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A BSTRACT 

Both MDMV - A a n d  - B  we re t ra n sm itted by natu ra l in fectio n 

a n d  mech a n i ca l  inocu l at i o n  on South  Da kota adapted so rg h u m h yb r i d s  

a n d  occu r red at  t h e  B roo k i n g s  a rea . G ra i n  sorg h u m h y b r i d s  we re fo u n d 

to react diffe ren t l y  to mec h a n i ca l  i nocu l ation w ith  MDMV- A a n d  - B ,  

res pect i ve l y . St ra i n  A u s u a l l y in d u ced a system i c  mos a i c  symptom , w h i l e 

stra i n  B u s u a l l y  p rod u ced l oca l a n d  n ec rotic symptom s . H oweve r ,  a few 

cu l t iva rs i n fected w i t h  stra i n  B e x h i bited sys tem i c  symptom s . D u ri n g a 

compa rat ive u lt ra st r u ctu ra l  stu d y  of M DMV infect ion , th e re was a n  

obv iou s diffe rence i n  i n c l u sion bod i es between M DMV- A a n d  MDMV·-s . 

E l ect ron m i c roscopy revea l ed t h e  p resence of pin w h ee l s ,  b u n d l es ,  

tu bes , scrol l s ,  a n d  l a m i n ated a g g regates in  ce l l s  of sorg h u m l eaf tis s u e  

system i ca l l y  i n fected w i t h  MDMV- B ,  wh i l e n o  l a min ated a g g reg ates we re 

fou n d in ce.ll s of so rg h u m l eaf  tis s u e  i nfected with M D MV- A . 

U lt ra st r u ctu ra l a s pects of HO K sorg h u m  p l a n ts in  t h e  p r ima ry acute 

sta g e  of symptom d eve lopment a n d  M DMV- A  inte ract i on , e x h i bited 

obv iou s u lt ra st r u ctu ra l c h a n ges i n  host ce l l morp ho logy s u ch a s  ce l l wa l l  

a b n o rma l ities . T h e  ce l l wa l l  ab no rma l ities  invo l ved ce l l wa l l  thic ken i n g s  

and p rot r u sio n s  a s sociated w i t h  pa ram u ral bodies , e xte n d ed 

p lasmodesmata , a nc e x t ra p rotoplasm i c  sacs . 
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I NTRODUCT I ON 

Ma i ze dwa rf mosa i c  v i ru s  ( M DMV) i s  con s i d e red t h e  most 

impo rta n t  v i r u s  d i sea s e  of so rg h u m (Sorghum bicolor L .  Moe n c h ) a n d 

h a s  a w i d e  g eog ra p h i ca l  d i st r u b ut ion a n yw h ere so rg h u m a n d 

Joh n so n g ra s s  a re p rese n t . MDMV ( 52 ) , a n ew v i r u s  d i s ea s e  o n  co rn 

(Zea mays L. ), wa s f i rst  n oted i n  south e rn Oh i o  i n  1 962 , repo rted i n  

1 963 ( 1 7 ) , a n d  k n ow n  a s  a n  econom i c  pathogen  of co rn  a n d  s o rg h u m i n  

the  m i d - 1 960s ( 1 9 , 46 , 54 ) . MDMV i s  t ra n sm itted by mech a n i ca l i n oc u l at ion  

and a l so by a p h i ds.  Ma n y  weed and c rop p l a nts  have been tested to 

dete rmin e t h e  host  ra n g e  of M DMV th ro.u g h  b road i n vest i g a t i o n s ,  ·b u t  

t h e  react i o n  t o  t h is v i r u s  o f  ma n y  impo rta n t  g ra s s es occ u r r i ng i n  t h e  

wo r l d  st i l l  rema i n s  u n k n ow n . On l y  66 gen e ra o f  t h e  1 22 g ra s s  g e n e ra 

w ith  rep res n tat i ve s pec i es i n  t h e  U SA h ave been  tested fo r rea ct i o n  to 

M DMV (39 ) . N u me rou s ea r l y  wo r ke rs reported a n n u a l  a n d peren n i a l  

hosts of M DMV, a n d  co n c l u d ed t h at Joh n son g ra s s  ( Sorghum halepense L . ) 

was the  p r i ma ry ove rw i n te r i n g  host of t h e  v i r u ses  ( 5 , 9 , 40 , 42 , 52 ) . 

Des p ite t h e  fact t h a t  M D MV- B h a s  been known to infect co rn  a n d 

sorg h u m fo r severa l yea rs , no way for i ts ove rwi nter i n g  i s  k n ow n . 

T h e re h a s  been conf u s ion as  to th e re l a t i ons h i p of M DMV to 

s u ga rca n e  mosa i c  v i r u s  ( SCMV) .
. 

S i m i l a r i t i es between M DMV a n d SCMV 

. h ave been noted . Da l e  ( 9 )  reported a mec h an ica l l y t ra n sm i s s i b l e  v i ru s 

i n  Arka n sa s  a n d  s u g g ested t h at i t  may be a stra i n  of SCMV . S h e p h e rd 

(42 )  a l so s u g gested t h at a Ca l i forn i a  iso l ate was a st rain of SCMV a n d 
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h e  n amed it Jo h n songra s s  st ra i n  of SCMV , o r  SCMV-Jg . B a n c roft et a l . 

( 5 )  s u ggested t h at t h e  SCMV rep resented a fam i l y  · of mut u a l ly 

d i stinct i ve vi r u ses  o r  a se ries of stra i n s  w i t h  d ifferent  p rope rt i es . I n  

s e ro log i ca l a n d  h ost ra nge stud i es , M DMV-B s h owed a c lose r 

. re l at io n s h i p  to s t ra i n E a n d  H of SCMV t h a n  d i d  M DMV- A  ( 1 5 ) . T h i s  

res·u l t wa s i n  con t rad i ction w i t h  t h at of S n aze l l e  et a l . ( 43 )  i n  w h i c h  

th i s  i so l ate d i d n ot react w i t h  t h ei r  SCMV- H a n tis e ru m . Tos i c  a n d  Ford 

(48) repo rted t h at t h e re we re n o  s ign i f i ca n t d i ffe ren ces i n  p h ys i ca l 

p ropert i es amo n g  M DMV- A ,  M DMV-B ,  a n d  SCMV s t ra i n s . T h e i r 

se ro log ica l  tests s uggested M DMV-A wa s d i st inct f rom M DMV-B , a n d  

M DMV-B was mo re c los e l y  re l ated to t h e  SCMV stra i n s  t h a n  to M DMV-A . 

T h ey be l i eved t h at t h e  rea son S n a zel l e  et a l . (43 )  we re una b l e  to get a 

pos it ive  sero log i ca l  reaction w i t h  SCMV - H  was  beca u s e t h ey may h a ve 

obta i n ed t h e  severe st rain , wh i c h  has  been redes ignated as  SCMV-1 . On 

t h e  b a s i s  of  react ion o n  sorghum cu l tiva rs At l a s  and TX 3 1 97 ,  Tos i c  

a n d Fo rd (48)  g rou ped MDMV a n d  SCMV stra i n s . G ro u p  one inc l u ded 

MDMV:...B a n d  SCMV- E w h i c h  ca u s ed i d ent ica l  loca l l es i o n s .  G ro u p  two 

i n c l u ded SCMV- H a n d -1 w h i ch ca u s ed extens i v e  n ec ros i s  of infected 

p l a nts . G ro u p  t h ree i n cl u d ed MDMV-A a n d  SCMV-Jg w h i c h  caus ed 

atyp ica l  loca l l es io n s , mosa i c ,  a n d  ra re n ec ros i s  on n ew l ea ves . G rou p 

fou r i n vo l ved SCMV- A ,  - B ,  a n d  -D wh i c h  ca u sed mos a i c  a n d  

prono u n ced nec ros i s  o n  n ew l ea ves (48 ) . T h e  h·ost ra n ge of M DMV i n  

t h e  Gramine.ae i s  s i mi l a r to t h a t  of t h e  SCMV (38 , 39 ) , h oweve r  M DMV 

wa s d i st ing u i s h ed f rom st ra i n s  of SCMV beca u s e  it ea s i l y i n fects 

Jo h n .son g ra s s  a n d i s  not infect i o u s  to s u g a rca n e  cu l t i vars ( 42 ) . SCMV 

h a s. not been fou nd i n  or t rans m i tted to Joh n so n g ra s s  i n  t h e  f i e l d  i n  



3 

U SA a n d o n l y  a ve ry l ow percentage of i nfect ion wa s obta i n ed i n  

i nocu l at ion  tests con d ucted by Abbott a n d  T i ppett ( 1 ) .  S n a z e l l e  et a l . 

(43) a g reed t h a t  both of t h e  s u g a rca ne cult iva rs , C . P .  3 1 - 294 a n d  C . P. 

31 -588, u sed by Abbott a n d T i ppett ( 1 ) a s  symptom d iffe rent i a l s ,  we re 

. s u scept i b l e  to a l l  S CMV i so l ates but not to M DMV- A  or M DMV- B ,  n e i ther  

of · wh i c h  cou l d be  recove red from t h e  symptom l es s  p l a n ts . Da l e  a n d  

A n za l one ( 1 0) fa i l ed t o  obta i n  i nfect ion  of Joh n so n g ra s s  w i t h  S CMV f rom 

mech a n i ca l  i noc u l a t i o n s .  It i s  gen era l l y recog n i zed a s  b e i n g  h ig h l y 

res i sta n t  o r  i mmun e to most stra i n s  of S CMV .  

T h e  red d e n i ng and stu n t i n g  sym ptoms s o  common i n  O h io co rn 

we re a l most l a c k i n g  a t  U n i ve rs i ty Pa r k  in  Pennsy l va n i a  ( 5 1 ) .  Ye l lowing 

a n d de lay  of matu r i ty we re commo n symptoms . M a c Ke n z i e  et a l . (28)  

fou nd a n ew stra i n of  M DMV based o n  host react ion  a n d  s e ro l og i ca l  

re lat ion s h ip s , refer red to a s  MDMV-B ,  a n d des i g n ated i so l ates of M DMV 

that m i g h t i n fect both co r n  and Jo hnso n g ra s s  .a s  MDMV - A  a n d i so l ates 

wh i ch o n l y  i nfect co r n  as M DMV- B .  Pa u l sen  a n d  S i l l  (36) repo rted no 

cros s - p rotect ion  .between M DMV- A  a n d MDMV- B stra i n s  on 20 s e l ected 

sorg h u m h y b ri d s  a n d l i n es . T h ei r res u lts  ag reed with  those  of T u  and 

Fo rd (49 )  w h o  repo rted non  p rotect ion  between stra in A a n d  B i n  co rn . 

T h e  a bove res u lts  i nd i cate that  c ros s - p rotect ion  a s  a test fo r 

relat ions h i p  between M DMV stra i n s  m i g h t  not be re l i a b l e ,  by u s i n g  co rn  

o r  sorg h u m fo r test  p l a n ts . 

Fou r d i s s i m i l a r s t ra i n s  of M DMV we re i so l ated f rom a s e r i es of 

co rn  l i n es a n d  des i gnated a s  st ra i n s  M DMV-C,  M DMV-0 ·, M DMV- E ,  and 

MDMV- F b a s ed o n  d i ffe re n ces in  symptoms , p h ys i ca l  p rope rt i es , and 
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react ion  of co r n  l i n es ( 27 ) .  Th ey we re i n d i st i n g u i s h a b l e  f rom eac h  

oth e r  i n  pa rt i c l e  l e n gt h  a n d mo rpho log y ,  i nfect i v ity t o  J o h n so n g ra s s , 

sero log i ca l  react ion  with  M DMV - A  a n t i s e ru m ,  sta b i l i ty i n  s a p ,  a n d  

l o n g ev i ty i n  deta c h ed l ea ves . O n  t h e  ba s i s  of s ymptomato l og y ,  Zu mmo 

. wa s a b l e  to d i ffe rent i ate s ix mosa i c - i n d u c i n g  v i r u s  i so l ates from 

CaHfo rn i a ,  G eo rg i a , Ke n t u c ky ,  Mis s i s s i p p i , a n d  Virg i n i a . Zu mmo a n d  

Gordon ( 55 )  not i ced pathog e n  va ri at ion i n  f ive  i so l ates of M DMV- A  f rom 

d iffe ren t  locat ion s i n  t h e  U S A . Th i s  i n fo rmati o n  h e l p s  exp l a i n t h e  

n atu ra l occu r re n ce o f  seve ra l s t ra i n s o f  M D MV .  A m a i ze v i ru s  i so l ated 

from Texa s i nd u ced sym ptoms on co rn res emb l i n g those  inci ted by 

M DMV - A  (31). T h e  host ra n ge of th i s  mec h a n i ca l l y  t ra n s m itted i so l ate 

was s i m i l a r  to t h at  of M DMV- A ,  exept t h at i t  i n fected oats (Avena 

sativa). Th e i so l a te , co n s i d e red a n ew stra i n  of M DMV , wa s d es i g n ated 

MDMV- 0  stra i n . Howev e r ,  o n l y  M DMV stra i n s  A a n d  B a re k now n to be 

t ra n s m i tted to so rg h u m p l a n ts n atu ra l l y .  

Th e d i s ea s e  symptom exp res s ion  i n d u ced by t h e  v i r u s  depe n d s  

u pon v i ru s  stra i n  va r i a b i l i ty ,  sorg h u m genotyp e ,  a n d  e n v i ro n me nta l 

facto rs . Twe nty s o rg h u m e n t r i es rea cted w ith  a system ic mosa i c  5 to 8 

days afte r i noc u l at i o n  w ith  M DMV-A (36) . At low tem pe rat u re red l eaf 

symptoms we re a l so obse rved in some va r i et i es ( 1 9, 36 ) . T h e  l oca l 

l es io n s  i n d u ced by M DMV- B e n l a rged a n d  e lon gated ra p i d l y ,  becom i n g  

red a n d  n ec rot i c  i n  4 to 6 days (36) . Symptoms of M DMV va ry 

con s i de ra b l y , even i n  p l a n ts of t h e  same hyb r i d s  i n  t h e  s a m e  f i e l d . On e 

p l a n t may s h ow symptom s ea r l y  i n  the  sea son a n d  a not h e r  n ot u n t i l  

afte r po l l i n at ion . Typ i ca l  MDMV sym ptom s o n  co rn  a n d  J o h n so n g ra s s  



5 

we re f i rst desc ri bed by Ja n so n  et a l . ( 1 8) a n d Da l e  (9). T h e  ty p i cal 

symptom s  descr i bed by Se h g a l  (40)  we re a s  fo l lows: 1 )  I n it i a l  symptoms 

on- co r n  seed l i n g s a ppea red 4 to 5 days afte r i nocu l at i o n  i n  t h e  fo rm of 

small c h l o roti c  s pots n ea r t h e  b a s e  of u nopened l eaves, w h i c h  deve loped 

· l ater i nto a g e n e ra l i zed ye l l ow - g ree n mosa i c . Occa s io n a l l y, o l de r  l ea ves 

s howed l o n g itu d i n a l  st rea ks  ru n n i n g pa rel l e l  to t h e  ve i n s ,  o r  

recta n g u l a r  d a r k  g reen a rea s o n  a c h l o rot i c  backg rou n d . 2 )  O n  so rg h u m 

a b ri l l i a nt ye l low g reen mos a i c  pe rs i sted th rou g h  t h e  l i fe of t h e  p l a n ts . 

Two i n b red l i n es of co r n  repo rted to be  res i sta n t  at  U n i v e rs ity P a r k  i n  

Pen n s y l va n i a ,  e x h i b i 'ted severe sym ptoms u n der  f i e l d  tests i n  Oh io  ( 51 ) .  

Oth e r  ( 16 )  wo r ke rs '  res u l ts com pa red� to th ose o f  Oh io ( 1 8) we re a l so 

i n co n s i sten t . N u me ro u s  e x p l a n at ion s cou l d  be g i ven fo r t h es e  

i n co n s i stent  res u lts  ( 5 1 ) .  Some of t h ese we re : 1 )  w i d e l y  extended 

geog ra p h i c  a rea cou l d  a l low fo r ext remes i n  va r iat ion of c l i m a t i c  factors 

and f l u ctu at ion  a n d  va r i at ion  of vecto r pop u l at io n s; 2 )  g e n et i c  

d i ffe ren ces i n  i n b red s o r  i n b red s u bst ituti o n s  i n  h y b r i d s; 3 )  g e n et ic  

d iffe re n ces in  t h e  v i r u s  i so l ates i nocu l ated; 4 )  vecto r res i sta n ce of  h ost 

genoty pes; 5 )  a d iffe ren ces i n  t ime of i noc u l at ion;  6 )  a d ifferen ces i n  

t ime of data read i n g; .7 )  e r ro r  i n  d i s ease  rati n g  eva l u at ion . Opt i m u m  

cond it ion s fo r study of M DMV i n  sorg h u m we re 1)  u s e  of 1 :  10 a n d  1:2 

d i l ut ion of i noc u l u m  ( M DMV-A a n d MDMV- B, res pect i v e l y ) ;  2 )  sou rce 

p l a nts i n oc u l ated 10 days  befo re u s e; 3) a n  i n c u bat ion  tem pe ratu re of · 

25 C; 4) i n ocu l at ion  of th e f i rst l eaf  6 d ays afte r p l a n t  eme rg e n c e ,  of 

. the· seco n d  l eaf 2 da ys, a n d of th e th i rd l eaf at lea st  14 days afte r 

p l a nt eme rgence (41). HOK sorg h u m reacted to mec h a n ica l i n oc u l at ion  

with M DMV- B w i t h  loca l l es io n s a n d to  M DMV-A with  loca l l es ion s ,  
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p r i ma ry a c u te and c h ronic mosa i c  sym ptoms (W . S.  G a rd n e r ,  

u n p u b l i s h ed ) . T h i s  wa s s i mi l a r to th e symptoms i nd u ced by b a r l ey 

st r i pe mos a i c  v i r u s  ( B S MV) in  ba r l ey (32 ) . 

Ma i ze dwa rf mosa i c  v i r u s  be lon g s  to the  potato v i rus  Y g rou p 

of p l a nt v i r u ses ( 1 4 , 23 , 24) , c h a racte r ized by f l e x uou s rods a bo u t  750 

n m  lon g ( 5 , 40 , 42, 46) , a n d  ind uce the fo rmat ion  of p i n w h ee l  o r  

cylind r i ca l  incl u s i o n s  i n  t h e  host  ( 7 ,  1 2, 1 4, 23, 24 ) . T h e  fo rmat ion  of 

p i nwhee l , b und l e ,  and l a m i n ated agg regate i n c l u s ions afte r os m i c  acid 

f i xat ion  of t i s s u e  i nfected with · SCMV wa s s ·u ggested by Edwa rdson 

( 1 1 ) . Compa rat i ve u l t ra s t r u ct u ra l st u d i es of  MDMV i nfect ion  s h ow 

d iffe re n ces in i n c l u s io n  bod i es betwee n MDMV-A a n d  M DMV- B i n  corn 

(7) . H oweve r, t h e re a re some d i s a g reements a mong invest i ga to rs 

(7, 1 4,23, 24 ) . 

Maj o r  cyto log i ca l ch anges occu r i n  t h e  cel l s  of v i ru s  infected 

p l a nts . T h e  ch l o rop l a sts of v i ru s  i n fected p l a nt t i s s u es were often 

swo l l en a n d  conta i n  l e s s  c h l o rophyl l th a n  those i n  compara b l e  h ea l t h y  

p l a nts ( 1 4, 23 ) . G a rd n e r  ( 1 4)  s u g gested t h e  ch lorotic patte rn  in the  

l eaves ind u ced by SCMV-J g i n fect ion  m i g h t  be  due  to a defi c i e n cy of 

p i gments i n  t h e  c h l o ro p l asts  w it h  fewe r g ra n a. McM u l l en et a l . (35 )  

fo und abe r rant p l a stid s i n c l u d ing swel l i ng,  d efo rmat ion o f  memb ranes, 

cytop l a sm i c  invag i n ations, pe rip h e ra l ves ic l es , a n d  B S MV pa rt i c l es 

atta c h ed to t h e  l i m i ti ng mem b ra n e, i n  systemica l l y and mec h a n i ca l ly 

infected ba r l ey l eaf t i s s u e . Ce l l  wa l l  abn o rma l i ties, with o r  w it h o u t  

ves i c l es a n d  t u b l es, we re often a s sociated w ith  mod if icat ion  of 

p l a smod esmata between t h e  cel l wa l l  and p l a s ma l emma ( 6, 7, 2 1 ,  25,34, 44 ) . 
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A lthou g h  a reas of ves i c u l at ion  between the  cel l wa l l  a n d p l a s ma l emma 

we re often fo u nd i n  h ea l t h y  p l a nt t i s s u e ,  they we re a common fo rmation 

in · v i r u s  i nfected ce l l s  a n d te rmed bou nda ry fo rmat io n s  ( 50 )  o r  

pa ram u ra l  bod ies  ( 29 ) . T u  a n d  H i ru ki ( 50 )  s u gg ested t h at bou n d a ry 

fo rmat i on s , accompa n i ed by rou g h e n i n g  of the  i n n e r  cel l wa l l ,  we re 

ev i d e n ce of a b n o rma l seco n d a ry wa l l  depos it ion  i n  v i r u s  i n fected cel l s .  

Va r iou s i n vest i gato rs repo rted a n  i n c rea se i n  t h e  s i ze a n d  n u m b e r  of 

pa ram u ra l bod i es a s soc i ated w it h  vi r u s infect ion  ( 20 , 44 ) . Kim a n d F u lton 

(2 1 ) s u ggested th ree pos s i b l e  fu n ct io n s  of pa ram u ra l  bod i es a s : 1 )  

ectocyt i c  t ra n s po rt i ' n g  meta bo l i tes , 2 )  as  en docyt i c  a s s i sta n ce of 

t ra n s po rtin g  mate r i a·ls i n to cel l ,  3 )  a na a s  a t ra n s i to ry res po n s e of the  

cel l p roto p l a st to  u n fa vo ra b l e o r  patholog ica l  con d it io n s . Pa ram u ra l  

bod i es a n d  cel l wa l l  th i c kenin g s  occu r red n ot o n l y  i n  t h e  ce l l s  

s u r rou nd i n g  n ec rotic l es io n s  of l oca l l es ion hosts (44 , 50 ) , b u t  a l so in 

system i ca l l y i n fected tis s u es (20 , 2 1 , 34) . U n u s u a l  memb ra n e - bou n d  

struct u res te rmed "exten d ed p l a modes mata" (34 ) a n d  "e x t ra p rotop l a s m i c  

sacs" (3 , 34 )  we re often a s soci ated w i t h  the  pa ra m u ra l  bod i es a n d  ce l l  

wa l l  thic kenin g s . Exten ded p l a smodesmata we re compa red w i t h  myel i n i c 

bodies by Kim et a l . ( 22 ) . T h e  obs e rvat ion of p r i ma ry acu te symptoms 

in H OK so rg h u m ino.c u l ated with M D MV-A s u g gests that u lt ra st r u ctu ra l 

cyto log y  m i g h t  be s i m i l a r  to t h a t  fou n d  for B S MV i n  ba r l ey (34 ) . 

T h e  obj ect i ves  of th i s  $tu d y  a re to dete rmi n e  t h e  res po n s e  of 

Sout h  Da kota ada pted so rg h u m  c u l t i va rs to mech a n i ca l i n oc u l a tion,  to 

ident ify pote ntia l res e rvo i rs fo r M D MV, to compa re so rg h u m  cu l t i va rs 

reaction to M DMV-A a n d - B, a n d  to describe the  sym ptom d eve lopment 
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at  d iffe re n t  sta g es of so rg h u m cu l t iva rs i nocu l ated w i t h  M D MV .  A l so to 

obs e rve t h e  cyto l og ica l mod if icat ion of H O K  so rg h u m c u l t i va r i noc u l ated 

w ith  M DMV- A  mec h a n ica l l y ,  a n d f i n a l l y  to compa re t h e  d i ffe ren ce of 

i nc l us ion  bod i es b etween s t ra i n  A a n d  B .  
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MATE R I A LS AN D METHODS 

Vi r u s  i sol ates and maintenance. 

MDMV-A wa s ma i n ta i n ed i n  Joh n so n g ra s s  a n d  M DMV-8 wa s 

ma i n ta i n ed i n  Mo 1 7  a n d  N 28 co rn p l a nts . Bot h  M DMV s t ra i n s  were 

obta i ned f rom W .  S .  G a rd n e r  ( fo rme r ly, Depa rtme n t  of P l ant S c i ence, 

S D SU ) . System ica l ly i nfected l eaves , ex h i b i t i n g  co n s p icuou s d i sease 

symptom s a bout  2 weeks afte r mech a n ica l  inocu l at ion,  s e rved as  the 

v i ru s sou rce, and we re ma i nta i n ed u n de r  g reen hou se con d it ion s .  

Assa y  a nd Inoc u l ati on . 

Inocu l u m fo r symptomato logy a n d  d i sea s e  seve r ity s tu d i es of 

20 sorg h u m cu l t i va rs wa s p repa red by g r i n d i n g  i n fected l ea v es of 

Joh n son g ra s s  fo r st ra i n  A a n d  those of N 28 co r n  fo r s t ra i n  B i n  the  

wate r f rom reverse-f l ow osmos i s  ( w/v ) , w ith  mo rta r and  pest l e . A 1 : 5 

d i l ut ion  of p l a n t mate r i a l  fo r stra i n - A  a n d  a 1 : 2 d i l u t i o n  fo r st ra i n  B 

wa s u s ed fo r t h e  i n oGu l u m  sou rce . Test seed l i n g s  at  t h e  fo u rt h - l eaf 

stage were d u sted l .ig h t l y  w i t h  600 - mes h co r u n d u m  a n d  both s u rfa ces of 

l ea ves we re r u b bed tw ice betwee n th umb a n d fo ref i n g e r, w h ich  h a d  

been soaked w i t h  t h e  i nocu l u m .  Lea ves we re n ot r i n s ed afte r 

i n ocu I at ion . 
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Greenhouse stu dy I :  symptomatology. 

D u r i n g t h es e  i n vest i g at io n s  the fo llow i n g  sorg h u m c u l t i v a rs 

were st u d i ed : Ca rg i l l 22 , C a rg i l l  30 , Ca rg i l l 40, Deka l b - Pf i z e r  D K - 18, 

Deka l b - Pf i ze r  D K-28 , D i s co 178 , K i n gsweste rn WS - 205 , P AG 2250 , PAG 

3339 , PAG 3385 , Pion eer 8680 , P ionee r  8790 , P i o n ee r  8855 , S i gco 

T ri u m p h  48yG , S i g co T r ium p h  50yG , Wa r n e r  W545T , Wa r n e r  WX83111, 

Wa r n e r  WX84041 , Wa rne r· WX84003 , a n d  H O K . Seed s of t h es e  c u l t i v a rs 

were s u p p l i ed by J . J . Bon n ema n n ( Seed Ho u s e ,  S D S U ) . T h e  s o rg h u m 

p l a n ts we re g rown i n  a steamste r i l i zed m i xtu re of so i l : sa n d : peat ( 2 : 1:1) 

i n  10 em c l ay  pots , cond u cted i n  t h e  temperatu re co n t ro l l ed g reen h o u s e ,  

i l lum i n ated 12 - 16 h r  w i t h  n atura l a n d  s u p p l emen ta l f l u o rescent l ight  p e r  

day , fe rt i l i zed fo rtn i g h t l y ,  a n d  s p ra yed w i t h  i n sect i c i de a n d  m i t i c i de 

pe riod i ca l ly by Ke r ry Pa rce l ( P l a nt S c i e nce B l dg , S DS U ) . Tests we re 

repeated 4 or mo re t imes w i t h  5 rep l i cates per eac h  so rg h u m c u l t i va r .  

T h e  th i rd a n d fo u rth l ea ves of fou r p l a nts p e r  pot we re i n oc u l ated . O n e  

set of p l a n ts . i noc u l ated w i t h  s t ra i n  A ,  a n d a n oth e r  set w i th s t ra i n  B .  

Symptoms we re .o b s e rv ed eve ryday , a n d  reco rded 3 -30 days  afte r 

i noc u l at ion s .  Sym ptom deve l opmen t wa s ba sed u pon a s ystem p ropos ed 

by McKi n n ey a n d G ree l ey (26)  des c ri bed a s : loca l l es io n , p r i mary 

acute,  ea r ly  ch ro n i c ,  a n d  l ate c h ron i c  a n d as  nec ros i s  a n d  red l eaf . 

P l a n ts that rema i n ed symptom l es s  i n  res po n s e  to st ra i n s  A a n d  B we re 

back i nocu l ated to N - 28 co r n  p l a n ts 30 days afte r i nocu l a t i o n  a n d  t h e  

N - 28 co rn p l a nts· we re obse rved fo r 4 weeks . 
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Greenhouse stu dy I I : disease severity a nd symptomatology. 

A n  a l te rn a t i v e  to n at u ra l i n fect ion by a p h i d  t ra n sm i s s io n  i n  

t h e  f i e l d  wa s to i noc u l ate test ent r i es mech a n i ca l ly a n d  s epa rate l y  w ith  

MDMV- A and M D MV- B i n  t h e  g reen hou s e . The  s a m e  p roced u res as  

those i n  G reen h o u s e  study I we re u sed to i n oc u l ate 38 g ra i n  so rg h u m 

h y b r i d s . E n t r i es were res t r i cted to South Dakota ada pted c u l t i va rs . 

S eed i n g t i me wa s reg u l ated to a l low e n t r i es to be i n oculated o n  t h e  same 

date . S ymptom e x p re s s ion  wa s reco rd ed at 3 day i n te rva l s  fol l ow i n g  

a n d  t h e  f i n a l  read i n g  made afte r 2 1  days . D i sea s e  sev e r i ty rat i n g s  fo r 

p l a n ts i noc u l ated w i t h  MDMV-A we re made o n  t h e  sca l e  0 (no 

sym ptoms ) ,  ( rt:li l d  mosai c sym ptoms ) ,  2 ( i n te rmed i a te mosa i c  

sym ptoms ) ,  a n d 3 ( seve re mos a i c  symptom s ) . M DMV - B d i sea s e  seve r ity 

rati n g s  made o n  t h e  s ca l e  0 ( no sym ptoms ) ,  1 ( loca l l e s i o n  n u m be r les s 

t h a n  5 ) , 2 ( l oca l l e s i o n  n u m be r  between 6 a n d 1 0  o r  m i l d  n ec ros i s ) , a n d  

3 ( loca l les ion n u m b e r  mo re t h a n  1 0  o r  s.evere n ec ros i s ) .  T h e  

pe rce n tage of i n fect i o n  wa s ca l c u l ated from n u mb e r  of i n fected p l a n ts 

p resent ove r  tota l n u mber of p l a nts  fo r ea ch  cu l t i v a r .  

F ie l d  stu d ies  

E x pe r i ments  we re con d u cted to dete rm i ne the f ie ld  res pon se of 

South  Dakota ada pted so rg h u m cu l t iva rs to natu ra l t ra n s m i s s io n  of 

MDMV by a p h i d s . T h e  sorg h u m seed s we re p l a nted on 2-3 d ates eac h  

yea r i n  1 984 a n d  1 985 i n  t h e  f ie l d a t  B rooki ngs , SO. M DMV - i n d u ced 

·symptoms we re ob s e rv ed a n d  reco rded from the f i rst  a p pea ra n ce a n d  

development of sym ptoms . P l a nts  s h ow i n g  system i c  symptoms we re 
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i ndexed on ind i cato rs s u c h  a s  HOK sorg hum ,  N 28 co r n , a n d  

J o h n so n g ra s s  i n  t h e  g ree n ho u se t o  dete rmine if  MDMV wa s p res e n t  in 

the f i e l d  so rg h u m sam p l es . T h e  p l ot s i zes i n  both yea rs we re 6 .  71 

mete rs in l e n gt h , 1 . 02 mete rs between rows w i th 61 cent i mete rs d i v i d e r  

. s pacers , a n d 30 . 48 cen t i meters s pace between h i l l s  w i t h  3 t o  4 seeds 

p l a n ted pe r h i l l  w i t h  t h e  h a n d  p l a n te r .  

T h e  1984 p l a n t i n g  wa s de l ayed u nt i l J u l y 15 d u e  to exces s i ve 

so i l  mo i stu re . T h e  s eed s of 20 sorg h u m c u l t i va rs were p l a n ted i n  t h ree 

ra n dom i zed rep l icat ion s on J u l y 15 a n d 1 6 , 1984 . P l a n ts were i n s pected 

weekly  for symptom d eve lopment . 

T h e  1985 stu d y  wa s co n d u cted to dete rm i n e  t h e  respon se of 51 

so rg h u m cu l t i va rs  a n d t h e  p resence of MDMV i n  l ate p l a n t i n g . P l a nt i n g s  

we re on J u n e  28 , 29 , a n d  30 , 1 985 . T h e  1985 g rowi n g s ea so n  .wa s 

cha racte r i zed by f req u e n t  ra i n s  a n d  coo l tem pe rat u res . T h es e  wea t h e r  

co n d i t io n s  co n t r i b u ted t o  a red u ced pop u l at ion  o f  a p h i d s . T h e  51 

sorg h u m cu l t i va rs we re g rown i n  fou r ra ndom i zed rep l i ca te s i n g l e- row 

p l ots . T h e  p l ots we re ma i nta i n ed f ree of weed compet i t i o n  th rou g ho u t  

t h e  g rowi n g  s eason . 

Electron mic roscopy 

P l a n ts fo r e l ect ro n m i c roscopy were i nocu l ated at t h e  fo u rt h -

l eaf sta ge of g rowth . T h e  t h i rd· a n d eme rg i n g fourt h l eaves of H O K  

.so rg h u m p l a nts were mech a n i ca l l y i noc u l ated w i t h  M DMV- A f rom 

J oh n son g ra s s  a n d g row n i n  the  g reen hou se . HO K sorg h u m l eaf t i s s u es 

ex h i b i t i n g p r i ma ry acute symptoms desc r i bed by Mc Ki n n ey a n d  G ree l y  
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( 26 )  a n d P io n ee r  8680 so rg h um l eaf t i ss u es i n oc u l ated w i t h  MDMV- B 

s h ow i n g  ch ro n i c  p h a s e s  of mosa i c  symptoms 3 weeks aft
.
e r  i n oc u l at ion  

we re p repa red fo r u lt ra st ru ctu ra l stu dy . 

Both H O K  a n d P i oneer  8680 ti s s u es we re c u t  u n de r a d rop of 

2 . 5  % g l u ta ra l de h yd e  i n  0 . 1 M pota s s i u m phos p h a te b u ffe r ( P H 7 . 2 ) 

p l aced on t h e  top cov e r  of p l a st i c  petr i  d i s h  fi l l ed w i t h  c r u s h ed i ce ,  

i n to po rt io n s  at  1 b y  6 m m  a n d  f i x ed i n  t h e  same b u ffe r s o l ut ion  fo r 

a bout  60 m i n utes i n  s n a p  ca p v i a l s  kept i n  i ce bat h . Vac u u m  wa s u sed 

to remove a i r  f rom t i s s u es w h i l e i n  t h e  g l uta ra l d ehyde  fi x at i ve . T h e  

g l uta ra l d e h yde wa s remov ed u s i n g  a pa steu r p i pet , a n d  v i a l s  we re 

d ra i n ed on a paper  towe l . Post f i x at ion , w ithout  i n te rmed i a te r i n s i n g, 

u sed 1 m l  co l d  1 % osm i u m tet rox i d e  i n  0 . 1 M pota s s i u m  p ho s p h ate 

buffe r ( P H 7 .  2) fo r a bo u t  60
. 

m i n u tes . T h e  ti s s u es were d e h y d rated i n  a 

co l d  aceto n e  ser ies  sta rtin g at 25 % fo r 1 5  m i n ute s , repeated twi ce ,  to 

repeated twi ce 50 % aceton e  fo l lowed by two ch a n g es of ac idi f i ed 1 00 % 

DM P (Dimet h o x y  p ropa n e) so l ut ion s .  Afte r deh yd rat ion , t h e  t i s s u es 

we re soaked fo r 2 -4 h o u rs at room tempe ratu re i n  a n  a l u m i n u m  wei g h i n g  

d i s h  i n  a m i x t u re of S p u r r  l ow-v iscos ity p l a s t i c  (77 )  a n d Bo-J a x  

M i xtu re (59 ) (23 : 77 v/v ) w ith  DM P-30 ( T r i d i meth y l am i n o  met h y l  p h e n ol ) 

u sed a s  t h e  a cce l e rato r .  T h e  t i s s ues we re t ra n sfe r red to a f res h p l a st i c 

m i xtu re i n  "m i c ron" mo l d s  a n d  po l ymeri zed at 60 C fo r 24 h o u rs . 

T h i n  sect i o n s we re cut  w ith  g l a s s  kni ves o n  a Po rte r B l u m 

. MT.-2 u lt ra m i c rotome ,  p l a ced on u n coated 200- mes h cop pe r  g r i d s, sta i ned 

with u ra ny l  acetate fo r 2 hou rs fo l lowed by lead c i t rate sta i n i n g fo r 1 

m i n u te at room temperatu re , a n d  v i ewed with  a H i tach i H U-1 2 A  at 75 KV 

H DAKOTA STATE UNIVERSITY IBRARY 
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a n d  1 00 KV . 
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R E SULTS AND DI SCUSS I O N  

Greenhou se stu dy I :  Symptomatol og y. 

In  th i s  study 20 g ra i n  so rg h u ms were tested fo r rea ct i o n  to 

M DMV- A a n d  M DMV- B .  T h e  data ( T a b le 1) a s  a res u l t of mec h a n i ca l  

i nocu l at ion  s how t h at e i g h teen sorg h u m cu l t i va rs  g a v e  a d i ffe rent  

res pon se to  stra i n  A a n d  B of  M DMV, and two cu l t i v a rs h ad a s i m i l a r  

res po n se to both stra i n s of v i ru s . T h ese two st ra i n s  a re ce rta i n l y 

d i ffe ren t  i n  t h e  symptomato logy . Symptoms on s u scept i b le p l a nts were 

u s u a l l y exp res sed w i t h i n  1 0  days of i n oc u l at ion of both s t ra i n s . T h ere 

wa s some v a r i a b i l i ty i n  t h e  p e rcen tage of i nfect ion  a mo n g  so rg h u m 

cu l t i va rs . T h e  d ata ( Tab l e  2 )  s how t h at 337 of t h e  400 ( 84 .  25 %) 

so rg h u m seed l i n g s  i nocu lated w ith  M DMV- A developed system i c  mosa i c  

symptoms w h i l e 1 64 o f  t h e  400 (41 . 00 %) so rg h u m  seed l i n g s  i n oc u l ated 

w i th M DMV- B developed loca l a n d system i c  sym ptom s .  

T h e  sym ptoms i n d u ced by M DMV- A  were a s  fo l lows . T i n y  a n d  

atyp i ca l  l oca l les i o n s  ( L ) we re commo n ly  fo u n d on i n ocu l ated lea ves of 

PAG 2250 a n d  H O K  3 - 5  days afte r i noc u l at ion . T hey we re a l so obse rved 

b u t  ra rel y  fou n d  i n  Deka l b - pf i zer  D K- 1 8, D K - 28, K i n g s Western 

WS - 205, a n d  P io nee r 8680 . T he· loca l les io n s  i n d u ced by M D MV-A, 

d i ffe red f rom those ca u sed by MDMV- B i n  s i ze a n d  s h a pe . S i m i l a r  

res u l ts we re des c r i bed by Tos i c  a n d  Fo rd (47., 48 ) . T h ey s u g g ested t h at 

the  t i n y  a n d  e l l i pt i ca l l oca l les ion s we re not a l ways recog n i zed ea s i ly .  
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Ta b l e  1 React i o n s  of 20 sorg h u m cu l t i va rs to M DMV- A  a n d  M DMV- B  

Symptoms induced by indicated strain * 

Sorghum cv. Strain A Strain B 

Cargill 22 PAc, PAn, EC, LC -1:�: rLty 
Cargill 30 PAc, EC, LC, rLN Lty, N 
Cargill 40 PAc, PAn, EC, LC rLty 
Dekalb-Pfizer DK-18 Lr, PAc, PAn, EC, LC, N, R Lty 
Dekalb-Pfizer DK-28 Lr, PAc, PAn, EC, LC, N Lty 
Disco 178 PAc, EC, LC, rLN 
Kings Western WS-205 Lr, PAc, EC, LC 
PAG 2250 La, PAc, PAn, EC, LC, N Lty, LN 
PAG 3339 PAc, EC, LC 
PAG 3385 PAc, EC, LC Lty 
Pioneer 8680 Lr, PAc, EC, LC EC, LC, LN, R 
Pio neer 8790 PAc, EC, LC, rL.� EC, LC, LN, R 
Pioneer 8855 PAc, EC, LC 
Sigco Triumph 48y G PAc, EC, -LC Lty 
Sigco Triumph 50 yG PAc, EC, LC 
Warner W545T PAc, EC, LC rLty , · LN 
Warner WX83111 PAc, EC, LC rLty 
Warner WX840 41 PAc, EC, LC rLt.y 
Warner WX84003 PAc, EC, LC, rLN Lty 
HOK La, PAc, PAn, EC, LC, R Lty, N 

* Used strains are expl ained in M aterial s and Methods. 
** Abbreviations are L = Local sy mptoms o n  inoculated leaves, 
N = Necrosis, LN=Local necrosis, r= Rare, a= Atypical --usual l y 

tiny, ty= Typical necrotic, PA= Primary acute systemic, 
c= chlo rotic, n= Necrotic, EC= Early chronic systemic, 
LC= late chronic systemic and R= Redl eaf . 
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P r i ma ry ac ute symptom s  ( PA ) con s i sted of s h o rt c h l o roti c s pots o n  the  

f i ft h  l eaves of  i nocu l ated p l a n ts of  a l l  20 so rg h u m cult i v a rs a n d  usua l l y 

a ppea red a t  t h e  b a s e  of t h e  you n gest deve l op i n g  l eaf i n  t h e  te rm i n a l  

w h o r l  5 - 7  days  afte r i nocu l at ion  ( F i g . 2) . T h e  i n fected t i s s u es i n  the  

PA phase  somet i mes became n ec rot ic .  Sorg h u m c u l t i v a rs w i t h  th i s  

symptom w e re Ca rg i l l  22 , Ca rg i l l  40 , Deka l b - Pf izer  D K- 1 8 , D K -28 ,  PAG· 

2250 , a n d  HOK . In t h e  ea r l y  ch ro n i c  ( EC )  stage th e c h l o rot i c  s pots 

became n um e ro u s  a n d  e l o n gated a s  t h e  l eaves i n c rea s ed i n  s i ze , a n d  

res u l ted i n  t h e  fo rmat ion  of c h l o rot i c  str i pes o n  t h e  f i ft h  a n d s i xth 

leaves of  a l l  20 so rg h u m cu l t i va rs 7- 1 3  days afte r i n oc u l a t i o n  ( F i g . 3 ) . 

In t h e  l ate c h ro n i c  ( LC )  stage un i nocu l ated l ea ves of i nfected 20 

sorg h u m  cu l t i va rs u s u a l l y  s h owed a ch lorot i c  a ppea ra n ce w i t h  mott l i n g  

i s l a n d s  a s  recta n g u l a r  da rk g reen a rea s i n  a l i g h te r  g reen backg ro u n d 

2 weeks afte r i n oc u l at ion . Occa s ion a l l y ,  MDMV- A i n d u ced a n ec ros i s  on  

i noc u l ated l eaves accom pa n i ed by a m i l d  mott l e  o n  seve ra l so rg h u m 

cu l t iva rs . S ev e re n ec ros i s  wa s observed i n  Deka l b - Pf i z e r  D K - 1 8  a n d  

PAG 2250 . A l l  20 sorg h u m e n t r i es u s u a l l y s h owed PAc , E C ,  a n d  L C  i n  

commo n . Symptom va r i at ion s we re observed even i n  t h e  s a me cul t i va r 

a n d  s u ggested t h at t h e  v i ru s m i g h t s u rv i ve i n  s u s cept i b l e ,  po s s i b l y  

symptom l es s  p l a n ts . T h e  2 0  so rg h u m entr ies  i n ocu l ated w i t h  MDMV-A 

were h i g h ly s u s cept i b l e  f rom 65 to 1 00 % of i nfect ion  ( Ta b l e  2) . T h ree 

sorg h u m c u l t i va rs , PAG 2250 , PAG 3385, a n d  P i o n ee r  8855, were 1 00 % 

s u scepti b l e  to MDMV- A .  T h e  react ion  of so rg h u m cvs . H O K ,  Deka l b­

Pfi .zer  D K- 1 8 , D K - 28 ,  a n d  PAG 2250 to M DMV st ra i n s  h a s  n ot been 

repo rted . T h es e  c u l t i va rs on the ba s i s  of MDMV- A react i o n  obv i o u s l y  

d iffe rent i ate stra i n s , a n d  s how mo re d i verse react io n s  to MDMV-A t h a n  
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Tab l e 2 S u scept i b i l i ty of 20 sorg h u m ent r ies  to M DMV- A  a n d MDMV- B 

MDMV-A MDMV-B 
--------------------- ----------------------
No. infect/ % B ack No. infect/ % B ack 

Sorghum Cv. No.inoc. inf. assay No.inoc. inf. assay 
-------------------- --------- --------- ------
Cargill 22 15/20 75 8/10 2/20 10 0/10 
Cargill 30 16/20 80 15/20 75 3/10 
Cargill 40 17/20 85 6/20 30 1/10 
Dekalb-Pfizer DK-18 18/20 90 19/20 95 
Dekalb-Pfizer DK-28 18/20 90 18/20 90 
Disco 178 18/20 90 0/20 0 0/10 
Kings Western WS-205 14/20 70 6/10 0/20 0 0/10 
PAG 2250 20/20 100 18/20 90 4/10 
PAG 3339 15/20 75 7/10 0/20 0 0/10 
PAG 3385 20/20 100 19/20 95 5/10 
Pioneer 8680 18/20 90 11/20 55 9/10 
Pioneer 8790 18/20 90 9/20 45 7110 
Pioneer 8855 20/20 100 - 0/20 0 0/10 
Sigco Triumph 48yG 15/20 75 3/20 15 2/10 
Sigco Triumph SOyG 13/20 65 6/10 0/20 0 0/10 
Warner W545T 19/20 95 3/20 15 1/10 
Warner WX83111 16/20 80 10/20 50 4/10 
Warner WX84041 17/20 85 1/20 5 0/10 
Warner WX84003 15/20 75 12/20 60 3/10 
HOK 15/20 75 18/20 90 
Total No . . infected/ 
Total No. inoculated 337/400 .164/400 
Average infection (%) 84.25 41.00 



19 

t h e  ot h e r  cu l t i va rs . 

T h e re h a s  been some d i sa g reement i n  t h e  l i teratu re o n  th e 

react ion  to M DMV- B of t h e  va r iou s sorg h u m cu l t i v a rs . Pa u l s e n  a n d  S i l l  

(36) repo rted M D MV- B i n d u ced on l y  loca l les ion s o n  t h e i r so rg hum 

entr ies . Some resea rc h e rs repo rted mosa i c  symptoms o n  t h e  so rg h  urn 

cu lt i va r At l a s  (47 ) . A l ex a n de r  a n d  Tol e r  ( 2 )  repo rted o n  t h e  effect of 

MDMV-B i n fect ion  on sorg h u m cu l t i va rs , where some cu l t i va r s  devel oped 

"red l eaf" a n d n ec roti c  symptoms , w h i l e the ot he r cu l t i v a rs deve l o·ped 

on l y  mosa i c  symptom s . Some m i n o r  d i ffe ren ces ex i sted between thos e  

results a n d  some o f  m y  G reen hou s e  study I data ( Ta b l e  1 )  o n  t h e  b a s i s  

of symptom e x p ressio n  o f  sorg h u m cu l t iva rs . MDMV- B u s u a l l y i n d u ced 

loca l les ion s a n d  n ec ros i s ,  b ut somet i mes developed system i c  s ym ptom s 

depe n d i n g u pon cu l t i va rs . T h e  l oca l l es ion s  e longated , en l a rged , a n d  

became n ec roti c i n  5 to 6 days ( F i g . 4 ) . T h e  so rg h u m  c u l t i va rs w i t h  

th i s  sym ptom a re con ta i n ed i n  Ta b l e  1 .  Sorg h um cvs . C a rg i l l  30 , 

Deka l b - Pf i ze r  D K - 1 8 , D K - 28 , PAG 3385 , a n d  H O K  p roduced a l a rg e  

n u mber o f  l oca l l es io n s  a n d  were h i g h l y s u scept i b l e  t o  M DMV- B .  W i th i n  

2 weeks afte r i noc u l a t i o n , added nec ros i s  developed i n  Ca rg i l l  30 , PAG 

2250 , Wa rn e r  W545T , a n d  H O K . T here wa s a w i d e  va r i a t i o n  a mong 

cu lt i va rs i n  res pon s e  to M DMV- B f rom 0 to 95 % of i nfect ion  ( T a b le 2) . 

So rg h u m cvs . P io n ee r  8680 a n d  8790 s howed obv i ous l y  sy stem i c  mosa i c  

symptoms w i t h  loca l n ec ros i s  1 0�2 1 days afte r. i n oc u l at io n . T he i n i t i a l  

symptom s a ppea red a s  ch l o rot i c  str i pes a n d  devel oped a s  mosa i c  

symptoms . T here we re n o  typ i ca l d i ffe ren ces between mosa i c  sym ptom s 

i n duced by · MDMV - A a n d  those i n d u ced by MDMV- B .  S o rg h um cvs . 



20 

Ca rg i ll 30 a nd H O K  h a ve n ot been repo rted a s  l ocal les ion hosts of 

M DMV- B ,  h oweve r  t h ey s how c l ea rly ma n y  n ec rot ic  loca l les io n s a n d  may 

be· u s efu l in  the  i dent i f icat ion  and cla s s i f icat ion  of  M DMV i solates f rom 

d iffe rent geog rap h i ca l a rea s , a n d  i n  esta b l i s h i n g t h e  i d e n t i ty of t h e  

v i ru s  as  a stra i n  o f  M D MV .  T h e  fo l lowi n g  cu lt i va rs we re n ot s u scept i b l e  

to MDMV-8 : D i s co 1 78; K i n g s  Weste rn WS-205; PAG 3339; Pi o n ee r  8855 , 

a n d S i gco T r i u m p h  50yG . T h es e  c u l t i va rs we re obse rved a s  n o  res po n se 

when  i n ocu l ated w it h  M DMV-8 , a n d n o  v i ru s  was recove red by back 

i nocu l at ion  f rom s ymptom les s p l a nts to N - 28 co r n . 

Sorg h u m cvs . Deka l b-Pf i zer D K - 1 8  a n d D K - 28 we re h i g h l y 

s u scepti b l e  a n d  s howed mo re t h a n  90 % of i nfect i o n  to both stra i n s  

( T a b l e  2 ) . Bot h  PAG a n d  P ioneer l i n es we re h i g h l y  s u scept i b le w h i l e 

S i gco T ri u m p h  l i n es we re l e s s  s u scept i b le to MDMV- A t h a n  a verage 

· i nfect ion  percenta g e  of  20 sorg h u m cu l t i va rs i nocu l a ted w i t h  M DMV- A .  

T h e  S i gco T r i u m p h  l i n e s  were a l so les s s u scept i b l e  to M DMV-8 . Red 

l eaf symptoms ( 2 ,  1 9, 36 )  we re ob s e rved i n  both Deka l b - Pf i z e r  Dk-18 a n d 

H O K  i noc u l ated w ith  M DMV-A , a n d  i n  P io neer 8680 a n d  8790 i noc u l a ted 

with  M DMV-8 .  Symptom va r i at ion  may be att r i buted to u s e of d i ffe rent 

genotype ,  v i ru s  c u l t u re s , a n d/o r en v i ro n menta l con d it i o n s  u n d e r  wh ich  

t h e  test wa s con d u cted . T hese react ion s i n  the  g reen hou s e  may be 

ch a n ged i n  t h e  f ie l d d u e  to stres s w ith  en v i ro n menta l i n f l u en ces. 
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Greenhou se stu dy II: Di sea se severi ty and symptomatology 

T h i rty-ei g h t  a d d i t i o n a l  sorg h u m ent r ies were eval u ated fo r 

s u scept i b i l i ty to two s t ra i n s  of M DMV. u s i n g mec h a n i ca l  i n ocul a t i on 

method s  i n  the  g reen h o u se .  T he data a n d  stati st i ca l  a n a l yses a re 

p resen ted i n  Ta b le 3 ( M DMV- A )  a n d  T a b le 5 (M DMV- B ) . T h e  a ve rage 

f i n a l  percent i n fect i o n  of M DMV- A was 59 . 74 % w h i le t h at of M DMV- B 

wa s 65 . 26 %. Acco rd i n g to c h i-sq u a re a n a l yses , s i g n i f i c a n t  d iffe ren ces 

in  the pe rcenta ge of p l a n ts d i s p l ayi n g  symptoms we re observed a mo n g  

3 8  h yb r i d s  at  9 d a y s  after i nocul at ion  w ith  MDMV- A, a n d at 9 days , 1 2  

days , 15 days , 1 8  days , a n d  2 1  days afte r i nocu l a t i o n  w i t h  M DMV- B .  

S i g n ifica n t  d i fferen ces we re a l so obse rved at 3 a n d  6 days a fte r. 

i n oc u l at ion fo r both s t ra i n s; howeve r ,  d ue to l a rge n u mbe r of h y bri d s  

w ith  n o  i n fected p l a n ts a t  these two t ime per iod s , t he c h i - s q u a re test i s  

not va l i d .  

In  add i t ion  to tota l n u mber of i nfected p l a nts ,  t h e  u se of 

i n d i v i d u a l  rat i n g  va l u es may ref l ect the res i sta nce or s u s cept i b i l i ty of 

the en t r ies to M DMV- A .  O u t  of a tota l of 760 so rg h u m  p l a n ts i noc u l ated 

with  MDMV- A, 730 s h owed no sym ptoms at the f irst 3 day- pe r i od . T h i s  

wa s the l a rgest n u m be r  of symptom les s p l a nts . Two h u n d red a n d s i x  

so rg h u m p l a n ts rated 1 a t  9 day - per iod . T h i s  i n d i cated t h at so rg h u m 

p lants i nocu l ated w i t h  M DMV- A  u s u a l l y  s howed m i l d  mos a i c  s ym ptom 

ex p res s io n  w i t h i n  9 day s afte r · i n ocu l at ion . A.mon g. i nfected sorg h u m 

.P lants at 1 5  day-pe r iod , the  l argest n u m be r of so rg h u m  p l a n ts rated 2 .  

T h i s. i n d i cated t h a t  3 1 3 sorg h u m  p l a n ts s howed i n termed i ate mosa i c  

symptoms u s u a l l y  developed f rom t h e  m i l d  mos a i c  sym ptom s . In  the f i n a l  
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rati n g ,  214 sorg h um p l a nts rated 3 .  T h i s  i n d i cated t h a t  t h e  s evere 

mosa i c  symptoms occa s io n a l l y  developed f rom m i l d  mos a i c  s ymptom s , b u t  

mo re often f rom i nte rmed i ate mos a i c  symptoms . Afte r 2 1  days , a bo u t  60 

% of t h e  tota l so rg h u m  p l a n ts i noc u l a ted w i t h  MDMV- A rated 2 o r  3 

. ( T a b l e  4 ) . 

T h e  hyb ri d s  w i t h  t h e  h i g h est rati n g s  i n  s u s cepti b i l ty were 

Ke ltgen KG 57T , Deka l b  D K -39Y , F u n k G -421 , a n d Cenex  310 ( A p pe n d i x  

A ) .  T h ey ex h i b ited compa rat i ve l y  h i g h e r  rati n g s  t h a n  those  of oth e r  

hyb r i d s  a n d  a re co n s i de red to be h i g h l y  s u scept i b l e  h y b r i d s . T h i s  

res u lt wa s con s i sten t  w it h  t h e  percen ta g e  of i n fect ion  a t  t h e  f i n a l  day 

pe riod . Sorg h u m h yb r i d s  Deka l b  Dk-39Y a n d  Weste rn  WS - 203 were 

s i g n i fi ca n t ly  h i g h l y s u s cept i b l e  to stra i n  A amo n g  h y b ri d s  a t  t h e  9 day­

pe riod . Sorg h u m  hyb r i d s  N K  2030 , Hoeg emeye r G T  620 , S eed Tee . 

8501 , Cenex 228 , a n d Deka l b  X- 550 were l ess s u s cepti b le to s t ra i n· A 

t h a n  average  percenta g e  of i nfect ion  at  the  9 day-pe r iod a n d  we re l es s  

th a n  50 % o f  i nfect ion  a t  eac h  d a y  per iod . .Th i s  res u lt w a s  co n s i stent  

with  the  d i s ea s e  .rat i n g  va l u es and  s u g gested t h ey m i g h t  be  co n s i de red 

more res i sta n t  t h a n  a n y  oth e r  h y b r i d . Most hyb r i d s  s howed i n i t i a l  

symptom s  between 6 a n d 9 days afte r i noc u l at ion  a n d  d ev e loped n o  

fu rt h e r  i n c rea s e  i n  i n fect ion  between 1 5  a n d 2 1  d a y s  afte r i noc u l at ion . 

D i s rega rd i n g s i g n i f ica n t  d i ffe re n ces i n  t h e  l evel  of i nfect i o n , t h e re 

a p pea red to be  s even day per iods i n  w h i ch i nfect i o n  i n c rea s ed . Fo r 

e>_eam p l e ,  i n  t h e  3 day - per iod , t h e  i n it i a l  rat i n g  day of M DMV- A s howed 

·a low avera g e  p e rcentage (3 . 95 %) of p l ants i n fected , b ut a h i g h  

i n c rea se i n  ave rage  pe rcen tage ( 59 .  74 %) of p l a nts wa s o b s e rv ed ( Ta b l e  
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3) . S i m i la r l y  i n  s even per iod rati n g s  were compa ra b l e  at  3 d a y - pe r i od 

with  a n  i n c rea se i n  rat i n g  va l u es  at the 15 d a y - pe r iod ( T a b l e  4) . 

U s u ally most h y b r i d s  s howed typ i cal mos a i c  symptom s I howeve r  Seed 

Tee . 8502, Wa r n e r  W- 523T 1 Pay Ma ster 10221 a n d Pay Ma ste r 930 ofte n 

. developed red leaf s ym ptom s . T h i s  s ymptom on ce rta i n  h yb r i d s  m a y  be 

i n f l u en ced by l ow n i g ht temperatu res (21 19136 ) .  

T h e  same t h i rty - e i g ht sorg h u m h y b r i d s  we re eva l u ated fo r 

thei r react ion  to st ra i n  B of M DMV based o n  loca l l es i o n  a n d n ec ros i s  

symptoms ( Ta b l e  5 ) . A l t ho u g h  the re we re d i ffe ren ces i n  pe rcenta g e  of 

i n fect i o n , most i n oc u l a ted sorg h u m entr ies developed l oca l l es io n s  u pon 

i n ocu l at ion w ith M D MV- B; 65 . 26 %of the  tota l p l a nts  of  t h e  38 so rg h um 

entr ies p rod u ced local l es io n s . T h e  average percen ta g e  i nd i ca ted some 

d i ffe ren ces i n  s u s cepti b i l i ty i n  so rg h u m e n t r i es . Symptom s on 

s u scept i b l e p l a nts  we re u s u a l l y ex p res sed with i n  4 to 1 5  days afte r 

i n oculat ion . I n  pe rce n ta g e  of i nfect ion t h e re. we re h i g h l y s i g n i f i ca n t  

d i fferen ces af.te r 9 day- p e r iod amo n g  sorg h u m h y b r i d s  i noc u l ated with  

MDMV- B .  T h e re wa s a g reat va r i at i o n  i n  the  deg ree of  s u scept i b i l i ty of 

p l a n ts . In t h e  l eve l  of d i sea s e  rat i ng  va l u es , t h e re a p pea red to be 

seven day per iod s  i n  w h i c h  t h e  seve r ity i n c rea sed . T h e  i n i t i a l  rat i n g  of 

MDMV-B at t h e  f i rst 3 day- p e r i od s howed no sym ptoms , howev e r  t h e re 

wa s a h i g h  i n c rea s e  i n  rat i n g  va l ues  at the  f i n a l  rat i n g . T h ree 

h u n d red a nd twe n ty - fo u r so rg h u m. p l a nts rated 1 at th e 12 d a y-pe r iod , 

i n d i cat i n g  t h at t h ey u s u a l l y s howed i n it i a l  loca l sym ptom ex p res s ion 

·w i th i n  1 2  days a n d  p rod u ced 5 o r  fewe r loca l l es ion s . . At the 1 8  day­

per iod , the  l a rgest  n u m b e r  of i n fected sorg h u m p l a nts  rated 2 among 
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Ta b l e  3 Pe rcen ta g e  of mec h a n i ca l l y i nocu l ated sorg h u m p l a nts s h ow i n g  
sym ptoms of M DMV- A  i nfect ion at d i ffere n t  i nte rva l s  
fo l lowi n g  i nocu l at ion . 

Variety Day 3* 6 9 12 15 18 21 
-------------- -- ----------------------------- -----------

Keltgen KG57T 0 0 55 80 85 85 85 

·Dekalb DK-39Y 0 10 70 75 75 75 75 
Funks G-421 0 25 55 70 65 75 75 
Cenex 310 0 35 55 70 75 75 75 
Western WS-203 35 55 70 70 70 70 70 
Sigco 46YG 20 55 65 70 70 70 70 
Warner W-501T 10 20 60 70 70 70 70 
Seed Tee. 8502 0 25 55 65 70 70 70 
Cenex 226 0 15 so 70 70 70 70 
Funks HW5883 0 20 50 70 70 70 70 
Warner W-551A 15 55 65 65 65 65 65 
Warner W-523T 20 45 60 65 65 65 65 
McCurdy M450 0 15 55 65 65 65 65 
Funks G-251 0 40 50 65 65 65 65 
Hoegemeyer 606 0 35 50 65 65 65 65 
Dekalb DK-38 0 5 40 65 65 65 65 
Pay Master 1022 0 45 60 60 60 60 60 
Seed Tee. 8503 10 50 55 60 60 60 60 
McCurdy M410 0 0 40 60 60 60 60 
Asgrow Corral 0 10 35 50 60 60 60 
Keltgen KG63T 0 10 35 60 60 60 60 
McCurdy M687 15 25 35 60 60 60 60 
NK 2244 10 10 30 50 60. 60 60 
Western WS-212 0 35 55 55 55 55 55 
Warner W-560T 5 25 50 55 55 55 55 
Dekalb X-538 5 15 45 55 55 55 55 
Asgrow Mesa 0 10 40 so 55 55 55 
Pay Master 930 0 15 35 so 55 55 55 
Cenex 230 0 15 30 55 55 55 55 
Cenex 224 .0 0 45 so so so so 
NK 1210 0 20 45 so 50 so so 
McCurdy M51YG 0 5 35 so 50 50 50 
Asgrow Dorado E 0 15 30 45 50 50 50 
NK 2030 0 10 30 35 45 45 45 
Hoegemeyer GT620 0 10 25 35 45 45 45 
Seed Tee. 8501 0 0 30 40 40 40 40 
Cenex 228 0 0 25 40 40 40 40 
Dekalb X-550 0 0 15 30 30 30 30 
M�an % infection· 3.95 20.53 45.39 57.63 59.74 59.74 59.74 

* Chi-square df prob 
3. 119.101 37 0.0001# 
6. 131.055 37 0.0001# 
9. 55.423 37 0.0263 



Ta b l e  4 

Rating 
- - - - - -
0 
1 
2 
3 

12 . 42 . 484 37 0 . 2466 
15 . 39 . 476 37 0 . 35 98 
18 . 39 . 476 37 0 . 35 98 
21 . 39 . 476 37 0 . 35 98 
# C hi - sq uare anal yses may be invalid due to large 

n um ber of hybrids with no infected plants. 
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D i str i but i o n  of  rati n g  va lues of  sorg h u m  p l a nts  i nocu l ated 
w ith  M DMV- A  a t  d i ffe rent  t ime i nterva l s .  

Day I No . infected p l ants 

3 6 9 12 15 18 21 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
730 604 415 322 306 306 306 

30 135 206 121 23 · 1 0 
0 21 136 27 7 313 270 240 
0 0 3 40 118 183 214 
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t i me i nte rva l s . T h i s  i n d i cated t h a t  1 88 out  of t h e  tota l s o rg h u m p l a n ts 

p rod u ced between 6 a n d 1 0  l oca l l es io n s a n d/o r m i l d  n ec ros i s ,  w h i c h  

we re i n c reas ed f rom rat i n g  va l ue 0 v e ry occa s io n a l l y ,  b u t  most often 

from rati n g  va l ue 1 .  T h e  l a rgest n u mbe r of p l a nts  i n  i n fected s o rg h u m 

· p l a n ts rated 3 in s ev e r i ty wa s at  t h e  f i n a l  rati n g s , i n d icat i n g  t h a t  54 

out of the  tota l s o rg h um pla n ts p rod u ced mo re t h an 1 0  loca l l es i o n s  

a n d/o r s evere n ec ros i s  wh i c h  i n c rea sed t h e  rati n g  v a l ues  f rom rat i n g  

va l u e 1 very occa s io n a l ly , b u t  most often from rat i n g  va l u e 2 ( T a b l e  6 ) . 

A s u mma ry of t h e  res u lts of d i sease rati n g s  of M DMV- B i s  g i ve n  i n  

Appen d i x  B .  

Sorg h u m h y b r i d s  Seed Tee . 8502 , N K  1 2 1 0 ,  a n d McCu rdy M687 

we re t h e  l ea st s u scept i b l e  to M DMV- B .  T h ei r i nfect ion  perce n ta g e  at 

each  day pe r iod was  l e s s  t h a n  average pe rcentage of i n fect i o n  at each 

day per iod a n d  less  t h a n  25 %, wh i ch s u g g ested t h ey m i g ht be 

con s ide red res i sta n t  to M DMV- B .  T h i s  res u l t wa s co n s i ste n t  with  t h e  

d i sea s e  rat i n g  va l u es . Sorg h u m h y b r i d s  P a y  Ma ste r 1 022 , C e n e x  230 ,  

a n d F u nks G - 251 · w e re s i g n i f ica n t l y  t h e  most s u s cepti b l e  amon g h y b r i d s  

a t  the  9 ,  1 2 , 15 , 1 8 ,  a n d  21 - d a y - per iod s . T h e i r i n fect i o n  p e rce n ta g e  

a t  eac h  day pe r iod wa s mo re th a n  average percenta g e  of i n fect i o n  a t  

ea ch day pe r iod a n d  mo re t h a n  9 0  % .  T h e  h i g h est  rated h y b r i d  i n  

s u s cepti b i l i ty . to stra i n  B wa s Pay Ma ster 1 022 . T h i s  res u l t was  

co n s i ste n t  w ith  the pe rcentage o.f i n fect ion  ( Appen d i x  B ) . Often t h e  

sorg h u m hyb r i d  C e n e x  930 i n it i a l l y s h owed i n d i st i n ct c h l o rot i c  s pots a n d  

f lecks 6-9  days afte r i nocu l a t ion , however th ·i s  s ym ptom . d i sa p pea red o r  

d i d  not devel ope f u rt h e r . 
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Ta b l e  5 Pe rce ntage of mech a n i ca lly i noculated so rg h u m p l a n ts s how i n g  
symptoms of M DMV- B i nfect ion at d i fferent i n terv a l s  
fo l low i n g  i nocu l at ion . 

Variety Day 3'*'t 6 9 12 15 18 21 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Pay Master 1022 0 35 95 95 95 95 95 
·c enex 230 0 35 45 90 90 90 90 
Warner W-560T 0 5 s o  85 90 90 90 
Funks G - 251 0 15 45 8 0  90 90 90 
Western WS- 203 0 5 25 85 90 90 90 
Seed Tee. 8 503 0 40 60 85 8 5  85 8 5  
Seed Tee. 85 01 0 35 60 8 0  85 85 85 
Cenex 310 0 20 30 8 0  8 5  85 85 
Hoegemeyer G T620 0 25 5 5  65 8 5  8 5  85 
Warner W- 55 1A 0 15 35 8 0  8 0  8 0  8 0  
Keltgen KG63T 0 10 s o  7 5  8 0  8 0  8 0  
D ekalb DK- 38 0 20 40 45 8 0  8 0  8 0  
Cenex 224 0 0 5 5 0  8 0  8 0  8 0  
Wester n WS-212 0 2 5  40 7 5  7 5  7 5  7 5  
McCur dy M410 0 10 25 7 5  7 5  7 5  7 5  
Pay Haster 930 0 0 15 7 0  7 5  7 5  7 5  
Asgr ow Do rado E 0 15 30 7 0  7 0  7 5  7 5  
Sigco 46YG 0 15 5 0  7 0  7 0  7 0  7 0  
Warner W-501T 0 0 30 65 7 0  7 0  7 0  
Funks G - 421 0 0 10 65 7 0  7 0  7 0  
Asgrow Mesa 0 0 5 65 7 0  7 0  7 0  
Dekalb X-5 5 0  0 5 30 s o  60 60 60 
Asgrow Co rr al 0 5 5 40 60 ' 60 60 
Funks HW5 88 3 0 0 0 20 60 60 60 
Dekalb X-538 0 0 20 45 55 5 5  5 5  
Dekalb DK- 39Y 0 0 10 45 5 5  5 5  55 
Keltgen KG5 7 T  0 0 25 50 5 5  5 5  55 
NK 2244 0 1S 30 45 55 55 55 
Cenex 228 0 5 35 50 5 0  5 5  55 
Hoegemeyer 606 0 0 0 20 50 5 5  55 
Cenex 2 26 0 1S 40 s o  5 0  5 0  5 0  
McCur dy M45 0  0 1 0  45 5 0  5 0  5 0  5 0  
�fcCur d y MS 1 YG 0 0 0 45 5 0  5 0  5 0  
Warner W-S 2 3T 0 5 2 5  30 40 40 40 
NK . 2030 0 0 0 15 40 40 40 
Se·ed Tee. 8 5 02 0 s 2 0  25 25 25 25 
NK 12 10 0 0 0 10 15 1 5  15 
McCur dy M687 0 0 5 5 5 5 5 
Mean infectio n % 0 10 . 13 2 7 . 7 6 5 5 .7 9  64 . 8 7  65 .2 6 65 . 2 6 

_ .... Chi squar e df prob' 
3. 
6. 113 . 37 3 37 0.0001# 
9. 17 1 . 37 5 37 0 . 0001 



Ta ble 6 

Rating 
- - - - - -
0 
1 
2 
3 

12 . 1 66 . 442 37 0. 0001 
15 . 148 . 090 37 0 . 0001 
18 . 147 . 306 37 0. 0001 
21 . 147 . 306 37 0. 0001 
# C hi-sq uare ana l yses may be i nva l i d  due to l arge 

number of hybr ids w i t h  no i nfected p lants. 
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D i st r i b u t ion  of rati n g  va l u es of sorg h u m  pla n ts i n ocu l a ted 
w i t h  M DMV- B at d i fferent t ime i nte rva l s . 

Day I No.i nfected pl ants 

3 6 9 12 15 18 21 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

760 683 5 49 336 267 2 64 2 64 
0 77 17 4 324 2 89 268 266 
0 ·o 36 90 176 188 176 
0 0 1 10 28 40 5 4  
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T h e  percentag e  of i nfect ion  wa s u s u a l l y  rel ated to s eve r ity of 

i nfect ion i n  i n d i v i d u a l  p l a nts  as ex p res sed by t h e  extent a n d  i nte n s ity 

of s ymptom s . T h e  t i me - pe r iod ten ded to become p rog res s i v ely mo re 

extended with  i n c rea s e  i n  t h e  d eg ree of s u s cepti b-i l i ty ( Ta b l e  4, Ta b l e  

·s ) . T h i s  stu d y  determ i n ed t h at South  Dakota ada pted so rg h u m h yb r i d s  

s howed va ry i n g  d eg rees of s u s cepti b i l i ty to MDMV-A a n d  - B, h owever  

th ere w i l l  be a pos s i b i l ity t h at t h i s  react ion  may be ch a n ged b eca u s e of 

en v i  ro n menta l facto rs . 

B rooki n g s  

A u g u st .  

F ie l d  stu dies 

I n  1 984 i n it i a l  obs e rvat i o n s  fo r occu r rence of MDMV at 

beg a n  o n  A u g u st 1 5  a n d  co nt i n ued th ro u g h  t h e  e n d  of 

P l a nts we re j u dg ed a s  i n fected o r  hea l t h y  b a s ed o n  th e 

p resen ce o r  a b s e n ce of typ i ca l mosa i c  symptoms . T h e  s ymptom s of th e 

d i sea s e  were a m i l d  mos a i c  o r  c h l o rot i c  str i pes w ith  s pots beg i n n i n g  at 

the ba se of you n g est l eav es fo l lowed by the development  of mott l i ng 

a p pea ra n ce ( F i g . 1 ) .  T h e  fo l low i n g  c u lt i va rs of the  s o rg h um ent r ies 

we re fou n d  to be system i ca l l y s u scept i b l e  to t h e  v i ru s  u n d e r  n at u ra l 

con d it ion s :  Ca rg i l l  22; · PAG 3385; P i o neer 8680; P i oneer  8855; a n d  

Wa rner WX84041 . App ro x i mate ly  2 mo n t h s  after p l a n t i n g  i nfected p l a n ts 

we re i n dexed o n  i n d icato r  p l a nts  s u c h  a s  N 28 co rn,  HOK s o rg h u m, a n d 

J oh n song ra s s  to i dent i fy th i s  v i ru s def i n i te l y . D ifferences i n  t h e  i n dex 

ra n ge symptom s i n d i cated the p resen ce of two stra i n s  of  MDMV in  the 

. B rooki n g s  a rea . S o rg h u m  cvs . Ca rg i l l  22, PAG 3385 , P io nee r  8855, a n d  

Wa rner WX84041 revea l ed t h at t h ey ca r r ied MDMV-A . P i o n ee r  8680 

ex posed to n atu ra l i n fect i o n  revea led the p rese n ce of MDMV-B ,  t h e  
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st ra i n  w h i c h  d i d  n ot i nfect Joh n song ras s . This res u lt was con sistent 

with Pion ee r 8680 mec h a n i ca l l y i nocu l ated with  st ra i n  B i n  G ree n hou se 

study I res u lt ( T a b l e  1 ) . On t h e  ba s i s  of  these  ob s e rvat io n , a l ate 

tr i a l  p l a n t i n g  of sorg h u m c u l t i va rs i n  1984 revea l ed t h e  p re s e n ce of 

both M DMV- A  a n d  M DMV- B at B rook i n g s . A n atu ra l M DMV f i e ld  

tra n s m i s s ion  e x pe r i me n t  with 51  sorg h u m c u l t iva rs i n  1 985 p rod u ced no  

vis i b l y  i nfected p l a n ts . Bot h M DMV- A  a n d MDMV- B a n d  w h eat st reak 

mos a i c  v i r u s  we re recove red f rom N-28 co rn border  p l a n ts. 

E lectron microscopy 

Compa rat i ve u l t ra s t r u ctu ra l  stu d i es of so rg h u m cv . H OK a n d 

P ionee r  8680 l eaf  cel l s  sepa rate l y  i nfected w i t h  M DMV- A a n d  - B  

res pect ive l y revea l ed t h e  fo rmation of n u me rou s cy l i n d r i ca l  i n c l u s io n s  

cha racte rist i c  of i nfect ion b y  v i r u ses of the  potyv i ru s  g rou p ( 8 ,  11) i n  

both c ros s a n d  lon g i tu d i n a l  sect ion . T h e  te rms " cy l i n d r i ca l  i n c l u s ion s " ,  

"b u n d l es" ,  " p i n w h eel s " , "s c ro l l s",  a n d " l am i n ated a g g reg ates " ,  as  

def i n ed by Edwa rd son ( 1 2 ) ,  we re u sed fo r desc r i b i n g  v a r iou s types of 

v i ra l  i n c l u s ion s fo u n d  i n  cel l s  i n fected w ith  MDMV . Va r iou s p rof i l es of 

i n c l u s ion s i n d u ced by M DMV-A a n d MDMV- B sepa rate l y  we re ra ndom l y  

d i st r i b uted i n  ce l l s  of th i n  sect ioned i nfected sorg h u m l eaf  t i s s u e .  

P i nwheel i n c l u sion s  w h i c h  h a d  cu rved a rms cente red on · a co re res u l t i n g  

from c ros s-sect i on i ng of cyl i n d r i ca l  i n c l u s ion s ,  we re f req u e n t ly fou nd i n  

some a rea of t h e  cytop l a sm of ce l l s  i nfected sepa rate l y  w i t h  M DMV-A 

(F i .gs . 5,  6)  a n d  M D MV- B ( F i g s . 7,  8 ) . B u n d l es , con s i st i n g  of p l a tes or  

rod s of  d iffe re n t  t h i c k nes s and length a n d res u l t i n g  f rom l o ng i t u d i n a l  

sect ion s of cyl i n d r i ca l  i n c l u s io ns , we re fou n d  e i th e r  a b u tted to t h e  
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p l asma l emma ( F i g . 7 )  o r  f ree i n  t h e  cytop l a sm ( F i g s . 6 ,  8 ) . F req u e n tl y ,  

t h e  en d s  of b u n d l es ap pea red to b e  co nt i n uo u s  w i t h  e l eme n ts of 

endop l a s m i c  ret i c u l u m ( F i g s . 6 ,  7 ) . Scro l l s  a p pea red to con s i st of one 

or mo re co i led p inw h ee l  exten s io n s  der i ved f rom a c ro s s  s ect i o n  of a 

tu be ( F i g s . 6 ,  7 ) .  T u bes a ppea red to be p i n w hee l  a rm - l i ke st r u ct u res 

in l o n g i t u din a l  s ect i o n  ( F i g . 6- B ) . La mi n ated agg reg ates ( LA ) , as a 

la rge f l at p l ate com posed of severa l pa ra l l e l  a n d  th i n  p l ates res u l t i n g  

from c ros s sect ion i n g  of cy l i n d r i ca l  i nc l u s ion s ,  we re fou n d  o n l y  i n  

P io n ee r  8680 sorg h u m t i s s u es i nfected w i t h  MDMV- B ,  a n d  ofte n h a d  

mutu a l  con n ect i o n s w i t h  severa l p i n w h eel s ( F i g s . 7 ,  8 ) . Loose 

agg reg ates of  f l e x uou s rod pa rt i c l es in  t h e  cyto p l a sm of P i o n ee r 8680 

infected w ith  MDMV- B a re be l i eved to rep res ent actu a l  v i r u s  pa rt i c l es 

( F i g . 7 ) . 

T h e  MDMV - A  a n d  MDMV- B a re d i st i n g u i s h a b l e  by t h e i r 

in c l u s i o n  bod i es i n  t h e  cytop l a s m . E l ect ro n m i c roscopy revea l ed t h e  

p rese n ce of p i n w h ee l s ,  b u n d l es ,  s c ro l l s ,  a n d  l am i n ated a g g reg ate s  i n  

cel l s  of P io n eer  8680 sog h u m  l eaf  t i s s u e i n fected w ith  MDMV- B w h i l e  n o  

lam i n ated agg regates we re fou n d  i n  ce l ls o f  HOK sorg h u m l eaf t i s s u e  

infected w i t h  MDMV - A . T h e  a ppea ra nce of st ructu res a s soc i ated w ith  

p i nwhee l s  ex h i b i ted v i r u s-s pec i f ic  va r i at i o n s  w h i c h  a re i n depe n d e n t  of 

the  host s pec i es ( 1 3 )  s u ggest t h at the  type of sorg h u m cu l t i va rs may 

not be re l ated w i th the fo rmat i o n  of d i fferent i n c l u s i o n  bod i es . 

Edwa rd son ( 1 2 )  c l a s s i f i ed the  potyv i ru ses i n to the  fo l low i n g s u bd i v i s i on: 

v i ru ses w h i c h  i n d u ce s c ro l l s  o r  t u bes in  cross  sect ion  be l o n g  to 

S u bd i v i s ion  I ·  ' v i r u ses  w h i c h  i n d u ce l a m i n ated agg regates be l o n g  to 
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Subdiv i s io n  I I; vi ru ses  w h i c h  i n duce both l am i n ated a g g rega tes a n d  

scro l l s  be lon g to S u bd i v i sion I l l .  Edwa rdson ( 12 )  a s s i g n ed M DMV- A  to 

Subd i v i s ion  w h i l e  a s s i g ni n g  M DMV- B to  Subd i v i s ion  I l l .  E l ect ron 

m i c roscope stud i es of two st rain s of M DMV i n d i cated s pecific d iffe re n ces 

in i n c lus i o n  bodies , pa rti cul a r l y  with res pect to LA s i n duced by M DMV­

B .  T h e  p resence of LA s i n  a so rg hum cul t i v a r i nfected with MDMV may 

des i g n ate it a s  M DMV- B a n d  a s s i g n  i t  to S u bd i v i s io n  I l l  w h i l e  the 

absence of  LAs may des i g n ate i t  a s  M DMV- A  a n d  a s s i g n  i t  to 

Subdiv i s io n  a cced i n g  t o  c l a s s i f icat ion system o f  Edwa rd son  ( 12 ) . 

U lt rastructu ra l stud i es of t i s s u e  i nfected with  M DMV h a ve repo rted no 

l am i n ated agg reg ates a nd a few v i ru s rod s (14 , 23 ) . K ra s s  a n d  Fo rd 

(23 )  i n  a compa rat i v e  study cou l d  not d i st i ngui s h  u lt ra st u ctu ra l 

diffe ren ces i n  t i s sue i nfected sepa rate l y  w ith  MDMV - A  a n d M DMV- B .  

Ga rd n e r  ( 141 sugg ested t h at n o  obs e rvat ion of LAs m i g h t  be  due to 

fi x at i o n  a n d  sta i n i n g c h a racte r i st ics , or to v i ru s  s t ra i n  v a r i a b i l i ty .  

Late r La n gen berg a n d Sch roede r ( 24)  fou n d MDMV- B v i r i o n s a n d v i rus -

i n duced LAs . T h ey ex p l a i n ed t h e  d i ffe rences between t h e i r res u l ts a n d  

those of two p rev i o u s  i n vest i gat ion s ( 1 4, 24 )  m i g ht be  due t o  f i x at ion  

p rob l ems o r  mo rp h o log ica l c h a n ges d u r i n g f i x at ion . T h ey a l so s u g gested 

that p i n w h ee l s rep res e n t  a sta b l e  st ruct u re w h i l e LA s rep resent 

u n sta b l e  i n c lus io n s  d u r i n g  f i x at ion . Howeve r ,  severa l i n vest i g ato rs 

s howed t h at these  i n c l u s i o n  bod i es a re rel i a b l e  structu res of potyv i r u s­

i nfected ce l l s  w h i ch a re sta b l e  u n d e r  va ry i n g  co n d it i o n s of f i x at ion  

. ( 8 ,  1 2 , 30) . McM u l l e n  and  G a rd n e r  (33 ) a l so s u g gested i m p e rcepti b le 

cha n g e of t h e  morp ho log y  i n  p i n w hee l s  a n d  a s soci ated i n c lus i o n s  i n duced 
� 

by wheat st rea k mosa i c  v i rus i n  u s i n g va r i o u s f i x at i o n s .  B radfute a n d  
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Robertson ( 7 )  fo u nd cy l i n d r ica l i n c l u s i o n s  of the  pin w h ee l s a n d t u be s  

i n d u ced by MDMV-A , h owever  f lex u o u s  rod v i ru s  pa rt i c l es ,  cy l i n d r i ca l  

in c l u s io n s , a n d LAs were fou n d  i n  ma i ze t i s s u es i n fected w i t h  M D MV-B . 

T h ey s u g g ested v i ru s  pa rtic l es of st ra i n A may n ot be ev i d ent  i n  cel l s  

· w ith  a b u n d a n t  v i ru s - i n d u ced i n c l u s i on s . My res u lts ag ree w i t h  t h os e  of 

B radfute a n d  Robe rtson ( 7 ) . 

Two pos s i b l e  ex p l a n at ion s a re 

d i fferen ces between my res u l ts a n d  

i n vest igat i o n s ( 1 4, 2�, 24 ) : 1 )  Va ri at ion 

p roposed 

t hose of 

of stra i n  

to i n te r p ret t h e  

t h ree p rev iou s 

m a y  i n d u ce t h e  

va r i at ion  of i n c l u s io n s  rath e r  t h a n  va r ious  ty pes of f i x at ion  d i ffe ren ces; 

2)  Anot h e r  pos s i b i l i ty of m i s s i n g  i n c l u s i on compone n ts may be how l o n g  

samp l i n g t i s s u es h a ve been i n fected . T h e  fo rmer  ex p l a n at i o n  i s  mo re 

re l i a b l e  th a n  the l atte r o n e . T i me i n  samp l i n g t i s s u es of HO K so rg h u m 

i n fected with  M DMV-A a re d iffe re n t  f rom those of p rev iou s  

i n vesti gato rs . I n  p rev io u s  i n vest i gat i o n s  samp l es· we re p repa red two a n d  

f ive  weeks ( 23 ) , a n d  8 d a ys ( 14 )  after i nocu l at ion  w h i l e m y  s am p l e s  

we re p repa red 5-6 d ays afte r i noc u l at ion. H owev e r ,  n o  typ ica l 

d i ffe ren ces of i n c l u s io n  bod i es i n d u ced by MDMV- A ex i st between 

p revio u s  i n vest i g at i o n s  a n d  my res u l ts .  An d rews a n d  S h a l l a  (4 ) 

repo rted t h a t  LAs we re fo rmed l ate i n  the  i nfect ive p roces s . However, 

the  n u mber  of LAs i n  my samp l es p repa red 25 d ays afte r i n oc u l at ion 

w ith  MDMV-B wa s n ot d iffe rent  f r.om t h at of 1 0- 1 4  days afte r i noc u l at ion 

CZ4) . P rev i o u s  i n vest i gat i o n s  h ave n ot repo rted the occu r re n ce of LAs 

i n  sog h u m c u l t i v a rs i nfected w ith  M DMV-B or t h e  a bs e n ce of LA' s i n  

so rg h u m  i
.
nfected w ith  M DMV-A . 
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In t h e s e  cyto l og i ca l  stud i es the  most d i st i n ct i v e  st ructu ra l  

mod if icat io n s  a t  t h e cell  wa l l- p l a sm a l emma i n te rface of M DMV - A  i nfected 

HOK so rg hum l eaves we re n oted 5 - 6  days afte r i noculat i o n . E x am i n at ion  

of  l eaves w ith  p r i ma ry a c u te symptoms revea l ed cel l  wa l l  a b n o rma l i t i es , 

nota b l y  th i c ken i n gs ( F i g . 16 ) a n d  p rot r u s ion s ( F i g . 1 7 ) of t h e  ce l l wa l l  

i nto the  cyto p l a s m . A l so ob s e rved we re p l a s mod esmata , 

extra p rotop l a s mic sacs , p a ramu ra l bod i es , a n d memb ra n o u s ves i c l es . 

T h e  a b n o rma l i t i es  i n c l u d ed fo rmat ion of m u  l t i ves i c u  I a  r st ructu res 

a s soc i ated with  t h e  p l a s malemma w h ich  were c l a s s i f i ed u n d e r  t h e  g e n e ra l  

term pa ramura l  bod i es ( 29 )  reg a rd l ess of o ri g i n .  H owev e r , t h e  o r i g i n  

a n d  fu n ct ion  of t h e  pa ramu ra l bod ies  i s  sti l l  u n k n own . I n  t h e  p r i ma ry 

acute stage of symptom res pon se there were m a n y  p a  ra m u  ra l bod i es 

conta i n i n g  va r iou s l y e x ten s i v e  accu m u l at ion  of ves i c l es a n d/o r tu bules 

between the p l a s ma l emma a n d  ce l l  wa l l  ( F i g s . 12 - B ,  15- A ,  1 6- B ) .  

S u n ken  a rea s of t h e  cytop l a sm by t h e  pa ramura l body a p pea red to b e  a 

mem b ra n e- bou n d  body sepa rated f rom the  g rou n d  cytop l a s m . T h e  

p l asma l emma bod e r i n g  wa l l  a b n o rma l i ti es wa s i r reg u l a r l y  c u rved ( F i g . 

15 -A ) . I n  some a rea s i t  a p pea red to be d i scon ti n uous o r  dis ru pted 

( F i g s . 1 0 ,  1 1 ,  1 3 ) . R u ptu red memb ra n es of the  p l a s ma l emma re l ea sed 

the ves i c l es f ree i nto t h e  a rea between the  cel l wa l l  a n d  p l a sma l emma . 

Ma n y  f l atten ed a n d  mem b ra n o u s  t u b u l es o r  ves i c l es , wh i ch a p pea red to 

be der i ved f rom t h e  co ntents of pa ram u  ra l bod i es ,  were scatte red 

between the cel l wa l l  a n d  p l a s m a l emma ( F i g s . 1 3 ,  17 -A) . T h es e  i r reg u l a r  

. p rofi l es of mem b ra n ou s v es i c l es l ead me to co n C l ude that  s u ch  fo rmati o n s  

a re not a .rt i facts o r  co n tam i n at ion  a s  a res u lt of a n  a n a l ys i s  o f  s i m i l a r  

structu res descr i bed i n  p u b l i s h ed res u lts (21 , 34) . P res u ma b l y t h es e  ce l l  
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a b n o rma l i t i es d u e  to pla s mo lys i s  rep resent  the p r ima ry a cute sym ptom s 

in i nfected t i s s u e  j u st before n ec ros i s  devel ops. B eca u s e t h e  p a ram u ra l  

bod i es a n d  cell  wa l l  outg rowt h s  we re p resent toget h e r  a t  th e s a me s ite , 

t h ey a ppea red a s  t h e  pa ram u ra l  bod i es exten ded , a n d w e re c lose ly  

a s soc iated with  g ro u p s  of ves i c les  o r  t u b u l es of  pa ra m u ral bod i es . I 

p ropose t h at pa ram u ra l  bod i es may pa rt ic i pate i n  t h e  p rod uct ion  of new 

cel l wa l l  mate r i a l  a s  wa l l  t h i c ken i n g s . It was hypot h es i zed t h at they 

m i g ht rep resent  a n  en h a nced act i v i ty of th e p l a s m a l emma , i n  re l at ion  to 

synth es i s  of e x t ra cel l wa l l  mate ri a l  ( 6 ) . McM u l l e n  et a l . (34) a g reed 

w ith  th i s  pos s i b l e  e x p l a n at ion . Pa ra m u ra l  bod i es a n d cell  wa l l  

th i c ken i n g s  were s u ggested a s  a 
.
p h ys i ca l  ba r r i e r  to ce l l - to - ce l l 

movement of v i ru s  n ot on l y  i n  t h e  cel l s  s u r ro u n d i n g n ec rot i c  l oca l 

les ion s of loca l hosts (44 ,  50 ) , b ut a l so i n  the  system i ca l l y i n fected 

t i s s ues ( 20 , 2 1  , 34 ) . H oweve r ,  t h e  cel l wa l l  a b n o rma l i t i e s  i n  system i c  

i nfect ion  m i g ht be  a res po n s e  to v i ru s  i nfect ion b u t  we re i n effect i ve i n  

b lock i n g  t h e  system i c  movement of v i ru s  pa rti c les (2 1 ) .  It i s  obv i o u s  

from the  p resent  ev i d e n ce that  M DMV may st imu l ate t h e  h os t  cel l to 

p rod uce add i t i on a l  cel l wa l l  mate r i a l  i n  the  fo rmat ion  of a b n o rm a l i t i e s  i n  

MDMV-A i nfected so rg h u m l eaf  t i s s u e .  

E x ten ded p l a s modesmata we re memb ra n e  bou n d ,  te rm i n a ted i n  

b u l bo u s  p rot r u s io n s , a n d con ta i n ed n o  v i r u s  pa rt i c l es ( F ig . 1 0 ) . T h e  

p rot ru s ion s we re u s u a l ly fou nd between the p l a s ma l emma a n d  ce l l  wa l l  

( F i g s . 1 1 ,  1 5 ) w h i l e  a few exten ded i nto cytop l a sm ( F i g . 1 3 ) . S i m i l a r  

res u lts h a ve been repo rted i n  wh ich  th ese p rot ru s i on s e xten d ed fa r i n to 

t h e  cytop
.
l a sni (2 1 ) .  F i nge r - l i ke wa l l  p roj ect ion s ( 6 )  occ u r red bot h i n  



36 

l ocal ized a n d  i n  system i c  i nfect ion s .  They we re u n u s u al s t r u ct u res 

a s soc i ated with p l as modes m ata a n d  h ave been te rmed a s  "e x te n ded 

pl.a s modesmata " ( 34 ) . T h e i r n u mbe r a n d s i ze va r ied con s i d e ra b l y  

acco rd i n g  to t h e  i n d u c i n g  vi r u s  ( 29 ) . T h es e  e l o n gated p rot ru s io n s  were 

not em pty b u t  co nta i n ed pla s modesma - like cha nne l s  ( 6 )  w h i c h  often 

con ta i n ed rows of v i ru s pa rti c l es (20 ) . Acco rd i n g to B a s s i  et a l . (6 )  

they m a y  be c h a n n e l s  of comm u n i cat ion  between a dj acent cel l s . A s i m i l a r  

concept wa s s u ppo rted by K i m  a n d F u lto n  ( 2 1 ) .  T h e  F i g . 16- B 

demon st rates cell wa l l  t h i c ken i n g s  con ta i n i n g  e xten ded p l a s modesmata 

a s soc i ated w ith  pa ram u ra l  bodies . Some cel l wa l l  outg rowt h s  occu red 

a rou nd the exten d ed p l a s modesmata . K i m  a n d F u l to n  ( 2 1 ) s u gg ested t h a t  

fo rmation  of f i n g e r  l i ke p roj ect i o n s  of the  p l a sma l emma may p a s s  t h ro u g h  

t h e  p l a smodesmata a n d be  t ra n sfered to t h e  pa ram u ral bod i es . T h i s  

hypothes i s  stro n g l y  s u ppo rts t h e  v i ew t h at cel l wa l l  outg rowt h s  co n s i st 

of new-wa l l  mate r i a l  w i th  a s i m i l a r i ty i n  n atu re to tu b u l es o r  b u l bo u s  

te rm i n a l s  of e x te n d ed p l a s modes mata a n d  t h ey a re co n t i n uo u s  w i t h  t h e  

pa ramu ra l  bod i es . E l o n g ated p l a smodesmata con ta i n i n g desmotu b u l e s  (37 ) 

we re often fou n d  ( F i g . 1 1 ) .  E x tended p l a s modesmata (34 )  we re s i m i l a r 

to myel i n i c  bod i es (22)  wh i ch we re as soc i ated w ith  t u b u l es con ta i n i n g 

v i ru s  pa rt i c l es . My repo rt of exten ded p l a smodesmata w i t h  a ccompa n y i n g  

cel l  wa l l  a b n o rma l i t i es a n d p a ram u ra l bod i es i n  H O K  so rg h u m  l eaf t i s s u e  

system i ca l l y i nfected w i t h  MDMV- A s u ppo rts t h e  hypoth es i s  t h at t h ese 

u n u s u a l  structu res a re mod i f i ed p l a s modesmata . 

Anoth e r  k i n d  of i n c I u s  i o n, ext ra p rotop l a s m i c  . sac, co n ta i  n i g 

agg reg ates of enta n g l ed v i ru s  pa rti c les a s soci ated with  p l a s mod esmata, 
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was ob s e rved i n  cel l s  f rom l o n g itu d i n a l  sect ion s of i nfected t i s s u e ( F i g . 

9 ) . T h e  sac  was l ocated betwee n t h e  p l a sma l emma a n d ce l l wa l l ,  bou n d  

a rou n d  memb ra n e ,  a n d a p pea red to be  a s soc i ated w i t h  exten ded 

p l a smodes mata at t h e  s a me l ocat ion  a long  t h e  cel l wa l l . T h i s  sac  wa s 

s hown to be a c losed s t r u ct u re com p l ete l y  exc l u ded f rom t h e  p rotop l a st . 

Structu res s i m i  I a  r to e x t ra p rotop l a sm i c  sacs we re fou n d  w i t h  t h e  

contents of s a c s  empty ( F i g s . 1 3 ,  1 4 ) . S u c h  v i r u s  b u n d l es  we re a l so 

obs erved i n  wheat st rea k mos a i c  v i ru s i nfect ion (26) . E x t ra p rotop l a s m i c  

s a c  as  a gen era l te rm was  repo rted p rev i ou s l y (3 , 34 ) . H owev e r ,  t h e re 

we re d i ffe re n ces between contents  of sacs desc r i bed by A l l i so n  a n d 

S h a l l a  (3)  a n d  those  of McM u l l e n  et a l  (34 ) . T h e  fo rme r  co n ta i n ed v i ru s  

pa rt i c l es a n d  it  w a s  s u g g ested that t h ey p rev en ted i n t racel l u l a r  

movement of v i ru s d u e to d epos i ts of ca l lose . T h e  l atte r occ u red i n  the  

p ri ma ry acute p h a s e  (32 ) of  system i ca l l y i n fected t i s s u e  a n d  d id  not 

conta i n  v i ru s  pa rt i c l es , b u t  sma l l  s p h er ica l g ra n u l es . McM u l l e n  et a l . 

(34 ) hypot h e s i zed t h at " t h e s e  st r u ct u res were a p rotect i v e  res po n s e  by 

the p l a n t to rest r i ct the movement of v i ru s . The i m po rta nt f u n ct ion  of 

these s t r u ct u res may i n vo l v e  cel l - to -cel l movement of v i ru s es . 

McM u l l en et a l . (34 ) s u ggested t h a t  p rev i o u s i n vest i g ato rs 

cou l d not f i n d  t h es e  cel l wa l l  a b n o rma l i t ies  p roba b l y  be.ca u se t h ey d i d  

not exam i n e  t h e  p ri ma ry a c u te stage  of v i r u s  i n fect i on . K i m  e t  a l . ( 2 1 ) 

s u ggested t h e  pos s i b i l i ty of d i sappea ra n ce of ce l l  wa l l  a b n o rma l i t i es at  a 

l ate sta ge of i n fect ion  beca u s e  of degen e rati on of ce l l  wa l l  p rot ru s io n s . 

However , t h e  re l at ion s h i p  betwee n th ese st r u ctu res a s soci ated w ith  cel l 

wa l l  a b n o rma l i t i es a n d  p l a n t v i ru s  i n fect ion  a re st i l l  u n k nown . 
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To my k n ow l ed g e ,  no e lect ron m i c rog ra p h  h a s been p u b l i s h ed 

conf i rm i n g s uc h  a n  i nterp retat ion i n  so rg h u m o r  w ith  a f l e x uou s rod 

p l a nt v i ru s . 
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F igu re 1 

• 

Occu r re nce of mosa i c  symptoms on t h e  so rg h u m cu l t i v a r 
PAG 3385 i nfected w i t h  M DMV- A  i n  t h e  f ie ld  at  B roo k i n g s , 
S D  i n  1 984 . 
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F igu re 2 P ri ma ry ac ute sym ptoms o n  t h e  sorg h u m  c u l t i va r H O K  
i noc u l ated w i t h  M DMV- A  mec h a n i ca l l y i n  t h e  g ree n hou s e . 
C h l o rot i c  s pots a p pea red at t h e  ba s e  of t h e  te rm i n a l  w h o r l  
5 - 7  days afte r i nocu l at i o n . 
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F igure 3 Sym ptoms o n  t h e  s o rg h um c u l t i v a r H O K  mech a n i ca l l y 
i nocu l ated w i t h  M DMV- A .  F rom t h e  l eft l eaf · t h e re a re 
aty p i ca l  a n d  t i n y  l oca l l es ion s ,  t h e  cen t ra l  l eaf s h ows m i l d  
mott l e  mos a i c ,  a n d  o n  t h e  r i g h t  a red l eaf w i th c h l o ros i s . 
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. .  

; ,  

f ig u re 4 Typ ica l n ec roti c l oca l les i o n s were p rod u ced o n  t h e  
sorg h um c u l t i va r H O K  i nocu l ated w i t h  M D MV - B 
mech a n i ca l l y .  H ea l t h y  l eaf ( r i g ht ) , I nfected l eaf ( l eft) . 
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F ig u re 5 U lt ra s t r u ct u re of ch l o rop l a sts a n d  n u c l e u s of H O K  
s o rg h u m l ea f  ce l l s  i nfected w i t h  M D MV- A .  T h e  cel l on t h e  
u p per l eft con ta i n s  p i n w h ee l s  ( a r row h ead ) , · b u n d l es 
( a r row ) a n d  a n o rm a l c h l o ro p l a st  with  ch l o rop l a st l i m i t i n g  
mem b ra n es . N o rma l C 4  c h l o ro p l a sts con ta i n i n g  sta rch 
g ra n u l es a re p resent  i n  t h e  ce l l s  o n  t h e  u pp e r  r i g h t . A 
n o rma l n u c l e u s co n ta i n i n g c h romat i n i s  located i n  t h e  ce l l  
o n  t h e  lowe r l eft . 





50 

F i g u re 6 Cyl i nd r i ca l i n c l u s io n s  i n  a s o rg h u m  l eaf cel l i nfected w i t h  
M D MV- A . 

A )  P i n w h ee l s ,  b u n d l e s , a n d  s c ro l l s  
ra n dom l y  t h ro u g h o u t  t h e  cytop l a s m . 

a re d i st r i b u ted 

B )  Po rt i o n  of a s o rg h u m l ea f  cel l ex h i b it i n g  a 
con g lom e rat ion  of M DMV- A i n d u ced i n c l u s i o n s :  PW, 
c ros s s ect i o n ed cyl i n d r i ca l i n c l u s i o n ; B ,  cyl i n d r i ca l 
i n c l u s io n s i n  l o n g i t u d i n a l  s ect i o n ; S ,  c ros s sect i o n a l  
v i ew of t u bes ; T ,  l o n g i t u d i n a l  s ect i o n  of p i n w h ee l  
a rm s . 



o . s  .. m 

A 
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F ig u re 7 A rea s between a c h l o ro p l a st a n d  a n u c l e u s of a P io n ee r  
8680 sorg h u m l eaf ce l l  i nfected with  M DMV- B a re . r i ch i n  
v a ri o u s  p rof i l e s  of cytop l a sm i c  v i r u s  i n c l u s i o n s : 
p i n w h ee l s ,  s c ro l l s ,  l a m i n ated a gg regates , a n d  b u n d l es . 
N ote e n d s  of b u n d l es a b u tted a ga i n st t h e  p l a sma l emma a n d  
pos s i b l y  con t i g u o u s  w ith  e n dop l a s m i c  ret i cu l um .  F l ex u o u s  
rod v i r u s  pa rt i c l e s  a re ev i de n t  i n  cel l s  w i t h  a b u n d a n t  
v i ru s - i n d u ced i n c l u s io n s . 
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F i g u re 8 Lam i n a  ted a gg reg ates 
i n d u ced by M D MV- B 
( a r row h ea d s ) .  

i n  P ioneer  8680 
s how a s s oc i at i o n  

s o rg h u m t i s s u e  
w i tl;l p i n w h ee l s  

A )  Cyl i n d ri ca l  i n c l u s io n s  i n  lon g it u d i n a l  s ect ion . F i n e 
s t r u ct u re of l am i n a ted a gg regates , con s i sts  of c l o s e l y  
a s soc i ated pa ra l l e l  p l ates . 

B )  E l ectron m i c rog ra p h  of M DMV- B i n fected P io n ee r  8680 
so rg h u m l ea f  cel l s howi n g  cy l i n d r i ca l  i n c l u s io n s with  
some l a m i n ated a g g reg ates in  d i ffe ren t  p l a n es of 
s ect ion i n g .  



w 

o.s.,m 
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F i g u re 9 

. ,  

lon g i t u d i n a l  sect i o n  t h rou g h e x t ra p rotop l a s m i c  s a c s  a n d 
a s soc i at ion w i t h  e x te n ded p l a s mod esmata i n  H O K  s o rg h u m  
l eaf  i n fected with  M D MV-. A . N ote t h e  rod - s h a ped M D MV 
p a rt i c l es w ith i n  t h e  t h e  e x t ra p rotop l a s m i c  s a c  a n d  l i m i t i n g  
memb ra n e  of t h e  s a c  i s  n ot con ti n u o u s  w i t h  t h e  
p l a sma l emma . 
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F ig u re 1 0  U lt ra s t r u ct u re of p r i ma ry a c u te t i s s u e i n  H O K  s o rg h u m 
l eaf i n fected with  M DMV- A .  N ote b u l bou s - s h a ped 
e xte nded p l a s modesmata a n d  cel l -wa l l  o u tg rowth s  
( u n l a b e l ed a r row ) . T h e  a rea s between sta rs  s how 
d i s so l u t ion  of t h e  p l a sm a l emma . 



O.S .. m 
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F i g u re 1 1  E l ect ron m i c rog ra p h  s h owi n g cel l - wa l l  outg rowt h s  
( u n l a be led a r row h ea d s ) a s soc i ated. w ith  p l a s modes mata . 
Note exte n d ed p l a s modesmata ( u n la bel ed a r row ) 
te rm i n ated i n  b u l bo u s p rot r u s io n s a n d  th e r u pt u red 
p l a sma l emma ( s ta rs ) . 



O.S .. m 
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F i g u re 1 2  Pa ra m u ra l  bod i es co nta i n i n g f l a ttened t u b u l es a n d  
ves i c l es a s soc i ate w i th p l a s modesmata i n  t h e  p r ima ry a c u te 
stage of H O K  s o rg h u m l ea f  t i s s u e  i n fected with M DMV- A . 

A )  Pa ram u ra l  bod i es a n d  memb ra n o u s ves i c l es ( u n l a be led 
a r rw h ead s )  a re p re s e n t  betwee n  the  p l a s ma l emma a n d  
t h e  ce l l  wa l l .  

B )  Pa ra m u  ra I bod i es a re a s soc i a ted with  e x te n d ed 
p l a s modesmata ( u n l a be l ed a r rowh ead s ) . 



O.S .. m 

o.s.,m 
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F ig u re 1 3  U lt ra st r u ct u re o f  HO K s o rg h u m  l eaf ce l l  i n fected w i t h  
M DMV- A  s hows r u ptu red p l a s m a l emma a n d memb ra n o u s  
ves i c l es . N ote t h e  p roj ecti o n  of cel l wa l l  mate r i a l  i nto 
cytop l a sm ( u n l a b e l ed a r rowh ead ) .  N ote t h e  em pty 
e x t ra p rotop l a s m i c  s a c  ( sta r )  a n d  e x tended p l a s modesmata 
i n to cytop l a s m . 



O.StJm 
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F i g u re 1 4  

, ,  

U l t ra s t r u ct u re of u n u s u a l  ce l l  wa l l  a b n o rma l it i e s  
i n vo l v i n g  pa ram u ra l  bod i es , exten ded p l a s modesmata , a n d  
e x t ra p rotop l a s m i c  s a cs . U n l a bel ed a r row l ocates a n  
i n te rmed i ate s h a pe between t h e  e x t ra p rotop l a s m i c  s a c  w ith  
con tents  and t h e  empty e x t ra p rotop l a sm i c  s a c  ( sta rs ) , 
located between t h e  p l a s m a l emma a n d  t h e  cel l wa l l . 



O.St�m 
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F i g u re 1 5  

[ 1 

I •  

I 
' 

,It 

I • 

S u n ken a rea s of p l a s m a l emma by t h e  pa ram u ra l  bod i es 
a s soci ated w i t h  e x ten ded p l a smodes mata . 

A )  Note t h e  n u me ro u s  e x ten ded p l a s modesmata ( u n l a b e l ed 
a r row h ea d s ) re l ated w i th fo rmat ion of pa ram u  ra l 
bod i es . 

B )  ce l l  wa l l  o u tg rowt h s a s soc i a ted w i t h  e x tended 
p l a smodes mata wh i c h  a re l ocated i n  t h e  a rea betwee n 
t h e  p l a s ma l emma a n d cel l wa l l .  
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F ig u re 1 6  C ros s s ect ion  of a mod i f i ed p l a s modesmata f i e l d  s how i n g  
cel l wa l l  a b no rm a l i t i e s  i n  H O K so rg h u m l eaf t i s s u es 
i n fected w ith  M DMV- A .  

A )  Cel l wa l l  t h i c ken i n g s  a s soc i ated with  v a r io u s  s i zed 
exten ded p l a s mod es mata . 

B )  Cel l wa l l  a b n o rm a l i t i es accom pa n y i n g  pa ram u ra l  bod i e s  
at both s i d es o f  t h e cel l wa l l . T h e  ves i c les  a n d 
tu b u l es of pa ram u ra l  bod i es a re a s soc i ated w i th  
exten ded p l a s mod es mata . 



o.s.,m 

B 
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F i g u re 1 7  Cel l wa l l  p rot r u s io n s i n d u ced b y  M DMV- A  i n  H O K  
s o rg h u m l eaves a re a s soc i ated w i th p l a s modesmata . 

A )  Cel l wa l l  p rot ru s io n s  i n  p r i m a ry acute s tage co n ta i n  
ves i cl es a n d  t u b u l e s  a s soc i ated with  p l a s mod esmata . 
N ote t h e  con g l om e rat i o n  of memb ra n o u s ves i c l es . 

B )  A p ri m a ry a c u te stage of v i ru s - i n du ced p rot r u s io n s of 
t h e  ce l l  wa l l  i n to t h e  cytop l a s m . 



0.511"' 

B 
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A P P E N D I X A 

seve r ity rat i n g s  fo r 38 s o rg h u m  hyb r i d s  
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i noc u  I a  ted with M DM V -

Days af t e r  inocu l at ion 

Hyb r i ds 

A s g row C o r r a l  

As grow Do r ado E 

Asg row Mes a 

C en ex 2 2 4  

C enex 2 2 6  

C enex 2 2 8  

C en ex 2 3 0  

C enex 3 1 0 

Deka l b  DK - 3 8  

Rat ing 

0 
1 
2 
3 
0 
1 
2 
3 
0 
1 
2 
3 
0 
1 
2 
3 
0 
1 
2 
3 
0 
1 
2 
3 
0 
1 
2 
3 
0 
1 
2 
3 
0 

3 

2 0"'-" 
0 
0 
0 

2 0  
0 
0 
0 

2 0  
0 
0 
0 

2 0  
0 
0 
0 

2 0  
0 
0 
0 

2 0  
0 
0 
0 

2 0  
0 
0 
0 

2 0  
0 
0 
0 

2 0  

6 9 

1 8  1 3  
2 7 
0 0 
0 0 

1 7  1 4  
3 3 
0 ,  3 
0 0 

1 8  1 2  
2 6 

0 2 
0 0 

2 0  1 1  
0 9 
0 0 
0 0 

1 7  1 0  
3 7 
0 3 
0 0 

2 0  1 5  
0 5 
0 0 
0 0 

1 7  1 4  
3 3 
0 3 
0 0 

1 3  9 

7 5 
0 6 

0 
1 9  1 2  

1 2  1 5  1 8  2 1  

1 0  8 8 8 
5 2 1 0 
5 1 0  1 1  1 0  
0 0 0 2 

1 1  1 0  1 0  1 0  
3 2 0 0 
6 7 7 7 
0 1 3 3 

1 0  9 9 9 
2 1 0 0 
8 8 7 6 
0 2 4 5 

1 0  1 0  1 0  1 0  
1 1 0 0 
9 5 4 3 
0 4 6 7 
6 6 6 6 

4 0 0 0 
8 9 9 8 
2 5 5 6 

1 2  1 2  1 2  1 2  

3 0 0 0 
5 7 7 7 

0 1 1 1 

9 9 9 9 

5 0 0 0 

6 1 0  1 0  1 0  

0 1 1 1 

6 5 5 5 

3 1 0 0 

9 8 7 7 

2 6 8 8 

7 7 7 7 

) 
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1 0 1 7 6 1 0 0 
2 0 0 1 7 1 2  1 3  1 3  
3 0 0 0 0 0 0 0 

Deka lb DK - 3 9 Y 0 2 0  1 8  6 5 5 5 5 
1 0 2 1 3  6 0 0 0 

2 0 0 1 9 1 4  9 6 

3 0 0 0 0 1 6 9 

D ek a l b  X - 5 3 8  0 1 9  1 7  1 1  9 9 9 9 

1 1 3 6 3 0 0 0 

2 0 0 3 7 1 0  8 7 

3 0 0 0 1 1 3 4 

D ek a lb X - 5 5 0  0 2 0  2 0  1 7  1 4 1 4 1 4  1 4  

1 0 0 3 3 1 0 0 

2 0 0 0 3 5 6 6 

3 0 0 0 0 0 0 0 

Funks G - 25 1 0 2 0  1 2  1 0  7 7 7 7 

1 0 8 4 4 2 0 0 

2 0 0 6 7 7 8 7 

3 0 0 0 2 4 5 6 

Funks G - 4 2 1 0 2 0  1 5  9 7 5 5 5 

1 0 5 6 3 2 0 0 

2 0 0 5 8 9 9 9 

3 0 0 0 2 4 6 6 

Funks HW5 8 8 3  0 2 0  1 6  1 0  6 6 6 6 

1 0 4 8 5 0 0 0 

2 0 0 2 9 1 4  1 1  1 0  

3 0 0 0 0 0 3 4 

Hoegemeyer GT6 2 0  0 2 0  1 8  1 5  1 3  1 1  1 1  1 1  

1 0 2 3 2 2 0 0 

2 0 0 2 5 6 7 7 

3 0 0 0 0 1 2 2 

Hoegemeyer 6 0 6  0 2 0  1 3  1 0  7 7 7 7 

1 0 7 4 4 0 0 0 

2 0 0 6 8 9 5 4 

3 0 0 0 1 4 8 9 

K e l t gen KG5 7T 0 2 0  2 0  9 4 3 3 3 

1 0 0 1 1  6 1 0 0 

2 0 0 0 1 0  1 6  1 7  1 3  

3 0 0 0 0 0 0 4 

Ke l t gen KG6 3T 0 2 0  1 8  1 3  8 8 8 8 

1 0 2 5 6 0 0 0 

2 0 0 2 6 1 2  7 6 

3 0 0 0 0 0 5 6 

McCurdy H5 1YG 0 2 0  1 9  1 3  1 0  1 0  1 0  1 0  

1 0 1 6 6 1 0 0 

2 0 0 1 4 9 1 0  1 0  

3 0 0 0 0 0 0 0 

McCurdy M4 1 0  0 2 0  2 0  1 2  8 8 8 8 

1 0 0 8 5 0 0 0 

2 0 0 7 1 2  1 2  9 

) 3 0 0 0 0 0 0 3 
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McCurdy M45 0 0 2 0  1 7  9 7 7 7 7 
1 0 3 8 2 0 0 0 
2 0 0 3 1 1  6 4 3 
3 0 0 0 0 7 9 1 0  

McC urdy M6 8 7  0 1 7  1 5  1 3  8 8 8 8 

1 3 3 2 6 0 0 0 

2 0 2 5 6 1 0  9 8 
3 0 0 0 0 2 3 4 

NK 1 2 1 0  0 2 0  1 6  1 1  1 0  1 0  1 0  1 0  

1 0 4 6 3 0 0 0 

2 0 0 3 7 9 8 8 
3 0 0 0 0 1 2 2 

NK 2 0 3 0  0 2 0  1 8  1 4  1 3  1 1  1 1  1 1  

1 0 2 4 1 2 0 0 

2 0 0 2 6 7 6 6 

3 0 0 0 0 3 4 4 

NK 2 2 44 0 1 8  1 8  14 10 8 8 8 

1 2 2 4 4 2 0 0 

2 0 0 2 6 7 8 8 

3 0 0 0 0 3 4 4 

Ha s t e r  9 3 0  0 1 9  1 7 1 3  1 0  9 9 9 

1 1 2 4 4 1 0 0 

2 0 1 3 5 7 6 5 

3 0 0 0 1 3 5 6 

Pay Mas t e r  1 0 2 2  0 2 0  1 1  8 8 8 8 8 

1 0 9 5 1 0 0 0 

2 0 0 7 1 1  5 2 2 

3 0 0 0 0 7 1 0  1 0  

S eed Tee . 85 0 1  0 2 0  2 0  1 4  1 2  1 2  1 2  1 2  

1 0 0 6 4 0 0 0 

2 0 0 0 4 8 8 8 

3 0 0 0 0 0 0 0 

S eed Te e .  8 5 0 2  0 20 15 9 7 6 6 6 

1 0 5 6 2 1 0 0 

2 0 0 5 9 8 7 5 

3 0 0 0 2 5 7 9 

S e ed Tee . 8 5 0 3  0 1 8  1 0  1 0  8 8 8 8 

1 2 8 2 2 0 0 0 

2 0 2 8 7 6 5 4 

3 0 0 0 3 6 7 8 

S igco 46YG 0 1 6  9 7 6 6 6 6 

1 4 8 2 1 0 0 0 

2 0 3 1 1  6 5 3 2 

3 0 0 0 7 9 1 1  1 2  

Warn e r  W - 5 0 1 T 0 1 8  1 6  8 6 6 6 6 

1 2 3 8 3 0 0 0 

2 0 1 4 8 5 3 2 

3 0 0 0 3 9 1 1  1 2  

Warn e r  W - 5 2 3 T 0 1 6  1 1  8 7 7 7 7 

1 4 5 1 2 0 0 0 

) 
2 0 4 6 6 5 3 3 
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3 0 0 3 5 8 1 0  1 0  

W a rne r W - 5 5 1A 0 1 7  9 7 7 7 7 7 

1 3 9 4 0 0 0 0 

2 0 2 9 1 0  7 5 4 
3 0 0 0 3 6 8 9 

Warner W - 5 6 0T 0 1 9  1 5  1 0  9 9 9 9 

1 1 5 5 1 0 0 0 

2 0 0 5 9 8 4 3 

3 0 0 0 1 3 7 8 
We s t e r n  WS - 2 0 3  0 1 3  9 6 6 6 6 6 

1 7 5 3 0 0 0 0 

2 0 6 1 1  1 0  5 2 2 

3 0 0 0 4 9 1 2  1 2  
W e s t e rn WS - 2 1 2 0 2 0  1 3  9 9 9 9 9 

1 0 7 5 0 0 0 0 

2 0 0 6 1 0  6 3 2 
3 0 0 0 1 5 8 9 

-;': 20 p l ant s o f  e a ch hyb r i d  ino cu l at e d w i th MDMV - A .  V a lu e s  r e f l e c t  t h e  
t o t a l  numb e r  o f  p l ant s w i t h  a g iv en r at ing on a g iven d ay . 

) 
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A P P E N D I X B 

D i se a s e  seve r i ty rat i ngs fo r 38 sorgh u m  h yb r i d s  i n oc u l ated with MDM V -

B .  

D ays a f t e r  inocu l a t ion 

- - - - - - - - - - - - - - - - - - - - - - - - - - -

Hyb r i ds Rat ing 3 6 9 1 2  1 5  1 8  2 1  

As grow C o r r a l  0 2 0-;': 1 9  1 9  1 2  8 8 8 

1 0 1 1 8 1 2  1 2  1 2  

2 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 

As grow D o r ado E 0 2 0  1 7  14 6 6 5 5 

1 0 3 5 1 1  8 9 9 

2 0 0 1 3 6 6 6 

3 0 0 0 0 0 0 0 

As grow Me s a  0 2 0  2 0  1 9  7 6 6 6 

1 0 0 1 1 3  1 1  9 9 

2 0 0 0 0 3 5 5 

3 0 0 0 0 0 0 0 

C en e x  2 2 4  0 2 0  2 0  1 9  1 0  4 4 4 

1 0 0 1 1 0  1 6  1 5  1 5  

2 0 0 0 0 0 1 1 
3 0 0 0 0 0 0 0 

C enex 2 2 6  0 2 0  1 7  1 2  1 0  1 0  1 0  1 0  

1 0 3 8 1 0  8 7 7 

2 0 0 0 0 2 3 3 

3 0 0 0 0 0 0 0 

C enex 2 2 8  0 2 0  1 9  1 3  1 0  1 0  9 9 

1 0 1 7 1 0  8 9 9 

2 0 0 0 0 2 2 2 

3 0 0 0 0 0 0 0 

C enex 2 3 0 0 2 0  1 3  1 1  2 2 2 2 

1 0 7 5 8 7 7 7 

2 0 0 4 7 5 4 4 

3 0 0 0 3 6 7 7 

C en e x  3 1 0 0 2 0  1 6  1 4  4 3 3 3 

1 0 4 5 1 3  1 1  9 9 

2 0 0 1 2 3 5 4 

3 0 0 0 1 3 3 4 

De k a lb DK- 3 8  0 2 0  1 6  1 2  1 1  4 4 4 

1 0 4 5 5 1 1  8 8 

2 0 0 3 4 5 6 5 

3 0 0 0 0 0 2 3 

D ek a l b DK - 3 9 Y 0 2 0  2 0  1 �  1 1  9 9 9 

1 0 0 ) 9 9 9 9 

2 0 0 0 0 2 2 1 

) 
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3 0 0 0 0 0 0 1 

D eka l b  X - 5 3 8 0 2 0  2 0  1 6  1 1  9 9 9 

1 0 0 4 9 6 6 6 

2 0 0 0 0 5 5 5 

3 0 0 0 0 0 0 0 

D ek a l b  X - 5 5 0  0 2 0  1 9  1 4  1 0  8 8 8 

1 0 1 6 1 0  1 2  1 2  1 2  

2 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 

Funks G - 2 5 1 0 2 0  1 7  1 1  4 2 2 2 

1 0 3 7 1 1  8 6 5 

2 0 0 2 5 8 8 9 

3 0 0 0 0 2 4 4 

Funks G - 4 2 1 0 2 0  2 0  1 8  7 6 6 6 

1 0 0 2 1 3  8 8 8 

2 0 0 0 0 6 6 6 

3 0 0 0 0 0 0 0 

Funks HW5 8 8 3  0 2 0  2 0  2 0  1 6  8 8 8 

1 0 0 0 4 1 1  1 0  1 0  
2 0 0 0 0 1 2 2 
3 0 0 0 0 0 0 0 

Hoegemey e r  GT6 2 0  0 2 0  1 5  9 7 3 3 3 

1 0 5 8 4 4 4 4 

2 0 0 2 7 8 8 6 
3 0 0 1 2 5 5 7 

Hoegemey e r  6 0 6  0 2 0  2 0  2 0  1 6  1 0  9 9 
1 0 0 0 4 8 9 9 
2 0 0 0 0 2 2 2 
3 0 0 0 0 0 0 0 

Ke l t gen KG5 7 T  0 2 0  2 0  1 5  1 0  9 9 9 
1 0 0 5 8 5 5 5 
2 0 0 0 2 6 6 6 
3 0 0 0 0 0 0 0 

Ke l t gen KG6 3T 0 2 0  1 8  1 0  5 4 4 4 
1 0 2 1 0  1 0  5 5 5 
2 0 0 0 5 1 1  1 0  5 
3 0 0 0 0 0 1 6 

HcCurdy M 5 1YG 0 2 0  2 0  2 0  1 1  1 0  1 0  1 0  
1 0 0 0 9 8 8 7 
2 0 0 0 0 1 0 1 
3 0 0 0 0 1 2 2 

McCurdy M4 1 0  0 2 0  1 8  1 5  5 5 5 5 
1 0 2 4 1 4  1 0  8 8 
2 0 0 1 1 4 5 4 
3 0 0 0 0 1 2 3 

McCurdy H4 5 0  0 2 0  1 9  1 8  1 1  1 0  1 0  1 0  
1 0 1 2 8 7 7 7 
2 0 0 0 1 3 3 3 
3 0 0 0 0 0 0 0 

McCurdy �16 8 7 0 2 0  2 0  l.9 1 9  1 9  1 9  1 9  
1 0 0 1 1 1 1 1 

) 
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2 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 

NK 1 2 1 0  0 2 0  2 0  2 0  1 8  1 7  1 7  1 7  
1 0 0 0 2 3 3 3 
2 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 

NK 2 0 3 0  0 2 0  2 0  2 0  1 7  1 2  1 2  1 2  
1 0 0 0 3 8 8 8 

2 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 

NK 2 2 4 4  0 2 0  1 7  1 4  1 1  9 9 9 
1 0 3 6 7 8 7 7 
2 0 0 0 2 2 2 2 

3 0 0 0 0 1 2 2 

P ay Mas t e r  9 3 0  0 2 0  2 0  1 7  6 5 5 5 

1 0 0 3 1 1  9 7 7 

2 0 0 0 3 4 6 5 

3 0 0 0 0 2 2 3 

P ay Mas t e r  1 0 2 2  0 2 0  1 3  1 1 1 1 1 

1 0 7 1 0  3 1 0 0 

2 0 0 9 1 3  1 2  1 0  1 0  

3 0 0 0 3 6 9 9 

S e e d  Tee . 8 5 0 1  0 2 0  1 3  8 4 3 3 3 

1 0 7 1 2  1 4  1 0  1 0  1 0  

2 0 0 0 2 7 7 7 

3 0 0 0 0 0 0 0 

S e ed Tee . 85 0 2  0 2 0  1 9  1 6  1 5  1 5  1 5  1 5  

1 0 1 4 5 1 1 1 

2 0 0 0 0 4 4 4 

3 0 0 0 0 0 0 0 

S e ed Te e . 8 5 0 3  0 2 0  1 2  8 3 3 3 3 

1 0 8 7 8 3 3 3 

2 0 0 5 9 1 4  1 4  1 2  

3 0 0 0 0 0 0 2 

S igeo 46YG 0 20 1 7  1 0  6 6 6 6 

1 0 3 9 1 3  9 9 9 

2 0 0 1 1 5 5 5 

3 0 0 0 0 0 0 0 

Warner W - 5 0 1T 0 2 0  2 0  1 4  7 6 6 6 

1 0 0 6 9 9 5 5 

2 0 0 0 4 5 9 9 

3 0 0 0 0 0 0 0 

Warner W - 5 2 3T 0 2 0  1 9  1 5  1 4  1 2  1 2  1 2  

1 0 1 5 5 5 s 5 

2 0 0 0 1 3 3 3 

3 0 0 0 0 0 0 0 

Warne r W - 5 5 1 A 0 2 0  1 7  1 3  4 4 4 4 

1 0 3 1 8 4 4 4 

2 0 0 0 8 1 2  1 2  1 2  

3 0 0 0 0 0 0 

Warner W5 6 0T 0 2 0  1 9  1 0  3 2 2 2 

) 
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1 0 1 1 0  1 3  8 8 8 

2 0 0 0 4 1 0  1 0  1 0  

3 0 0 0 0 0 0 0 

Wes t e rn WS - 2 0 3  0 2 0  1 9  1 5  7 2 2 2 

1 0 1 5 9 7 5 5 

2 0 0 0 4 1 1  1 3  1 3  

3 0 0 0 0 0 0 0 

Wes t e rn WS - 2 1 2  0 2 0  1 5  1 2  5 5 5 5 
1 0 5 7 1 2  1 0  1 0  1 0  
2 0 0 1 2 4 4 4 

3 0 0 0 1 1 1 1 

7: 2 0  p l an t s  o f  e ach hyb r i d ino cu l at ed with HDMV - B . V a lu e s  r e f l e ct t h e  
tot a l  number o f  p l ant s w i th a given r at ing an a given d ay . 

) 
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