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ble m a y  rnr lc lc~d=.  t h ~ t  t h c  mzin ob j cc t i vc .  o f  t h ~ ,  p r o j ~ c t  w a s  
a c t u a l  1  y accc~ri~pl i rk0c.d i n  t t i c  t t ~ r  cc yci.r-E t!ot-I;. LJe r.lere a b l e  t o  g a t h c r  
an cu te tand ing  g z ~ - r i ~ a p l z ~ m  fct- r - c r i  zt>. .ncr t o  t h c  sggreszivc p a t h o g ~ n s  
o f  "usp i  t a  Q L . I C T ~ " .  T~LIE rre a rc  cclnf i dcr-it t h a t  mu1 t i c l o n a l  v a r i  e t i  cs 
(mi::tr!rc of c l  s n ~ r  r.: i th divr l-55 I . : i n d ~  ::f r r e i ~ t a n c e )  w i l l  be a b l e  t o  
ct../crct ?,nd t hc cc, , .c .r  c attr~7cl::~: o f  E h _ y t c ~ ~ h t h o r  a Ln_f cstans under s h o r t  
humid p c r i c d r :  2nd t t l c r c  o f  f i l t ~ r n a r i ~ t  tcnu ic .  under long d r y  pEr i ods .  
Ur:f c l r tunatc l ) ,  1-,c i-~c.~-c un1ucl:y i n  t h c  1 a ~ t  f i e l d  experiment i n  which 
i t  k!ae 2::pc.ctr.d t CI dcmostt-at2 t h a t  "pap i  t a  guera" can be c u l  t i  va ted  
v j i t h  our r c ~ i z t ~ n t  r n s t c r i a l ~ .  The alrnoct t o t a l  l ack  o f  r a i n ,  d u r i n g  
mgnthz 2 f tc . r  t t , ~  c.ct,=.bliehmr.nt o f  t h e  c : :per im~nt ,  f ruc ; t ra t r .d  our  
d rmor . t ra t ion  G+ i?E?. 

Ferhapc t h c  m o ~ t  ~ i g n i f  i c ~ n t  accompl ichn~ent  o f  t h e  k ~ h o l e  
t h r e e  yearc f11D + 4.205 project t.Jaz t h e  d iscovery  o f  a  p l a n t  v r i t h  a 
t ~ l b c r  y i e l d  o f  51 1 grzmc, about 20 t imes  t h e  common y i e l d .  T h i s  ha= 
chown a tuber  p r o d u c t i o n  p o t e n t i a l  f a r  away f rom t h e  most o p t i n ~ i c - t i c  
~ : : p c c t a t i o n .  T~LIE,  i t  c t rcnghc t h e  conf  idencc  t h a t  " p a p i t a  guera"  
w i l l  be a nekr crop t o  p rod~ tce  food i n  t h e  a r i d  reg ions  o f  t h e  w o r l d  
where hclman popul  a t  i on= a r e   ELI^ f c r  i ng u n d c r n ~ u r i  chment and hunger. 

A d e t a i l e d  r e p o r t  o f  these aspects  and a l l  the' o t h e r  a c t i o n s  
o f  t h e  p r o j e c t  a r e  presented as f o l l o w c :  

1 . GEt4ET I CRL RESISTANCE 

Since t h e  " p a p i t a  guera"-crop r . ~ i l l  be main ly  on t h e  hands o f  
poor farmers l i v i n g  i n  a r i d  reg ions ,  t h e  o n l y  p r a c t i c a l  and economics- 
l y  p o c i b l l e  c o n t r o l  o f  pathogenic f u n g i  i c  by means o f  p l a n t  r e s i s t a n -  
ce. 

I n  t h r e e  consecu t i ve  years, a f i e l d  p l o t  was e s t a b l i s h e d  i n  
Texcoco, Me:<. , F ig .  1, w i t h  t u b e r s  repp resen t i ng  rri l d  " p a p i t a  gue ra "  
p o p u l a t i o n s  growing i n  Cent ra l  Me::i co. Each p l a n t  was i n d i v i d u a l  y 
t e s t e d  f o r  
t e n ~ l i s .  I n  
t i o n s  on d e t  

F i o .  1. "F 

r e s i s t a n c e  t o  r h y t o p t ~ t h o r a  i n f  e ~ t a n s  and t o  
t'hc casc ~f r. i n f e ~ t a n s  t h e  t e s t s  werc done 
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a p i  t a  qutzra" c e l c c t i o n - p l o t s  e s t a b l  i shcd  anus 

f i l t e r s a r i  g-  
by  i nocu l  a- 

l y  a t  Monte- - - 

~ 1 1 1 ~ 5 ,  Ta::coco, ME::. For s i r i g l c  p l a n t  a n a l i s i s  i n  r e g a r d  t o  res i c , -  
tance  sgs?nc,t . i n f e s t a n 5  ( v e r t i c a l  + h o r i z ~ n t a l ) ;  r e s i c t a n c e  t o  B .  
t e n u i ~  to: : : . . ;  and search +or  h i g h  y i ~ l d   plant^. ------ 
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I R  ordcr- t o  dc:tcct \ . l c r t ica l  r c ~ i  5tar1ccY t t l ~  1 ~ r ; i I  ;.Cc t;z:-C. 
j nctrul a ted  t.ri t h  race 0. Fur-i t i  vc. i n f ~ c t i o n  i n d i c a t ~ d  thc. ~~ -EL .EE .~ ICE  ~f 
t e l - t i c a l  t - c ~ . i ~ t a n t  gcnc.r ,  and n t g a t i v c  infection thc i r -  ;:brcc.r~cc. 

C- . 5 ] L! 2 -- Thp h o r i z o n t a l  1.rzistz.ncc I.J=\.: p a t - t i a l  j, d z t r c t r d  L i z  , . 
t i n g  onc c r f  i t=  componcntr, t h c  t - c ~ ~ t r i c t i o n  of  t h c  zrnc~ur~t o f  LPUTL:- 

l c ? t i o n  produced i n  t h c  l c r i o : ;  o f  i r r f c c t c d  l e a f l e t s .  Lc3. f lc t r -  i r - r f cc tcd  
i;ri t h  r a c e  0 f o r  <:c.rti c s l  r c r i  ~ t g n c c  d c t c r m i n a t i o n  Gjer-C i \ l s u  ~ 5 c d  i ~ i .  

h c r i z o n t a l  r e s i s t a r t t  c.\;:~luaticln. For thozc* cases i r r  t,rhi clr r t c l  i n f e z -  
t i o n  tool: p l a c c  v ~ i  Ch r-;:cc 0, a ncr.1 e c t  o f  l e a f  l e t s  b r a - e  i n u c ~ i l  a t c d  
w i t h  t h e  wide pathogenic or coarplc.:: rscc. 1,2,3,4,5,15,7,9, j 0 , l  l .  

I n  t h e  C S E C  of r c ~ i c t a r ~ c c  t~ 0. t _ e r ~ ~ t i ~ ~  t t j c  tc.:in ~f t t i l  E 

pathogen was used f o r  a biosay i n  t -~h i ch  the. p e t i o l e s  o f  l e a f l ~ t z  b : ~ - r ~  

inmcrced i n  a  to:: in c : : t r cc t  dur ing  4 6  h r s .  The t o x i n  cauEes an i n c f c s -  
se o f  l e a f l e t  t r a n c p i r a t i o n .  Thus l e s f l c t c -  w i t h  low o r  w i t h o u t  1055 
c f  weight  i n d i c a t e d  h i g h  recict,ricc, snd t h e  10s o f  moEt o f  i t r  f r e c h  
weigh i n d i c a t e d  h i g h  r u e c e p t i  b i  1  i t y .  

'L 
Thc t o t a l  of p l c n t ~  t c e t c d  i n  t h e  t h r e e  year= rJerc 7157, 

be1 ongi  ng c i  t h e r  t o  501 anum c w d j  oehbf11 urn and t o  5. ehrenbkrgii. 
/ 

1.1. Besul  t s  on V e r t i c a l  Rec,i5tance to-P. infcstans: 

We found among t h e  7457 " p a p i t a  guera" p l a n t s  tes ted ,  a  77% 
w i t h  v e r t i c a l  r e s i  s tance  genes. Thi s  h i g h  r e s i  ~ . t a n t  percentage sug- 
ges t s  t h a t  P. in festans,  i n  s p i t e  o f  i t s  ocas iona l  and s h o r t  i n c i d e n -  
ce due t o  l i m i t e d  humid pe r i ods  i n  a r i d  r e g i o n s  on t h e  " p a p i t a  guera"  
p o p u l a t i o n  i n  " c e n t r a l  Me::ico appears t o  be  a pathogen which as an 
impo r tan t  n a t u r a l   electing prec-sure. 

The g .  c_a_gd_&p~h_yl lum spcc ice r c c ~ ~ l  t c d  t o  tla\..e a 85% o f  t h e  
p l a n t s  w i t h  H genes whereas S_. etirertb~t-qLF had o n l y  512, ( t a b l e  1 ) .  
An exp lana t i on  f o r  t h i s  l a r g e  r e s i s t a n t  d i f f e r e n c e  between s p e c i e s  
can n o t  be g i v e n  a t  p resen t .  But, perhaps i t  c o u l d  b e  r e l a t e d  t o  t h e  
p o s i b l e  f a c t  t h a t  each species appears t o  have i t s  own i n h a b i t i n g  
n i c h e s  w i t h i n  t h e i r  geographica l  reg ion .  Thus S .  c a r d i g e h y l l g ~  hab i  - 
t a t  cou ld  be more humid, f a v o r i n g  a  h igher  selecting preasure  b y  E. 
i n f e s t a n s  than  t h a t  o f  s .  ~hyeqbeygL i .  --- ----- - 

L- Tab le  1. Number o f  " p a p i t a  gucra" p l a n t s  found w i t h  v e r t i c a l  r e c i s -  
t a n t  R. genes. 

B o t a n i c a l  
spec i  a1 

P l a n t s  F'lantc- P1 a n t s  R e s i s t a n t  
t e s t e d  w i t h  k r i  t hout  Percent  age 

R genes R genes 

s. c a r d i  o@yL4~@ 4532 3e56 677 85% 

Not determined t 1041 B06 1 4 5  86X 
----------------___------------------------- 

TOTAL 7157 5765 1692 77% 
--------------_------------------------------------------------------- * 

Due t c .  t e c h n i c a l  f a i l u r c .  in 1965, 2 p o r t i o n  o f  t h c  p l a n t c  o f  t h e  
f i e l d  p l o t  bJEre n o t  i d e n t i f i r - d .  Eut l'ii~rt o f  them appcarcd t~ b~ 5.  
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1-arqr  r - c - ~ i  ~ t a n t  d i  f f C ~ . C ~ C ~ E  b:r.r 21 r.0 found among p o p u l  z t i  on 
o f  t he  earn zpcc lcs .  Ttl in nay nuggc,zt tEc c::ir.tsncca o f  niche; w i th  
d i f f c r c n t  humid i t y  ~ ~ i t h i n  c .xh  r p c c i  c r  h ~ b i t 2 . t .  f\nclt l lcr .  pcjrc i  b l c  c::- 
p l a n a t i o n  cou ld  bc? 1inl;r.d t o  ,the c::i=:anco oi c1c;ncs v ~ i t h  ~.i-~fi,;tut-c 

tuber format ion crtiich c c u l d  c c s p c  z r ~ d  ntal.:e 1 c . r ~  c f  c c t i  v.r. C l ~ c  F:. 
i n f  estanc, s r - l c c t i  ng pt-czSLIrc-, trcr;i~r~: t t , ~ ; .  GTL' c f : p ~ z ~ d  tc, n rl-;or tcl. --------- 
per iod  t o  t h e  dan~r:gc t:hc pi-.ttlugr L 1 I:;.il t-fiorc ~1a: ic r  v ~ i  CI-I 1 a t e  
tuber f o r n ~ a t i  cn. 

The m z r i  ..-c zc.;:v.iir f r r  r c.1 z L - . : i c . ~  c i i r l ' t  pct-nli t thc  d e t a i l e d  
and . t i  tTif ccnz~!n;i rtg ger~ot.  y p c  d~L~ t . to i i  r:;.t i crrl of  Z E ~  c c  t ~ d  m i i t c r i  a1 5 .  Ho- 
wever, i t  appc.2u.r t t12. t  meet 9.f ttic p l s r i t - r  ccn ta in ing  "R"  gene5 have a 
complex genotj.p> f =I- ~.,.c!rt. i  c z l  r t r i  = t  c.l;,t(ll-, L ~ E  z . ~ t q g ~ ~ t c d  try t h ~  f a i l u r e  
of t h e  comple:: r a c e  1.2 ' .3 . /1 .5 .0 .7 .13 .9 .10 .11 .  t o  i n f e c t  them, t a b l e  2. 

Table 2. Number o f  "papi ta guera" p l a n t s  foiand t~ h a v ~  a  very comple:: 
v e r t i c a l  r e s i  z t a n t  genotype or p a r t i c ~ l l  ~?rt-  gene=.. 

Botanica l  
Speci cs  

P l a n t s  t c ~ t c d  P l a n t s  not Resi s t  ant  
cr i th comp1c:c i n f e c t e d  Percentage 

T o t a l  3529 220 

Dr. John S. Niederhauscr made a breal:through i n  breeding 
potatoes f o r  r e s i s t a n c e  t o  _P. infe_s&_ang when he damoetrated i n  the  
5 0 ' s  t h e  s u p e r i o r  va lue o f  h o r i z o n t a l  r e s i s t a n c e  t o  t h e  v e r t i c a l  
resistance. S ince t h a t  time, an e f f e c t i v e  c o n t r o l  o f  El, i n f e s t a n s  
has been achieved w i  th h o r i z o n t a l  r e s i  s t a n t  v a r i e t i  es, and consequen- 
t l  Y ,  t h e  v e r t i  c a l  res i s tance  has p r a c t i c a l  y been ignored. However 
f o r  t h e  "pap i ta "  m u l t i c l o n a l  v a r i e t i e s ,  t h e  nuntcrous c lones w i t h  ver-  
t i c a l  r e s i s t a n c e  and t h e i r  vcry  complc:: genotypes f ~ ~ l n d ,  appear t o  be 
o f  g rea t  value b = c ~ u s e  311 the== c loncs a r c  \*cry eimi l a r  and t h c i r  t u -  
bers  a r e  und is t i ngu ishab le .  Thus t h e  m ix tu re  o f  c lones w i t h  va r ious  
and complex v e r t i c a l  r e s i s t a n t  genotypes w i l l  exc lude rr~ost o f  t h e  p. 
i n f  estans races  which cou ld  a r r i v e  t o  t h e  heterogenous p l a n t  popula- --------- 
t ions .  I f  some p l a n t s  a r e  i n fec ted ,  t h c  h o r i z o n t a l  r e s i s t a n t  genes a l -  
so found, w i l l  a c t  t o  slow down t h e  i n f e c t i o n  progress. 

1.2 REZEL~Z-,EE,-YGE~Z~Q~~L--~EZLZ&~REC_--~P~-~~X~QE~~~QLS-- 
i n f  estans. ---------- 

Cis i t  i s  I:nown, t h c  h o r i z o n t a l  r e s i s t a n c e  i s  evaluated when 
t h e  pathogen is i n f e c t i n g  t h e  hos t  p l a n t .  S ince 5047 p l a n t s  o u t  of 
those 7417 i n o c u l a t e d  rrcrc i n f c c t e d  by e i  t h c r  r a c e  O or  by t h e  race  
1.2.3.4.5;6.7.8.9.10.il. they  were on1 y t h c  a v a i l a b l e  p l a n t s  f o r  sear- 
ch ing h o r i t o n t z l  r c ~ i s t c n c c .  Howcver, due t o  t e c h n i c a l  l i m i t a t i o n s  
n o t  a l l  of t h f m  wpre ~ % ~ a l u a t e d ,  and on1 y t h e  c.;:tent o f  s p o r u l a t i o n  
was scored as ve ry  1  ovr, lotr, cbundant and vc ry  abundant. Thus, t h e  ve- 
r y  low sporu lat ic rn o f  t h e  pathogen co r re~ponded  t o  t h e  highc-st r ~ s i s -  
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t c n c c  o f  the  p l c n t ,  and t h e - v e r y  zbundant ~ p o r u l a t i o n  t o  t l l c  v c r y  l ~ w  
rc- t is tance,  o r  h igh  ~ u s c e p t l b l l l t y .  V c r y  hlgh res i s tance  was found i n  
151 p l a n t s  out of thc 2231 p lan t r :  t cc t cd ,  t h a t  i s  a 7%, t a b l e  5. 

Tablc 3.  Hor izonta l  r e s i s t a n c e  ~\ .dnluat ion of "pap i ta  guera" p lan ts ,  
i n  regards t o  t h e  cxtcn o f  P_. i n _ f c ~ t z r l ~ .  ~ p o r t ~ l a t i o n .  

Botan ica l  
species 

E;:trr;t c ~ f  ' q o 1 - ~ 1 1 a t i o n  ------------------------ ----------------------- 
very 1~1.1 1 ow abundant vary abundant 

S- cnrdfnehxLLue 25 35 51 

No. i d e n t i f i e d  31 35 143 

To ta l  - 95 161 613 534 
---------------------------------------------------------------------- 

1.3 Resul ts  on Resistance t o  A1 t e r ~ a r i a  'tenuis t o x i g  

The in fo rmat ion  obta ined i n  a p rev ious  work by Hucrta, 
(1984), r e l a t e d  t o  the c o n d i t i o n s  found f o r  h i g h  t o x i n  p roduc t i on  and 
t h e  development of  a  b iosay t o  de tec t  the  tox in ,  was t h e  b a s i s  f o r  
our massive i n d i v i d u a l  p l a n t  t e s t i n g  f o r  r e s i s t a n c e  t o  e. t_e_n_u_is. 
A f t e r  exposing the  l e a f l e t s  t o  t h e  to::in, t h e  weights r e t e i n e d  were 
recorder.  The data w a s  arranged i n  eleven r e s i s t a n t  classes. The 
c l a s s  "I" goes from 0 t o  9% o f  r e t a i n e d  wcight, corresponding t o  t h e  
most suscep t ib le  p lan ts  and t h e  c l a s s  " X I "  i s  f rom 100 t o  115% r e t a i n -  
ed weight, corresponding t h e  most r e s i s t a n t  p l a n t s  which d i n ' t  l o s s  
weight, on t h e  contrary,  t h e r e  was a weight-gain du r ing  t h e  2 days 
t e s t .  There were 62 p l a n t s  i n  t h i s  X I  c l ass  out  o f  7109 p l a n t s  t e s t e d  
i n  t h e  3 years work, t h a t  i s  a 0.9%, t a b l e  4. 

F ig .  2. Pap i ta  G u ~ r a  r e s i ~ t a n t  c lasses t o  _A. tcnu&s tox in .  C lass  I, 
highest  s u s c e p t i b i l i t y ,  c lass  " I X "  h i g h e r t  res is tance.  
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Thq f requcnci  cs f cund among t hc  r c ~ i  s t a n t  =ucccpt ib le  c l  as- 
ses g i ve  r i s e  t o  a  b e l l  s t~ape curve, f i g .  2. Th is  may suggest a  cuan- 
t i t a t i v c  f ac to r  i n  t he  gcnc t i ca l  nature o f  t o x i n  r c ~ i c t e n c c -  . P c r h a p ~  
t h e  res i s t znce  could be c i top lasnt ic  and i t s  gene(s1 cou ld  be i n  mi to -  
c h ~ n d i r a l  DNA and not  i n  chromo~omal Dtln,  Table 4. 

Table 4. Resistance ~ - . ~ a l u a t i o n  of  Fap i ta  G u E ~ ~  p l a n t s  t o  f i l ternat- id  
t e n u i s  tox in .  ------ 
...................................................................... 
Percentage o f  l e a f l e t  Res is tan t  - ~umb~z-nf-eL~ets-i~-_e_~~h-c1._ass 

- w ie igh t  re ta ined.  c l ass  1  C?85 1  ?B5 1987 3 years 

I 
I  I  
I l l  
IV 
v 
VI 
VI I 
V I I I  
I  X 
X 
XI 

2. RESEARCH ON A l t e r n a r i  a  t enu i  s  

On the  con t ra ry  t o  Phytoehthora in fes tans ,  our exper ience and 
knowledge on BL te rna r ia  t e n u i s  was very l i m i t e d  when we s t a r t e d  t h i s  
p ro jec t .  Thus, i t  was considered impor tant  t o  do some exp lo ra to r y  
research on t h i s  very agreesive pathogen i n  order  t o  have a  b e t t e r  
understanding on i t s  b i o l o g y  and i n t e r a c t i o n s  w i t h  p a p i t a  guera, par-  
t i c u l a r l y  those aspects which could b e n e f i t  our "papi t a "  breeding f o r  
res i s tance  t o  i t s  severe a t t tacks .  The r e s u l t s  obta ined i n  d i f f e r e n t  
research ac t ions  a re  presented be1 ow. 

2.1. Di  sease dcvel  oement . 
The f i r s t  l e s i o n s  caused by 0. t c n u i s  a r e  u s u a l l y  observed a t  

t h e  ap ica l  l e a f l e t  o f  t h e  lower l ea f  i n  con tac t  w i t h  t h e  ground, eug- 
ges t ing  t h a t  pr imary inoculum i s  i n  t h e  so i l ,  They s t a r t  as a b lack  
n e c r o t i c  p i n  p o i n t  which l a t e r  t u r n s  i n  a  l a r g e  n e c r o t i c  area w i t h  
concent r ic  r ings ,  i n  most cases have a ye l low h a l o  i n  t h e  margin of 
t h e  les ion.  The nec ros is  usualy  covers t h e  whole l e a f  l e t  and c o n t i -  
nues t o  other  l e a f l e t s .  The a f fec ted  t i s sues  d rys  complete ly  and beco- 
mes b r i t l e .  The i n f e c t i o n  cont inues t o  upper leaves, and when t h e  l o -  
wer t h ree  leaves have d ied  t he  r e s t  o f  t h e  p l a n t  t u r n s  ye l low.  A t  
t h i s  stage t he  buds and f l owers  drop, and a f t e r  about e i g h t  days t h e  
who1 e  p l  ant die. - 

I t  was observed i n  d i f f e r e n t  years, t h a t  S_. card ioghy l lum 
p l a n t s  become i n f ec ted  e a r l i e r  than _S. bc_c_nb_ergh& p l a n t s  bu t  t h e  l a t -  
t e r  d ied e a r l i e r  (47 days a f t e r  i n f e c t i o n )  than t h e  former (33 days 
a .  1.  I t  was a150 obclerved t h a t  R_. t c n ~ t i z  i n f e c t i o n  occurs ma in l y  
just a f t e r  blossom, 63 days a f t e r  p l a n t i n g  S. card iophy l lum and 71 
days f o r  S. ehrenbergi&. 
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Nhcn 1 owe-r and Llppcr r i  d c ~  of 1 e&f 1 tc.5 krcrc i nocul atcd rri tl-i 
draps of zporz-suspc.nt ion a h i  gher amount of i n f  c c t i o n  b r a s  obtained 
on thc  upper c i  dc,, t z b l  c 5. Thi c shopred t ha t  rporeE are  able t o  i n -  
f ec t  e i t h e r  s i  dc. of "papi ta" l e a f  l e t s  and 5uggcr t~ -d  t h a t  i n f  c c t i o n  
tal::e~. p lace by direct:  cpidcrmi s penetrat ion, becausc t h e  higher num- 
bcr c?f ctcmatn on t hc  l o ~ r c r  s i d e  d i n r t  favored a higher i n f e c t i o n .  
fllrn, by n~ ic rozcop ic  o b ~ e r v a t i ~ n c i ,  i t  has been found germination tu-  
bcr  of  rporcs  pazr ing  above ~ t o m a t a  without en tc r ing  i n t o  the  t issue.  

f l l though a c i n g l c  cpore r ~ a s  able t o  i n f e c t  a l e a f l e t  the  pcr-  
centage of succen w a s  only 5% as compared w i th  83% obtained w i t h  
groups of  15 spores. This phenomenon i s  not  due t o  a low gcrminat'ion 
o f  spores because 19 spores placed i n d i v i d u a l y  on water agar had a 
9CC4 germination, thus Eomc unl:nor.rn factor_s may i n t e r f e r e  w i t h  the  pro- 
cess of  i n f e c t i o n .  

'G Table 5. E f f e c t  o f  inoculum dens i t y  of  A_. tc_n_u_ha spores on l e a f l e t s  
I i n f e c t i o n  o f  "Papi t a  species". 

..................................................................... 
Botanica l  spores upper s ide  . lower s ide  

speci e5 per m l  i n f e c t i o n  i n f e c t i o n  

Of ter  i n f e c t i o n  takes place, t h i s  fungus pa ras i t es  w i t h  i t s  
mycelium t h e  l i v i n g  t i s s u e  and a f t e r  some vegeta t ive  growth i t  s t a r t s  
an abundant ~ p o r u l a t i o n  which can cont inue even when the  t i s s u e  i s  
dead. 

The spore product ion o f  t h e  saprophyt ic phase VJJS found t o  be 
favored by l i g h t ,  although i t  w a s  able t o  produce a good number of 
spores under continuous dark t a b l e  6. A 100% o f  r e l a t i v e  humidi ty  
( r h )  favored t h e  maximum sporu lat ion,  a t  76k r h  I d a s  ab le  t o  sporu la te  
about ha.lf i t s  p o t ~ n t i a l ,  a t  33:< r h  can do a l i t t l e  sporu lat ion,  but  
i t  was not  ab le  t o  sporu la te  a t  5% rh.  

2.4. P_&th_o_qc_n_Lc_-r_p~c_g-~f -A. tcnu_Lz, and i t 5  c o r r e l  a t  i on V J ~  t h  
i t s  t o x i n  product ion.  ---------- ---------- 

It was observed thc  cx i r t zncc  o f  d i f  + ~ r e n t  pathogenic l e v e l s  
among var ious _A. t gnu i  s is01 ates, thus, i t  w a s  consi  de res  important 
t o  see i f  t h e  pathogen ic i ty  rrac c ~ r r c l a t e d  w i t h  t h e  amount of  to::in 
production. 
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Table 6. E f f e c t  of l i g h t  on a. tcn_uF~ ~ p o r u l a t i o n .  
--------------------------------------------------------------------- 

@ =  ~ E E G L S  ----------- r\iumber of  seores ---------- i n  eight ---- agar ------- d i s c s  
i s ~ l  a te  con t i  nu05 1  i ght  cont i  n u a u ~  dcit-1::nczz 
---------------------------------------------------------------------- 

1 50 000 3 4  000 
2 la ooo 12 000 
3 t2 000 58 000 
4 'I CI 000 22 000 
5 80 CtOO 70 000 
6 102 000 78 000 
7 7E 000 52 000 
8 4 2  0c)C) 22 000 
9 30 000 18 000 

1 0  34 000 10 000 
11 36 000 22 000 

L; The t o x i n  ex t rac t s  of th ree d i f f e r e n t  e. t cnu i s  i s o l a t e s  
were used t o  evaluate t h e i r  e f f e c t  on l e a f l e t e s  o f  3. cardipehyl lum 

/ and S. ghrenbergii .  A t  t h e  same time, spores o f  t h e  same 8. tenu iq  
i s o l a i e s  were inoculated on another set of "pap i ta  guera" l e a f l e t s .  
The l oss  of  weights shown by t h e  l e a f l e t s  e:cposcd t o  the  t o x i n  appea- 
red  t o  c o r r e l a t e  w i th  the  l o s s  of  weight l o s t  by t h e  corresponding 
inoculated l e a f l e t s ,  t a b l e  7. 

Table 7. Weight losses of  l e a f  l e t s  e::poscd t o  t h e  A. &gnuis t o x i n  as 
compared w i t h  the  weight losses o f  l e a f l e t s  inoculated w i t h  8. renu i s  
spores. 

e. tenu is  Pap i ta  guera -Per~en&as~-nf,weFgh&-1.,0st~ 
i so l  ates speci es inocu la ted ex posed 

w i t h   to^ 
spores (average) t o x i n  (average) 

2.5 p a r a s i t i c  races of  A. &pny&. 

A. tenu is  l es ions  on j uven i l e  leaves were found i n  "papi- 
t a  guera" p l a n t s  growing w i l d  i n  Central Mc::ico i n  1986. Since t h i s  
p a r a s i t i c  behavior i s  deviated from normal i n f e c t i o n s  on o l d  leaves, 
i t  was decided t o  f i n d  out i f  such juven i le  i n fec t i ons  were t h e  re -  
s u l t  o f  a spec ia l  p a r a s i t i c  r a c e . o f  _A. tenuig. Two i s o l a t e s  of _A. 
t enu is  were obtained from less ions  of  young leaves and inocu la ted  on ------ 
young and o l d  leaves of  "pap i ta  gucra". Also, 5 i : c  a d i t i o n a l  R_. t enu i s  
cu l tu res  i s o l a t e d  prev ious ly  from o l d  leaves were inocu la ted i n  t h e  
same maner. Each treatment had four  rcp l ica t ionc,  and t h e  whole exper i -  
ment was repeated t o  conf i rm t h e  resu l t s ,  t a b l e  8. 



T a b l e  8. Pararitic v z r i s t i o n  found anbong a. i s o l a t e s  
---------------------------------------------------------------------- 

I s o l  ate I n f  cct ions on: 
Young leaves o l d  leaves 

---------------------------------------------------------------------- 
A-3@ from y a u n g  l ea f  + - 
A-27 I 1  + + 
A-18 from o l d  l e a f  + + 
A-3  1 II I1 + + 
A - 3 3  I 1  II 

+ F- 
+ 

A-01 11 - + II 

11-07 II 
II - + 

A-10 I 1  I8 - + 
A-21 (I # I  - + 
A-22 II II - - - 

/ 

2.6. Seore,,,dLs~sLn~tion_~--snd---FLs_---s;eLdg~L~Le~L~~l--- 
signi f icance.  -- ---------- 

I n  t he  winter  season, when i s  dry and there  are very few 
herbaceous p lan t  species, some 8. tenuis spores were trapped every 
day. The or igen of such spores, appear t o  be mainly t h e  sporu la t ion  
ocurred on "pap i ta  guera" p l an t s  in fec ted  i n  our previous f i e l d  
p lo ts .  When the  p lan t s  dry, t he  spores fa1 1 i n t o  t he  s o i l ,  and from 
there, they a re  dispersed continuouc,ly by winds t o  other  crop 1 and%. 
The spores l a y i n g  on t he  ground appear t o  be an important pr imary 
inoculum source a5 suggested by the  f i r s t  les ions observed f requen t l y  
on pap i ta  l e a f l e t s  touching the  s o i l .  

The s i q n i f  i c a n t  increase of spores trapped .at t he  end of 
CIpril and begininq of May, when no _A. tenu is  i n fec t i ons  has ye t  taken 
places on the  pap i t a  p lants,  may have had i t s  or igen on t h e  saprophy- 
t i c  a c t i v i t y  of e. tenuis.  A t  t h i s  t ime o f  the year, some r a i n s  have 
already fa l len ,  80 p l a n t  debries l e f t  on the s o i l  get  wet and they 

t become a s u i t a b l e  subst ra te  t o  be colonized by A. tenuis. 

I t  was found e::perimentaly, t h a t  maize dcbr ies were t h e  best 
substrates +OF A. tenu is  sprrcsphytic grob~th. Since maize crop has a 
wide geographycal d i s t r i b u t i o n ,  i t s  debries appear t o  be of  h i gh  s ig-  
n i f  icance f o r  A. t enu is  spore product ion and consequently f o r  epide- 
mics development-on papi t a  populations. 

2.7- Effe~t--~f--~~~-on_-Lra_f1_ef~su_s_c_ret_Fb,FLLt~-t~-~~-~~n_~Lz- 
tox in .  ------ 

With t he  aim t o  chcck the  f i d e l  it). of the biosay f o r  t e s t i n g  
res is tance of pap i t a  clones t o  _A. f nu i s  tox in,  i t  was decide t o  t e s t  
t h e  e f fec t  of  l e a f l c t  age on its r eac t i on  t o  _A. f_e~_u&s toxi'n. For 
such purpose, seven l e a f l e t s  from leaves o f  d i f f e r c n t e  ages were expo- 
sed t o  the tox in .  The oc iqht  l o s t  by l e a f l e t s  a f t e r  4 8  h of  t o x i n  ex- 
posure was recorded ac shown i n  next t a b l e  9. 
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T n b l c  9. Pcrcc.ntaoe of t r c i q h t  lorr-cr. r.hor.~n b y  l e a f l e t s  o f  d i f f e r e n t  
age a f  tear t h c i  r tm:: i n c::pozurc.  

R c l  a t  i ve 
I  c a f  1  ~t 

1c;fIr.t v a ~ i q h r _  $ 
O e f  ore a f  tcr 

F ' c r c e n t a g e  
0 f  

age to::j n t a:: I. n we igh  IOE.E 
---------------------------------------------------------------------- 
1 ( o l d e s t  1 . 5509 1. 2920 83.3% 
2 1.2078 0.7810 64.6 
3 0. 7655, 0.4111 53.  15 
4 0.6722 0. 1810 26.9 
C a 0.3345 0.0494 14.08 
6 0.1760 0.0251 14.3 
7 ( y o u n g e s t )  0.5766 0.670 11.8 
---------------------------------------------------------------------- 
rlr 

bleigh a v e r a g e  o f  t v r o  l e a f l e t s .  - 

Li I t  is c l c a r  f r o m  d a t a  o n  above! t a b l e ,  t h a t  l e a f l e t  a g e  h a s  a 
1 l a r g e  i n f l u e n c e  o n  t h e  t i s s u e  r e a c t i o n  t o  t h e  t o x i n .  When t h e  l e a v e  

is i n  a j u v e n i l e  s t a g e  is h i g h l y  r c s i s t n a t  a n d  as i t  is becoming o l d e  
i ts r e a c t i o n  c h a n g e  g r a d u a l y  u n t i l  t u r n s  a s  a v e r y  c u s c e p t i b l e .  T h i s  
k n o w l e d g e  w a s  u s e f u l  t o  e s t a b l i s h  t h e  c r i t e r ia  f o r  c o l l e c t i n g  t h e  
l e a f l e t s  t o  b e  t e ~ t e d  i n  t h e  b i o a s a y  f o r  r e s i s t a n c e  t o  t h e  t o x i n .  I n  
t h a t  way t h e  r e s i s t a n t  v a l u e s  c o u l d  b e  r r i t h i n  t h e  l i m i t s  o f  v a r i a t i o n  
t h a t  may p e r m i t  t o  c o n s i d e r  t h e m  v a l i d  f o r  t h e  p u r p o s e  t o  d e t e c t  
t h o s e  c l o n e s  w i t h  h i g h  l c v c l s  o f  r e c i s t a n c c .  I n  a p r e l i m i n a r y  o b s e r -  
v a t i o n  i n  t h e  f i e l d  o n  t h e  r e s i s t a n t  b c h a v i o r  o f  o u r  s e l e c t e d  c l o n e s  
a p p e a r s  t o  s u p p o r t  t h e  v a l i d i t y  o f  o u r  selecting method b a s e d  o n  t h e  
t o x i n  b i o a s a y .  

3. TUBER YIELD 

1 
Most o f  t h e  " p a p i t a  q u e r a "  p l a n t s  h a v e  v e r y  l o n g  s t o l o n s  a n d  

p r o d u c e  y i e l d s  o f  less t h a n  509. U n d o u b t l y  t h e s e  are f e a t u r e s  f o r  a 
b e t t e r  f i t n e s s  i n  t h e i r  w i l d  l i f e  i n  a n  a d v e r s e  a r i d  e n v i r o n m e n t .  T h e  
l o n g  s t o l o n  w a s  i n t e r p r e t e d  as a u s e f u l  s t r u c t u r e  t o  d i s e m i n a t e  t h e  
t u b e r  p r o g e n y ,  a v o i d i n g  i n  t h a t  way a l e t a l  c o m p e t e n c e  o f  c r o w d e d  
s e e d l i n g s ,  as  c o u l d  happen  i n  e h o r t  s t o l o n  p l a n t s .  Horrevcr, f o r  p a p i -  
t a  g u e r a  p l a n t s  u n d e r  c u l t i v a t i o n ,  t h e  l o n g  s t o l o n  won ' t  b e  e s s e n t i a l  
b e c a u s e  man c a n  d i  s p e r s e  t h e  p l a n t s  a c c o r d i n g  t o  d i s t a n c e s  d e t e r m i n e d  
by a g r o n o m i c a l  m e t h o d s .  Thus ,  i t  w a s  t h o u g h t  t h a t  s h o r t  s t o l o n  p l a n t s  
must  h a v e  h i g h e r  t u b e r  y i  el d z ,  b e c a u ~ e  t h o s e  p h o t o ~ y n t h a t e s  which  are! 
n o t  u s e d  f o r  a l o n g  s t o l o n  d e v e l o p m e n t ,  c a n  b e  u s e d  f o r  i n c r e a s i n g  
t u b e r  p r o d u c t i o n .  On b a e i c  o f  t h i s  h y p o t h e ~ i s ,  i t  was d e c i d e d  t o  ob- 
t a i n  s h o r t  s t o l o n  p l a n t s .  F o r  s u c h  p u r p o s e ,  t h r e e  a p r o a c h e s  w e r e  
a t t e m p t e d :  1 )  se ;cual  crosses b r i  t h  S_. Ln_fgndibul  i f  g c g *  t o  t r a n c f  er 
t h e .  " t o p i a r y "  g e n e  t o  o u r  p a p i t a  m a t e r i a l s .  2) t h e  z.omaclona1 v a r i a -  
t i o n  by p r o t o p l a ~ t  r e q e n e r a t i o n S t  a n d  3) t h e  e e a r c h  o f  s h o r t  s t o l o n  

$ /  We e : :p ress  o u r  g r a t i t u d e  t o  P o t a t o  ~ n t r o d u c ' t i o n  S t a t i o n  S t u r g e o n  - 
Bay. b J i  c c o n s i  n ,  f o r  p r o v i d i n g  u s  k r i  t h  ~ c c d c ,  o f  S_. i c f u n d i  b u l  i f  o~gc_. 

t S /  Rased on  a r a t h e r  f r e q u e n t  a p p e a r a n c e  o f  s h o r t  s t o l o n  p l a n t s  o f  -- 
2. t u b e r o s u m  t r o u g h  s o m a c l o n a l  v a r i a t i o n .  P e r s o n a l  c o m u n i c a t i o n  J .F .  
b y  S h e p a r d ,  K a n s a s  S t a t e  Uni v c r s i  t y .  

J 
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p 1 2n?: c smnnn p z c l  tz g ~ i ~ ~ a  p o p u l a t i o n =  i n  w h i c h  w i d c  - . ~ s r i a t i c n  i - j aE  
e x p e c t e d  t o  f i n d .  I n  t h r  f i r s t  a p p r o a c h ,  c l o n c . . ~ .  c f  t hc  d t ;u i j l c  
r c c c c i t - # c  t c p i  ar-I{ ~ ; c n ~ . t ; ~ . p c  cf. 5. j nf ctndi bcil i f o r i ; i ~  !-jcrc u b t a i n c d ,  b u t  
t;!c hz.d no c c r c c r r r  i n  t t - l r  F i r r t  ~ t t ~ z ~ p t r :  t o  m a l i c  -the c r c : s ~  ::i t h  p:pi ta  
c l c n e c .  I n  thc-  s c c o ~ d  spi-as.ch d i n ' t  ~ - L I C C C ~  1 4 . l c . 0  i n  the i i r c t  
a t t e m p t =  tc r c q c n c r z t c  p12nLr- fr-om p a p i t a  p r ~ p t u p l  a s t r .  On t h ~  o t h e r  
h a n d ,  w e  c ~ ~ c c c d c d  t n  f i n d  s h o r t  z t c r l o n  p l a n t s  I.JS t h  h i g h  j i i c l d c  b y  
s i n g 1  e-pl  a n t  h a r v ~ ~ t ,  i n  t r l - ~ i  c h  t t ~ ~  t u b e r  y i  c l d  f a u n d  ai-ound -the ~ t ~ - r n ,  
n o  f a r t h e r  t h n n  2(1) cm., war- t h e  c t - i t e r i u m  t o  c c l ~ c t  h i g h  yielding 
c l o n ~ c .  The  m o r t  u c ~ t r t a n d i n g  p l a n t  .Found was t h e  8&-1Z.h r.:itkr ~7 t ubc r  
y i e l d  o f  511 g .  f i g .  Z. 

F i g .  3. L e f t ,  o u t s t a n d i n g  s i n g l e  p l a n t  y i e l d  f r o m  c l o n e  86-136; 
r i g h t ,  common l o w  y i e l d  o f  i t s  - n e i g h b o r  p l a n t ,  i n  t h e  s e l e c t i o n  p l o t  
o f  1986. 

S h o r t h y  a f t e r  t h e  d i e , c o v e r y  o f  t h e  o u t s t a n d i n g  h i g h  y i e l d i n g  
c l o n e  86-136, i t  was d e c i d e d  t o  t r y  t o  f i n d  a m o r p h o l o g i c a l  or p h y s i o -  
l o g i c a l  a t t r i b u t e  w h i c h  c o u l d  b e  l i n k e d  t o  i t s  a b u n d a n t  t u b e r  p r o d u c -  
t i o n .  F o r  s u c h  p u r p o s e ,  f i v e  p l a n t s  o f  86-136 c l o n e  were g r o w n  u n d e r  
g r e e n h o u s e  c o n d i t i o n s ,  t o g e t h e r  r ~ i  t h  ciame number o f  p l a n t s  o f  t h r e e  
n o r m a l  y i e l d i n g  common c l o n e s .  

The r e s u l t s  o f  t h i s  c o r n p a r a t i  s t u d y  show t h a t  there w a s  
n o t  a r e l e v a n t  d i f f e r e n c e  i n  a l l  f e a t u r e s  o b s e r v e d  b e t w e e n  Bt-136 
a n d  t h e  o t h e r  c l o n e s ,  e x c e p t  t h e  number  o f  s t o l o n  b r a n c h e s ,  t a b l e  10 
and f i g .  4. 

S i n c e  e a c h  = t a l o n  b r a n c h  i =  a s t r u c t u r e  w i t h  a t u b e r  f o r m a -  
t i o n  p o t e n t i a l ,  t h ~  h i g h  s t o l o n  b r a n c h i n g  o f  c l o n e  Bt-136 a p p e a r s  t o  
be o n e  of t h e  t r a i t s  r c s p o n z a b l e  f o r  t h e  v e r y  h i g h  t u b e r  y i e l d .  T h i s  
c o n c l ~ t s i o n  M a s  s t r e n g h t e d  a f t e r  f i n d i n g  t h a t  86-lS6 c l o n e  is  - n o t  a 
t e t r a p l o i d ,  a5 was t h o u g h t  d u e  t o  i t e  c : : c e p t i o n a l  y i e l d ,  b u t  i t  is  a 
d i p l o i d  w i t h  24 c h r o n o r o m e s .  
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Fig. 4. Diagmatic representa t ion  o f  s to lon  branching syst'ems. L e f t ,  
c lone  86-136 (h i gh  y i e l d )  w i t h  244 s t o l on  branches; r i g h t ,  c lone  7.10 
(common low y i e l d )  w i t h  163 ~ t o l o n  branches. 

Table 10. Features shown by c lone 86-136 (h igh y i e l d i n g )  and c lones 
7-10, 7-4 and 85-055 ( low y i e l d i n g ) .  
...................................................................... 
Feature Clone 86-136 Clone 7.10 Clone 7.4 Clone 85-055 

s. cardioph. S. ~ a r d i o p h .  5. cardipeh. S. ehvpnbghgii 
...................................................................... 
Emergence 
s t a r t  
Emergence 
pe r i od  . 
El oorni ng 

L- s t a r t  
B l  oomi ng 
pe r iod  
Senescence 
s t a r t  
Stem (main) 
1  enght 
Stem (main) 
i nternodec 
Branches* 

5  days 

3  " 

25 " 

74 " 

124 " 

73 cm 

20 " 
7-3-4 
Tot (14) 

5 days 5  days 

branches 
i nternodec 13-3-4 13-3-7 7-2-4 12-3-= J 

Leaves 82 80 5 0 79 
Sto lon**  
bran~hec- 25)- 150-74 12-87-64 12-88-55 6-67-44 

Tot. (244) Tct. (163) Tot. (155) Tot. (117) 
...................................................................... 
X Lower, mid1 e  and u.pper b r a n c h ~ ~ .  
t t  Mai n, ~econdar  y  and t e r t i  d ry  ~ t o l  on branches. 
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i n  t h ~  c.::pcri rnciit;-l p!:,t of 1-25. i t z  i r ~ c i i l c i t c c  PJZE Cj.27:  i n  %. 
1  I 1 t i  c ;  I -  1 .  ' i n . . : ? f o r t u r i a t c l  iy ------ 
t h i r -  p!l; t .hsgnn I.:?= ;:I ~ ; a r t  t.:tt.zsni: i n 1 CZk znci 1727 r : :pci . - imantr t l  p l o t s  
es tc . .bl  i ~ t ~ c - d  s t  d l  f +.=t-r:;;k i;l  : . C L ~ X  . ;, t1.1;-. rz.r;.z Tc; :cc?c~l  z z r ~ c .  

5.2.  , - .- - 1  - .. - . ;. : . -.. .. . , . . ,  . .  t h i  c \ g a r  o h t c r ~ . : ~ d  a= a c a u s e  ~ . .  . . -. 

o f  a ~,;ct - 1.n rnnlz  ~ - L , ~ C . ~ - Z I ,  ; + inci.clzncc \.:as a l z o  l c r . ~  a n d  f o r t i -  
tuoc- .  

7 - -. . . ==.t>ts - - - - - - - - :?.ia- - - . - t . 5  - - -- - '1. I t  ::;..I: d c t c c t c d  i n  p l c n t c  f r o m  c e n t r a l  
Me:-:i  co ~ t ~ ~ l i l i  T:G >:t.t-y c_m::3 3 i c::, r.2 r.nd TC..,CI- z t u n t .  By e l e c t r o n  m i  - 
c ro=cc rpy  t!:~. ! : : i d r  o+ ;..,ir~:r p-.i-t-cl:r \ ; z ; - ~  c ~ b ~ ~ ~ - i / ~ d : ,  5 t - ~ d  f l ~ : - : o u s  s h a -  
p e  a n d  a p o 1 y t i c . d ~ - i c  shapc.. T t r ~  l s n g  r-GJ f l c : : ~ l r  p a r t i c l c  tJac ~ ~ p a r a t c d  

Gstur;:  , r t - t -rrr :znj  c!m, ~ ~ C ~ C I E Z  i t  L - J ~ E .  i n f  z c t i  o n s  a n d  b y  i n o c u l c , t i : , n  on -- 
n o t  t h e  p o l y h e d r i ~  . , , , ~ ~ L I Z .  Ey h s r t  range a n d  S F ~ - c r l ~ g y  i t  was i d e n t i -  
f  i e d  a=- V ~ I - L ~ C -  : c f  ~ o t 3 . t ~ .  I t  C S L L Z S ~  ..?ct-y m i i  l d  m 0 c z . i ~  o n  e i t h e r  S. 
c a r d i c p h y l l ~ t m  ot- 3. ~ h y z n b ~ r o i .  i p l a n t s . .  S o ,  i t  reJss n o t  t hc -  c a u s e  03 
t h e  s e v c r c  d i r c a c z  o b c r r v z d  i n  t h e  f i c l d .  

5 . 4  " ~ a e j t ; ? - - p r c i a  d c  r a t o n  v i r u 5 ; "  ( m o u s e  ear v i r u s )  t h i s  
p o l y h e d r i c  v i r ~ i z ,  c o - i n f e c t i n g  p a p i  t a  p l a n t s  k r i t h  p o t a t o p  v i r u s  X ,  as 
mentioned a b o v e ,  w a s  s ~ p a r a t z d  b y  s a p  i n o c ~ t l  a t i  o n  o n  E p g e h r e n a  
q l o b o s a  w h i c h  w a s  i n f e c t e d  b y  t h i s  v i r u s  a n d  n o t  b y  F'VX. When 
i n o c u l a t e d  o n  p a p i t a  p l a n t s  p r o d u c e d  t h e  clcvcre c,ymptoms o f  "ear 
mouse" l e a f l e t s ,  f i g .  5. 

F i g .  5 L e f t ,  l e a v c  f r o m  v i r u s  i n f e c t e d  p l a n t  s h o w i n g  t h e  "o r e j a  d e  
r a t o n "  (ear  mouc,e) symptoms ;  r i g h t ,  l e a f  l e t s  o f  h e a l t h y  p l a n t .  

T h i c  ; . i r u s  a l ~ o  i n f c c t e d  p l a n t  species b e l o n g i n g  t o  Amaran- 
t h a c e a e ,  C h ~ n o p o d i  a c e a e ,  S c r c p h u l  a r ~ s c e a e  a n d  S o l a n a c e a e .  I n  t h e  
l a t t e r  f a m i  I s ,  a l l  1 4  c - p c c l e c  i n o c u l s t e d  were infected. T h e  b i o l o g i -  
cal  c h a r a c t c r r s t i c s  c,f t h i s  . . . i r u s  r.ierc c o r ~ p a r e d  w i t h  t h o s e  o f  n i n e  
p o l  y h e d r i c  v i r u z e c  p a t h o g c n i  c t o  comcc,n p o t a t o ,  n o  c l o s e  r c l a t i  o n s h i p  
w a s  f o u n d .  S o  i t  a p p e a r 5  t o  b e  a neb4 v i r u s ,  b u t  f u r t h e r  c h a r a c t e r i z a -  
t i o n  i n  n e c d c d  f ~ r  a f i n z l  c c r n c l u s i o n .  
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4. TISSUE CULTURE bJORE. 

The aim t o  s t a r t  u ~ i n g  t i z s u e  c u l t u r e  techniques on 
"pap i t a  guera" p r o j e c t  war; motivated by the  fo l locr ing i n t e r e s t s :  i )  
t o  Iccep a se t  o f  e l i t e  clclncz of the  germoplannl bank i n  v i t r o ,  i n  
order t o  avoid t he  r i s k  of a t o t a l  v i r u s  o r  v i r o i d  i n f e c t i o n s  o f  a .  
g iven clone as could happen wi th clones m u l t i p l i e d  i n  thc greenhouse; 
i i )  t o  have always ava i l ab l e  the e l i t e  clones f o r  an i n n ~ c d i a t e  and 
r a p i d  m u l t i p l i c a t i o n  trhen needed f o r  c::pcrimcntal cjf reccarch purpo- 
ses, p a r t i c u l a r 1  y when tubers are not  sprouted; i i i t o  produce micro- 
tubers  f o r  d i s t r i b u t i o n  of g e r m ~ p l a ~ m  t o  othcr  ccsuntrier and i v )  t o  
advance i n  t h e  basic  methods fo r  the  use of b io techno lcg jcs l  approa- 
ches i n  the breeding f o r  t he  "papita gucra" domestication. Thc achic- 
vements obtained i n  t he  th ree  year per iod  are  as f o l l ~ w s .  

The best c a l l u s  medium found c::perimentaly f o r  p a p i t a  c l o -  
nes bclongi-ng t o  e i t h e r  S. cardiopbyl4l_ug or  _S. yhy_e~b_cyqiF species 
was t h e  Murashige-Skoog (1962) wi th  2.5 mg/l o f  2.4-D and 1 mg/l o f  
naphtalen acet ic  acid.  

a .  . 
L1 The best  explants found f o r  t he  above medium were p ieces  
/ o f  stems or 1 eaf 1 e t  . 

 he best  propagat ive medium found was t h e  Murashi ge-Skoog 
w i t h  1 mg/l o f  benci ladenine 1 mg/l o f  i ndo lace t i c  a c i d  and 3% 
sucrose. The best  exp lants  f o r  propagation r e s u l t e d  t o  be t h e  ap i ca l  
meristems and a x i l i a r y  buds. 

The p l a n t  regenerat ion from ca l  li was achieved by t r ans fe -  
r i n g  c a l l u s  t i s s u e  t o  t he  propagat ive medium. 

The r o o t i  ng of shoots was succeded w i  t h  Murashi ge-Skoog 
medium conta in ing ha l f  t he  amount o f  sa l ts ,  wi thout  growth r e g u l a t o r s  
and w i t h  2 X  o f  sacharose. 

It was obtained a 90% o f  rooted p l a n t s  i n  s o i l  by r o o t i n g  
t h e  shoots ou t s i de  t h e  g lass bo t t l e .  The basal p a r t  o f  t h a  shoot 
stem was dipped i n  Rai=one and kept i n  a g r o l i t e  under h i gh  humidi ty .  
A f t e r  roo ts  developed, each p l a n t l e t  was t r a n s f e r  t o  s o i l  and t h e  
very humid environment was gradualy changed i n t o  a normal envi ron-  

Lt men t . 
The best  medium found t o  ob ta in  f r i a b l e  c a l l u s  was t h e  

c a l l u s  medium, descr ibed before, w i t h  4.5% a d d i t i o n a l  sacharose. 

A f t e r  some experiments, i t  was poss ib l e  t o  ob ta i n  l a r g e  
number of p ro top las t s  from @Ipapita" c a l l u s  by us ing  t h e  enz imat ic  
s o l u t i o n  described by Shepard (1981) f o r  the  common potato.  

A good r e s u l t  was obtained f o r  mantaining p a p i t a  shoots 
i n  v i t r o  by us ing  t h e  slow growing medium developed f o r  common pota- 
t o  by Espinosa e t  a1 (1984). 

5. PROSPECTION OF PAPITA GUERQ PRTHOGEbIS, OTHER THAN fil terngr_Lg . 
t enu i s  AND FkyQphthora i n f  cstanz. 

By searching p a p i t a  diseased p l a n t s  du r ing  t h ree  years, t he  
f 01 lowing pathogens were found and i d e n t i f i e d .  
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It krcs unfortunate k c  have a dccrcc>c,c i nc t cad  o f  an increase 
o f  y i c l d  by r o l  o f  tuber sprout. Put a t  the  samc t ime w 2  were 
af  o r tunate  t o  tcczrnc acq~lzrbi ntcd k r i  t h  C t l i  5 pchnomcnom, b c c a u ~ e  t h e  
tuber  sprout o f  p a p i  t 3  ~ L ~ C I - a  f : t l l  dcjrm c z r i  1 y, r n  now, spcc ia l  hand- 
l i n g  o f  tubcr-cccdr r9i13 k c  t s l . c n  t o  avoid a se r ious  y i e l d  l o s s  cau- 
sed by t he  of  l o s s  zprcrut l o s t  ~t p lan t i ng  t i m 2 .  

Table 11. E f f c c t  of t ubc r  r p r o ~ r t  on c r o p  y i c l d  

Treatment Tubct- 5 Tot21 Y ie l d  per 
p l an t cd  Y i 21 d p l a n t  

---------------------------------------------------------------------- 
Tubc?rs w i th  

14 4 130 9,859 g 75 9 sprout  

Tubers w i  t h ~ u t  144 
sprout 

d 

/ 

6.2. Effect-pf-the s i z e  of tuber-seed on crop y i c l d  

I n  o rde r  t o  f i n d  out t he  l e s s  amount o f  p a p i t a  tubers  t h a t  
should be a l l o t e d  as seed f o r  t he  next  year c r o  a smal l  t r i a l  was 
done t o  compare t h e  y i e l d  obtained by small  tug&-seeds (0.5-10. 2 w i t h  t h a t  o f  a common s i z e  tuber (9-12 1 .  The r e s u l t s  showed t h a t  1: 

h us ing  small t u b e r s  t h e r e  w a s  l ess  p lan? emergence and a l so  t h e  tuber  

r ip1 was l e s s  than 50% of  t h a t  obtained kr i th common tubers, t a b l e  
a 
b 
b We can conclude from these r e s u l t s  t h a t  common s i z e  t u b e r s  

should be used an tuber  seed i n  order t o  get  b e t t e r  y ie lds .  

8 Table 12. E f fec t  of t h e  s i z e o f  tuber-seed on c rop y i e l d .  
T 

Size  o f  Tuber Emerged Tota l  Y i e l d  per 
tuber  seed p l a n t e d  p l an t s  y i e l d  - p l a n t  

Small tuber 1 4.4 109 
(0.5-1.0) 

Common tuber 144 130 
(4-12 q) 

7. GERMOPLASM BhNK. 

Most e n t r i e s  t o  t h e  "pap i ta  guera" germoplasm ban): a r e  
t h e  clones se l ec ted  i n  t he  se l ec t i on  p l o t s  es tab l i shed  i n  Monteci- 
1105, Te]:., f rom 1985 t o  1987. Today the re  a re  a t o t a l  o f  539 se lec-  
t ed  clones. T h i s  number o f  c lones w i l l  be reduced i n  t h e  near f u t u r e  
because a f u r t h e r  cha rac te r i za t i on  and a more s t r i c t  c r i t e r i a  fi::ed 
f o r  t h e i r  s e l e c t i o n .  Thc number o f  c l on r s  l e f t  w i l l  be those needed 
f o r  t h e  m u l t i c l o n a l  t i e  and a l so  f o r  t h e  breeding needcd t o  
achieve s h i g h  dcgrec o f  domzsti ca t i on  ba r ,~d  on monoclonal v a r i e t i e s .  
With a fecrcr c loncs  i n  t h c  banl:, a more c f f i c i c n t  a t t e n t i o n  can be 
g iven t o  thcm f o r  t h c i r  b c t t c r  maintanancc. Also, i t  w i l l  bc  eas i e r  
t o  have a s e t  o f  moct of  t hc  se lcc tcd  c lones i n  t i s s u e  cu l tu re ,  i n  
o rdcr  t o  certify the v i r u s  and v i r o i d  f r e c  c o n d i t i o n  f o r  t h e i r  save (2 
d i s t r i b u t i o n .  P 



c a.5. R_l_felfa-Plo~aic ' 2 i r ~ t ~ .  T h i ~  v i r u s  was f.o~tnd i n  c::pcrimfri- 
t a1  p l o t s  i n  Te::coco, causing t s ~  i l l i n a t  yc1lor.r =pot= s im i la r  t o  t h c  
50 ~ ~ 1 1  " c a l i c o "  5)'ntptom o f  con,ri,on pctatcs,. The incidence k ~ a c ,  lair,  
end apparent 1  y dctcrrni ned by ~ r c i  denta l  trnncnri r - i  onc cau5cd by m i  gr ;.- 
Ling zphids from nearby a l f a l f a  crop=. 

5.6 Ps_pFga v i r o i d ,  w i t h  c::ccption of po ta to  s p i n d l e  t u b ~ r  
v i r o i d  (PSTV) a11 t h e  known t ro idc-  i n f e c t  p lan t  species f rom warm 
weather regions. Since pota to  ( s .  t~tb~rtrsu_m) i s  ~ e \ ~ e r e l  y  i n f  e c t c d  by 
t h i s  v i r o i d  on l y  i n  warm summers, i t  suggested t ha t  po ta to  might  n c t  
be a  na tu ra l  host o f  PSTV but  a c i r c u n s t a n t i a l  host r e s u l t e d  by man 
a g r i c ~ 1 1  t u r a l  a c t i v i t i e s .  These considerat ions motivated t he  hypothc- 
s i s  t ha t  Mexico could be t h e  geographical or igen o f  PSTV, becauce 
"pap i ta  guera" which has a r a t h e r  ho t  hab i ta t  could be i t s  natur 's l  
host. I n  order t o  t e s t  t h i s  hypothesis  a j o i n  p ro jec t  was es tab l i shed  
i ~ i  t h  MC. Juan Pablo Martinez from" I n a t i  t u t o  tJaciona1 de I n v e s t i  gacio- 
nee, f ig r ico las"  and Dr.T.0. Dicner f rom USDA P e l t s v i l l e .  

<, We had p o s i t i v e  r e s u l t s  i n  l e a f l e t  samples taken from 
"pap i ta"  p l a n t s  wi thout  any symptom, which were growing i n  Cen t ra l  

/ Mexico, and a l s o  from sprouts o f  tubers  harvested from t h e  same area. 
A t o t a l  of f i v e  p o s i t i v e  r e s u l t s  were obtained from about 1000 sam- 
p les,  t h a t  i s  a  1:200 frequency, these i s o l a t e s  were ab le  t o  i n f e c t  
Gomphreng g l  obosa and t o  cause f 1  owcr var iegaf i o n  i n  NLc,gt,La,n,g 
a lu t inosa,  fea tu res  corresponding t o  PSTV. However by n u c l e i  c  h y b r i  d i  - 
z a t i o n  us ing cDNa probes o f  PSTV and Tomato P lan ta  Macho v i r o i d  
(TPMVO) i t  was found a  higher degree o f  hyb r i d i za t i on  w i t h  t h e  l a t t e r  
probe i n  s p i t e  o f  having more pathogenic PSTV features. Thus t h i s  
"pap i ta"  v i r o i d  appears t o  be an in te rmedia te  form between PSTV and 
TPMV. Fur ther  work i s  needed f o r  a  more prec ise  i d e n t i f i c a t i o n  o f  
t h i s  v i r o i d .  A lso kri th f u r t h e r  search o f  v i r o i d s  i n  "pap i ta"  popula- 
t i o n s  s t i l l  t h e  p o s i t i b i l i t y  f o  f i n d  a  t y p i c a l  PSTV. 

The v i r u s  causing "ear mouse lea f  l e t "  and t h e  p a p i t a  para- 
s i t i c - v i r o i d  appear t o  be t he  most impor tant  pathogens found i n  t h i s  
prospection. The v i r u s  has a h i gh  des t r uc t i ve  p o t e n t i a l  f o r  t h e  futu- 

I r e  pap i ta  crop, because t h e  scvere damage i t . causes  i n  i n f e c t e d  
p l a n t s  and i t s  p o t e n t i a l  acumulation by t he  pap i t a  vege ta t i ve  propa- 
gat ion. The v i r o i d  appears t o  be, a t  present, no impor tant  f o r  p a p i t a  

{L crop because no symptoms have been observed on t h e  i n f e c t e d  p a p i t a  
p lan ts .  But i t  could be of  h i g h  importance f o r  other crop p l an t .  'This 
i n fo rmat ion  i n d i c a t e  t h e  need of r i go rous  handl ing o f  p a p i t s  
ma te r i a l s  t o  avo id  t h e  d iscminat ion  o f  thcse t k ~ o  pa ras i t es  w i t h i n  
Mexico and t o  o ther  countries. 

6. AGRONOM I CAL CJORKS 

tuber  
t h i s  
t u r e  
ca te  
d i n ' t  
y i e l d  
w i t h  
p l a n t  
bance 
y i  e l  d  

I t  MJS found an increase of y i e l d  i n  common po ta to  when t h e  
sprout was- removed from t h e  tuber sccds before  p l an t i ng .  On 

bas is  i t  w a s  decided t o  do an e::ploratory t r a i l  on such a g r i c u l -  
p r a c t i c e  w i t h  pap i t a  tubers. The r e s u l t s  shown i n  t a b l e  11- i n d i -  
t h a t  "papi t s "  p l a n t s  o r i g i n a t e d  f rom tuber seeds w i thout  sp rou t  

increase t h e  tuber y i e l d  as e::pcctcd, bu t  on t h e  cont rary ,  t h e  
was about th ree  t imes lese  than t h a t  obtainded w i t h  tuber-seed 

sprout. Twenty n i ne  percent o f  t h e  y i e l d  1055 was due t o  a  l o v ~ e r  
emergence, and 44% was apparent ly  due t o  a  phys io log ica l  d i s t u r -  
cauccd by t he  removal o f  t h e  sprout,  as suggested by t h e  l o r ~ e r  

per p l an t .  
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The clones- i n  t h e  bank have t h e  $01 l o k ~ i n g  a t t r i  bu- 
t c r :  181 b r long  t o  s. c h r c n b z r ~ i f ;  211 t o  s. c a r d i o ~ h \ t l l ~ t m ;  397 have 
rez i c t ancc  to e. i n f c ~ t a n z ;  315 car ry  v e r t i c a l  R. gcncs; 115 s h ~ w  
tlo:-j z c l n t ~ l  r c r i ~ t a n c c ;  35'7 have r cs i r t ancc  t o  I\.. kcnuis  t o x i n  a t  t h e  
L O - l P O X  l e v e l  o f  r c t z i n ~ d  weight; and 5 wi th  h igh  tubcr  y i e l d  a t  t h e  
160 t o  511 g range. A f c r . ~  c loncs w i t h  no r cs i c t ancc  t o  pathogens and 
w i t h  very IOPJ y i c l d  a l so  a re  I:cpt f o r  rcscarch purposes. 

COEICLUD I EIG REblllRKS. 

The in fo rmat ion  obtained i n  t he  th ree  years work i s  i n  
concordancc kr i th the  hypothesis used as a  bas i s  f o r  developing thc- 
p r o j e c t .  The wide v a r i a t i o n  a::pected among papi  t a  guera popul a t i  on5 
according t o  t h e o r e t i c a l  considerat ions, r e s u l  t c d  t o  be a  fac t -Thus  
our p l a n t  se l ec t i on  based on what nature has don2 n i c e l y  i n  thousands 
o r  m i l  l i o n s  years, was a  simple and rewarding approach f o r  a primoge- 
n i  a1 and f a s t  breeding t o  obtain. m ~ t l  t i c l o n a l  v a r i e t i e s .  

The d iscovery o f  c lone 86-136, ~ ~ i t h  a tubc r  y i e l d  more 
Cj than 20times o f  t h a t  produced by t h e  common p a p i t a  p lants ,  i s  beyond 
/ t h e  most o p t i m i s t i c  y i e l d  e::pectations. 

The Germoplasm Baril: conformed i n  t he  p r o j e c t  i s  now a  
r i c h  source o f  genes f o r  res i s tance  t o  both agres ive  pap i t a  

0 and genes f o r  h igh  tuber  y ie ld .  I t  o f f e r s  now t h e  opo r t un i t y  t o  s t a r t  
2 a f u r t h e r  breading towards a h igher  l e v e l  o f  "pap i ta"  domest icat ion 
Y 
b i n  a monoclonal form. 
s 
P The abundant and d iverse  p a p i t a  gene sources f o r  
b r e s i t a n c e  t o  i t s  main pathogens; t h e  genet ic  h i gh  y i e l d  p o t e n t i a l  z e x i s t i n g  i n  pap i t a  populat ions, as shown by 86-136 clone! t h e  h i g h  
rn 
c, food q u a l i t y  o f  tubers  ( 4 %  p r o t e i n )  and i t s  e:ccelent drouht r e s i s t a n -  

% ce, c o n s t i t u t e  a s o l i d  evidence t o  generate a  general conv i c t i on  t h a t  

'c p a p i t a  guera i s  a  p l a n t  which w i l l  he lp  t o  a l i v i a t e  underfeeding and 
hunger o f  people l i v i n g  i n  a r i d  reg ions  of  t h e  world. 
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