 1 6 104 20.8

CW 24 20 18 41 02 105 21.0
RC 12 09 11 08 12 052 10.4

Main p l o t t o t a l 45 53 45 88 30 261 52.2

N MM 48 49 43 32 21 193 38.6
CW 20 49 29 36 18 1 52 30.4
RC 20 1 5 30 24 25 1 1 4 22.8

Main p l o t t o t a l 88 113 102 92 64 459 91 . 8



A PP EN D I X  6 ( C o n t i n u e d )

V i r u s
S t r a i n

Bean
V a r i e t y

Pod c oun t s / f ou r  pi ants T reatment

Re p . 1 Rep. 2 Rep. 3 Rep. 4 Rep. 5 Tota l Mean

Con t r o 1 MM 57 45 58 56 45 261 52.2
CW 66 75 75 69 50 335 67.0

RC 45 50 33 43 25 196 39.0

Main p l o t t o t a l 168 1 70 166 168 120 792 1 58.4

-

V a r i e t i e s

MM CW RC
Tota l s 669 720 451
Me an s 133 , 8 144 90.2

D e s c r i p t i o n  of  n o t a t i o n s  

MM = Mwezi moja 

CW = Canadian wonder 

RC = Rose coco 

Rep = R e p l i c a t i o n



APPENDIX  7 •

A n a l y s i s  of  ya r i ance  of bean pod counts f o r  v i r u s  
s t r a i n s *  y a r i e t y  experiment.

Source of 
v a r i  at i  on

df ss ms Obse rved
. .. F ..

Tota l 59 1 8901 . 33

S t r a i n s 3 11150.00 3716.67 26 . 39 * *
Sta ins  x control 1 9797.69 9797.69 69 . 57 * *
Between s t r a i n s 2 1 352.31 676.16 4.80*

E r r o r  (a) 16 2253.33 140.83
V a r i e t i e s 2 2041.44 1020.72 15.20* *
S t r a i n s  x 
V a r i e t i e s 6 1038.30 173.05 2 . 58 * *
E r r o r  ( b ) 36 2418.27 67.17

* = S i g n i f i c a n t  at 5% level

* *  = S i g n i f i c a n t  at 1% l evel

CV (a) ± 38.69%

CV (b) = 27.72%



APPEND I X  8

Weight  o f  seeds o f  beans per  p l o t  ( f ou r  p l a n t s )  f o r  three v a r i e t i e s  i n f e c t e d  
by t h r ee  s t r a i n s  o f  BCMV.

V i r u s
S t r a i n

Bean
V a r i e t y

Seed wei ght  ( g/ f ou r  p l a n t s ) T reatmen t

Rep. 1 Rep. 2 Rep. 3 Rep. 4 Rep. 5 T o t a l s Means

Nch2 MM 15.13 12.76 14.95 17.35 14.45 74.64 14.93

CW 11.39 14.60 • 10.07 11.44 10.20 57.70 11.54

RC 1 3.06 12.81 15.79 12.63 9.95 64.24 12.85

Main pi ot Total 39 .58 40.17 40.81 41 .42 34.42 196.58 13.11

510 MM 9.85 9.00 10.90 13.75 5.60 49.10 9.82

CW 9.05 10.00 10.00 9.30 8.45 4 6.80 9.36
RC 9.50 9.25 9.15 10.20 10.50 48 . 60 9.72

Main p l o t Tota l 28 .40 28.25 30.05 33.25 24.55 144.50 9.63

N MM 16.65 16.00 14.93 14.55 15.39 77.52 15.50
CW 12.25 15.84 15.98 15.93 11.91 71 .91 14.38
RC 10.25 9.85 11.44 11.66 9.15 52. 35 10.47

Main pi ot Tota l 39.15 41 .69 42.35 42.14 36.45 201 . 78 13.45



APPEND I X  8 ( C o n t i n u e d )

V i r u s
S t r a i n

Bean 
Va r i  ety

Seed weight ( g / f ou r p l a n t s ) T re atment

Rep. 1 Rep. 2 Rept. 3 Rep. 4 Rept.  5 T o t a l s Means

Cont ro l MM 26.16 42.18 45.82 50.00 39.45 203.61 40.72
CW 33.51 39.08 19.36 39.09 32.52 163.56 32.71
RW 18.95 30.69 23.26 25.64 23. 55 122.09 24.42

Main p l o t  Tota l 78.62 111.95 88.44 144.73 95.52 489.26 32.62

V a r i e t i e s

MM CW RC
T o t a l s 404.87 339.97 287.28
Means 101.22 84.99 71 .82

D e s c t i p t i o n  of  n o t a t i o n s

MM = Mwezi moja 

CW = Canadian wonder 

RC = Rose coco 

Rep = Rep l i  c a t i  on
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APPENDIX 9. . t—» k «, r

A n a l y s i s  o f  ya r i ance  of bean seed y i e l d  f o r  v i r u s  
s t r a i n s  x v a r i e t y  experiment.

Source of 
v a r i  at i on

df ss ms Observed
F".

Tota l 59 6416.23

S t r a i n s 3 4886.43 1 628.81 74.99+*

S t r a i n s  x c ont r o1 1 4752.65 4752.63 218 . 81 * *

Between s t r a i n s 2 133.78 66.89 3 . 08n s

E r r o r  (a) 16 347.57 21 .72

V a r i e t i e s 2 346.93 173.46 14.94* *

S t r a i n s  x
v a r i e t i e s 6 417.31 69.55 5.99* *

E r r o r  ( b ) 36 417.99 11.61

* * = S i g n i f i c a n t  at 1% l evel

ns = Not s i g n i f i c a n t  >

CV (a) = 27.10%

CV (b) = 19.81%



APPENDIX 10

Dry we i g h t  of  f o l i a r  t i s s u e  of  beans per  p l o t  ( f ou r  p l a n t s )  f o r  three v a r i e t i e s  
i n f e c t e d  by three s t r a i n s  of  BCMV.

V i r u s
S t r a i n

Bean
V a r i e t y

Dry weight  (g /foui " P l a n t s ) T reatment

Re p . 1 Rep. 2 Rep. 3 Rep. 4 Rep. 5 Total Means

N c h 2 MM 49.54 48.95 47.86 49.16 46.79 242.30 48.46

CW 39.92 44.26 40.91 44.91 39.22 209.26 41 .85
RC 46140 43.26 42.02 43.90 43 . 48 219.06 43.81

Main p l o t  Tota l 135.86 136.47 130.83 137.97 129.49 670.62 44.71

510 MM 40.71 42.06 46.20 49.24 43.86 222.07 44.41
CW 37.22 43.88 44.25 39.49 43.51 208.35 41 .67
RC 40.12 40.67 44.43 41 . 56 41 . 39 208.17 41 .63

Main p l o t  Tota l 118.05 126.61 134.88 130.29 128.76 638.59 42.57

N MM 52.27 48.64 45.37 43.23 45 .63 235.14 47.03

CW 43.89 43.43 40.66 42.70 45.00 215.68 43.1 4

RC 41 . 55 39.30 38.12 . 41.36 40.25 200. 58 40.12

Main p l o t  Tota l 137.71 1 31.37 124.15 127.29 130.88 651.40 43.43



STna OF NATROBF
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APPENDIX 10 (Continued!

Vi rus 
S t r a i n

Bean 
Var i  (- ty

Dry weight (9) f our p l an t s T re atmen t

Rep. 1 Rep. 2 Rep. 3 Rep. 4 Rep. 5 Tota l Means
Cont ro l MM 66.11 60.69 62.06 64.23 59.16 312.25 62.45

CW 60.33 62.17 59.44 63.22 58. 01 303.17 60.61
RC 54.45 62.58 54.85 54.42 56.13 282. 43 56.49

Main p l o t Total 180.89 185.44 176.35 181.87 173.30 897.85 59.85

V a r i e t i e s

• MM...... CW .... • RC

T o t a l s 1011.76 936.46 910.24
Mean s 252.94 234.12 227.56

....  I .

D e s c r i p t i o n  o f  n o t a t i o n s

MM = Mwezi moja 

CW = Canadian wonder

RC = Rose coco 

Rep = Re p i i  c a t i  on

1

<x>cn
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APPENDIX 11

A n a l y s i s  of  var i ance of bean weight  f o r  v i r u s  
s t r a i n s  x y a r i e t y  experiment.

Source  of df ss ms Observed
v a r i a t i o n  ........... f

Tota l  55 3676.25

S t r a i n  s 3 3019.11 1006.37 119.66 * *

S t r a i n s  x control 1 2984.45 2984.45 354.87 * *

Between s t r a i n s 2 34.66 17.33 2 . 06ns

E r r o r  (a) 16 134.59 8.41

V a r i e t i e s 2 277.73 138.87 29 . 67 * *

S t r a i n s  x 
v a r i e t i e s 6 76.41 12.74 2.72*

E r r o r  (b) 36 160.41 4.68

* = S i g n i f i c a n t  at 5% l evel

* *  = S i g n i f i c a n t  at 1% l evel

ns = Not s i g n i f i c a n t  

CV (a) = 6.09%

CV (b) = 4.54%


