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ABSTRACT

T ab asco  p ep p er inocu la ted  w ith tobacco  e tch  v iru s  (TEV) 

resp o n d ed  w ith  a c la s s ic  sy s te m ic  m o sa ic  in fec tion  when g ra fted  on 

ro o ts  of A naheim  p e p p er. C o n v erse ly , A naheim  p ep p er g ra fted  on 

T abasco  ro o ts  p roduced  the  c la s s ic  w ilt syndrom e, id e n tic a l in  ev e ry  

d e ta il to sym ptom s ty p ic a lly  shown by TEV ̂ infected  T ab asco  p lan ts . 

In c re a s e s  in  e le c t r ic a l  conductiv ity  of so lu tio n s su rround ing  

ro o ts  of T E V -in fec ted  T abasco  w as a s so c ia te d  only w ith  the  o c c u rre n c e  

of v iru s  in  ro o ts , and a n e c ro s is  of ph loem . The in c re a s e d  bathing 

so lu tion  conductiv ity  w as judged to  be due to  m a te r ia ls  r e le a s e d  fro m  

dead c e lls  as a r e s u l t  of the  h y p e rse n s itiv e  re sp o n se  to  v iru s  in fec tion .

W ilt sym ptom  was a lso  re p ro d u c ed  by inocu la ting  A naheim  

top on T ab asco  ro o t w ith pepper m o ttle  v iru s  (PMV). T ab asco  top and 

ro o ts  r e a c t  in  a  h y p e rse n s itiv e  m an n er to  PM V.

T he d ise a se  "T ab asco  w ilt"  th e re fo re  r e s u l ts  f ro m  a h y p e r­

se n s itiv e  re sp o n se  of the  ro o ts  to TEV. The unique fe a tu re  of the 

d ise a se , w ilt, i s  due to  sy s te m ic  m u ltip lica tio n  of the  v iru s  in  the  u p p e r 

p o rtio n  of the p lan t, w ith a subsequen t h igh c o n cen tra tio n  of v iru s  

m oving to the ro o t c e lls . T h ese , due to  the  h y p e rse n s itiv e  re sp o n se , 

d ie . T h is  is  the  fe a tu re  th a t m ade th is  h y p e rse n s itiv ity  d ise a se  an 

im p o rta n t f ie ld  p rob lem -

vi i



INTRODUCTION

T ab asco  p ep p er (C apsicum  f ru te s c e n s  L . ) ,is u sed  fo r  the  

p roduction  of hot sa u c e s . It i s  econom ically  im p o rta n t in  Ib e r ia ,

St. M artin , and L afay e tte  P a r is h e s  in  South L o u is ian a  (H orn and Sin­

c la ir ,  1959).

G ro w ers  in  th e se  reg io n s  have b een  affected  by  heavy lo s s e s  

due to  w ilting  of T ab asco  pep p er c ro p s . The d ise a se  w as f i r s t  r e ­

p o rted  in  L o u is ian a  in  1935 (H orn and S in c la ir , 1959). G reen lea f 

(1953) p roved  th a t the  T ab asco  w ilt d ise a se  i s  due to  the  in fec tion  of 

T abasco  pep p er by tobacco  e tch  v iru s  (TEV).

W hile TEV in fec ts  a wide ra n g e  of h o s ts , w ilting  is  a unique 

re sp o n se  of T ab asco  p ep p er to TEV in fec tio n  (F ig . 1). O ther c u ltiv a rs  

develop v e in -c le a r in g  and m ottling  of the  young le a v e s  b u t no w ilt.

V ein  c le a r in g , p reced in g  w ilt, has b een  re p o r te d  in  T abasco  

(W hite and H orne, 1965; G h ab ria l and P iro n e , 1967), w ith  w ilting u s u ­

a lly  o c cu rrin g  5-20 days a fte r  inocu la tion , depending on the  age of the  

p lan t and the  co n cen tra tio n  of TEV in  the  inoculum  (G reen lea f, 1953). 

A pprox im ate ly  24-28 h o u rs  a f te r  w ilt sym ptom s a p p ea r, a ll  ro o ts  of 

in fec ted  T ab asco  becom e n e c ro tic  and d ie. A re d d ish -b ro w n  rin g  can 

b e  o b se rv ed  in  c ro s s  se c tio n s  of the la rg e  ro o ts  (W hite and H orne, 

1965). Subsequently , the  p lan ts  u su a lly  d ie .
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F ig u re  1. T abasco  pepper infected  with 
tobacco etch v iru s .



W hite and H orne (1965) m ade a  h is to lo g ic a l study  of T abasco  

p ep p er in fec ted  w ith  TEV . T hey  found th a t ro o ts  a re  the  only p a r t  th a t 

showed a  h is to lo g ic a l m odification# re s u ltin g  in  n e c ro s is  of the phloem  

and the cam bium , and the  d eg en era tio n  of c o rte x  c e lls  and p la s tid s . 

T hey a lso  re p o r te d  th a t w ilted  T ab asco  p lan ts  re c o v e re d  when s te m s  

w ere  p laced  in  w a te r .

G h ab ria l and P iro n e  (1967) found th a t ph loem  n e c ro s is  is  

a sso c ia te d  w ith a  p e rm e a b ility  change in  ro o ts  and a  d e c re a s e  in  the  

r e s p i ra to ry  r a te .  T hey  a lso  re p o r te d  an enzym atic  change in  ro o ts  the  

f i r s t  day of w ilt. No such  changes o c c u rre d  in  non -in fec ted  co n tro l 

p lan ts  o r  in  p lan ts  in fec ted  w ith a lfa lfa  m o sa ic  v iru s  o r cucum ber 

m o sa ic  v irus# w hich do not c au se  w ilt of T ab asco  p la n ts . S im ilarly# 

no changes o c c u rre d  w ith  the  T E V -in fec ted  C a lifo rn ia  W onder p ep p er 

c u ltiv a r .

N elson  and W h ee le r (unpublished data# U n iv e rs ity  of A rizona) 

o b se rv ed  th a t defo lia ted  w ilted  T ab asco  p lan ts  do not d ie . W hile l i t t le  

subsequen t g row th  o c c u rs , i t  is  tu rg id  and does not w ilt.

D eath  of ro o ts  due to  v iru s  in fec tion  has b een  re p o r te d  in  s e v ­

e ra l  c a s e s —e .g . ,  to m a to es  affected  by c u rly  top v iru s ,  t r is te z a ,  te a  

phloem  n e c ro s is  (Holmes# 1964), and c e r ta in  leg u m es w hen in fec ted  

w ith  tobacco  n e c ro s is  v iru s  (T eak le , 1962). In m o st cases#  ro o t 

death  w as shown to be a r e s u l t  of ph loem  n e c ro s is  (H olm es, 1964). 

P e p p e r  m o ttle  v iru s  c a u se s  n e c ro s is  of s te m s  and le a v e s  of T abasco  

p ep p er p lan ts  (Z it te r ,  1972) but no ro o t n e c ro s is  w as re p o r te d .
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M any tox ins of known or unknown ch em ica l com position  a re  

p re su m e d  to  cau se  w ilt of p lan ts  (D iam ond, 1955; W hee le r and B lack , 

1963). A lso , G h ab ria l and P iro n e  (1967) have sug g ested  th a t ro o t 

n e c ro s is  of T ab asco  caused  by TEV  could r e s u l t  f ro m  a  defic iency  in  

p o ta ss iu m  th a t leak ed  a s  a r e s u l t  of p e rm e a b ility  ch an g es.

My w ork  seek s  to  m o re  fu lly  explain , w ith a p p ro p ria te  da ta , 

the  p o ss ib le  m ech an ism  of T ab asco  w ilt as caused  by  TEV .



MATERIALS AND METHODS

V iru s  S tra in s

The v iru s e s  TEV and pep p er m o ttle  v iru s  (PMV) w ere  m a in ­

ta in ed  in  A naheim  p e p p er. The id en tific a tio n  of the  two v iru s e s  w as 

e s tab lish ed  u sin g  se ro lo g ic a l and pa thogen ic ity  te s ts .

C o rre la tio n  B etw een W ilt and TEV 
P re s e n c e  in  R oots

Seeds of T abasco  pep p er w e re  sown in  v e rm ic u lite . Seedlings 

in  the  2 to  2 - le a f  s tag e  w ere  tra n sp la n te d  to  a  s ta n d a rd  so il m ix tu re  

(one p a r t  C anadian  p ea t m o ss , one p a r t  re d  M esa  top so il, and one 

p a r t  sand). F if ty  1 0 -1 5 -cm  ta l l  p lan ts  w e re  inocu lated  by  rubb ing  the 

fo u r o ld es t le a v e s  w ith a v iru s  inocu laum  p re p a re d  by  g rind ing  in ­

fec ted  A naheim  le a v e s  in  a m o r ta r  w ith  phosphate  b u ffe r  pH 7. 0 a t a  

r a t io  of 1:5 (w /v). A t 24 h r  in te rv a ls  a f te r  inocu lation , five  in fec ted  

T abasco  p lan ts  w ere  se v e re d  a t the b a se  of the s tem , ro o ts  w ere  

ground in  a  m o r ta r ,  and the  e x tra c t w as u se d  fo r in o cu la tio n  of th re e  

healthy  T ab asco  p lan ts . The cut ends of the  se v e re d  p lan ts  w ere  

dipped in  Rootone and rep la n te d . A p a ra l le l  e x p erim en t w as a lso  ru n  

using  old, woody T ab asco  p lan ts .



G ird ling  of In fec ted  P la n ts  

Long d is tan ce  m ovem ent of p lan t v iru s e s  is  m o stly  known to 

o ccu r th rough  the  ph loem  (M atthew s, 1970). D es tru c tio n  of the  ph loem  

th e re fo re  could p re v e n t the  tra n s lo c a tio n  of the  v iru s  to  the  ro o ts  and 

then  w ilt sym p tom s.

In one e x p e rim en t, 35 young T ab asco  p lan ts  (about 20-c m  ta ll)  

w ere  inocu la ted  by rubb ing  the  fo u r youngest le a v e s  w ith  a  su sp en s io n  

of TEV. The p lan ts  w e re  then  divided in to  seven  g ro u p s of five  p lan ts . 

A t 24-h r  in te rv a ls  o v er 6 days, a  group w as g ird led ; th e  la s t  group w as 

not g ird led  and se rv e d  as  a  c o n tro l. P la n ts  w ere  o b se rv ed  fo r the ap ­

p e a ra n c e  of w ilt sym p tom s. A t the  sam e  tim e  20 o th e r  p lan ts  w ere  

divided in to  two even g ro u p s. P la n ts  in  the  f i r s t  group  w ere  g ird led  , 

and inocu la ted ; the rem a in in g  p lan ts  w er e only inocu la ted . R oots of the  

20 p lan ts  w ere  a ssa y ed  fo r  TEV  each  24 h r s  over 10 d ays. A dup licate  

e x p erim en t w as conducted u sing  old T ab asco  p lan ts  w ith  woody s te m s .

Solanaceous p lan ts , includ ing  p e p p e rs , have in te rn a l  p r im a ry  

ph loem  (esau , 1969). Since g ird lin g  would not rem o v e  th is  phloem , 

v iru s  p a r t ic le s  could S till be  b a s ip e ta lly  tra n s lo c a te d  in  the  in te rn a l 

phloem . To d e te rm in e  th is , 15 p lan ts  w ere  g ird led  and a sm a ll hole 

w as m ade in  the  exposed xy lem . A w ire  w as in s e r te d  th ro u g h  the hole 

and the t is s u e s  in te rn a l  to the xy lem  w ere  d estro y ed  by sc rap in g . . 

T hus, the  only rem a in in g  p a r t  of the s te m  a t the le v e l of g ird lin g  w as 

th e  xy lem . L eav es  above the  g ird lin g  w ere  then  in o cu la ted . C on tro l



p la n ts  w ere  inocu la ted  w ithout g ird lin g . In a ll  e x p e rim e n ts , one-tw o 

shoo ts w e re  le f t  below  the  point of g ird lin g . The p lan ts  w ere  o b se rv ed  

fo r  the  ap p ea ran ce  of w ilt and m o sa ic  sym p tom s.

To d e te rm in e  the  e ffec t of the  a e r ia l  p o rtio n  of the  p lan t on 

ro o ts  of T ab asco  p ep p er th a t m ay  r e s u l t  in  w ilt sym p tom s, o ther c u lti-  

v a rs  of p ep p er th a t do not w ilt when in fec ted  w ith TEV w e re  g ra fted  on 

T abasco  ro o ts . R e c ip ro c a l g ra f ts  w e re  a lso  m ade. The c u ltiv a rs  u sed  

fo r  th is  p u rp o se  w ere ; A naheim , STD M e rcu ry , Y ellow  W onder, Gold 

Spike, and B e ll Boy p e p p e rs . The ex p e rim e n t w as re p e a te d  a t le a s t  two 

tim e s  fo r  each  to p -sc io n  c o n stru c tio n , u sin g  ten  p lan ts  in  each  te s t .

Two g ra ftin g  m ethods w ere  u sed ; Chip g ra f ts  and app roach  

g ra f ts .  In  the  fo rm e r  m ethod , woody p lan ts  w ere  u se d . B uds of the  

d e s ire d  c u ltiv a rs  w ere  p laced  in  sm a ll cu ts  on the  s te m  of the c u ltiv a r  

se rv in g  a s  ro o t stock . The bud w as tho rough ly  taped  to  th e  s tem . The 

tap e  w as rem o v ed  2 w eeks la te r .  The new grow th  f ro m  the  g ra fted  bud 

w as inocu la ted  a fte r  6 w eeks (F ig . 2). In  the la t t e r  m ethod , one 

T abasco  p lan t and one p lan t fro m  the  d e s ire d  c u ltiv a r  w e re  t r a n s ­

p lan ted  in to  one po t. W hen they  w ere  about 10-cm  ta l l ,  a  sm a ll p a r t  

of the b a rk  of both  p lan ts  w as rem o v ed  and the wounded a re a s  w ere  put 

to g e th e r  and thorough ly  taped . The tap e  w as rem o v ed  10 days la te r  

and the  d e s ire d  top c u ltiv a r  was se v e re d  below  the  po in t of g ra ft 

(F ig . 3). M any a ttem p ts  w ere  m ade b e fo re  getting  su c c e ss fu l g ra f ts .



F ig u re  2. Chip g ra ft.



F ig u re  3. A pproach g ra ft.
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In troduction  of a  p o rtio n  of eggplant (Solanum  m elongena L , ) 

s te m  betw een  the  top and the  ro o ts  of T abasco  p ep p er w as done by 

app roach  g ra ftin g  two T ab asco  p lan ts  to  an eggplant. A fte r rem ov ing  

th e  tape* one of the  T ab asco  p lan ts , se rv in g  as  the top , w as se v e re d  

below  the  g ra f t . T he ex p erim en t w as re p e a te d  two t im e s ,  u sing  5 

p lan ts  in  each  te s t .

The tops of a ll com binations w ere inoculated with either TEV 

or PM V and roots w ere assayed  for TEV .

D efo lia tion  of W ilted T ab asco  P la n ts

T h is  e x p e rim en t w as done to  co n firm  the  o b se rv a tio n  of N el­

son  and W hee le r (unpublished data) th a t defo lia tion  of w ilted  T abasco  

p lan ts  induced th e ir  re c o v e ry . Tw enty T ab asco  p lan ts  w ere  inocu la ted  

w ith TEV . W hen w ilt o c c u rre d  in  a ll  p lan ts , f ifteen  p lan ts  w ere  d e ­

fo lia ted . T he o th e r five  p lan ts  se rv e d  as  co n tro l.

To o b se rv e  ro o ts  of re c o v e re d  T ab asco  p la n ts , f ifteen  young 

p lan ts  w ere  grow n in  a  n u tr ie n t so lu tion  (O sm o-cbat f e r t i l i z e r  and 

w a te r) . The so lu tion  w as changed e v e ry  3 days. W hen ro o ts  w ere  

w ell developed, le a v e s  w ere  inocu la ted  w ith  TEV. P la n ts  w ere  d e fo li­

a ted  a fte r  w ilt sym ptom s ap p eared  in  a ll  p lan ts . R oo ts w e re  o bserved  

f o r  reg ro w th  and n e c ro s is .
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P e rm e a b ili ty  of R oo ts of V iru s  
In fec ted  and D efo lia ted  T abasco

Young seed lin g s of T ab asco  and A naheim  p ep p er .w ere  grow n 

in  a so lu tion  (1 0 g /l)  of f e r t i l i z e r  (O sm o-coat) u n til th ey  w e re  3 -4 -c m  

ta l l .  Indiv idual p lan ts  then  w ere  p laced  in  25 m l. of d is til le d  w a te r. 

T h re e  days la te r  le a v e s  of 15 T ab asco  p lan ts  and five  A naheim  p lan ts  

w ere  inocu la ted . F iv e  co n tro l T abasco  p lan ts  w e re  rubbed  w ith d is ­

t il le d  w a te r . In fec ted  T ab asco  p lan ts  w e re  divided in to  th re e  even 

g ro u p s. Two g roups w e re  re s p e c tiv e ly  defo lia ted  48 and 72 h r  a f te r  

inocu lation . The th ird  group  w as not defo lia ted  and se rv e d  as  a con­

t ro l .  The e le c tr ic  conductiv ity  of the  d is til le d  w a te r in  w hich ro o ts  

w ere  suspended  w as m e a su re d  a t 2 4 -h r  in te rv a ls  o v e r 9 days using  a  

conductiv ity  b rid g e  (K em etrex* type 70).



RESULTS

C o rre la tio n  B etw een W ilt and TEV 
P re s e n c e  in  R oo ts

R oot e x tra c ts  of T abasco  p lan t ro o ts , a ssa y ed  fo r  TEV 3 days 

a f te r  inocu la tion , induced w ilt in  T ab asco  p lan ts  u sed  fo r  the  de tec tio n  

of TEV . R oots of T ab asco  p lan ts  a ssa y ed  24 and 48 h r  a f te r  in o cu la ­

tio n  show ed no in fec tiv ity . M ost T ab asco  p lan ts  s ta r te d  to  w ilt 5-6 

days a f te r  inocu la tion . W ilt sym p tom s, th e re fo re , ap p ea red  2-3 days 

a f te r  th e  v iru s  w as d e tec ted  in  ro o ts . In  the  second  e x p erim en t, u s in g  

old p lan ts , the  v iru s  w as de tec ted  in  ro o ts  72 h r  a f te r  inocu lation ; how ­

e v e r , w ilt o c c u rre d  4 -5  days a fte r  v iru s  detection .

G ird ling  of In fec ted  P la n ts  

W hen young T ab asco  p lan ts  w e re  u sed , no d iffe ren ce  w as ob­

se rv e d  betw een  the  tim e  of the f i r s t  ap p ea ran ce  of w ilt in  g ird led  and 

n o n -g ird led  p lan ts . A lso , v iru s  w as d e tec ted  3 days a f te r  inocu la tion  

in  ro o ts  of both  g ro u p s. In  the  p a ra l le l  ex p erim en t, u s in g  old woody 

p lan ts , the  f i r s t  ap p ea ran ce  of w ilt in  p lan ts  g ird led  24 h r s  a fte r  in o cu ­

la tio n  and in  n o n -g ird led  p lan ts  w as re s p e c tiv e ly  13 and 9 days a f te r  

inocu la tion . The v iru s  de tec tion  in  ro o ts  w as re s p e c tiv e ly  7 and 3 

days a f te r  inocu lation . G ird ling  of woody p lan ts  th e re fo re  delayed  the  

tra n s lo c a tio n  of the  v iru s  in to  the  ro o ts  fo r  a t le a s t  4 d ays. The old

12
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p lan ts  g ird le d  the  second  day a fte r  inocu la tion  show ed a lso  a 4 -day  

delay in  the  ap p ea ran ce  of sym p tom s. P la n ts  g ird le d  3 days Or m o re  

a f te r  inocu la tion  w ilted  a t the  sam e  tim e  a s  n o n -g ird le d  p la n ts .

In  the  second e x p erim e n t, when the  con tinu ity  of the  in te rn a l 

and e x te rn a l ph loem  w as d estro y ed , no w ilt o c c u rre d  in  tw elve of the  

fifteen  p lan ts . L eav es  of the  non-w ilted  p lan ts  above the  g ird le s  

showed a ty p ic a l m o sa ic  sym ptom , th o se  below  the g ird lin g  point 

re m a in e d  sy m p to m le ss . T h ese  r e s u l ts  su g g est th a t the  v iru s  p a s s e s  

th rough  the  in te rn a l  and e x te rn a l ph loem  of the  s te m  to  the  ro o ts .

G rafting

A ll c u ltiv a rs  g ra fte d  on T ab asco  ro o ts  and in o cu la ted  w ith 

TEV w ilted . W hen re c ip ro c a l  g ra f ts  w ere  m ade and the  T abasco  

le a v e s  w e re  inocu la ted , how ever, w ilt did no t o ccu r (P ig  4 and T ab le  

1). The c u ltiv a r  developed ty p ica l, sy s te m ic  m o sa ic  sym p tom s. T he 

in tro d u c tio n  of the eggplant s te m  betw een  the ro o ts  and tops of T ab asco  

p rev en ted  the tra n s lo c a tio n  of TEV to  the  ro o ts  and no w ilt o c c u rre d . 

TEV , th e re fo re  does not m ove in  the  eggplant t is s u e .

P e p p e r  m o ttle  v iru s  induces lo c a l  and sy s te m ic  n e c ro s is  in  the  

le a v e s  and s te m s  of T ab asco  p lan ts  w hile A naheim  p la n ts  a re  in fec ted  

sy s te m ic  a lly  (Z it te r ,  1972). W hen A naheim  p lan ts w e re  g ra fte d  on 

T abasco  ro o ts  and le a v e s  w ere  in o cu la ted  w ith PM V, a ll  p lan ts  w ilted.



(a) (b)

F ig u re  4. E ffect of TEV on (a) T abasco  grafted  
on Anaheim  roo t; and (b) Anaheim  
g rafted  on T abasco  roo t.



T ab le  1. Sym ptom s on d iffe ren t p ep p er sc io n -ro o t com binations 
cau sed  by p ep p er m o ttle  v iru s  (PMV) and tobacco  e tch  
v iru s  (TEV)

Symptoms

V iru s T abasco A naheim
T ab asco  ona 
A naheim

A naheim  on 
T abasco

T ab asco  on 
E ggplant on 
T abasco

PM V

L o ca l le s io n s  
and

L o ca l le s io n s  
, and

sy s te m ic
n e c ro s is

M osaic sy s te m ic
n e c ro s is

W ilt and 
death

TEV W ilt and 
death

M osaic M osaic W ilt and 
death

M osaic

aT ab asco  g ra fte d  on A naheim  ro o t.



F ig u re  5. E ffect of pepper m ottle  v iru s on 
A naheim  g rafted  on T abasco  roo t.
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(F ig . 5). T ab asco  ro o ts  showed a  s e v e re  n e c ro s is  id e n tic a l to th a t 

caused  by T E W

The v iru s  w as d e tec ted  in  ro o ts  of a ll to p ^sc io n  com binations 

excep t fo r  eg g p lan t-T ab asco  com binations.

D efo lia tion  of W ilted  T ab asco  P la n ts  

T ab asco  p lan ts  inocu la ted  w ith TEV  re c o v e re d  follow ing defo ­

lia tio n ; how ever, th e re  w as l i t t le  g row th . T h is w as slow  in  developing, 

bu t re m a in e d  tu rg id . M ild m o sa ic  ap p ea red  on the new le a v e s  (F ig , 6), 

Inoculum  fro m  le a v e s  of re c o v e re d  p lan ts  induced w ilt on T abasco  

p lan ts ; how ever, re in o c u la tio n  of re c o v e re d  p lan ts  did not induce fur-* 

th e r  w ilt.

G row th of ro o ts  of re c o v e re d , defo lia ted  p lan ts  w as s tim u la ted  

bu t n e c ro s is  o c c u rre d  b e fo re  the  new ro o ts  re a c h e d  2-3  m m  in  leng th . 

S im ila rly , s te m s  of w ilted  T ab asco  p lan ts  w hich w e re  s e v e re d  a t the  

b a se , dipped in  R ootone, and tra n sp la n te d  p roduced  only few  ro o ts  

w hich w e re  continuously  k illed .

P e rm e a b ili ty  Of R oo ts of V iru s  
In fec ted  and D efo lia ted  T abasco

The conductiv ity  of the  d is til le d  w a te r in  w hich ro o ts  of 

T abasco  and A naheim  w ere  p laced  w as m e a su re d  ap p ro x im ate ly  a t 

24- h r  in te rv a ls . A m ark e d  in c re a s e  in  the  conductiv ity , in d ica tiv e  of 

a r e le a s e  of e le c tro ly te s , w as de tec ted  72 h r  a fte r  in o cu la tio n  and 

48-72 h r  b e fo re  non -defo lia ted  p lan ts  s ta r te d  to  w ilt (F ig . 7). No
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F ig u re  6. R ecovery  of w ilted T abasco  a fte r 
defoliation.



Healthy Tabasco  
O Inoculated Tabasco 
x Inoculated Tabasco, defoliated at 4 8  hrs 
A Inoculated Tabasco, defoliated at 7 2  hrs 
□ Inoculated Anaheim

2 3 4  5 6  7

DAYS AFTER INOCULATION

F ig . 7. The e le c tr ic a l  conductiv ity  of so lu tions bath ing  ro o ts  
of healthy  T abasco , tobacco  e tch  v iru s  inocu lated  
A naheim  and T abasco , and inocu lated , defo liated  
T abasco  pepper p lan ts . - -  E ach  point r e p re s e n ts  
an av e rag e  based  on five p lan ts  te s te d .



d iffe ren ce  in  the e le c tr ic  conductiv ity  of the  ba th  so lu tion  w as ob se rv ed  

betw een  defo lia ted  and non - d ef o li a te  d p lan ts . No such  in c re a s e  was 

o b se rv ed  w ith in fec ted  A naheim  p lan ts  o r  w ith healthy  T ab asco  p lan ts .



DISCUSSION

P e rm e a b il i ty  changes of T abasco  ro o ts  follow ing TEV in fe c ­

tion  has b een  co n sid e red  to be the m a jo r  fa c to r  lead ing  to  T abasco  w ilt 

(G habria l and P iro n e , 1967); the o th e r sym ptom s w ere  assu m ed  to  be  

seco n d a ry  e ffec ts . W ilt w as re p o r te d  to  be due to  a  b lockage of w a te r 

w hich could r e s u l t  f ro m  (1) sea lin g  of in ju re d  c e lls  p rev en tin g  the p a s ­

s iv e  ab so rp tio n  of w a te r , a n d /o r  (2) a d e c re a s e  of the ac tiv e  ab so rp tio n  

due to  a d e c re a se d  r a te  of r e s p ira t io n  of ro o ts . G h ab ria l and P iro n e  

(1967) a lso  suggested  th a t c e ll  in ju ry  could be  due to  a  defic iency  of 

p o ta ss iu m  w hich r e s u l ts  fro m  p e rm e a b ility  changes.

P e rm e a b il i ty  changes follow ing in fec tion  have b een  re p o r te d  

in  m any c a se s  of fungal and b a c te r ia l  w ilt d is e a s e s . T he pathogens 

u su a lly  p roduced  c e r ta in  " to x in s"  th a t cau se  death  of the  h o st t is su e . 

The p re se n c e  of tox ins in  the  c a se  of the T abasco  in fec ted  w ith TEV 

se em s to be  un like ly , s in ce  our da ta  show th a t: (1) ro o t  n e c ro s is  

o c c u rs  only when the  v iru s  is  p re s e n t  in  the  ro o ts , (2) p reven ting  the  

tra n s lo c a tio n  of the  v iru s  in to  T ab asco  ro o t p rev e n ts  w ilt, (3) d e fo li­

a tion  of in fec ted  T ab asco  did not p rev e n t death  of ro o ts ,  and (4)

T ab asco  p epper g ra fted  on A naheim  ro o t does not w ilt w hen in fec ted  

w ith TEV.

A lte red  m em b ran e  p e rm e a b ility  has been  re p o r te d  to  be  a s s o ­

c ia ted  w ith h y p e rse n s itiv e  re a c tio n s  (G ian inazzi, V a llie  and M artin ,
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1972; Addy, 1976; O hashi and Shim  our a, 1976). The change of p e rm e ­

a b ility  w as r  epo rted  to  b e  a seco n d ary  developm ent. A high c o r r  e la tio n  

w as found betw een  the  le a k  of e le c tro ly te s  and the  phenol con ten t of 

apple le a v e s  in fec ted  by E rw in ia  am y lo v o ra  (Addy, 1976). E thy lene 

has been  a sso c ia te d  w ith v iru s-in d u ce d  lo c a l le s io n  developm ent, a 

h y p e rse n s itiv ity  phenom enon (B oss and W illiam son , 1951; P r i tc h a rd  

and B o ss , 1975). T h is  ch em ica l is  known to cause  a lte ra t io n  of m em ­

b ra n e  p e rm e a b ility  and induction  o r  in c re a s e  of c e r ta in  enzym es (G a- 

hagan. Holm , and A beles, 1968). T h ese  phenom ena su g g est th a t the  

change in  p e rm e a b ility  of T abasco  ro o ts  when in fec ted  w ith  TEV  is  a 

seco n d ary  developm ent due to h y p e rse n s itiv e  re a c tio n  and c e llu la r  death .

F u r th e r  su p p o rt fo r  th is  hypo thesis  i s  p rov ided  by  a m odel of 

the  TEV T ab asco  w ilt synd rom e using  the  sam e  h o s ts  and g raftin g  

techn iques bu t a d iffe ren t v iru s , PM V. P e p p e r m o ttle  v iru s  re a c tio n  

on T ab asco  p ep p er d iffe rs  fro m  TEV in  th a t both  tops and ro o ts  r e a c t  ' 

hyper se n s itiv e ly  to  in fec tion . W hen A naheim  pep p er on T abasco  ro o ts  

is  inocu la ted  w ith PM V, the  r e s u l t  i s  w ilt and death  id e n tic a l to the 

re a c tio n  to TEV . T abasco  inocu lated  w ith  PMV o rd in a r i ly  does not 

w ilt. T h is is  p robab ly  due to  a low v iru s  t i t r e .  W hen A naheim  is  the  

sc ion , PM V m u ltip lie s  in  the  A naheim  com ponent. V iru s  then  is  

tra n s lo c a te d  in  m a ss iv e  q u an titie s  to  ro o ts  w here  the  h y p e rse n s itiv e  

re a c tio n  o c cu rs  and w ilt of top en su es . T h e re  ap p ea red  to  be id e n ti­

ca l re a c tio n s  follow ing in fec tion  of T ab asco  by TEV.
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T ab asco  w ilt can be explained  by the  fa ilu re  of dead ro o ts  to  

ab so rb  w a te r . S urv ival of w ilted  T ab asco  a fte r  de fo lia tion  su g g ests  

th a t the  p a ss iv e  tra n s p o rta tio n  of w a te r is  not a lte re d  even a fte r  death  

of ro o ts . R eco v ery  of defo lia ted  p lan ts  could r e s u l t  f ro m  a red u c tio n  

of s to m a ta  such  th a t a sm a ll quan tity  of w a te r  is  ab le  to m ain ta in  a 

m uch  red u ced  p lan t w ithout w ilt. The con tinuation  of the  p a ss iv e  

t ra n s p o r ta tio n  of w a te r  m ay  explain  why an add itional inocu la tion  of 

re c o v e re d , defo lia ted  p lan ts  does not c au se  death .

R e s is ta n c e  to  TEV  in  C apsicum  sp p . does o ccu r (G reen leaf, 

T956; G reen lea f e t a l . , 1970). B a rn e s , M ask ar, and B lack  (1971) 

stud ied  the  so u rc e  of r e s is ta n c e  in  two C apsicum  f ru te s c e n s  c u ltiv a rs , 

L P -1  and A lm eda. T hey  showed th a t r e s is ta n c e  in  th e se  two c u ltiv a rs  

follow s the p a tte rn  of s im p le  M endelian  in h e rita n c e  w ith  r e s is ta n c e  

being  dom inant. L P -1  w as found to be  hom ozygous fo r  r e s is ta n c e  to  

the  m o sa ic  and w ilt sym p tom s, w hile A lm eda w as w ilt r e s is ta n t  and 

m o sa ic  su sce p tib le . C apsicum  f ru te s c e n s , th e re fo re , is  hom ozygous 

fo r  su sce p tib ility  to  m o sa ic  and w ilt sym ptom s since  T ab asco  top 

g ra fted  on A haheim  ro o ts  showed m o sa ic  sym ptom s.

In su m m ary , the  tru ly  unique fe a tu re  of the  d ise a se ," T a b a sc o  

w ilt, " a s  caused  by tobacco  etch  v iru s , is  the fac t th a t the  d ise a se  

r e s u l ts  f ro m  a s itu a tio n  w here  the  p lan t top re sp o n d s  in  a c la s s ic  s y s ­

tem ic  m o sa ic  in fec tion  w hile the ro o t re sp o n d s  in  a p u re ly  h y p e rse n ­

s itiv e  fash ion .
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