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Wheat Stem Rust

J. B. Rowell and A. P. Roelfsl

Black stem rust, caused by Puccinia gra-
rrrirris Pers. l. sp. tritici Eriks. & E. Henn., is
uutentially the most destructive disease of
rvheat crops in the Lluited States. At least l2
s.vere epidemics have raged across the major
irireat-producirlg areas of the Great Plains and
lrrrsed serious eccrnomic losses since the late
nirreteenth century. More often, less extensive
cpidenrics damaged the crops in smaller re-
rional areas. The disease is under control
rurhy in tlre U.S. because of an effective pro-
grlru of integrated pest management: cultural
pructices, barberry eradication, quarantine,
i:rcc identi l lcation, and ltost resistance. Much
:redit lbr this noteworthy accomplisl.rment
l)rl()ngs to Dr. E. C. Stakrnan.

I'rc l lost

More thun 20 nti l l ion lrectares (50 mill ion
lrt 's) annually are plantecl ttr wheat in the
tr S. Thc crop consisls of' l lvc principal tnarket
i i l les (  l9) .  The grr .atest  proport ion of  our
,.helt crop eonsists ol hard red winter wheat,

; ' i r r r ted rnainly in thc cenlral  and southern
r,rclt l) lains. The northeast and west grow
rr,rs l ly  whi te winler wher ls.  I {ard red and
:uiunr spr ing wlreuts prcdorrr i r t i t lc  i r r  t l t r '
:r ir l l lr 'rrr Great Plains. In the eastcrn LI.S., soft
'cLl winlcl wheats predornincte. Anrong thesc'

'urkel classes, aborrt 270 rvhcat cultivars are
lr eomrnercial use (20). [n the south, nluch of
thc rvhr'rl acreage is grazcd tbr winter forage,
,r l r rch of tcn delays rnatur i ty and rcduces grain
,  ic l r l .

I  l l t 'scrrelr  Plant [ 'at l ro logists,  t 'ereal  Rust Latts
' r  ! t , ) r \ .  l l .S.  l )epartnret l t  of  Agr icul ture.  Univcrsi tV
, '  l , t in l r rs() t i l ,  St .  l 'aul ,  and Agl icul tural  Research

r '^  i r ! '  a0( l  Plant l ' rotect ion i tnd Quarant ine Pro-

6rurus.  . {n i rnal  lnd Plant l leal th Inspect ion Seruice,
r  r rpec t ivt ' ly-
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;nr' Ihe wintcr wheats ure plantid.n Atrgust
through December and are harvested in April
through August. depending on latitude. The
spring wheats arc planted in April and May
and are harvested in August and September.
Thus, l iving plants ol- whcat are available to
the rust pathogen somewhere in the U.S.
throughout the year.

The Pest

P. graminis in the nltural environmcnt is an
obligate parasite; i.e.. it grows and reproduces
only on compatible hosts. This rust is long-
cycled, having the lull complement o1' f ive
distinct spore forms. Also, it is heterclecious:
it produces sonre of lhese spore fornrs on the
gramineous host ancl otl 'rers on the barbcrry
host. Briefly. t lte l i fe cycle is as follrws: Tlre
rest ing phase o1' the fungus is thc te l iospore,  a
two-celled, black, thick-*'alled spr>rc fbrnrcd in
sor i  on the rnatur ing qranr incous host.  Only
these spores are lorrg-l ivcd antl resislanl lo the
environmental ertrernes of winter in 1hc
north.  With thvorablc condi t ions in the spr ing,
teliospores undergo nrciosis anrl gernrinatt ' to
produce l raploid,  shor l - l ivcd hasi t l iosporcs.  Thc
ner ia l ly  t ra l rsportcd basidiospores in lect  yourrg
leaves ol' susccptiblc species of thc Bcrberi,
daceae by direct  c:rr t icular penelrat ion.  In
thesc hosts.  t l rc par l rs i t ic  nrycel iunr t lcvelols
into a pycnium, rvhich corrs ists ol  pv,nro.
spores and recept ivc hyplrae. lnsects at(raeted
by u sugary 'secrcl iorr  l ' rorn lhe pycnia t rens-
port rnononucleale pycniospores l iorrr ()ne
pycnium to anol  her t rnt l  thcreby i l tducr '  r : r ( )ss-
t-ert i l izat ion to i r r i t iatc t l tc  b inuclcate con-
di t i t ln.  When a pvcniurn is fer t i l izet l  b l ,  pyc-
niospores of  the opposi te cornpat ib le ser,  t l re
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nl) /ccl i i i rn dcve lops into un uccir t r r"r .  which con-
t l ins l r r r rucleate,  s inglc-cel lct l  r reciospores.  This
part  ( ) l ' t l rc l i fc  cvcle t rn hurbcrry resul ts in
hi 'br i t l izat ion ol '  l -unglr l  c l l r l re t t  rs 0l ld is t l le

l t ta i ( ) r  sr)urcc of  i l t0 t l i i ,crs i tV ol 'v inr lcncr ' i r r

1; l rysiologic races.

Acciosptrres infccl  orr lv cortrpul i l l lc  gnrrrr i -

l )c()us l r ( )s ls.  in ry l r ich t l rc plr ls i l ic  ntvccl iun' l

r levclops t t ret l i r  ant l  b i r t t rc lcul i ' .  s i r rT le-ccl led

rrrct iospor. 's .  Thcsc r t tst-colol t ' t l  sprrres rc in l i .ct

thc gr i r rn incous l l ( )st  unt l  t l r is  is  lhL- rc l )eal inu

st i lgc ol  t l tc  l t r t tgt ts rr- 'sponsi l r l r :  l i r r  severe r :p i -

dernics.  ' fhesc spi l rcs af f  rcsis l i ln l  tu dcsic-

c l t l tot t  r t t t t l  s t t rv ivc : r l rot t l  ot t r '  t i lo1t l l1 11 q11,1,1,

erute lcnlperatrrres bul  urc k i l lcc l  by tetnpera-
Irrros l lc l t r r r '0 or ul ro l 'c .10"( ' .  l ' l rcy tc( lu i rc
ol l ly  w; l t r ' r  at  la l r r rablc tenlp(faturcs to gt ' rnt i -

n l tc.  Stre e csslul  in lce t  iorr  o l '  t l re hi , rst  by
t t rer l r ls l lores rcqt t i res a scr lucnce of  environ-
lnenlal  c()ndi l i (x is.  Tlrr '  spolc qernr inatcs bcst

tn t l rc '  r l i rLk on the wct lcxl 'srrr l . rce l t  l l i  ( -  to
Iotr t t  l r  {cr t t t  I t tbc t t t t r l  t t t t  l t I l ) rc\ \ \ r t i t t t t t  , r rer  l t
I rost  s lornutc.  Tlrc upprcssor iurr)  r l tvc lops a
pcrtetrat i r . r r t  peg. I  substornl ta l  vc 's ic le and
infecl ion hyphae to in i t iate parasi t isrn in the
l ight  at  29 C (15, 29).  ls  the wheat r ipens,
urer l i i r  are t ransforrncd to te l ia.  whic l r  contain

binuclerte,  t rvo-cel led te l iospures.  Wit l ' r  ntatur-
at ion, thc- two nuclr ' i  in each cel l  of the tel i<-r-

spore fuse to procluce t l rc diplophase, and the

sP,rre l r tcrrntes ( l ( ) r  I l l i r r l l .

Thc Disease

l l rc dcstruct ive phase of  h lack stem rust  is
thc rruirrcr ' r , rus pustolr 's  procluced dur ing the
re'pcat ing uredial  phusc on thc leaves. sterns,
and in l lorescence of  th! '  l iv ing wheat plant.
When a urecl t - tspore gernr inates and penetrates
l  cornplr t ib lc l rost ,  thc lnyccl i r r rn grows inter-
cel lu lar ly about l .  I  rnrn/day (3).  l {yphal
branchcs pcnctratc thc 'p l renchynla cel ls and
til m s1'rccialized l-ecding sl nlctures, the
hluslr l r iu.  At  l i rvorablc tL 'mpcratures,  the in-
l.:ction bcconres visible, and thc de.vc'loping
rurcr l i r r rn erul . r ts througlr  the host epidernr is
Ir l r t r r r t  orrc wcck al ' te l  penet l r l i r rn.  The l i r r rgus
cont inues to grow arrd sporulate,  of ten tbrm-
ing conccntric rings of secondary uredia, for
1u,o ',vceks or more i l- the lesion is surrounded

by vigorous host t issue. ln a grecnlr t )usr. ,  a
urediunr pnrduccs about -5,000 to 1.5.000
spores/day (10).  As t l re nuntbers ot '  in lect ions
increasc, cornpct i l ion f t r r  r ru l r ie l r ls  l i r r r i ts  l l r r
s ize ol  each int i 'c t ion.  Tl)c developint  d isc.us. '
lesion is a nrct l t r r ; l ic  s ink.  Respirat ion i r r .
crcascs (3,  28) and photosynthate ant l  r r i t rc-
genous conrpi lurr t is  nccumulate (3,  18.  -10) i r r
the in lected l t rcu. ' fh,r  srrr fac:e urca rr l ' l l r r
b l l t tes and st t 'nt  r ) l  an ldul t  t  i l lcr  o l  l  t  y l l icrr l
rvhcut plaut is uborr l  150 cnr2 (-35).  1 ' l r t rct ' r r rc.
1000 ptrstulcs uni l i r rnr ly distr ibrr ted pcr t i l lcr
(or 6.7 infect ions/crn2 )  essent ia l ly  dcslrov t l r . '
l i l l t ' r 's  ptrr t lncl iv i ly .  As r t rs l  r r l rprrr : rc l rcs l (Xl
percent sever i ty,  p lant  grorvth hal ts.  t l rc grurrr
cc0sL's to l ' i l l  r rnr l  s l r l ivc ls.  rv l r i lc  t l rc stcr l
rveakcrts ant l  l t rdgcs,  : rnt i  lhe pl lnt  t i ics prc-
l l lat  urc ly.

The Ecosysteur

Tl te nrost  dcvlstat ing cpi t lenr ic:s ol  rv l t r -u l
stenl  nrst  occr l l  i r r  t l rc ccnlnr l  t l .S.  rv l rcrc
Inost of  c lur  wl tc l t t  is  g l r l tvrr .  I i .ccort ls o1' t l t , '
estintatecl loss"'s causetl by sf ell l  r r.rst sinef
lo l8 show t l rat  thc diseasc r lanrages t l rc crop
most of ten in lhe nort l r -central  stales ( l 'ablc
I ). Rust af l 'ected wheal prorlucti()l l  r)n 1lr. '
average of  one year in thrce in North ani i
South Dakota and Minnesota.  or lc year in l ivc
in Nebraska. and sornc'r,vltaf lcss tlrarr ()lrc ) 'r ' irI
i r t  ten in Kansas and Te\as.  Tlrcsc rr 'e orr l t
reveal the frequerrcy o1' rust <lanrag.. f-oI t lrose
years in whicli a significanl part ot' the cont-
mercial  crop was suscepl ib le.  innc:ulrrur ol
v i ru lent races of  rusl  \v is abttr t t l l r t l .  urr , . l  I l t , :
weather was favorablr'. l iorvever, thc'se rccolt]s
underest in late the hazard.  hccausr-  l  ust  is
of ten present and rveathcr favorable.  but  t l re
crop consists predol l r inar l t ly  t r f  rcsistunt varr-
ct ies (22).  In Minnesota.  epideul ics t levc' lLrp
t iont  naturul  infect ion ()n tcst  p lots o1'  suscr 'p-
t ib le var iet ies in twcl  out  of  thrce ycars.  Thus.
wl ieat  woul( l  not  hc pLol i tablc in t l rc l ror lh-
central  statcs wi thotr t  c l ' lcct ivc rr 's istancr '  to
stenr rust .

Ycl t rs tgo.  l ' : t thr ' t t i t 's  \ \crd l rn in l l ) ( r r l . rn l

sot t rce of  pr i rnary inoculurr t  of  stc 'nr  n lst  cr l l_\ '
in the grorving season. A cooperative l 'erleral
and state progranl for elatl icating barberries
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Iablc l .  Nrrrrr l 'cr t ' i - '11' ; r t r  pcr i ) r ( ' l ( lc  \ \ l t l r  |  . t i l t t : r tcr l  I  o\r t 's  Lr i  5 [ t , , ' r rcnl  , r r  \ lo lc

ln \ \ i l l i r i l l  Ytelds (  ut tst t l  1.1, ,  StL 'nt  Rust in Scntc ol  l l tc  l \ tu l r r r  \ \ l tc t r t  [ ) rodLrcir tg

Stulcs t r l  t l te LIS., \ ,  l9al  'o 1971)

srart  r ; j l  r  . r i r  , i ,  i i ; ,11"r! l ; l l . f  
Yqrqs,rs 

r  r ,o ' - r t ( , r  :o i , : : , ' i l

Nort l tJ) , rkolu 5 I  I  5 I  l ( ,

Southl) . rkota 4 3 I  4 I  lS
\ l i t tn. 's t r l . r  7 f  |  . l  ( l  15

Ncbnrska l )  . l  I  I  . l  l { l
K:rnsas 1) .1 0 ()  I  .1

t ]k l l l t , r rna ()  { }  ( l  r t  { l  ( )

l -cr . ts I  1 I  { i  { }  1

\ , , .1s s l i i r ted in 1918. Sincc therr .  nrorc l l ran

i  r  103 l rushcs hrve bccn el i r r r inr let l  f rorrr

: l t ( ) rc lhan ol lc nl i l l i ' ) l r  square nr i lcs.  No signi-
t re lnt  in leet ion ol 'wheat b_v- stern rust  has

\. .cn t r .ac-ed to barberry in thc nort l r -ceutral

' r . r les in lnof  e than l0 years.  Thus. t  l rc bar-
r.r ly f l rasc of the l i fe c,vcle of P. grurr i i rr is is
r i \ l  k)ngcr i r r rpor lant  in t l ru developlnenl  o l

.n l ( lenr ics ol 's tern lust  i r1 t l lc  centrul  U.S-

I lor ' ,  evcr.  eradicat ion of  t l re barberr ies wrs
, ' l l \  u prf t ly  c l ' fect ivr- 'contfol ,  becl t rse t r rccio-
, i r ( r r .0S 0fr '  d isscrninatcr l  aer ia l ly '  between nor-
r i rcrr t  lnd sout l lern rv l teat  areus. f l rc c lassic
, i i rL i res by h. .  t ' .  Staknrarr  aur. l  l r is  associates
I  l1 )  establ ishr 'd the south-to-north niovement

' i  st! ' ru fust in thc "Ptrcchria patlrr.r ,av"

i i l  l )uglr  obscrvat ions cr1 '  n lst  i leve' loprncnt,
. ; i1y1s 11t1|pir ie.  l r r r r l  oe r :urrel tcc () l  p l t  t  s io loeic

. i , r rs.  Si ln i lar lV.  inoculurn l - ronr the nort l l  rc-

, . t l i l - . l is l res stenl  ntst  in t l rc southern r)ver-
, r in lcr i r rq arc 'as c lur lng thc fu l l  wlren t l rc rust

. r i l i  1o st t rv i l 'c  l iot  ,  t l r  y srrrrrnrcr wr ' r l l ler  in
' i ,c  south.- f l tus,  rust  devcl t rps c1'c l ical ly caclr
' ,  t ' . l r i  rntbct ion surviveS on wlrcat  in the
\, )ulh! 'rr l  r)ve rwil t ter ing a reas { luring thc f 'al l

int l  r i ' inter. i r tcreascs an(l spreads n\)rthward

, ' : r  t l r r ' rv i t t ter  wl teats ol  the cer) l ra l  U.S. in

i l rc spr ing,  develops on l l t r '  spf  ing wl lcuts of

r l t r 'nurt l rern U.S. and prair ie provinces of '

{  in l i r , la i l  sunlncr,  and l i ru l ly '  rc-erstahl ishes

.i  rr l  dr 'velops on fal l-sor '"n rvlreat tn the south.

\ r r ' , 'predict ion mot le ls t i r r  rvhcat stcni  rust
' :u: t  be designcd on this l - ratnervork of  con-

r i i r r ' r r tu l  n lovenrenf r l f  inoculrrnr,

f ) rcsenl ly.  t l te r lu i r r  barr ier  in t l r r r  nrovc-
rnc' l l t  of  stern rust  hetrvecrt  nort l tern lnd
s()ut l lc f l r  rv l rc l t t  arcas is t l rc r l is t r ibtr t i r l t r  ot '
gencs lbr  resistancc'  anl()nq l l re corrrnrercial
cultivars and thc genes l irr virr-rlence in tlre
prcvr i l ing biotypes of  t  he rust  f  ungus. Thc
eristence o1'physiokrgic races wiLltin [ ' . gra-
rnirrrs f. sp. trit ici vras i l isctrvclt 'd by Stakrnan
ant l  Pietr te ist . l  ( .14.)  in l9 l  5.  Latcr .  Stalsnan
an( l  f€vine (33) developei l  a systcm to ident i "
l - t '  t l re prcvl lent  raccs i r r  l l rc [ ,1.S. Recogni l ior i
of  t l re di l l 'erent i l l  rcact iorr  of  wlreat l ine-s t r r
d i l ' lcrent rust  ruces nr ' , ,vrr icd thc basis l i ' r '
dcvcloping var ict ics i i , i l l r  speci l lc  resist t r r rce
against  stc l l l  rust .  Vur ict ics rv i t l r  resistance
goi ,e i l tecl  l .y  a s i r rg lc: i i , tc i f ic  eclrc l ia\ /e br 'er l
i r lpernranert  t ,  bccrr i rsc ncw virrr lenl  raccs o1'
t l rc pat l to i - tcr t  l tavc sr  ) r ) l r  Al)pcrret l  l l - ter  t l re
var iety was planted wlr l0 l ) ' .  l ' l re genr.- l i r r -gcrrc
conccpt devcloped by t : lor  (7)  wi th f l rx rusl
c 'stalr l is l rcd t l t l t  c lc l r  gcrrr  l i r r  lcact iorr  in t l te
l rost  l tas a cornplcrr tenlary Bclrc for  ptr t l r r r -
genic i ty ln t  hc pal  l roge n.  1 ' .v idcncc 1 ' ronr
studies by l legering artcl Powers (13) shorvr'd
the genc-- tor-gcnc relat i r r r rship i r r  iv l reat  s lerrr
rust .  Thirs.  a s ingle speci l ic  gene for resistarrcc
in the l rost  is  e l l -cct iue onlv as long as t l ru
correspont l ing gcne l i r r  avirukrnec cxists uni-
versal ly t l r roughout t l rc populat ior t  o l '  s terrr
rust .  Tlrcrel i ) rc,  predict i ( ) r t  r t rodcls l i r r  rv l rcrr t
stenr rust  rer lu i re knowledge t ; l ' the spcci l jc
gcncs lbr  resistance prescnl  i r r  thc l r t rst  cul l i -
var and of  the correspon( l ing genes fbr v i r r r -
lcnce i r r  t l rc nrsl  f r rncrrs.

i* t+,  * . . . .*o
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I. igurc l .  Rel l t t t . rns bciu 'ect ' t  rust  t leveloprncnt.  ( l i l l ! ' ,

. rn i l  s ta l l r 'o l ' l rost  i lcvr lopmcnt dur inq i r  typical
sevcrc cpidenr ie ol  stcnl  rust  on a sr . lseept ib lc \ t r ic t ) '

of  spr ing wirc l l  in i r { innrsota.

Short-Temr Prediction Models

Prediction of Epidemics
Developnrcnt ol ' a stem nlst epiden.ric

follows the typical sigrnoid curue for popu-
lation grtirvth with the optirnal cornbination
oi '  suscepl ib lc host,  v i ru lent pathogen, ar-rd
favorable wcrther. Figure I sh()ws a typical
epidc'mic on spl ing wheat in the nol th-central
states. There, wheat generally is planted ahout
May'  l ,  and pr inary inoculum may arr ive any
tinre during May. ln Figure I primary inocu-
lalion rlccurrcd at micl-May, when the seed-
l ings l rad only lwo l 'u l ly  expanded leaves. Tlre
frcquency ol prinrary infection ai brcakout
about June 1 was I  urer l iunr/30 nr ol ' row ant l
cquivalcnt to 5 rrLedia/ 10,000 ctrlnts flor a
nlaturc stand. Secondary inlectiort appeared
about June 10, and the anrount of  v is ib le
in iect ion was doubled. Tlrereaf ' ter ,  rust  in-
creased exponentiall l ,. The figure shows a
severe epidenic, in which uredial nunibers
increased tenfold cvery l ive days at a rate of
0.48 per unit I^*r rlay as calculated by van t. lcr
Plank (18).  At  th is ratc,  the nunrbers of  rust

305r0t52J
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pustulcs increased onc rni l l ior t fo ld wi th in t rnc
rnr)nth an( l  the crop rvrs dcslroyed in the rrr i i I
s tage.

The el ' ferr t  of  nrst  on crop product iv i t l  i .
negl ig ib le dur ing the cxponent ia l  phase o1- in-
crcase. As the anrounl  of  nrst  approaches |0( l
uredia/ t i l ler  110 percent sever i ty) ,  i t  incrcas-
irrgiy ai 'f-ccts crop productivity, and thc ratc rrl '
rust  increase slows as the proport ion ol '  r r r r i i l '
fected t issuc avei lable for  new infbct ions dL'-
c l ines.  Tlrus.  nrodcls thr t  descr ibe s lcnr nts l
epidenr ics arc essent ia l ly  c lescrrptors of '  prrpir-
lat ion growth.

Van der Plank (18) has sl io ln t l rat  stenr
nlst  epidenr ics confornr to the nrot le l  l - r r r
"compouncl  interest  d iseasc."  In t l r is  ntor lc l .
the data l i l  a l inelr  regrcssion when 1r 'urrs-
{rrrmed to logi ts by log.  ( l l l -X),  wlrcrc X =

t l rc obsc'rvcd uni ts ot  r l iscase, and I  = t l rc
Iotal  uni ts i l t  100 percent diseesu. I i i ther nunr '
bers . r l '  t rappe d spores (2-1) or t t redia (1) nru '"
be used as nlcasures o1'disease incidcnce. Vurt
der Plank (18) s lurwcd that the ratc ol 'd isr ' l rsc
increase (r)  is  calcul l tcd by thc f r r rnr t t la:

r = I (log, _4:*- log. . l 'r )
tz- t r  l - . \ 'z  l - , t - ,
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WIII : r \ l  S1 l r l l  J i i - is  f  1 l

\ \ i r . re t l  a l ( l  / r  - ' the t in les, . l f  t l ic  f l rst  and

ir . , )nd disei lsc obsclv l t i r . rns,  X1 andXt = t l re

runrt lels of '  diseusc units in the two t l iseasc

"lrscrvutions. 
and I -- the total nutttbef of trnits

. , t  100 percerr t  c l iscasc.

l f '  one krrows the arr tount of  rust  presett l  i t t

r r  l lc ' l t l ,  the approxinlate rate ol ' in i : rease, ancl

;hc s lage oi  p lunl  developrnent.  onc can rea-

:onlbly predict  t l te course ol  t l rc epidenr ic.

lJrrchcrtart  ( l )  h ls uscd this relal ior tship to

, lcsrgn a relal ively s inrple tnor!c l  lbr  grorve'rs I r r

,1, ' t !-rnrine the econonric feusibi l i ly ol '  applyirrg
. l ' r ! ) 's  for  t l tc 'conlrol  of  rust .  l l is  r r rodcl

t i : i l .  1,1 is [ rasc'd on ei l lht  yc 'urs ol ' r lhservinq

rList  r icveloprnent in lests rr l 'chenr ical  contr() l
, ,1 ru\ l ,  ' l  o Pledict  rust  dcveloprncnt,  the
,r I )cratol  ctrunts t i re nunlbr ' r  o1' t r rc i ! ia on 100
. iL ' l r lS rn( l  p lots t l rc nrearr istcm on the log-
.Lr i t l r rn axis at  t l te days t i . r rn l readine on the
r l i l r ! 'axis. ' l 'he operator st : lccts c i ther a fast
iutc uf  incre 'asc,  i { ' the iveather ol  t l re week
i , t ' lore 'nvas wet rv i th f requerr t  dcws. or a s low

rrtc.  i f  wcather was dry wi th uo dew. For a
,Jt l  rate (r t  nrst  increasc. discase progress is

. ' r t r  apolated at  a s lo l )e angle of  7 l  
o.  

ancl  f  or  a
.r t , rv r l te of  rust  int : rease, i t  is  ex1 rapolated at

j l ( )pe ane, le ot '  -1 l ' ' .  T l re pornt  at  which t l re

rr l , r t  intelcepts t l rc l inc 1-or. l0 da;,s af ter  heai i -

' r r ' :  r l ivcs thc f  i r r l l  sever i tv {) l 's le l r r  rust  i1 '  100

r. lcr ' i l t  scvcr i t i  (1000 pi lstLr lcs, , 's{cru) is nt l t
' l r lhcd ear l ier .  Thus. at  ( ) .1 pustules/ t i l ler  at

, r ' . rJrn, t .  t l r t ' r r iot le l  pret l ic ls thal  stcrrr  rust
' , r , rLr lJ bc about 100 pefe! ' l l {  scvr ' rc I  7 dlys
r i f r  wh011 t l re wl i t 'at  rvort lc l  bc in thc rni lk
. ! . ' le.  1L)r  i r  i ' ls t  nr tc r t l -  i r rcrc 'asc.  or  about I

: ' r i icrr I  scvclr ]  r r t  . t rO days, i r l ret t  t l tc  w. l rc 'at  is

' ; i ' . ' .  for  a s low ratc ()1- incrcasc. l - l r r rs,  wi t l r
' , , rs l f l i r t r !0 ly s i r t tp lc rrror lc l .  l l t t 'urowc'r  curr

,  , r r r f , i i '  lor  ocr l i t  t l r r '  s tdrr l  r  Lrst  cpir lerrr ic in l r is

, r  l : l t  I ic i t l -

I ' rcr ' ise s l ror l - tcnlr  i r rctLcl ior ts p,rrrr ld re-
, .1 j l ra l l r ) t  or t ly 'a rrreusurc () f  l l ) { - 'd isel tsc uni ls,

' ' , r i  ! lso ; rn acdurotr-  dcternr inai iun ol  l l re ratc
, '  r [ ts l  i r ]drc i rsc ' .  |1,*rsrr teycr c l  lJ .  ( ( r  )  uscd
. ' . ' i ' r \ i ' ; r '  rnrr l t iJr lc- l i i rear-regrcssi()n contpl l lc ! '

' ' , , ! r ' iur) \  1o i t lerr l i l 'v '  anr l  ( lu l l l l l i l , !  l l rc l l i r r -

'  r , i , : r l  r rnt l  rnctetrrologicrr l  var i . rb les uscfrr l  i r r

- ' i - l , l in inc t l t r '  var iat ion in s lenr rust  develoP-
r. l r i  ( ) l )sr ' lvr . r i  ' ior  1 'our l ,ears i r t  tesl  p lots l t t

i , r r rc.r  01 15 var iahles c\an) inc( i .  thev forrnd

05r015m2r303540

TlMt- (days f rom headingl

l i igt t rc 2.  Si t r r r l - l t ' r r t t  l i r \ ' ( l r (  l j , r r  l t { ) ( lc l  d, , , !c ' lo l )c( l  l r \

l lLrc l tcnatt  (  |  )  ! ( )  t i ' fu1. ' ; l \ t  t l l f  c \1cnl  r r l  I rs l  L l t ' rc l I l '

nrr 'nf  : r r )d lorscs i r t  
-v ic l r l  

, r l ' \ \ l rcal  ln Sl ' r t l1 J1' ,1 ' , ' , .

Prcdtct ions,rre shown l ( ) r  stcnl  n lst  c l l r ( l fn l ic \  i l l  in l

incrdctrec r)1 t ) .1 nustule\ , 's l ( ' r i l  ut  hclrdinl  lor  a l . r r l

ratc ol  incrclsc wl t l l  a .5{ l  pg1. 'gn1 kr is i r r  v ic i t l  u l rc l i

rveat l tcr  t !as wct dur in i l  1hc l ) rc i ( ( l jnu uc, , .k.  ln. l  l , ' r

u s lo ' ,v r ; i l r '  of  incrr :asc u i l l r  ; ro l r lsr  u ' l t . 'n \ \ ( . r l l ' f r

wl ts dr1,  <l t r r ing l l tc  precer l inr '  r leck.

that  d iseasc sevcr. i tY csl in l r tcs.  u 'cckly urrr l
ct tntulat ivc nt t t t l [ rct  o l  Lt tcLlosi .otes t rupl)c( l  / '
cnr2,  cul t ivar,  wheat rrrrr r ' l l r  stages. rnaxirrrrrr r r
ternperatufr ' .  mininrurtr  l r l l l ) ( ' l l t ture.  a fungl l -
te l l lper i t ture growth l i r i rc l i , . rn.  lnd a wt- .ekly
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in l 'ect iorr  l -urrc i iorr  \ \ 'cre t l le rnost s igni l - icant
fbr t  l rc succcssf i r i  predict  ion of  stenr rusl  .
Slandrrd errors ol ' thc est i r r rates obtaincd wit l t
thei l  cr lu l t iorrs indicuted t l ra l  stcrn ntst  r lc-
vclopnrcnt corr l r l  bc predicter l  wi t l r in l8
pr ' icc l l t  l t  30 t iays l rorn thc prodic: t iot t  date.

Tlrc rc l l r t ivc succcs,s ot '  l l re 1n'o nroclc: ls for
s l ror t - ternr predictr i in ol '  s tent r r rst  epidcnr ics
t lcponr ls orr  a t l iseasc olrser r ,at i r rn at  the pre-
t l iet ion date an<1 envir i ) r rn)ental  obscrvat ions
ior thc scvcn prcviols r l i rys. ' f l r r ts,  thc cvcnls
oi ' l l rc i r r rnrer l i ; r lc  1rr : ; t  ( l r r r ' l lg urt  epidcnt ic:
l r r r ; i r '11,  gt . rvcln l l r r '  lu lurc cot i rst . '  o l  r l iseaser
i l i :vr : l r rprncrt  I  .

llrediction of Losses
' f i re relat ionship betrvccn aln()unt oi '  s tem

nrst  ar t r l  rerduccd I_Irain product i r ln is t 'v idcnt
1t i  unlr  f  arnrcr.  The inr : re lse i r r  rveiglr t  o l  the
dcvcloping kcrnels is l i r reur wi t l r  l ime betrr ,ecn
t l re l rcadrng arr l  Cough stages o1'plalr t  dc-
veloprncnt (  I  6) ,  and plant v igor is cr i t ical
i lur ing th is pcr iod.  J hus. careiul  observers o1'
whcat crops treconre proi ic ient  cst inrators ol '
y ie lc l  product ion.  Such exper ience rvas used
by Kirby and Archer ( I2)  in the ear l iest
l l lodel 1'or predicting lossos caused by stem
rust. l-hey conrposed a table for seven in-
creasingly severe epidenrics, with disease se-
verity l isted at six stages <rf crop tleveloprnent
lirr each. All epicleurics had the same constrnt
ralc of  rust  increase. Tl te perceutage of  l t rss
given {i ir t lro epidenrics was uscr-l to predict
losscs i ionr observed rust severity and l)lant
st i tgc.

(Jreancy (8) ancl  coworkers deternt incd
crrrpir ical ly thc reiat ion belween steni  rust  and
Iosses i r i  y ic ld by anal l ,z ing data f ront nrany
cxpcr intents,  in whic l l  stenl  rusl  was c() l l -
tLol led to varyinu r legrces rv i th t l i l lcreir l
schedules rr f  sul f i r r  dust ing.  Their  rnodel  in-
dicatcr l  t l rut  the per, . :entagc ol  loss in y ie ld

ecluallccl hali t lr" ' percent3ge of terntirtal se-
veLi ty of  r t rst .  Kingsolvc ' r  et  a l .  ( l  l )  used di{ ' -
tbrent levels of  inoculum appl ied to winter
wheat at  jo int ing to determine how sever i ty of
rusl epidernics rclated tc.r yieids. Althouglr
cross contar-nination of irtoculunr belrveerr
plots madc al l  epidernics relat ively scvere,
thcir  data indical t rd l  l inear relat ion betrveerr

terminal  sever i tv ancl  y iekl .  The dat l  l ls  ,

showed a rc lat ion bctrveen yield and lhc s lu ' . '
of  wlreat devcloprrent when nrst  t recanre i
percent severe.

t ls ing the o. idence that the loss i r r  y ic l r l  r
a funct iorr  of  l l ie.  anrount and the dulat ion , , :
rust ,  van der | lank (18) f i r rmulated the l r lp ' i
thesis t l rat  thc loss in y ie ld is c l i rcct ly proirrr .
t ional  to lhe l rea under the c l iseasc-pro!rer i
curve. l l is  analy-s is o1' t l re inforr lat ion f i . r r  estr-
rnating losses l l ivcn by Kirbl ' arrci Arclr. 'r
(12),  as wel l  as t l rc exper i rnelr t l l  dnta ot  Kinr l
solver ct  a l .  (  l l  ) ,  supports t l rc arca l rvp, ,
t l resi : ; .  Buchenau ( l )  uses f  I rc area l rypot l rd\r '
in his nlrdel  to predict  t l re coulse and drrs-
t ruct iveness ol  a rust  epidenr ic (Fig.  l ) .  1 ' l r r rs.
t l re t t rp plr t  c l f  h is graph for rust  sr-ver i t j l rs oi
l0 to 1000 rrredia/ t i l ler ,  or  about I  to I  0 i l
percr ' r r t  sevei i ty,  is  d iv ic led cclual ly into l  gr  i t i
o1'100 souares.  ( 'ourt ls o1' thc nt t tnh, . ' r  r r l
squarcs to the r iq l i t  of  t l t r r  c l i t ra l lo lutc( l  p l r r l
of  the rust  c l ) idel l r ic  g ive the rrurt tcr icrr l  p, ' r '
centage of 'krss in y ic ld.  l l is  nrodel  prcr l tcts: .
50 percent loss in the exar lp le wi th 0.1 prrst ' r '
iesi t i l ler  at  h. 'ading l i r r  a hst  rate o1'  epiJcrr i .
increase and no luss is prt 'd icted foL the s lor i
rate ol  cpidemic increase.

Sonre doubt cxists t l rat  thc area hypot l r , . 'sr , :
adequately descr ibes the relat tons bctr i ,ccn
rust epid(irnics and crop losses. Rornig unti
Calpouz,.rs (23) could not relate loss to thc
area trndcr thc disease-progress (:urvt' $,hr:rr
they testct l  d i t l 'ercnt  sterr l  rust  epir lernics al ' t t r
d i f t 'ercnt  fungic idaI t rcatrnents on a s ingir  vx-
r iety ' .  In their  c lata.  t l rc best est inrate of  loss
was l l te log1. ot  d iseasc scvcnty r t  t l ic  stusr
when kernels hacl developctl to tl iree-lburtlrs
of  their  f i r ra l  s ize.  [ .atcr ,  in a largc scalc tesl ,
Calpouzos et  e l . 'exumined 4(16 stern Lirst
cpidcnr ics on six var iet ies at  three si tcs l i r r
t lrrere years. Their data yiclded tlrrce
dinrensional  physical  nrodels o1'  the percentar:c
of ' loss in y ie ld on a gr ic l  ot ' the st lge ol  p larr l
development at  t l re point  o l  e 'p i t lcrrr ic onsct
art i l  the sL. lpe of '  t i re epidernic dcvelopnrei i l .
T 'he percentage of  var iabi l i ty  in t l r t '  ra* '  lo-rs
data explaincd by'  f i t  to the prol ,osed nrodcl

2. Calpouzos, 1. . ,  M. Ntadison, I .  I | .  lUart in.  . \ .  l ' .
I { / )e l fs,  and I{ .  D. Wi l r :oxson. ,A.  nror le l  f i ) r  ( ics i r r ih i r } l :

the relat ionship bet\veen stcm r l rst  of  rvhcat anr l  $ ' l rc.r l
y ier lds.  Manuscr ipt  l i r rm.
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\ \ ' i rs ( )9 pcrcent. ' f l rc rrrot le l  tbr  pr ' rcentage ol
\ rc ld loss () ' )  rs a l iu ict ion of  s lope and onscl
nus as to l lorvs:

y 
-_ / . (X, ,  \1)

r ' , l terc X1 = l l re i ,a l i re of  orrscl  courdinete
Xr = the value ot  l i rc s lope coclrdinat ing

anis
|  = t l re t lnct ional  r t - ' lut ionship lbr  thc loss

col i  tour

Not surpr is ingly,  resci l rc l rcrs t l isagre t '  about

t l ,c relat ion o1'steru rust  epidcnr ics to v ie l t l  A

rce ent review by . lanrcs (()  )  sulnrnirr ized the
,lr ' \ 'el()plnenl ol '  rrrcl lrods t() assr 'ss disease

lLrsSgS. l , jndel  rntrst  crop concl i t ions,  actual

vrc lds are nppLcci ' r t r lv  s l ror t  r l l '  poterr  t ia l

pr t r r luct ion.  Actual  farrn l  ic l r ls  of  1 I  , .153 l r td

i1.05r kg/ha l tavc beert  rccofde( l  I i r r  rv l teat  in
\ \ r rshinslon (19).  wheic thc 10-yelr  i lverage

l , rodr ict ion is 1.815 kg/hr.  Many environmerr-

nl  und biological  lactors l r i l 'cc l  t issue funct ion

r l , i  curtai l  the pLot luct iv i ty of  wireat.  The

el iect  ot ' rust  is  rneasuret l  aqainst  t l r is  back-

:rorrnt l  of  othc'r  restraints on yield.  Wlren fun-

{ le l { i r ' r i  l l re t tsci l  to al ter  thc c0urse 0f 'ar t

" i r i r lernic 
or to i . letcrrnine t l re y ie ld potent ia l

r i  l i l r '  crop trec , r {  rust ,  l l r r '  e l ' fect  of  ot l rer

i lscrscs or plrvsir l l r rg ical  lhclors on viel ( l  iosscs

,r1so nray bc al teLcd. I ' r r r thcrnrore,  thc least

.r,*rr i f lc lnt dif l -er.rrrccs olrscrvcrl  brtrvccn trt :al-

l rcnts in expcr i t rcntal  lests gcnerr l ly  lange
irrrr l r  l . l4 l t r  26,8 kg/ha. f l r is  r r rnotr i r t  r r l  intprrr-
i ' rs iorr  l i rn i ts r lctcrrninut ion ol-  t l re t l i f l 'crenccs in

i r rs l i0s t l l r t  l rc catrser l  l rv srrrui l  t l i l fererrces i r r
' r r i l  r ' I i r lcruics. .

\ least t remcrt t  and prcr l ic l i t ln oi  stcrn r t tst

, ' i r i i i r 'nr ics i lepcrrd on t l rc incrcJsq i r t  t runtbcr
, ' l -uni ts ot  lhe pat l rogen, wl lcreas yields are

r i t iucet. i  by t l rc l r rss rr l -  t l r r rct iorr l l  l rost  t issue.
(  orrc lat ing uni ts of '  t i re pl t l rogcn to cnrp loss

i)sunles a l i red rc lat i ( \n bctVu'eerr  anlount () f

i rsc;rsc and loss ol '  t issrre t ' r r l rct i t ) l r .  Stcnl  r r rst

i l r lect ions do not dcvelop rv i lh a r t l ldonl  r l is-

: r i l r i r t iorr .  but  rat l re.r  l l rst  bucorrrc abrrndant

rrc.rr  t l te err ly int 'cct ions ()n t l re lowcr plant

i r . i r ls  : ind ine |ease 1;rogrcssi i l : i1 '  l r . r  t l rs 1oO ,r1-

i i r . '  p l : rn1.  \ \ ' l ren rust  bccorrrcs too lbunclant
l , r r  1g, | .1t  c()unt i r t r l .  t i tc  observcr rel ics ort  cs-
trnr l t ior)s ol  c l iscase scvcLi ty.  usirrg rcfcrence
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sealcs suclr  as thrr t  of  (  obb ( .5)  t r r  t l te rno. l -

i f ied scales of l \{elchers and Parke r ( I  5). As

the nunrbers ol  infect ions i l tcrease within I

l inr i tet !  area r . )n the host.  r lut l i t i ( )n i r l  c() l ) rDCti-

t ion nrarkedly reduces l l re s iz" .  o l  cacl t  pLrs-

trr l ' : .  l )eterson ct  a l .  (1 7 )  cxpande r l  thc ( 'obb

scalc l r t rnr  5 to 48 di lgrarns,  t ( )  reprcsent

lnorc: ldeqt i l r tc ly t l re r ; tntc i t t  s izr :  at t t l  t i l tnt-

bcrs of  uredia that  are l i )und on di f  tercnt

1>ar(s ol '  t l rc plant dt i r ing art  epldemic.  I lccatrse

rust  is  not uni lbrnr ly distr ibLrt t -d.  i ts  lvcnrse

sever i ty vairre is est i rnated I iorn observal i t r r ts

ou l r r rw rust  l i r -quency vl t r ics on and bctwtcn

plants in a plot .  Thc prtrc is ion oi-  thesc cst"

i rnat t :s depends grcat lv on thc ski l l  o l ' t l ie

obscrver.  Such est imates can he only appror-

inrate measures o1' t l re loss ot ' t issuc'  f l tnct ior t .

Accurate est imates of  everaqc nlst  sevc'" i1 ies
nray not nreasr.rre t l re average loss o[ 'p larr t
prodrrct iv i ty.  Many resi :archers have tr i r 'd to

t leterrrr i t te l iow var ious plant nar ls contr i l lute
to t l re l i l l ing of  the grain af ' tcr  I reading. Re-
sul ls suggest that  thc t iag lcal '  is  importan! i r r
the f inal  y ie ld product ion.  Stt r<l ies by I } rshncl l
and Rowell  (4 ) shorved that thc l t trverntc,st
lc lvcs ant l  shr 'aths on the wlrc l t  p lant  sustain
t l tc qrt ' rwth an( l  resf i rat i ( i r r  o l  t l re ar lvenl i l ious

root svstern.  \Mren thc-sc l rssues are scverclv

rusted ()r  rernoved. rr iot  v igr l r  dccl incs and thc
plant dies prernatureiy.  Tlrus,  a conccnt lat iorr
, ' l  rust  in one area ot ' the plant ntay have i r
grcater e t ' f  ec: t  or t  p larr t  producl  iv i tv tharr  a

nt( ' rc ( l ispcrser l  arrr0trn i  of '  nrst  on the s l tne

aver;r{Ie rLrst sevr'r i ty.

l-o rrg-T'errn Prcdic tivc l\{odcls

No r t t t r i le l  t ' r is ls l r i r  t l te lor tg- tcrn) l ) i r '
d ict ion ol  rv l teut  s lcnt  rust  i l r  the Ll .S.  We t ' l t r r

t l r r ly  rv l rn abotr t  a stcr)  rusl  l laz: l r ( l  wl)r 'n \ \ ' r

kt tor ' , ' t l l r l  a v i ru letr l  ra ie is prevalenl  in t l r r ,

: ' ts t1 l  I ' , ls l  FoF111o,t , , t ,  r r r ld t l rat  t t t ( te l t  o l ' t l t , r

l - . l i l l t tc( l  acrtragc C( l t ' ts is lS,r t -  ot te (r I  ntolr-  \ l l '

ccpt ib le crr l t ivurs. ' i l rc ' , ' r ru len, . 'e chlnrcrtcr ist i ,s

ol  lhe : i tern r  r r r t  PopLr l r t ior  is  r lcterrrr i r tc, l

lunnttal lv hy racc idcnl i t i t : l t i ' r r rs . l lnonq t l rc

i -o l l tcs l r t lnr  lboul  S( l i )  cr ' i lcc l i r rns L)1 \ ' ,  l r iu l

stenr rust .  The sLrsccptrbi l i ty  r ,1 ' t l r t '  170 r t r  str

c0rrrrrrcrc i t l  var ie t i ts  i r i  r r : ,c rs r lc te i ln inc( l  l l  ( ) r r l

sc 'cdi ing tests * ' i t l r  . ;c lcctcLl  is l l l ler i  o l '  r l iv , . ' rst '
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|accs utd f ronr rrbservat io i ls  on adtt l t  p lants i l r
r rLrrser ics.  Frr : l r l  sLrrvevs in Apr i l  t ly  erper i -
cncrrd ( ihserver: i  ( iL ' tc i ln inc t l te l i l tor tn l  Ol  i r t -
tL 'ct ior t  [ ] i0s0nt in t l re struthern ovcrrvtr t tcr i r ts
lu lJ i l . \  { ) l  sr) l t lh ' f  r 'xas arrr l  stutes along t l rc
r 'oast  ( )1 '  t l rc ( i r r l f '  o l '  Me xico.  Srrrveys in nort l r
I 'crus,  Oklahorna, i tnJ Kansas dur ing t l la-v. , :  in
Netrraska arrd South I )ak,r ta in Junc. aud in
Minrresota,  Nol l l r  Drkot.r ,  ancl  l \ ' l r ln lana in
. lu ly '  i i r l low I l rc rrort l twar<l  spreur l  lnci  t lcvclLrp-
l l l ( :n l  ( r l 's tc l r )  n ls l .  J ' l rc i r t l 'ornt l r l totr  Jrorrr
thr . 'sr , '  act iv i l i r 's  pr  t " , ' i i lcs thc l rusis l r r r  l rssessir tu
t i r t 's t0m nlst  t l r rcat  arr t l  issrr ing u ' l r r r ings
wlrcrr  r teeded.

l )cveloprng lor tg- terrrr  precl ict ive nrrrr ic ls lor
stcnr rust  in the rnajur wl teat-plocl t tc i r tq areas
is hinderecl  rnainl) ,  by otrr  inabi l i ty  lo prct l ic t
the t i r r te ol '  i r t i t iat ior t  arr t l  r tnxrt tnt  of  pr i rnarS. '
infect ion.  With th is inf  oroiat ion,  ph-r : ,  reason-
ablv accurctc long.ranec nreteorological  lore-
casts lor  an aiea, wc ( :o l l ld pLedict  stcn) r i is t
epidenr ics and losscs f rv the s l tor t - tcrrr t  pr t ' -
r l ic t ive models.  Tlrus,  predict ion of  lhe t in)e
arrd l iequency ol prinlary infection on nof-
t l rern wheat requires s model based un thc
incidcnce r-' l '  infection in tlre source rirea Lnrl
on the ef f ic iencv ot 'atmospirer ic c0ndi t iorrs
for launcl i ing.  t rarrsport ing,  and deposi t i r tg of '
inoculum.

The pr i rnary ' inoculum arr iv ing in the
northern wheat arcas dcpends on the af i rount
c'f inoculum in the southe m overwintcring
areas. Stem rust ot'ten overwinters on wheat
south of  the -10" par l l lc l  in the U.S.,  where
wlteat is a ur inor crop plart ted nlost ly as
winter lbrage for cattle. There. the i ' ielt is are
scattered rv idely and arc di f ' f lcrr l t  to f ind t i r r  a
syslernat ic survey. In struthern Tcxas. the f 'a l l -
sown wheats are semi<lwarf  spr ing types r i f '
int lcte rrninatc day- length reqrt i rement,  wlrere rrs
sol- t  rcd win ter  whcats are plante ' r l  in t i re
other states rr long the Oulf  coasl .  Stcrn rust
ol ' fen is tbund readi ly in i l iese areas dur inq
fal l  and winter.  l ts  survival  through thc winte r
is l imi ted by ei thcr exterrdcd drough ts or
extended per iods o1'  severe cold that  k i i l  the
leaves back to t t re cr , - rw'ns and el i rn inale stcnl
rLrst  l l 'onr the area. Remote ntoni tor ing of
crop con( l i t i ( )ns by s l te l l i te in the F.arth
Resources Technology Satell i te program (14)

pronr iscs to help r lc lcrnr i r rc l l rc poicr t l iu l  l ,  i
s te rn rrrst  Overwit i tcr i r tq in t l to sLrurce alc 'as.

Rer:ent i r t l i r r r t tat i . r r i  suggests s igni t ic : r t t l
ove r  rv in ler i t t r t  of  steul  lust  i r r  thc iv i r l tc [  r , r  l ] t . i i
3r90 r) f  the Grert  I ) lu i r ts r tor  t l t  o{ '  l l r r :  . r0
paral lc l  (2 I  ) .  Lr  Ia ie ic lcnt i l lcal iotrs l t
soutl ier.n -l 'cxas collr 'cttotts f l ' t trrt l i l70 t,r
1973, t l te rr tenrbers o1'  the'  race l5L) t roup
werc not detecle d.  hut  lutcr  rppearci i  r i r t , i
preclortr inalcd i r r  l l r r  l rar t l  r r :d rv i r t i . ' r  l r t r l
spr i r t l  wlrel t  i t r r :as.  J l t 'sc l re l ters l t t .c s l t t i l \  i r t ' :
test  p lant ings inocrr l l r l r ' r i  wi th rnaLker tst l l r r lcr
of '  stern rrrst  wi l l t  r l is t inct tvc v i r r t lcr tcc pat l r , ' rn ' ;
in ln at tcnrpt  to i t lunt i fy s i tcs arrd corrdi t i ( )n\
() l ' ( ) !erwintcr ing rr t r r t l r  o1'  the -10'  paral lc l .

l ; rcat i r tg tht '  ovcrrr , ' i r t lercd sorrrccs ot '  s[ , ] r r r
rust  js  a problr : r r ,  bccause i t  is  d i l ' l lcrr l l  t r r
detcct  l r .x l '  lcr t ' ls  of ' rust  i l lc i ( lcncc.  ' f l ie lur l ' , ls t
t l r r  e s l ro l t l  a t  u,hic l r  our nlosl  prot ic icnt  ob
strvcfs car i  rc l ia l r l ) 'Jctccl  t l re ineidr:ncc L,
stenr rust  is  : thr i t t t  I  r r rccl i r rnr / l5 rn ol  p l l r r t l
nrw. At lhrs lc-r 'e l .  i l ' they' f ind onr urer l iu;rr .
t l tey '  can f lnr i  ot l rer  urc ' r l i : r .  l l '  r i i r . r re thrrn I5 nr
ol  Low arc eraminecl  he{ 'ore one rrrediurn :s
l 'ound, i t  is  not  l ikc ly th l t  extensrve sclrc l r
wi l l  reveal  ot l rers.  [ ' . r l ler icnce rv i th the var ious
types ol 'spore t raps suggests fhat  thcy'  detect
pr i rurr i ly  sporcs ar is ing l ' ronr i r r fcct ions rrcrr
the t rap. When an occasional  spore is t rappr l . r l .
we generally can tlrtd a low incidencc ol
natural  inf 'ect iorr  r r r r  t l rc wlreat around l l r r '
t rep.  Tl tus,  sp()re t raps arc no br ' t tcr  t i rarr
direct  search for thc '  presence of  stenr rust .
a l though t l tey are usefrr l  f t r r  nroni tor i r rg t l rc
irtcrt:asc ol str:nr rusI above t]re deteclion
threshold lcvel  (17).

[stabl ishing the sorrrce of  inoculunr rvas a
problent rvlten a widespread. natural prirnarl. '
infection of :tcrrr rust was observed on
100,000 krn2 in rorthcrn Oklahoma ant l
c0slr ' rn Kansas in N{a-v-,  lqTA eb).  ( 'orrdi t i , t r rs

wer e part icular lv unl . lvorablcr  l i r r  thc survival
of  stern rust  in south Texas t l rat  yelr ,  Race
ident i t lc l t ions of  col lect ions l iont  the l rea
witl i  unitbrrn prirrary inlection in Kansas rnd
Oklairorr ta v i r ' ldcd preciorninant ly racc l5 l l .
rvhereas coilcctions ftonr the fr-w rnl 'eetions
lbund in ' lexas yielded pret lorrr i r rant lv racc's
I  I  and l  5 l  .  l l rus,  t l te pr imary inoculurn l i ' r
the af t 'ected area in Okluh,rrna and Kansa-s

i4', ,4ift{F{ltr.:. *'vxrt)Sdf ,Pf't1'tsiJ&,$tF.df Sff-{ryldffc;iiil'llft4*SBd'r'ff}'JFP,'r}{SiIf
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ir i l i , .  l r r ' ( l  l r r  i t r i re l t r , tn sr t t t l ( ' \ r r r rLt  r ) t l lCl  l l l , ln

1lr , r ,  i1r  - l r - \as.

Orr i l  the brol t l  l lcndlr l  l r r in. : tp lcr .  i r rc

i ' .n, ,*r i  l t rot t l  fhc lorrg-nrnul  . l isscnr in:r t t r rn ol

l i r r , ' , .11,51;111 cs l i0ni  t l tc  srr t r rcr '  arcas.  \ ! : t t tV .Vears

r ' t , , .  Stakrrrar i  urrd e t lwt)r  kcrs ( .1.1 )  cst . rh l is l ic t l

1 l r , :  i r r t 'scncc ol '  uredos!- torcs i r t  t l re l r t r r i r - lsPirc le

rs l r igh as 5 knr.  l (o*,c l l  utd l tonr ig( l  / )

s i , , ' r l 'cJ t l rat  ra i r is  lvashcd urcJ()sf()r()s t r ( ) r 'n

l i r . ' l t i r  lnt l  i r r i t iatccl  I ' r ' i r t l r ly  in lcet iot t  r r r t

. I r ing wl tc l r ts car l .v i r r  t l tc  scrtsort .  Wc l lck

ln l ( ) f l l lat i ( rn on t l rc utrnospl t r : r ic  I toccSS(:
rcr l r t rct !  t r r  lat t r tc l t  t l rc uredospolc:  i r t lo t l tc

Ll l ) l )cr '  J i r  i r r lsscs lav()rublc 1 'or  l ( ) r ru.-renge l rar ts

l ro l t  l rnr l  on t l rc 1r i r jecl , ) r ics ol '  v ia[r l , - '  i r t r rcrr-

l r t r t r  in the i tppcr air

\ l ' l { l :41 r l t \ l  Rt lSl  l :

Conclrrsiotrs
l i i  the r lcr ,e lo l , r r tcnt  ' ; l '  s l tor t - l r - r r r r  r r ro<lc l , ,

of  u ' l ic l t  st i l iT. i  rust .  rvc l i i rve nt()( lcst l !  suc-
ccedc( l  in prci i ic t ing discrrsc r lcveloprncrr l  anr l
y ic l t i  1 i 'sscs rv j th in rvheat f ic l r ls  a l ler  d iseasc is
pres( ' r t .  Tlr is sucr ' r ,s: ;  i ras,esrr l ter l  r r r r rst ly l ronr

I tow t l ro prt ' r ' t i l ine ' , r 'sul l rcr  r l r r r i r t l  t l rc u. 'c i '
l te l i - r t  r  t l tc  t l iscasc ohscrr ' . t l i r r r t  a1' ler : t l i !  the

cour ' - i r r  of  l l tc  cPiderrr ic \ \ 'c  hck rrdcqr l r t r

knowlcdge t l  t l r :vclop rc l i : r l , l t  lorrg-tgl  nt  l ) l r .
d iCt iVe nfoi le ls 1-or rcurol t t r l  , )ce t ! t tcncj  ( )1 : ) l t ' l ! l

lusl  .  : jLrch nrot lc ls rcr l r i i r l  r r r r ' lhor is t0 t lc tLr  l
gn{.1 csi in la l0 inoct t l r rnr , : ( ) l t rucs.  inf i lnrr i r l tor i

on t l lu t lu l tnt i tat ive rsDecls o1'  lonu-rarrgt  : r r . r iu l

dtssr ' r t r inut icrn,  and ace t t ra l t r  l t l r rq-r : rngu \ \  ex( i rcr

foroeasts.
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