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PREFACE AND ACKNOWLEDGMENTS 

These Proceedings are the formal papers emanating from a short course, "Inter
national Short CoursC ill flost Plant Resistance," held at Texas A&MUniversity, 
College Stat ion, TX 7784.3, huly 22-August 4, 1979. 'Ihe short course and this 
publication were spoonsored 0Jointly by The Texas AI'M University System, lr .. Jarvis 
E. Miller, President, and the Uni vers ity of C;ali fornia Agency for international
 
Development Pest Maiiagiement Pro jlct di rected hr Ir. Ray F. Smith at Berkeley,
 
Cal ifornia. Support for tile shoert course was provided by a contract from the
 
UC/AIl) Pst %lii:liCltemCnt P'o tect resulting from a proposal prepared by Marvin K.
 
larris in consultat ion ixith hectors Iterr.v IL. Adkisson, Neville P. Clarke, and
 
Terry ;r-athoise; iid Z11 \dii;or V CoMmlittee comprised of (;ceorge Teetes
 
(lntomologl. Ricllird IFrderiksen (l'l;nt l',Lholngr ), and Alva Nil,-; (Plant Breeding), 
'flte shlrt coOrse exolved fr'om it aer'ieO of lisus ions conicernilng r erdisciplnary
 
and in r !11iaddtfixttraiiiiii in tile sldiscipline of host
 
plall! iaesi ci iriet'it lex xx \ii l( I';Uoliere'. Mie formal Proceedings resulted
 
ill part fromi ticourii'ea'(1enlt M I id e ptfIl pluining ly1 the I)irector of tile Texas ,

Agricultur:il 1xporimerit St titio , Nevillel '. Clarke.
 

Ih axerill I iOh.i t ixt Of' tilh' :lc: CMli'e as Ito r:ydo, xOfai7 as time10 ii 

and rosxiiircces ilId allow, i xmp ro-::. I\t- ove rvicx of, host plant resistance ill
 
,eoIte , ll,it ly iA tv-hr.-cOMincodit V 'ilf sel octed efforts
k cIL-xd C.Vilmi [ition 
emphait.izii the iitterdiscipli tary ii:0t1te alld re iluit ion of past proilems. Present 
eft'n' ; ere dtx l'C i ltitl Mid til' fliltut-C It'0o 0t hist Ill;llt resistalice itu agriculture 
t;S pirO octed. [ll i 0)11111, fitr tie o rg:oi ilt ill 't lthe didactic portion of the
 

short cootI--', hiii l procl ciItLt 'I ffisl the gOitiIF -- [j-pers xl tilt' Oilpils of agriciil
tlr' lixi tl'elllelli t Of tthei [-IJ i. p lit's illtvo!v d ill iost 1 glllt esistance-
iliint i', txlilx , t i' ii tl ld plli i patlolol.v--to spel fic pioseltalt ions concern
ing itiltx 101i0Q hirectx , 

, 
illd l -t P1 xlint ri-cL i ;tsntC' effnort; illxTdeIVx itt particular
 

ill lt- )lx re't ltations,
conlimodil , I mii(xir discipl in Iioit-'t it t t i tle fOri'l;ll 
fitliUhxrt-tip x xriixliitli xhl ' 1 :x1tt1Oi'iinn Of the f'i-st I 'tk to ex;xmlIne 
cottoll, , :(11il llt it 1re:istalhCe lli fiel-tiiuml C01iii t hlo t pla i fft ;it a 2-dilay 

tilx , ation thetrip to x:i \gritultural ]Lxptrimuellt it at eatiinnxt rllig secontd 
" week. ituIt l'iit N'oi xii I tII I ;:itrcll were bot i form1a IJx di s qCiis;texl 1ltd eximintied 

ill tit field. lic Z9 p:rl i'ipalll s ill tile shorl Coll' c;iiiefrom 12 cout li'i s. 

ei'x lil ittc tixt agel asI.eturt l,;t x l' frOill Otht liill' tulls Aiiil l ot'rliiSelit io Wel1 
xs lIx-xix; At-i I li -1tx ill t f'ol il.ig cc lctioii. Hixeir -nl isia';m iid support of tile 
t ' iiil lit:'xi l- lfi thi; ;hlort ,'elr-; lli; h l tthit-x ldellt d oth lectures.

Olt~r le l tilet';Itll) k WITr timeThe i t ttr lil t ;t tile S ildIdl-'es};Cd limited 1)v both 1 
anld finlillclil coll tllIt,. R"espo;1sihilit.N I'or 01111 SIOlll; of tile inidiv'iduals and 

subre ect :< ,'ih ,\d C~r ommittee ari, its. chlairmao. weid ile i Althouph are 

elated over whal t hais trIl,;pir d, alid it're St'tre ill tile belief that a maximtin. 
ttuulxt'rOf so tlnd scli t ixtl )il'sx'ittxl liSilei 1 Of' tile liiile Stt jialitr ill tile 
shot'tt t aliOtlit Ofi tie a' i ihllt', ite i-ializt that the COIl';iilerat iti Of this subject 
is fa- fromi clttt'd. ilopefully, Ili, toltrihutixiis ill these I xroceediligs will serve 
to St rlulilatt tilrtlit illtere t as 'ell as to iifot'I'ili So that add;tional efforts 
will he idertaktn ill this arlea. 

I ii tilt' , e:ileIln IPT-Vie ,, liilt COle 'se selicexli lixljllt'ro S COmIx'lltS iUero! t to tile 
effect tlist oCe f';st tht' too ed. pilait icialiltstle xiiitoo :Ind seleoxti ii Tile 

ini their ti di finild six. O 29 d a
eva lust 1011 ll tixt it !.:teli tile prov to tie serious,

de~diCated lndi lillull ,,he Camle to, interact wvith tle _subj.ect imatter, lecturers, 
and others ill defilit iv way-s - Hliti' sugst ions and ready ititeract ion ln formal 
atnd iiformil disctlsslons added much to tii' short course and to the final revisions 
of mein:' of tile papers ill these Proceedings. 



Off-campus lct urers and part i ci pants ',ere housed in campus dormitories andtook meals t'igether in the dini ng i:11 1. This provided ample opportunities forinformal discuss ions. lxic ,rr .iiixenlt was greatly facilitated 1) the efforts
of Doctors Harry 0. Kiilkcl 
 and I , xvi Sut ir of the College of Agriculture andcarried out by t;exic xhit and .lovd Ii. Smi th. lixcir a;Sista ce was invaluia le,
 
as was that of iixiv ot ier."
 

.. u i , i i mxxiiil itii tor C0Oxli llai llg orilntation piaCketSi111d Il rltI C ImnI St i Onii .I ; I II f:miI I I;it tI Wit h1 t hese p rocexdk res and 
pleisiit 1xixxllietr i IIC thi llg; -1i1ii virY ix i oti lv. 

Oir. lUi iii (iiiJ'eil, ild xis li l{' Bi :11ixxxint for Issit'lrillg a Sluccexsftl
field tOir xi" I'iC x iAlld Ir oi .l 


Doctori I'ldx N S! iiti .id 1 ix 'iiScott 
 inxdlom Sliced for ,'i. istaxnce ill 
piblishing tllixvc !,'i ,,,di l ,1:x 

'elI lx%'tilx'l'i' A111 lxii i v'I l ' l.ixirI 

and dxdicit iot).
 

l thi ;ii 1"srt - f "orthei r contributions 

Ms. ;('A llie ' ' or,04o \ ilix' lniiSxx iion O [2,I iai fr , '/xIi oii ituierous 
IMit t (. r' . 

C.*I;, I ir lxOII. ri iif il Iii, Ii d it rxii I ;s i; iICeC. 
Ohixix iixxivixiiiis Welli ofxthli' Ollt tIleir iiixl to . th Stccess Of 

xhi pirlx ', i;i, N1x 111III ' alCk 't' i :c' xax d T'II ior' pl'eI'eltxx ii I iicI lus .i here.
iii. are gilt t'ulior to i ltxhii the0irl lp Ol't al ld ii ; ill p ii Og' this0'1''1 " rt 

Ali i'ii Il y, 1it, c lt'liA oI o this L iii ill tili ,.x ii xi, ll le ;i sIICCeSLxit1LLit *Oxlld , c',I miti'ttxl d I -iI dlixi i ;i I ;xtAi Clix xItrati e x . O :,xCx I CS C ilexpre';s iItii tLY x vl' Iii II feel iig'; ifF grit itIt I T' ,.I iCC R:1Ti Cs' for her 
it ill 'i lCIx xxxli C'Cr 'V phi se of til is efforit . I i1 - i'ti lexeit thegIltIU Llix'il Oit x ie lits iii'l h togx'the " axi thiii on i .kelit x O i lidili 
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thodadfbr :requirerments for a rapidly expandin~g wol p6p'lation.

Ta, order foil 'Arculture, to meet this challenge, bette varieties ofcrops,

carry ngreistace to primary pesta utb ,eeoe ~ta a fastrpace
~uworld ifde.'i Thismust be~oe!i an atmohr f incr _ sing.eeg
 
s<ho inflacrion', and',world environmen~tal adheh'alth concernsi, As' we
rtsies, 

winl~e, under,'breeigfrrs te seerectoao petsei culdwt
 
biological conroff ertile mosyl'prom s,se cil t th:, evhpig


co'tiisandt small farm~ers. 'Mul t.icesehrdutvtynee

mutcrr6fo colninuretfood-deficintcuntries. fhi prseits


;'a great challege> to agricultural researciers'to develop pIeatIcolIn 4 )tI.o

statgiutha~ldo not rely heavily~on costly~and often tnavaiiable~ 

The Host Plant Resistance International~rso >cn itda>ole
 
'Station during July 22-August 4, 1979,4 and~snaored by'UC/AID andTexas.'A&M
~9Unverstywas a successful endea or to ~ont~nrae
 

'>'4eff orts :toward breeng ftor resistance to peats which ill,:i~n the years

aha , help:Theet the'challenge tl Agricultkre~for increased food' production.


~A In addition, the- proceedings of, this orkshop presentediherein~provide ,a a 
S/9valuable contribution'to existiii liwteature in the fildo Hos', an 
?~Rsisance andwill provide a'valuable supplement to the recent, text and~~resource book~in~the field -"Breeding Plants Resistant to Inseclts 4' edited 

''~ybyF. G. Maxwell and Peter Jennings. Dr. Marvini Harris iand -the contri-A~
 
buting' au'diors to this Worksho.p publication, azre to be congratula'ted fort4A4&
 
a task~well4 planned4 and executed.'
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Professor and Head 4 
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Deputy'Chancellor fo~r Agriculture.,
 
ATexa
;AA A&MUnieityAA 

College Station, TexasA 77843
 

A A UC/AID Pest Management Project
 
AAAA~ AUniversity of Calif ornia
 

A 
 ~~~Berkceley, California 94720 
 AAA~ 

'J 1-A-

A A 



O~r~I~& ~VGMt 

4 ~ Crop Evolution Laboratory, Agronomy Department 
Unieri' of Ilinis Uraa I 10 

,ABSTRACT~ 

Recent evdece indicates~thaL 'trdton hiwso originsOfg riu'ture Hare1 probabyIncec ti, an 'th tfite orgn emc oedfue ntm 
,.n.S'paceand thanwe had thought. TAs a Cosquec teonltofcenters of ,originras appliecItb agriculture has ltl cnn ,Gn'idvriy0fcoP 
may be concentra Led, however, in regions ht-cul'btre centers o i~ers
~ty. ,These result 'from' diversity of haiaidvrst'flh human populntion,'


''and ral -introgression. among wild, weed 'and~domsiiraces.. .;Land -,'pqpulas
L,>'ions
that evolvediover millenniia contribute't1he'$ 
gnetibase
Sbreeding. Io~oe
lnt
Such popuilationsi, have been replaced b higVyiel'd'ijng',rietries or- are
,threatene du rpae Effarts to 'b"rpceent Efot mater i'a ':have'o a h prdfcelesshig
been 'slow~ to get, Inderway-afdirelativelymodest~ considering the' urigency :and''iagnitudem of: the problom. h~re~h'as beeni a substantial improl'yemer~t In 'Somc ',j-~

4 collections, but muchioe to be<PnO. -qned ~ 
'4 4 ~ ~ ITRODUCTION ' , ~ ', 

Thle origins of arcluehas beoea xremely popular subjecL Jn~'''~ 
recent years,; A vast literature has built,u-d expressing an array~'of view'-'Y
Ooints, some of'whi'ch are in opposition. 'TIheproblem has turned o, to be, nmuch more4 diffEicult anid com~plex than had'~been supposed, and we, are~ ill far from acomplete understanding of the poess krcn 
ok Oiis"fArcl

tue' C.' A. Reed, editor (197 7) has over a thousand pages and ,st'ill- does not'
 

cvrall the aspects. What. can be done in this,,6hort essay is,'obiouly.
'4' limited, 'Ii shall try here to deal wiith some-of the more phlspio~aly set

"wand to surmarle some current views of crop evrolution. '-".20"
 

DFUEORIGINS OF AGRI'ULTUR
 

'~"<'A'-major traditional view of world -hlstory'',ds 'far back into7ancient 'liter-,"
4a~ures 'a~nd oral tr'aditions. ,'Nany mytfioIogies tell 'US of a time when thee~ '4<,
 
angricul turIe and peop]'elived by,4hunting and gathering''fr

no 
ro roots natural 'vegetatio. 

-ut's, iuts. al'4'
Then' sm mmn a god, or more'5often a 8oddesa,4 came and 'In'structed ma nt rwn 'of plaits, for food and~~presented certain cropslto'thim. 
 In.Egp, th, ods a sis-'who,,married '$er
'brother Osiris; in Greece~she was, Demreter; ,in 4 'Rome. she was'-Ceres - (Bobth .1814)"
In Mesopotamia, the instructor was On, half man and, half fish4 (arc l9)~

in-China,' it wasa with ,te ody 01Shen-Nung 11 a m'naand ~thle head,bf 'an, ok(Ch rist{ "" 
1968). For the Tnca, 
it was a son and- day~htey of44the sun-god'-who caine to teach
 

44 (Vega 1961).4 ''j'4''. . 4 ' 4?' ' >~ ~ "
 
-Inall 3F these cases, the divine instruction not onlyvIneluded the crafts45 'of:agriculture btthe arts of ciy d o s e buaioyl-'"
9Alaw-, Agricultural man, therefore, kne ) himself ,to be, superior, to the savagas
and ~abr~s 6dd tfrm, This'traditidinal "Iw ~ ~ ~ V'

i hrl 6gh th etrisrgt .u present.ote 


4: 



n stdo thtr gay n~ a em~ m Ifer,, 

~i drD i i~nat bpe'v cert vsnlf bk e sa:e ed Iao ' 

uti i ~~, evn soeur a.~b~ wroren iuer ew 
stdsltag~d nig sed ir to prdue food.ar oce ti h as 
tin-ha e the idea'~ pt apts ba 1977)Lrck wol i ar teurisroe'dobvoul5oyt0rorv sueio inwid~ dy thadtoe ie . 'ritb~e""ls 

-e 1,1q a1io ~~ r~~r, 

Pe eThe seedA ' I:ar techniu aP~n se~teyex tamn 0 ,o 

lok'ino kic ra seems'~'As w e r pzttarc ose ybuo~vpr waL eparadt 

appraise the wio~ peuieva 'd ae'fcEd andthethe las 
Mentze1~ar SViewslfferopsit-.e 

n3ra~eotieh fe-balcbiia y a I_____Itan tea 
w es, reo pas onapr a.agri~cltrp, ri~r doTknoh;iade o seds ne pfsa y ford to 'arm Njeitu 

to o 
f t ." 's'eed . Thy ae kile anifiz soed;t'ccnimc bo~rtnits. 'of 19d cr~es d i.naq]bi Steward~c~In thLGre Basin). 194 

detiJeei gardesno a ,rveat ccisrequie ps'd ~ t a ~ doe

edso lns.i ofwnplante
-,.,.Th seeds wi'd'eaetd' ith i ld'i~ fh nh fom aodsoumer d fa 1n d 'si1d oie 

bundovrae. ''NuLoplantsgisnt h~o as domes ntia nedear, os'wioy ve h m 

t /Cgrwatlohu ll eu, e~n~tvetaco',ia oin N.e e av
 
Vartinous' ot nie nwsengo, 
 n riihClmbaas' 
gTre, he crop.ne rbscu nonwho atschs fo r4~~n ~dp TeKathe. 
seece c~s9"~toacoffotheaier stra' and always plantdse mthiers 'ow gr-' 

densrater tan ed~ armon . aid'~n l' radyditnusSnd' te col 
icated Th he,o weded SelcKauk-eirii s , arvertd emen',
7 wassoldetobacco,'b'jtother 1932)&~s" biusyp' oweg oil'Auo croby farrngng 

did,not' Id uluc-clas proc 4.d 'toac 11emfood rmuntSyB aned some 

inetion no rvlt a , nddosmotneessi l y knowt 
rAtarhd f cotat Ausa l~' Europ~ ~twea ia a'siabt\ it by, an asJ, to 

ct inu'ey -conactf~ la ibe manadwthei ~n y farmin'P''at nt ribe s idas s:,, 
usihng moeateg Inenrh at~er Aus taiat non hfy e irq rd farmers 'ere 

1957). Ins nort wern~Ausralia, fbor ,difen saes oft d loei't raf 
Afrigit e we~jret ofe sedued H-arrin ot t~2ery fo ad (Berndt lnd) B syn-,,, 

1951)Ye'~ th ~ "' i a'gne o -aetpfamn . Koldeffo -rdc 



iants sthy anhacnb p~,p , eaten, 8)eand porosth a ca dbez sonflhdoedto Ctpfy4 

:Ia an4n7 hc ~tq')me nCi'al 
'nwe 41ioL position of igi oac

Wen we, exaine .the'arcbieolo' al re~ d, 110fnth ?4ut 5,~ 
loiwl~y an~d jh'e I ouc~ TiACaChwith ireuc ta'nre. -~V en _' b~1 196e 

Byers 197)and Oxc (Faier, 68,idcates en'evolution ():several- 'ogd
rs 
 vn~id. rp were ade 5 loi y and one y ore.' Culttivated 'ncur-, 

bit wr mog th al woesare no eani C0 cceptanced f5 I_ 4 es ainb 

dt r'oe lieerins,'c e m~rdc htsac pw ± i oJ! nd w~r~piu~r bieo~ . dant coton eaacgnse,, and~psnniiio 

ma z , -id h The ha_5yec ote pp~vaipgee . p IArclure icd 
demonstrtd '.u Lhean EatFa 1969) avndi, at jreat (C,.ohen eve7)Ndear diey 
Aga in ItK is _ an of e fa ,ie'otcv-i te erodeain i tadap p a 

ancnot find or whe~eagric oriatimeas cannote tr 'te'We~iinLb 

evoled, 11 fiye'pcrient. of ]tie diet coimes from a culuivated plant;- isa tlft
6'grlculture? Do youipreer 1, 2O, , is no .:t~l tQZ? _here tiewen 
appears; we must cal~in tme ranges on the iorder of. thousands of vas; We 
cannot. find a plaEe' kcausejhe process, was going on almost~everywhere ( n 1lw,
'to midd le latitudes) in varll us ,degrees, -nidinLnsi ties. - Ther~e were advance's 
and retreats. tr ed ,:parteld nn,arious plants were ab ,ntcteyN~
Farming wasrrepeate atseu ujph d agi. Most, i. ot~all o Lh n~onfarming tribes oftoiaAmrcae
 

Laevi StrS I t adsa 15~ LathrapyIl968)1' Sone~think tha 
farmers-,when" they 'first'populated .tIheir isads butt abandonedtI~Lheysem when
th~eyfon it unpnce asary (con 1971 i We- Eind Lentatives" toa ntut 
vaton'among "t1i I 'na'o f tji missas~ ppi,,Rler Ba t beo'rethelarrial of 

7 maiie, fbeans,' and squash. from-th1,;south i(olr17),Rgo-'o orgnto
areas~lusveas,'tiine. Instead ofconcre te ceot-ers .of origini we findourse v0s~4,dealing with 'rcgions onteoder -of' thousands,- of -kilometcers ,act s (Haran 1971)
~i~Yj~hje he robe ~may be taoodiffuse: in ti'me 'and

S'7paoobeolewe r'anat least do, what we' have' alrad -dne n th Near~ 
Eaq~t, ad 'Mexico, an& what we, are doing',in'SQUth_ Aerica,; ,Southea,3t.snChaa n&dtheSouth'Pacific.. 4htt is .wecanr fol ow~tO'eolu onof.agriculture in gjiven'region by archieological,,'techni'quei'", :Wen w do this, we hfnd thlat th 
il 1Atrnbj: followed differ~int core d.niffertotregions and that there, is noitAne'uiversai 1 t tern Flaner"'p 19 thear 
regions under, investi ation include,,the, Near' Eas t,'Europe, ,Suib-Sa hnra' Africa~lnia, Northf ,Cin, Southast 7 A ateot&,alfcI d Asla, he7SothPciic Suh America, Centra~America'and. North America.j~
 

- ~I3S~s~ ~ ~h~dffufsdlc di nature 7of 
 the, plan t domes tics t Ion process, ther.snomuhpit intyn o idd"'fiist tbe !'lcstfamr~cic Thc 'supposed icht f cy P~ ture"VS. ieoud st rmnihoom o avgrculure" or"S aeein
P li~tetodo~wth reality "andw the- concept. of-,cen turs origin, whenof pplied: to0 

i' Jdoes either._Someq sort of plant marnipulation'was go ng~gric'uiture not, 6ean much' 
on.nalMoStr everyherein middl'e .q low Isltitydes from~the end of 'the'T1eistocene.

~Somanpu1a~in was more itenaivethnn-__others and so e inrc",S&ccessfid 'a
othersp but, the prcess was~basically adaptive and, conseq uentl", vi~ with I
environm1ent, the, resources,, and, the~humampopula tion.~~ir~ nw ems clear that tbe primary,, restat thtkpcrne~aers.
"from farmning' was not. ignorance or lack'of uniderstanding of, the principles, b~t. 

'""~ y'" 
;!7_. {' 



the labor required. t taksmre'wo'rk to, ar than' to gather~ (Lee',an 'DeVqre

W 968 136seup 1965, Eans '1978). A, nu - ber of studeshave-been made i t£ lat:
 

tvodeades o' tim2 apent. an4eeLye% d
 
-I and ~non-faring systems. Calories expene c-aois,


oeatiar ear dming
harestd n di f ntsj ateins~:but 'gathering yields more frI'aris gealy r 

for the effort~ Boserup 1965,'Evans1978) This eixplains, ,for ,the mst~ part'
 
theaI faring'whenit Itxpl"ains wh
reutane to t~ake up 	 not niecessary.knolede iIs not -is id'ea oto ef pan the revoluionary Itwa 	 bh~~aaow~aegasfoncetithoug.httoi' 

hoo 	 Sele~tion,,Darwin openied his,~d1 'IeOii f pce yMans o aua 

ticaed lanG ad(animalsbcus i felt Chat th fot fhua eeto
 
were mnor:srkn, ;osiusad d~emontrbe than Ithe effects of nahi'ral
 

plnsaWai l 'Som'e of the-hhman seletion prssureae,e d'e1iberite and 

acdtiv~ity'Th'the sam ses asap'ra~x'ed-Vt ,K
 
.'Sowing 'seeds and rajit~he,harvest. are 'activ Ltie ith certai ec
 

consequences.< There ~is competition in the aseedbed; competitionl-1with weeds'and4
 
Scomilio~mn plants of"the sown speciesa The more' vigorar
 
rnsikelyto dominate and contribute moat to the next generation. "There, ~Isan
 

~ automatic selection 'for greater seed size and reduction i' orny.fnse

4 n seed size in cereals results'.in a reatively, larger, endo p'e to emnbryo
 
,ratio,' and,'this in turn' lowers, the. protein content. iarvestngwithi 'a ickle or
 

Scere~als :And.,relatively.,indehiscelit pods, or, capsules in other seed crop (l'' 'an" 
"~de. We an 197'3)"' "'a"i ~
 

~ Till'ing the soil~ prepares ~a seedbled fo) seed crops, 'hut it' al~so provideS a
 
': seedbed fo~r, weedy pl'ants "othrive, 'Jn searching 'for higher.: yieldj mian selec,..i
 

S 	 tureas seetsapteds fo'etratto'o th aeevrnen.:.S f 
t ewesar eie from~ the crops themselves.- 'Thete~are'weedy ra'ces'of" al
most-allVseed crops -1wheat, barlejI'rice,'maize, sorghum,,,oats,' radish" sun- '~~ 

C lw I ,tm o epr rape,'and Iso on.T lie can shows gnetically tht [omneof~ 
thesewed races are' deri~ved throuigh: introgression' between, wild 'and 'cultiv'ated 

~ ''~rac'es and some are-derived directl.y fromii'cultivaced 1nd ace populations' (arlan 

Sorghummakes a "particularly godeapebcas "we, race of differ
et~origins ' re clearly distinct and both kinds are'easily,"separated.,from wild
 

and'cultivated' races; InAfrica where widsrhm~r audntew6
 
~2races c'ommuonly imric~the race of~cultivated'sr u thtteifs. I the
 

Scultivated sorghui is"a gulinea, a'caudatum ora'~b'iclorthe ctaminating wee
 
sho teeesetvchrceitc.',Thiese'weedi sorighuims look verym*uch11ke
 
cutvtdsogus u the'spikelets have.,a shattercane morphology'and fall at'
 
maurt inetn oi.Te'r nostlyi derive~d from hybrids between wilr 

Inthe' USA-" on the other~hand, the'shatLteicanes. have, evolved ~a sacondniy 
seedspesasjtem. ' Wild sorgu anAfin shattrcanes prnduce aii abacis

7sion liayer at' the ba'se of the fertiie spikelet- and thes-spikelet lalls at maturi
'"j7Inty c'utivated sorghuimthe abscission layer i's 'supiessed by',' facessivec 
~ gene in,homozygou'" conditioni (sh-sh) American -shatterca'nes' are~mostly- of:'the~ 

sh sh enotype,' 5 but thi' spikeletsiare 'shed by breakage of panicle branches a few
 
millimeters below the'spikelet. The spikelIets, :then, haea htecn o
 

-' 	 's~" 'V" C'' 
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~-~tions will;need all the variation we can assemble and preserve.~-

While genetic diversity decreases in our 'Crops deployed ,in thedfild, thieinumber of crops is also deraig 
An effective subsistence agriculture-usually.~.

has a rather standard cast of chara~cters. -There are cereals, pulses,;, tuibers,~
f~ruits, vegetables,' oil seeds-fib'ers and an.,array' of drugs, pharmaceutcal* ,~ 

- ~ woods for.iapecial purposes and so on. Climat~e and soil.resources may dictate?~
 
,~a less 'thancmpeeirayo force the dominance'of some crops over 'others.,~

Tradftion and tuiture are also strong determinan~ts.,.,For exampJe;,nIvoy ~4 
'~ Coast, people on the right bank of the Bandama River, are rice eatrs;,and peope

or the left- bank are, yam eaters (Mi~ge.1954).- Both crops could growonetr 
,NN 

Dominance of a single crop is common. There are people who depend heavily,~on wheat (our daily bread), others on-maize, others rice, sone,on potatoes, some ~ on yams or cassava-and so on. Dependence on w eat 'is not as generlpas itonce' 
,was because it is primarily a crop of the more~)affluentN societies tatcanyr
'chase othersourcep of food., Yet, -in terms of'nutrition for thiehuman species,

. 4 iVwheat is by far the most important of all.' It"syield in prti-n caore

Sis well above tit-of rice and tbleae two.cereals dominaite' the human,'foodsupply~


to an extraordinary degree.~ As subsistence agricultuIreis 'epla'cedl'"'ycash- ~ < 
- econonmies the humn diet is impoverished by reduction in the contribution of' 

NWNN'many 'traditioiolcrops. .Recent evolutionary~trenda have brought over four bi,-
i:lion peole into nearly complpte dependence on only a hatdful,of plant species"
-<(Table 1. FAO qM6. ,We are we~ll fed or starv'ed iaccording to,,their. perf~rmqnce.


"dsman16 really in charge,, hasor he bee n domesticated by his own cultivated'

pla-- tsN
n 

N N N N' -N N 0 
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milini metric tons 
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~ THE BASICS OF PLANT BREEDING ~ 

Department~of Soil. and crop Sciences,
,Texas A&M University

~~ ~ Colleg Station, Texas 7784:3 

~ ~ %<~y A.REPRODUCTIVE SYSTEMSF 
. This brief look at.'the'basic principiles o0fpln' reigmutbgnwt 

,program, certaiun fundaental features'must~be Wecogni'ed :' whetber.,reproduzct onsexual' asexual or a
~is combination otf.,both, , floral structuir'e,' pollen transferJself-incompatability,'effects 
of inbreeding and amount of cross7pollination.
 

,Reproduction in PIs ' 

',Sexual Reproduction' 2 ' ~ < I~44 XA ~~The complete life cycle inhigher'plnts ncues two phases or generations: .1'o sporophytic-'-the 'generation 'or.,phase ta rdcs Is" rs; the 
' plant~body aswe no, mall think ofI; lwr'o tesooht 0
Sduce microspores (male) an 
 easpores (eae;soohtcpa
 

2. gametophytic--the phase that produces gametes; ishaploid (N~);
(an)-

Smicrospore 
 develops into pollen grain, 'thence 
 nto polen tube; thebpbllcn
tubeswhen itreaches the embryo sac,,is the fully developedbmaegmeto~''~phyte; generative nuclei are male gametes; (b)ounly one6 c'~
 

o h~e~megaspore
develops into 'the' fema le gametophytel'hc Is th'eby s'ac;egg-cell
apnd endosperm mother c'elLare, female gametes., 'After'l~rtilization, the 
egg cell develops into and intotheIembryo'(2N) the,end ou L:0rMCell the

endosperm (3N).

Meioaia. insexually-rejroduced 'organisms, 'nmechanism is'needed whereby chroMoL 
,~..some number remains constant; doubling~ofgetic complemenc'(diplosis) by' union 

"'<" fmal fealegaete compensated by halVing of~tH resulting zygo~1an i 
'A'number (haplo'sis),i Meiosisigqi process in'aporophytic ?eneration wherebv micro
-"spores an Rapoes are produce,~ The miotic process will be reviewed, utlzn h accompanying diagram in

Fiur (1 frtidviinireductional'andchromosome number is$~jhalved; Q)2second ,,ivision is ecItonal Inwhich haploid chromosome numbegr 'ISduplicated. ~,-"

~Cosnovrmay occur between chromatids of~.homologous chromosoms. The";
process provides a 
means for. subdividing chromosomes andc'increasing the umber2"cf~~diff'erent- gametes and sporophytes.' Frequency 'of crossing over is positiveycor

,'~Irelated with distance between 'loci; crosising-over Is less near the cezitromere.ASummarizing the importance of meiosis, the following sbudbentd
 
~ '~ 1. It maintains chromosome 'number;--~A.It is a 
mechanism to produce genotic vartahility, since.(a) freductiboAidvision releaes potential variabili4ty, and (b)segregation in ech hI tmd1some pair Is independent, (c)'crossing-over increases genetic varibility.


Thejfolowing generalization relative ,to,,gametic and, sprpyi feq c'
FKmay be helpful Inunderstanding how 'the divis'ion
reduction Jn.meiosis r'eleasesvariability:' with-,no crossing-over, -ifithere are n different chromosm pa±irs

,(with,memhcrs of each pair, different), 
the number of possible'",different gametes
,2;, 
the possible number of different sporophytes - 3?1,Number of'diff~renti.Y'StaB ,and'sporoohytes will be increased by crossing-over. 
Percent crossing-over,
 
Sis 
estimated from number ofrecombinant gametes expressed as percent of total.
 

7- ** 7 ''-'~ 7 J, 
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Asexual~ Reprodu ction
 
of Platsimay repoduce in'a varity of wa pwthu 
neron tepo


of ehais anveetatlvqapropag, Asxad reproductio ean he effectedmecinnsm--vgetr.ve~ragatn a d apomixis.	 by tw asic 
;$ V1eg LaVpepropaga~10n-rproduction of paentaltypetIough~ ) ngs, rhiz'omes corms, l6ulbl 'ilos et. nsr jpeciei', both'Vegetativeans;Sareproduction qocia Wifthin mos agricultu~re varietiesa~propagated tyipes are highly heterozygous and segregate widely "asexuallywith sexual.

reproduction,'
)&XP ~aform of asexual~ reproduct,io lIch, s eed, Isproduced, _but--(a)7--iib6ryo develo-pswitho ~ion'of- male7Ur andfe'male -g'ametes'and-( b' it~develo'psdfrom an; une6dcl'v' 	 of, the o'rAoii ybeete bi
 

Several features of asexual-reproduc tLIon houl~d be 'noted:~1w.permits perpetuationfa type withoutlchange'j(except for~somatic Muta
2 	eliminates inb'reeding'depressioni that!~often results from self-pollination


of cross-pollinated crops;~-'~~

3. preserves heterozygosity and heterosis;
~, 4. permits effective utilization ofsomatic utations (sports) 
 '~s ~ 5. facilitates producLion of large numbar of' genetically-identical individuals, regardless of degreerof heterozygosity of parental stock;6. main effect of apomixis is increased proportion of piaternai typies throughprohibition or modification of genetic sergto 
an eobiain
7. apomixis confairs Immediate fitness to a hybrid Combination which, with~'~-~'sexual reproduction', might not-haver devaloped 
sufficient ch~romosomal~
8 stability to 
ensure, f!rtility and Strival'i


from an evolutionary standpoin,,asexual reproduction is
a dead end ,' 

Parthenogenesis is the~development of into without-an 'egg' cell an embryofcrtilizatinn. When th 	 'Tg cell is unreduced (2N), the' embryo will have~the~~$same: genotype as the parent plant;' in; this~case partl.enogenesis ;issynonymouswith aparnixis. 'Parthenogenesis,also 'includes situations ina normally reducedembryo 'sac where' the e~g cell'develops5 without fertilization to produce7 (N),platt 	 a haplold JInthe case of some"'apomictically-.reproducing plants, pollination and.
pollen'tube development may be required. to provide a 
stimo'lus to embryo drevelO'p7-,
pient; this isphenomenon termed pseudogamif.'"r1Formation of fruit" is no guaranteethat seed haedvlpd either wiho
4Without apomoxis.' Ovules mIydvlp4ihu h timulu6'of pollinationan
fertilization, a process cale pateoarpy; Examples.,of'species~duce frujit Wiithot seed include'banana, grape, navel orangan 

that may pro- j 
" thenocarpymay be induced hormonally. 	

iepl Pr 
g n iepl~PrhSelf- and ross-Pollinated Species-" 'rj"';''I;Sexually-reproduced plants "are divided into tworgroups, depending on 

: 
whether'they arelpredominantly self-pollifnting or cross-pollinating. An important dif-;'
fercince,:between~ the groupL; is related to the relative influence of inbreedit~g andoutbreeding on genetic 	 ' structure of 'populations. The following outline contras ts9the major feat'ures off the(,two groups;. 
 j4~J:1"I.~ cross-pollinated 6pecies:


W a., Inbreeding depresses vigor and productivity, cross-pollination ~>
restores vigor;0
b. heterozygosity is essentialan feature of varieties of c.,p. crops;itmust be maintained during~the breeding process or restored as a
final Step; ~"~ 

-- ~'. a cross-pollinated crop species may be compared to a pool Ofr'genesthat combine in various ways to form genotypes -of each generation',~d. breeder's objective is to develop mopt rdesirable poll of gens;~e.,mn natural species,,cross-,,_pollin ration Is more common than self-4''pollination,
suggests it'issuccessful breedingasystem;

cross-pollination results inhigh flexibility and buffering capacity;
 



2.~ self-ppllinited specie Csfl 
a. populations usually conistof ixtures of many homoygu lines 

that'r'emn ssentiailly indepedetof eac o'ter 
b. 	indiv~idual plants usually'ai~flfozgt 'f,,ru 
c. o,"Iin brooding Usualy i deveoentofprlie rmxu(
of pure jines; sy ~ pn 	 mxue 

d. 	 coplt slpolntoimsetwo restrictionis n populati.on, 
(1 'proh)~1ibits. ne:gncmiain and production of new and 

pras more'. 'c s "n r s 
r 	 ~ ~(2) -~a consequence -of, the'J~nregotg; mutations :are;confined to a
 

sig , 'line' or t teprgnies~of p Ia - n whc tey'cu;
k~~~~ee 	 Ints 

~'''-'~v" of, prsn ith, type, and,,degre o'~f'bdifkeient-types nwdll,'change 
seeto.pressure 'imposed;dvarability.will' be ini terms 'o proor 

'tinnd .not .n terms. of emergence o f new types, 
. fK'bireedr'aiob is find or 'develop the best singl eoyeo con~ 	 to 

g.1self-pollination produces high Immediate fitness; in a sens,i s an~'" 
ovolutionary blind alley.,~ '' 

E. 	POLLINATION CONTROL'" ". ' 

ControljIaf pollination is an importa -nt concern , in most, pla nt br~eeding pro-, ~ 
grams, not 'onlytbecause of technical considerations,, but because ofi xensc"'that["' 
may be eniailed.' Poll~ination control is effected through naturalbbiological
 
means or through'te s of artificial'methods"'.'
 

lvcsfor'control of 
oroutbreedingj'eoccur In"'a wide variety' of. higeplns 

*1. Inbreedingdevices:<~ ' '",~ 
%'' does emerge or £lower,does not, 

C! 	 the breeding.system, wi.hetherr to' enorgibedn4'' 

.>true' cleistogamy7-inflorescence not 
7'open,7 7'~,'-' ~''''~ 

b. morpliological cleistogamy- flowers'open but receptive anther is 
'pollinated before opening or pollination oeccurs, as flower opens and4' 
anthers (kre extruded. . 

2. Outbreeding devitces:',2" ~ 	 ' 
a. 	seartion of sexes (dioecy),;-'""
 
b. 	separation of sexes on-same plant (monoecy);'~
 
cseparation by~time;K,.
 

(1)" -protandry--po).len sheds before stigma is 'receptive; "'''' 

(2)-protogytiy--st~limais receptive before pollen is shed;*'~"' 
d. entomophalv -insects trip, ,he flowerAand effects pollen release; 
e.incompatability--systems are complex and varied; effectjis to di~s

cour'age self-pollination'". Incoinjitability generally i a hanai...4 
'4~ i~.to breeder because it restricts inbreeding; "certain techniques'can~, 

K:2be used to Imp.rove self-fertility;' ? ; 
ma)lene sterilitycniindb ei atr htocri 
(1)', many cspei, y codiioe by genic hat occur inA' 	 facor 

(2) y sctpecsm ; lnswt~atclr~ye~fctpama 
(2), cytoari~ 'tssee an betpr uad,tpeolla t ipresentaroWal 

sterile bu~t -sed cn e~poue ifpliao rsn;o-
'-ei sinteile;;,',,'r 

()c'o lls -gtenie'ptsic a be ;'cmaaionofftoii s off rlingt~ 
ofpmsseseiilt~erpnsc 'ain fsle sterlliry ~', 

(3) ncytopls depats e 	 ofspin 

be~p maei 

'~ 	 is"'~"""""' ~ the systemititilized inpr'oducin hybri con'n ri'o 
'1'2, ' ,,,ghum. varieties;. '"'" Jy'7 4 K' '-'''""
 

SArtificial Methods ' -'''
 
''1, 1Selfing techniques-involve use of various devicesthat effectively seal
 

~W-A'K the'flower and )revent introduction of pollen (bags,,wire, fasteners,'
 

'4 "7 ~~,""4AKA 

A, '3Ad 

http:populati.on


Lk 

2. Emsulto techniques--remoival
 9oE le flower p~rts as .p'r4iud to-,
V~Phybrdization; methoqds utlie deed 
 lwr strucbure,,and size;,"
 
am etodeqimay be efctive, h"' ~-r V~
 

Estimarion of Naturai Crossin'~''', ', <
 

Knowing~theextent of natural'crossing isesnili 
 reigporm 
as it influenc'es tedciniques~of crop' fmprovement~andvsfie'ty -main t'nance. I 

can of~dominiant marker~ raits ad scoring thebe6estla'ed 	 geei
Flry sing 1,racters ththw-up inth~im~ortan ;to- consider fie dcond for'ex 1 e'' y. ''n' ei r.her c se, it io eadc jbiivo r~~~ a 

I'.'W"F'"' C GENETIC VARIABILITY 

,'~-.1~ Genetic variability,-is th~e raw material of plant breeding; withoLA ,it' feleyc-Y~tio i~s infetv. Breesne nlse aibltand a' cosi'ci--le~p~of t .he breeding pro~ess is 'c6 nce'rnedlwth the' ncqiii1tios well as cr art'on 
cc~gnusionaraicretiintyY"
Genetic Basis uf Crop PlantEvolution ,j" ' 

From a genetic standpoint, plant breeding and evolution have much incpnmon,
both renuire genetic variability,,and'both require some forn'of isolation 
O"-jre-'~~~

Sserve emergent ypes. 'Clausen suggested four principal methods by which 6ulti
vated forms were derived from their wild progenitors:. m'eidelian v'ariatio, ~Inter
specific hybridization, autoploidy and 'alloploidy. p " 1" "'i"

1. Mendeliain variation. Cropjplant'maj'develo'p within th~e confines of'a
Inspecbyicc:' ai 'and 'preservation of .genetic mutati_0nq4. "_2. neseii hybridi'za'tion.""Hybridization between dis tantly relted" pflspecies probably of little significance,- except, th'r6ugb proc~as of, ' introgression or when accompanied yalpod.Pobes uaodf
 
ficulty of 'species crossping, hybridsterlity,-inferior'segreg tion'~
products. Interspecific hybridization may be. produ 
iva~wher'pecies

are less distantly related. 
 In~asexually'propag'ated species;roblem"~iV
ofhybrid sterility is less' serious'. Intr'agres'pion'involves tr&nf r"
ofgermplasm from one species to another through hy~r'idizationand-e
peated backcrossing to 'a parent species.' 

. Autoploidy. increases in niumber of chromosome sets within a species.
Generally results inreducedffe'rtility. Has yielded only few-crop plants
that are grown for seed;~seedlessness may be advantageous in perennial

fruit Or, ornamental crops.	 

' 

4. Alloploidy. 'Involves hybridization between species with different 
-genomes 	and doubling 'of chromosome' numbar, Many important1 crop plants
apparently arose throuigh: alloploidy. 

The products arising from the geeilfre ust ntdare numerous, 1 andsaplid' ,types are sorted out by the. process of selection; either natural or'man-~

aple..Although oaturaI. selection still 6perates, selection by man now is'more

important in the elaborationiiand peptuto of new types.' 'Suectlon'is~n'th
 
z~2~most-difficult and demanding part of planit breeding; this' iswhere the breeder'sl
m~~''skills and artistry'a're tested moststrongly."

Genetic Drift '' ' ' ' ""'s 

Thi
phnomnoninfluences patternsof evolution;'"it alsolmay~bo an 1impor-,~

taiit factor in crop improvement. 
 Geneti'c drift is a shift'in gene frequenicies ~ 
associated withasmall numbets and randomi sam~pling. If a'gene"'poo1.Ca' natural-I 

IpopulaLion or a'vartioty) is,inadequately smle, h~eutri-oua~o a
dcviata appreciably from 'th& parental' 
souarce. ~' 4k"'"''GermplesmResources 	
' 

' "''' ~~ "''''"VI' 
In looking for genetic variability to introduce into a crop improvement ~''" progjram, a breeder may look to several sources, including the following:',
'I'introductions 

' 'I'1P' 
2.'"contemporary types A 

3. obsolete cultivated types'"~ 
 i ~''" 
'4'1 re-introduced types-1 
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D .~ QUALITATIVE AND QUANTITATIVE VARIABILITY 

-fTwotyps gnetc variaIbility are recogaized7-qualitative~an utia
LieThe'samegeti focsaedtriat of~bothJWtpsand tqeaitinc 

tion, between, the, wo is prIima~a matr atclasaification. . 

conpius d reiely unaffected byevrocba cniins. In.'a. ere 

F4'~;xamples of economically valuable qaiaietat inlude~thedwarfin~ genes~~in grain sorghum, peiapand,1 ndosperm colrin grains, endosperm c9omposition 
n nci,. genetic male sterility, and many others. In segregating populations,'~'

the fa'miliar 3:1lnd93:3:3:ratios are examples of qualitative gene expression.~ Although'?the value of.nnny qualfItativegenesiifairly obvious'om ne3
 
ar dfficult tevatiate, evren though their effects oinmorphology o eeomn
 
are obvious. Dosfcroaino pcfc'eerdc plant responI
sIsAapart >from the obvious effects on morphology, development orcompositionTDteria
 
tion of these effects can be made by use ofisogenic iZinea, Isogenic lines hav 
the-same genietic make-up except foroalleleswataci, ora few loci 

fc Isogenic lines usually are deeoe hog akrsigi which a speci
fcgenetic trait is transferred into a certaini gnticbckground (see FIgure_, 2).

From this process two versions af a variety are~available, one with the~trait.'and 
one without,~ Performance testing of the two versions will establish if..the sub- ~ 
Stituted character has any associated~effects on plant development.. The biggest1y disadvantage with this approach is that the character is ev~aluated only in one 
genetic back~ground; its effects might difri te akrud.,

A second approach Is to utilize a series of iaoliinIwhich a specific 
gene can be evaluated in a range of genetic backgrounds, as illustrated in Figure~, 3. This method would be best adapted to self-pollinated species,:since approach 
to homozygosity would be automatic. Use with cross-pollinated species 'woul dbe~
difficult because of inbreeding depression 
that often occurs under a'selfing''. ' 
regime.
 
Quantitative Variability -

Frequently, genetic variability cannot be classified into distinct ?categories;
rather tne variability exists in a cont)uous spectrum from one extreme, tohthe',
other.~ TraitR/such as yield, earliness,lslieight, weight, ,etc. usal fal'nt 
the ca tegory of quantitative variability. Deacriptionof such variability by 'thle 
familiar ratios is inieffective, and one generally relies on statistical measure
metand expreassion. The manner with which quantitative factors act does~ not, 

diffrfrm ofquaiaivegenes, except that In the former casethete atio

intividuai2 effects oftgenes may be relatively small and strongly influenced by 1 

Inqatttv genetics, the action of genes is defined as additive, domi

'It is Important to remener that~character expression (phenotype) is deter?
 
mined jointly by genetic factors (genotype) andlenvironment. .Ingenet'ands 
 5
breeding work, it'is Important to1have a quantitativdexpress on of therelativc?,. 

mprtnc ofd eniomna influences.'.The iniherit d ro ~bIn 
variability is termed heitabiity.j: It i's~the degree, to which :the characte'ristics? 
of a plant: are repeatedi nits~progeny. 2 V 

f qani~~iv
Hertailiy caratesin the broad~sense, is exessed i~tem ofvariance:hraeer,
 

Jh + Ve~
 
where 1Vh -variance due to genotype and ye -'variance due to environment.~$ 
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Variety A Variety B 
(recurrent parent) (donor parent) 

(rvell plant color Red plant color(ir) (!RA) 

Intermediate 
Green 

(vv) X 
red plant 

(i )1 

F 50% A 

S x t':: BCI 75% A 

PX ,. , BC 87.5% A 
2 

r BC 93.75% A 
3 

r X Hv:iv' BC. 96.87% A 
4 

rr X iiP, BC5 97.93% A 

P'" X e:, BC6 98.97% A 

rr X '"". BC7 99.49% A 

Reconstituted Variety A with 
red plant color. Effect of 
red gene can be tested in gentic 
background of Variety A. 

FIG. 2. Development of one pair of isogenic lines with a transferred dominant 
gene. 
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Parents Variety A X Variety B 

Tall, late Short, early 

Green (20 Red (RR) 

lnte rmedilate ' 

height and maturity 
Int. red

F1 	 (Jir") 

Tall, late Tall, early Short, late Short , ealy

I 	 I I 
R t'Er R 	 1'r R r ry,F 3 

Rrr, PR A,r r '!i Hr 1'r HR Rr Pr 

F R? h rr Kr) R RR IKr rr,R 11' vr, 

F HR Kr r i rr r rri, r RI1,? 2, PR Kr 

F7 I hp T.J NP r M? Rr 1r PR KR ry 

Tall, late '[all, early Short, late Short, early 
isogunics isogen tes tsogen [CS Isogen ics 

FIG. 3. 	 Developmnt of four pairs of [sopenie lines Contrastin[o green and red 
phenotypes. P opagat ion from singIe plants in a sel f-poll inated species 
will automatically result. in homozvgous pure lines. 



L7 
Penetranc, and I,.xl_).reslvtv
 

The fluency wth wIt ich i geniuilodices an Idellt i fiable effect in an
 
individual halt carries termed t The of
it is . T degree expression Is 

'_hreshol d Ef fee-ts
 
Gene express ion is miediaLd by piysiological or environmental factors; in


certain inostances a htlot)p li response mlaV n1ot 
 Ievelo0p intil a iminimum environ
mental threshold is reached. 

E . BREI N SELF-'II.IANAID CROPS 

Se t ioil ii1 S.- -PoI1 I itatL SL,1eI'Si
 
I1 btoth c1vo lIt io tdol 1pit b-eed iog, 
 populati ,oire constanit ly being


sifted for iuperior tvp s. 'ie primary 
 force in thic s'fting process Is selection, 
inl wit ii ee'-tlitj idiv jdua] ;i1", !tirred ill reproilELi el. The futttlon of selec
tLioo Is to -xploit lit- gc-itLic viriabilitv existi . 1 a species; 'lots is true 
regardLess ot how aritthe, variahilitv rst.
 

TWC hisii p rini: p1, shohi ii kept in ind:
 
Seci t on iC!ttc t 'ffI-Ct ivel.'IV lyV i ic1 Lritle di fferences
 
selIec t i on i'illtt L ,t'i-atec vai i ityv lt otl Iv act lit exist Itip 
 varial Iility

Inibreetidilg IteC01110 ilitOlitalit ill iconntect i oin t it tili- s;econd point, because: 
I. i tlirt'gd log i tier,is s ]iontic!oy os V;
2. coIt tid I icil in i lt toli nbrt, rl ts f 0f genetic characters and 

separatiol i-f a population into icltitLtca I Y (II sis tinct groups, each 
utni torn w it iI it s.If. 

Inreedibd i ti, iti-e I r tti , var-iab ii tv cvonceaIed lit liet-erozygotes and makes it
 
ivaiailbiltfor 
 SileCt ion. Sl -tirti loot ion ciearly is an JItlireeding process,

since aitY lille 'Ifdltitellt olllv utI c 
 teC to- fin each guener;tijolt.

Ill thcor.', I - I -po lieiintted l-0l l VI tensi dered a mlixtutre ofcit. iomozygouis

lants, e 'l i (i1 IIli'h wil I i-ii-d trite1. 11 tetulno it', most self-pollinated crops


will lhave ,}t- iutt ite; itt', dip-ndin g tt iot' si)t' it'S i t-silf and the 
environment.
 
l'ven i.ittglh oltiltii; jila wi 11 toi'e, tfi, level of heterozygosiiy, this tendency is

offset 
 by ilt, diei lpp t;iic, illl tlh generation, of one-half of the lteteroz-vgoslty.

S.elct itt in -'] f-pol I itl!'cd crops follo's two hasic met.hodis--titass selection and
 
pure I fnet ,.-- ' imil.
 

I. .Na:is ,l.c ion. ThII, t'l,.ction tt,'hnique Is use; ful for eliminating 
undtesirablei itldix i. li tI fromr ;i otliieris- ;cetrii atble vat'iety or popula-
L it(1. ;ts!It l iontI call I,,. '1fctk-d b- !' :'- out tin' nia1cceptable 
plaiit.s, Iv ta'.inm, d-iribtle t' . or Ix' prtL't't-t-itItll lix 'St Ing. Masssi-iic-t io i torI r ittiti; Ilantt 'ari ties, introduced varieties 
ir forl I , -uptil and lil' emiii , lt b'editc-i , stock.; tud varieties. In 

l ~ii tiiportant to avoid extreme selectiontint i{' : i- ' I - 'tioll, it 
its it. it th'p itiii Iit ilreS of the base population are to be 

i x-lit . I i,,i i- it SUi.t ii is LOi ri-Ilxed, the niLaqs selection 
if toirL wi I It,;u I t i pit i-;t, viit i ill of undes i rail LInd Iv dua Is. Ill mass 
si'iiet14gritc n, pittI .nvo V iII - I ic--s are coTtitiosited to form a 
ii'ltt-ri ,'Il.-ill!; 111 'Ilu.tr O totOO/lx'Oi'; t vpes

2. Pur' I i n co's ' t ion. i ti purit-I I tici - reedi g, thie- new vtritty or populilt iol IS the.' 1 i pcn\ ol ;1 >i p m -~rIline-. Basi(ally, pulre line 
blre~ i llt;, ilivolv, , thli . , t:!: 
l. a v;t I Lr. t oa'Ii[ll~s~e{I o io}[Is; f rom ai g,.nk.t i r I Iy v~l'ar Ie poipu la

iOIlI t 

C. I I iC!tI'd t c';tl tt -I oLI ;li1 re II iilt' d t as otl perforiimaitee.Obv ilt-;I]", in1 a st, If-po lI ni l t Od I ,ci,S IIt,- ;appro}achItIo homozygos ity willl 
be rapid. 'llic init ii individu l plant ;i,-ct iott;nre of gri t importance, since 
neariy all -:it;t tIdiw rtitv iamcii. Ii its ;tll ]iitt le withit.
lix'lr lid izt ion i IfPitii1 iii ti-il Sie-i '; 

Ilx'ltri d i ) 11 - rt iou pii ttsLlts principal itreediing, method used In the 
improvi-rIett of sIf-p tlliat-d crops. 'liiobiective s of ityltridlzation Itnlude 
(1) construction of 11t'Wgtotyx 1tes , (2) developlment of character comblinatlons out



Ill 
sidc the o'cItinp rciic. ii viriabiity, nd (3) i'sti licntnt of ';poc'fic genetic
i iiproveiiioit. 'Ilico Loris "iih r id'' is iis idi illlnv w ilV- ; it, th,- pr sin tolnt? xt It
will il'tinoI dorlvtive, I I'omi CI'c)s i'!; pirtl icul!ar i rtpont miv ho inlterof c stocks; ,alnd 

v\ Irlet;IIor i it e p c ic'i c.
 

Til' .;it'I7ilcit i Icli 
 p I ;It i o iNd'vt ipid hlv hvbi'dit iiz , .oii iii;iV, Ili, ]ihil led by two 
IIItlhods, or si tL;1 I 1 :0i i tI iCItIon i of th1'icm; tlic t i s, pi.i ig ree 'v 't em (I'llO I k

Metthod .
 

i. Ped i rC, .hMt hOd i hLb i t, ic I grte' Me t 1h11d , s iltl,lior" t'p's cli' I -'CtL'dv c''' ill 
SIii'r iSs iV' I ,ll 'I' lLi olc , 1i ,In I liet II,'c l ' i r ] ,;, t.. p1r1 i i''; il t-ciorld of I ile 

ulcsv ci 1 o f- I l i I di i Iliv ts ilnd Iilli'si- A 'iiira I I tl hcer.c I otr ivl/ r idlic'c
','ll] t o 'S,' t i or i !; :I,: to I 'c ;-

opI tiIeI. In: i, iyvbr i d 
F]" I. - , (IIi~tl]t t i t i ;:, im L l ll it , s'illcc€ this k t; t it (clilIy t filtl(- whien alIl 

-i''ltT'Iic iIIici('I tl/ti a'ei nt p li r 'it II thu1sO of tilt' orh pariit ill ;li 

iIlltorid c'oci i ion 

3. ' indi', i-u.1t p:--lit ',c'lI'tcl fil b'g1 it l'sI llt' of ,ti'li't "c,,:cir ii isaIi Iii t 

4. F--1 i II i lv I I I ''I -, it, -; 1 'tOIL't Alipi ll t0 cc' . ii ll I) ri'ini rlI]v oil I Il Vi dIM I 
lant i I', c i; i It i , '.cli 'it ,'cIphal:; i r d ii bie ttir f ;IiiII cs: f anii mostly 

5. F:4--si- 11 ' 'I1"1: '1 t 'r lzn'gos I t sO 1) cIiiL 1 1t'i oil illmorta lt; hily
ihe l I., I . i i t i I il)' '
 

h, cq F l :iciii 1 i7 il. lv 
 qu iti l , cc', ciis ;Il iii i formci; iiiliiis I liter-(e
I I' ,, -i+ t I ion ii~ ill I i ,pOll 1, 1 % rct, ';litod t i -s;[ i 111

7. F,4i ctid I iti i l iii,, ';t ht iiiillc " Vii'i'ii tllvir iiiitL s; d'e'cisioii for re-
Ifi is, 'In ;"'d mil] it l ictit ioll 

"'il ' toll IIw i,, c c'.' it t' i'n , llcll ' iiibOiit th i i l d igr , [ll!, cthodl 
r.i 1d t-ro.ic tiI. i I r IIt iii cc, ill , lltirlci'vsi ,, i lori-, sill g ' pl t l s lc

2 . diicccc-clir i c i i ii'iccicc , Iiie iiiicc,'e' Ofi I i iccci 
ii''iicc iiiccncgwii

3. ciii i [I, it i I'l'; cctci hl CIIc C HI,iIc; S ic' 
4 1 . C t i cli,i - l i I) cii ti t iIIp ci, iitnil I li Ii l 1 hiodt ill )Il a i 

se t -I I hio , i.brot'ol Im', h' l iInii t, irdi i ii, l c'iI', cf 'o;scS t lat Call 

I . 11.111i l' l C iTI 'liic i, it ti i'' ii r t t i i'1t', il't ) Ii' ,,c ;I Ili it'd iib "er ' ci0!;t 

"it "I' (II , ; i I n I t l c t I ti ' 
2. Btllk- 1opit I1 i licdc'i ici it . t i hI thi Icc t hoid icM t-r tlii p , tLhi' I pI rcll iin ItIs' ;t

bitIk Ilai'V '' ti it] , I ai'I nd I it I r i' i i i, t ; ' rila I 1! b tlI [ Li OinS. Iyk lI 'Ll1 ci 

t i1 it' Il~lI cI1.;lt ', i i "7t i l wit It ,,h ;In d tl r c1 11ith L .Ccl re. It .t'l " .III t i" t II ! ,i hl ii'it ic i it 1c t I MnS" 11:0 i ,I( tI Ih [ l~ll ri':lk hlml ltcd wei th[ it, , ped j grc., - Imt [thoil. 

])c in fi c i cci ci,, i1 i tI ,,r ot t cul Ii11,1t ,I - tiu,' 1)l'ciitcciiivir I iOp..litiew I 
sc i t tlli(I l , d] 'iout ]l Iv1 , and ii I pii',p' I cit 1ioitc I groiwnii lw itiIucI cccii 


I' acit v.o ',,I , , ; .' '] 
 i , ,''lit r.' ic'l ncliilniti ) n I ' iicri'cs id. Ar t 
ficicil !,L.I t 'ti l ; p i i] itiltIto i 1tc1'1icc0(-c cII Iii Itc fi'cLi eiI v apiti d to -;)I cI t i I i!; it ; i- i i ','. v . t'iCCcrcl-ct'tp lg i ; ScinIp I i f i'll, 
and th, rlci hodi , i ti i . i i ' d .I' ]licli-iit ofI hoimoc:vioil c icc ! ;it ii iii inii ciii effort 
anld '.\]5 llc~c . 

Vd~I' i MI!; lt ]tl" I ll -' illi M ()-tLk: ]Avt, I-i ll dc~vc Iopted for timnd I I1};f se I f
pol I na ti 11,, 1;1", , g t:t 1" .' ;1]-,' ,noI< i ( n;t i 0n!; Of L' ; t er lt, pid 

, 
t i t-t or bul~k 

In'l thod. Thc ;- P- ,i::rl -ct rl 'th11- in1c.'rilm-a+t ,I, IetKr ti ; il pelres fr ,i(t and tbulk 
m t thodt; . W'i h1t L ii I ro t'dur., ,.'ibriid lpOpulalt ioon ; ;it' g.,rown ini [ I ~k util 
cter t ;Iini c i -'( Il-l t 111,','!; ,It, f,t l ~ e , atl wh]ich


'
 
i iim-t in1dividua(l plarin . se'lect f lls 

ar~ . t aken tl lo ]1'. }h nI c d il11 .1 ; d i I,( V!; t T) . ma'Itnl;:;-p ~di grt-v, 1) oced lre, 
Ina;1% c p a r t i cuI],I I+]Iv I t lul "ea]r-'t, t'- O V4eaIr t oln i on 'liLt I di t I 'tun l Inakte 
3wt?, 't !il litflit'off. A hrn -d,+ r Tilli};ht p I-,. I ,r Io li!.. - th, pedi i rlei m, Lhod 111 
v'a r-Iv gelh'Ir, t i mIl.4 I " " itm it;Il '' un~d, tt' ;:l;~l , %pe", [I cII'll I k t,lie bo~t ,: pv1;l11t:;
Int~o Oil,- topuil'It 1 I thl t omld( l , '.,' tbh ,lld wit1h b-u Ik m-et~hod. 

) I ;I1tc11 - p oo/ I I- ilht.It d ( r'O|)s, t it- 1 0(t+us w ;s o11 h~orjnoz%1j,o s l}ljIotyvpe-s. Cr'ossq
poll iniLed crops musl t III' Cols~Ltr+ ill Kterl'ls. hlt tCroZVgolls )''t, VtpC, ealch oil(,Of 



d ifferen t to som e degree ,frO m all Othe r s in L e p p l t o . T i ~ e e o y b l y
andvariability, is a consequence! of out~rossing, whichl permit n, complexes ofgene. rec minatiobnneach generftion',3 .,Indjidual'plants in cross pbllin edISec es, are ieterozygous ,' and~this condition' eit1e bh2 itan during he,breeding_ process or, restored~ at the end, .::'Inbre igdepression occur a, inmanyv'~~~~~~~~~~ Crs'pliaed'rj's ~~ireeding#causes~little'or no~deterioration in vigoru 
heefet 
 be ba
btatal
 

,'The',concp ge~o pool'is useful in the con~siderattii 0ofcross-poinat,2d' 4 .- XQPs L ,tmeios is -the zgenes -are, put-baCk-tot~.pl~ h;,d f~"h~gmrphytic'generation thy0ii hr~n4when they are withdrawn Ias gam etesi to! I, "~combin'ed at 'ferrilizatio~ to'~ari~e'ooh~
tois' a'fnew asemblage'af gend n~ain Tenx~e

~The nfrequzency ,of, genes in yest ithinth 'iijt 
oftems opltin'the gene pjoolf is'deter-ied b' thir popultio~nk

tye'I hycnrbt 
oascesu genotype with hig1h reproductive capacity,
suhgenes will in~crease 'in the' gene pool., 'T thie contrary, if genes are deltri-.,~
'''mental, to the' genotype 'in which' they are' in~cluded,- the~freunyoschgev,

" "will diminish. 
. -eunyo uhgna

YThe role 'of thefplant breeder. working wih~rts-oliate crop is tomanage gene frequencies, s'o as to produc'e the most successful, genotypes. Basically,this objective may be addressed in two ways:K '(I)by"changing gene frequenciesin~ the pool so th'at they will p'roduce a hihe frqec fspro~eoyeo
(2)'hy developing inbred lines which combine to produce superior hybrids.'


In a gross way,' selection procedures i
used with' cross-pollinated andiself.
~-~"plinated species are, similar. 
 flwvr h eut r o the sa'me' beceofdifferent population structure 4n the two"'groups. In sefplfae-rp,,individual plant selctions can be1~1used to 'develbo uirm igoous, pure-.line'~
Y4"arieties. Use of individual plan~t selection~s to establish varietie~s in crospollinated crop species'is not very~effective because (1) segregaItion 
causa.es theprogeniy to~deviate' from the parental type'and (2) tilesharp reduction in popula~"tion size has adverse, effects -on vigor and 'peoductivity. In cross7Pollinated,'crops, mass selection and related mthd 
of progeny and line selection are more
 

-''commonly used than singl'e Ipla'nt sceltion. 
 ' "''' .4 >~1. Mass Selection.' In.its 'simplest form, phenotypic msio selection; the method
involves the selection of individual plants1 on' the' basis of, their appearance ' an bulking their seed. to produ'ce the next generation Since selection is'1'Abased only on the maternal parent, -mass selection~a'outssto'radom matingwith selectin. 
 Mass 'selection may be effective for increasing gene frequen-~'4
dles for characters thaae easily r6cognizeJ or measur-ed 
(high heritability).
f". The methiod 
is less effective for improving charactersx'such as yield'that ,are'
governed by many genes and that cannot be assessed' accurately on' the basis of

I single plants. '" -,3The advance that 
scan. be made by mass selection may be determined, in'part, by the stage of development'at which plants are selected. 
 If selection4 rh
can'be done before flowering, undesirable plants' can be removed from thlepopu-lation, so -.that only selected plants'will mate and con~tribute genes' to the"' 4 

'2. next gener'ation. -If selection is made"after flowering, the superior p-Eono(
-' types will',have crossed with both'good and poor plants in the poplation, and' 3.*many genes will' be contributed 'by the discarded, or unslected',.plants in the4 " population. The ineffe~ctiveness'of phe~notypic mass 
selection in improving'
yield is due 
tothree principal causes. (1) inability.'to identify superior4
genotypes by phenotypic appearance of single plants, (2) uncontrolled pollination in whiicIJ elected plants are pollinated by both superior and inferior'parents,-"and (3)" st'rict selection, which reduces population site, may~result 
'' in inbreeding,'depression. 
 The limitations noted for 'phenotypic mass-'selectionhas prompted~the 'development of various modifications'3of selection procedures"3
-Cfor cross-pollinated crop species."
 

Various,forms of progeny selection have
3 ' been developed for selection in','~
'333 '~cross-pollinated crops. Basically, progeny testing involves3 the selection ofapparentlyC superior plants, evaluating their progeny and making a composite,
~&~~"'from'remnant seed of 
the superior initial single plant selections. Thus, the"'' 

http:causa.es


20, ' 
plants whose seed wilb bulked to produce the next generation -are selected

onLabasis of Lperorance4 ofterpoey ahrta on their ndi-
Vidual phenotypes.

Hybrid Varieties .4 

Poaly, no development in plant breedingf has had 'a greater impact on food
and feed production than~ hybrid varie'ties-, Hybrid, varieties "make bet ter us of'~ 

heerss~hnan~bedi~ rce e~i~7eelopedt and the 'pot~ential for developin
~y~dvrieIties -provides an exciit Ing 6bjective tobreederIaof yariots crop
YY~ 

o.Lcxo6s pollinated, spec-ies,- thebreeding-method~a-1 emmv - ith-Qr;3 inwy fen sibI
~norall~slf-plliatig.crops,~

~Before discussing the breeding of hybrid varieties; itAisnecessary to brief
ly -consider iinbreedaing and heterosis. Inbreeding may be defined as a8ny system of

1 macing that leads2 to an. increase, in, homozygosity In self pollinatecrop, In
breeding is the natural situation, since plants are fertilizedbbytfeir: Own pollen.
Generally' speaking,' Inbreeding is 'not strongly deleterious to self-pollinated~
species. However, increasing homozygosity incertain cross-pollinated species, 

>'eads to'loss of vigor and prodiictivity, i e , anbreedihg depres'szo, ileterosis 
<(hybrid vigor) may be considered as the converse of~ the deieriorAtion that accom-~ 

' 

Spanies inbreeding; it can be defined as a manifestation of heterozygosity~whiich 
isexpressed inincreased bize,4 vigor,~productivity or adaptation. 11 ' 
11 Hybrid vigor isimniifested in many, crop species, both self-pollinated and~
 
cross-pollinated., Amonginbreeding species hybrid varieties have been successfulp

in'nya few cros, uch asgrain orghn,tobacco, tomatoes, eggplant and 
' eppers. The natural polliuauion and reproductive'system of inbreeding species~~promotes selfing nnd honmozygosity; inbreeding depression is relatively mild .and,
correspondingly, hybrid vigor is less pronounced. 'Also, the problem of, pollen , 
'~transfer 
ininbreeding species makes, hybridization difficult, Among outbreeding ~7
 
species, hybrIdvaricties~have beenV sucessful in maize, 'alfalfa, sugar,.beeLs,

ceti rseoin ndvros raetl- The pollination systLe msof'Scross-$pollinated species promote's hybridizati~on 'and fitness of crosa -pollinated

Sspeciesapparently. is directly associated with.a degree of heterozygsity. While 
cross-pollinated crop species generally' show appreciable inbreeding depression withSa they also show greater heterosis~in hybridsathazi do self-pollinatedselfing,
species'.~r' ' 

SThe us'iaE approach in breeding hybrid varieties is to usc.'inbred iinesas 
parent stocks to produce an F1 hybrid. variety;' The use' of inbreds~ is noL obliga~
tory, but they' offer, certaini signiificanit advantages:, (1) hybrids. from inbred~~lines will be uniform, (2) the, hybrid"can'be' reconstituired,,ard (3) the inbreds~' 
reproduce themselves faithfully. , 4" 1 

S The greatest development a~nd use of hybrid varieties has been in'tnaize, andf"' 
the'procedures applied in this crop provid'e a good example of how hybrid varieties 
are developed. In cross-pollinated crops, such as maize, development of hybrid~.
Varicics basically involves three steps: (1)development of inbred linies, (2) 
,,~~ combining and (3) 'making the hybrid. , nb~reds a17& produced by'tes'ts' of ability 
s~elfing in's bao2 population; such as an open-pollinated varie ty,), During the 1 ' 

,~inbreeding process, selection is practiced for desirablefagronomic'characters
find the ability of a'n inbred to produce seed, After the inbreds have been estab- ~ 
lished, they are evaluated for combining Lbility, i.e., their. ability, to !nick'.' 
or _combine with other inh'redsjto produce a'good hybrid. Evaluation of inbreds): ,
usually involves testing first f'or general combining ability and subsequently for ~ 
speciftc combining ability,'', 'V ~ <
 

Producing the hybrid invo~lves the transfer of pollen 'fromInthe male (staminate)'

j,ine-' " the female (seed parent).' The seed parent must be, emasculated, eilth'er byv'

detasseling or by genetic means. Although gene ilc male'.sterility is' useful, te-""


~rdiscovery of cytoplasmic-gencitic sterility and development of restorer lines-has

greatly facilitated t~e developmient of hybrid-varieties. Withi this systemu (CMS),


,Z1'a set of th~ree' lines 'is needed: 'A- line"-- thle CHS female parent, line, "B,line"
a fertile counterpart of the. A-l'ine used to maintain Lthe CM parent, and ane"R-' 
line"--a fertile pollen parent which possesses a fertility restorerge. 

Initially, hibrid maize varieties were single. crosses, i e the Fl was used 

,,. A 



as the ommercial variety. Thi't ea l mhsso iguc~sswsdemi~fact"that: maximumex :~r emhsso 
 ngecoe3"atdeail
relatively~poor vigor'adrucd poln.nseed 
*production by inbred 3lines~of 
4mnize, andithe4>elatively poor quality of
34Fi planting seed'ade" 'sngle crosq hy-Sbri ds expens' t, roue. A 3a resultthe" bulk, of maize hybridscrosses.' mainly because> plnn sed were as ;doubleWwee omaai'vely inexpe'nsive, \incet~it was produced on a vigoro'us, high-yielding s-ingle 'cross hybrid.'three-way- hybrids Single croIskand 

. have been~utilized where~the value' of-,he: crop. more than "c~lipensates for relatively expens ive seed.' More recent-deye-Ipment-6f-high_--inbeds hag yieldingfafftxff&E1~e extensive, use. of, single ocrossl hybridvaite or 

rynhetcsyritei arey

The vait"dsgae a
opnplitem syetic> 
 variety which is maintained fromi" '>'seafter its 'synthesis by" hybridization among anumber ofseletdenotypes- Te components" would be inbred lines, clones or other popu-''~"latios 
hich have be n tested 

mu for their mutual combining abilities. With maxi-V I' "heerosis expressed inithe Fl generation, vigor will'decline'somewhat in theF2,'b'ut theoretically no' subsequent decline in vigor should occur if mating is '>completely random and there' is no differential selection. 
,4>'

The cost of producing" ~~'seed of a synthetic~will be less'than for a hybrid variety, and a farmer is ableS to save' 'planting seeds for several years without appreciable deterioration In""performance. ''' 

Synthetic varieties are of considerable interest inforage crops. 
 In the
forages, pollination control is relativeli'difficult and-self..incompatability.~

'V'or severe' Inbreeding depression make' devel'opment of "inbreds difficult.. However,
many forage crops "are perennial and adapted to clonal propagation. .Th-us, once~ ~"
the components 'for 'asynthetic are determined, they can be" grown for" several 'iyears in a3 random crossing nursery where they will continue to produce seed' of,the synthetic. breeding and' testing'Specialuse in forage crops.' tcnqe aebe eeoe'o 

3' ' 3 

'G.' BACKCRGSS BREEDING 
> 

Backcross breeding provides an efeciv 
 eans- for improving' varietiesare de~icient in one or a few characters. The method involves the: transfer 
that 
of a 3"trait from a donor parent to an iotherwise desirable line, and the~contin~ued>crossing to the variety being improved (i.e.~, the recurrent: parent).., Afterseries of backcrosses, the recurren.t parent 
a s" ~'' 

will be' reconstituted but with'""" "4'ddition of the trait (s) obtained from the dono~"' " '' 
''" Backcross breeding has found itsgets ucs nipoeetoresistance morphological features,' qualt fatrecwi 

ies 
reaively
th ofe 
eas
toreognze(at least moderately heritable)." Use of the meth~od for improvement of quantitative characters 'is'
muchi'more difficult. 'A big advantage,
of backcross breeding is that, in many instances, the'program cai. 'ecarried out
in any'environment which permits expressionof the trait being transferred. "
Further,' itis relatively rapid, requires relatively smiall populations, it is
essentially predictable and itdoes not require the degree of pro'jeny testing intvolved ina pedigree system.' 
Backcross breeding isequally adaptable, to cross->


'~pollinated 
 and self-pollinated crops.' 
In'the' case of the former," larger populations would be !:equired to ens~ure'adequate sampling of the gene pool of therecurre'nt parent. 
 ' "'" ~ ~ 

Recurrent selection was proposed'as a method of imrpoving Inbred lines.'of" >'maize, by increasing the frequency" of" superior genes In the gene pool and by ernhancing the'possibilities for genietic recombination. 
 While its 'use h~asbeen '3"I'centered incross-pollinated species; it' also has been adapted "to certain self-
j"; pollinated 'crops.' ~ > ' 

''~ 

''"' ''' 4>Allsystems of recurrent'selection 
' '' 

evaluation and selfing of 
are cyclic, each cycle involvioig (1)'"selections and (2) intercrossing of selected progenies 

37 ,~34A3ki 



,AAd~u1nb tar ed. Fouir typesof: recurrent selection havcee~po d; 
L - ifrneaogte is system testing.used identify superiorai ch o to 

plans, Ol imple reurrent seletowilb cniedil.1ere, , emto is 
best2 aaped to~ charcers wt~sufdceny high heiiability sothtacre 
phenotyrpic. evalua ~on c-n'b4-"' ',viually or With Simp e qt 

In simple: repcurent: se tioh,' a~aep Putoisself-ppflinated and sup
,4 rior plants, are select~qd' nt' arity., Jn the, following year, intercrosses Are 

made amongprogeny~ rows of uperior plat selcted thE,irst year. Seedf te1ro 
itercrosses -in-compoited and rused-to-pant.-.newba Lpplte-o-h i t 

"s eIrri r-.or pri ,tofflowering ,8cycle
 
can~be completed in one yearsiceboth selection'n cosg can occur in a 
~ ~iglegroingseason.ad:os~n

SVar1ious modificatlons can be made~of thie basic system~ to adapt the methad 
to specific crop speci"s sand ~objectives', and to~inimize inbreeding. 
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ABSTRACT

Artliropod-plant interactions, Innaturi d~cOmP~frP
e and cont atcdto 't~b1"
in agricltLI-e Plantnechantis.~. utciging-the degree of Interactions are proposed to consist of escape in time,space and biological'associations, accomno-x~datiott and/or~confrontation of the arthropod. , lanit domestication has comnmonly
reisulted in the development of cultivars~which, comnbine germ .pla I fro egah,ically separtiied and gene tica lly~ divers eprogenito'.; These doimesti 'catedare plantspresented differently to arthropods as culj thih Ia 4 . Asniqs.~Q resistance Involvin,accommodaionAan~nrontation mechanismns often'derive Ifromplnntprogenitvrs not prvosyasoitdwt the arthropa en ei~dPln oetcto 
sn germ plam aboiginal~ to the area and-~crop pjroductionSin the "presenceof- coevolved arthrnpods may increase the risk of arthrop6&d damage~,~compared 1;to the w'ild plant. Bioassay methods for assessing resistand6.1 vov~Sfield screening, choice, non-chulcj, oho, t -ndyildtets
 

- INTRODUCTION 

-There arc well over a million dfeetatrpdseisadsm
pln 0,0
pctskon Southwood (1973) lit~rhoos ~mIjs orde'Kiot-<ogfa-tctai of 32 as utilizing living seed pan s 
na mnajor way for~food *w,,th
the remainder obta('ping their primary sustenancefrojredatin pIst~m
saprophagy, etc. 
 EvenK those orders qualifying fo6pljytophagous status, ,South
wood (1973) observes, contain'many specics which do not interact ,directly with
:-plants, -intluding the' largest~family 'the Ichneiimonidae. Th,is
~further reduces'K
thenumibr of posbeatrpdpntItrctoswihcudtert~ly
~~occur. , inallyr, arthropods-whichi 
 do interact with, plants arerestricted, in their'ii6~st -range to comparatively few plants and individual plant species support~veryf,~ew
of the known~ arhoo pceS-aldpoyhgu'rhoo uha
-t1ha
Mediterranean fruit fly, Cera'titis capit ad(Wicdeman),,bollwor&' elotif
zea (Boddie), and two-spotted spider mite, Tetranychu~ample, each utilize at most only a-ew hndcred plant 

~telarius (L'.), for ax
 
110~SL.And, even-thie'most
xenophlil plants, such Ps'apple, Malus' lvstris Mll., direclI upri~ee
s 


than a thousand species of arthropods,: i'~'~jvSThus, kno~wn arthropod-plant i ~ .inerationsc'ntitute ~6nlya tiiy, fraction of,,tos
teoetcalyposile 
Interactionis be~tween atgiven'arthropod'speciesand a given~planti species represent aspecial relat4onship which is unc aracterofmot arthropods in relation to mst planjts., The few combinationsarthronods and plants which ineatsccsfly of
..iscapa14e p~acil do s- becaus'eeacof maintaining" their respecItivespecies In the' presence" of, 1nd 0ftenbecause of, the other. This li.ck of interaction among the remainderJ, Viewed idjcommonlyas a result of a defense mechanism in the plant directed ttrhoowhich would otderwise interajct with it, prsmby ote,?rmn~afLeplant 



?6 Seldom isthe reverse argument recognized.~ Consider a given arthropodspce 
th icnnot uccessBfully: interac t with a given, plantsipeciea. If Iniidvidual. 
athcopods 'within'that Spe9 es are gemnetically constituted. with the ablity o 
nvod fruitless 'attempts :at interaction withia Jower epniuLof eIner than~ 

Iother less iicriwinating individuals' then thoscabe f discriintion are 
likely'to increase, if not exclusively ref~i, .in.th-aihropod poulation. Non

dowth'iaintaining uit> 
action~as does~ thel presence of defen1se mechanisms in 'the~ plant Granted, the~ 
latrpuabyocre firsC,(Beck 1974),Ibutnot, nece deirily 

Smah 4i.aS ii~muh t'o1 	 tile a opdpati ,r 

in rspunsia to ~ natural, selection pressures from 'ta patclratrpd ree'fo 
:factor(s) of any kind', and sii*66 the plant:is viirtually unfetdbth.atio 
pod now, the arthropod v.an scarcely be credited with keepiug that defense mecha
nism(s) in place.: Tile, lack of, interaction' among most 'arthropods 'witi'ost plants 
maust be due to both~the presence of arth~ropod defense me~chanis~m (us'dl un .L

~d~etdand unreinforced regarding most' arthropods) in plants~and active,Lavoi 
'dance mechanisms in arthlropods with ony thelatter, being subjected to~routine" 
selection pressures.~~ ~ 

Our attention foueso thle exceptionaslcircmstances of-arth1ropods~inter
acting With plnsbcas hse situations 'represent a direct' identifiable~V' 
threat' to oraityto prdc od fbradfel,'and giv~en the ,capabilfty
of disrupting suhinteractions, greai1~r amounts of' high'er' quality ~products 'we
desire can be produced. Keininidthis'hind of interaction is an exc 
tion provides a perspective whichmay help accomplish this gol
X.Arthrop'od-Plant Tnteraction inPerspctie.-Recent,' thorough~ reviews' of 
~pr~rood.or insect-plant interaction tare, In. printand thle':roader is~encouraged

to'consuiltBrues"(92 , Gilbert (1979' , outhwood (1973) and Van Emden'an'd Way~
(1973), in 'paticular. Recent Proceedingsx'of aiConiference edited y' Day, (1977) Jand one by Harbourne (1973)land a Symposium eited by Chpa-nd~r s (1978)' 

arthiropod-plar't interaction in this short: course is to conceptualyscratch the~ 
surface of the Unverse of possible Interactions and to hopefully provide.. he,
minimum backgrouitd necessary. to perceive how agricultural endeavors may, affec't 
and be'affected by these interactions.' 

Arthrop'od-plant interaction may be --iewed'as a subset of interactions' among~>~~ ~ 	 organias's.in general. "An 'iteraction among organisms may be characterizedas~ 
beneficial, detrimental or neutral regarding the ability~of e~ach of thie species
involved to~produce? fertile offspring (modified from Mattson'and Addy'1975).-~<,
These 9 possible interactionti may each be viewed by man asbeneficial' detri-,4

Y'~~" menLal or neutral depending on whether It increases,~decoeases or'leaves un-. 
affected the. aviaiiy quaility or. value of a human1'resou~rce.,'The 27 pos- L 
sibilites a-epresented in Fig. 1.~ Consideration of more omlxsystems' 
volving more organisms sioch as arthropod'borne pathogens, gut symbionts, etc.,requires that additional dimensions be added.' " 

-Regaidless of-the numnber of'dimensions in~the sytm ny1/afh )8 
sibie interacistons .require~our attention ysps Naelyl.3o thtpos-rd
aas.


perceived decrease mNaers thsacao 
includes all possible interactions among the 2 ,organismq -, hown, in Fig, 1. Closer,
Inspection of these interactions shlows that organism A for exampe ie~s deterred; 

'1in producing fertile offspring inl 1/3 of'tile interactions with organism, B; he 
0,and -7),' This is a biologically untenable stainfrAand'call 

S only he sustained at the .same leveluif organism A is 1) contributing members~to .
the interaction. from another source, or 2)able 'to eyolve~ikt&'anotherl'inter

which is to 	 auanrsoupe.t thatey ,tird. ;14 

action category, The detrimental or- cateois 'e~h o 
stitute only a minor role In the interactions of 'the organism iliatural-situ 
ations. Examples of thle latter would include arthropods such' as'male wasi;
which pollinate orchids because the flowers mimic the female arthropod,(--+),
and arthropods which are attracted to and deposit, ogeny on plants on which 
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'they' cannot deeo ,sgrcn oe-,Daraschrl F ran d gian t 
' r ed, Arundo' donaxc L'., -:Fuhs'1977)1I. .A p~cific ,'examplel~of the I~. nteaction~for'an arthropod plant-situatioa W;Ould require',th Eitile~ arthiropd attack a plant

and" render it unu~beAas Jis fh~b preventing ei.ther fro,echiig reproductive ma tut~~h et exampe -ftis'id'of orgaiism Ln'tera 
known. t~o me. concerns t xoapi iiL trlicditA~jaiil reacj 
leta~h'bi ossepil h'' a'peviously, helh abIt1d 

rbi, Jiledshortly
A:',after'becoming bitten by the Viussladen 
-MosquIito vector, I.Tile time froml1ifec
tinto death wais so short for~the~ most vrulen:strains, of\ the virus' that- the~'~~~~mosquit'o vector~did~not encounter these infected rabbits :with qufficient fre

~,,jquency. to maintain the most virulenit 'strains of yiyrus., This 'rsultediinl'a~rapld~
1'selection of less virulent strains 1 of the virus. Alsollthe most susceptible+~rebbits, were 'rapidly killed and cd')ly,, those, able to survive long enough,.to, re-<

Sproduce contributed to tne survival 'of the next generation and rapidseleion
of more resistant rabbi o occurred. Thj

This exemplifies the accommodative aspects ofte itrctolnta 
''' both organisms experienc'eselec~tion pressures-which rcslt in the prdcinof"


progeny wh'ichiare 'less.detrmentally' affected by~ the interaction tha6',th".frc~'
parent populations (except where extinction occurs) .,Ultimately this~'iter
action resulted in tie rabbit~reaching pr-iuouainlvl nt ee
 
sence of the virus and pnow'appears: to 'have stabtliJZed in th o 4,~aegr4< the virus-rabbit interactions. 4 

Asecond example of a potential interaction, cor,-erns' tha upid re of'i-

Dutch Elm disease in' North'Amrica,, The eixotic'.causaj. a' tCrtcsi li(Briesman) C. Morea'u, is-vectored from triee 'to tree '(Ulnuslamericena, Ulmaceae) 
byfthes extcete, Scolytis multistriatus 'Narham,, or, the native~jH'ltrgopinus 
_______ Eichhoff." Fungus infected trees can~infd'a t: neighboring tresthrough 1shared root grafts whiere trees ar lsl pcd oee, h r-ar.md
ofetransmission occurs when, the aduilt beeles eemr Iz o ugs Ine e'"aIleries andl feed 'briefly on twigs~ of helh lsbfr eei, eknd'n

dying tree's 'for, construction ofnwgleisi hc Le0ildpst hi 

broodThe rief eeding on the healthy trees is',sufficient t~netLis
trees with tile fu'ngus s'o'that they will usi1ll become infected and die within a few years. ,This interaction 'cannot~ continue unabated because elmsaiae Ldying,faster than they are reproducing. 4f 'theelm ho'st is eradicated, the.associated~
beetle~s and fungus will obviously cease to exist"'on them and be relegatad to-,.
other hosts, or die.~ Given tile intensity'of'the ~sele ction pressure on tile host,thfnadthe beteoesol 
 ultima'tely'expect genetic changes ,(ccr
'tainly recombination and' perhaps through' rutvtion) to occur~in the populations

of all 3 orgaisims as> the inteactio~n progre ses.' In fact, susceptibility to~

Dutch Elm disease is not uniform an~dsome, hope ofrobtaining cultivars, whichwithstand attack,appears to be warranted (Lester 1978).


'.'Both of the - examples cited above are ,to a grat degree 
' 

unnaturallin that'.,they were apparently brought about by ,mans activities. These examples were used
because.naturally-.occurring organism-organisms interactions in this category'are
unknown tost,
me. 

IAnteractions In which the ability of organism A to prod ace 
: 

fertile ff-~2'~ 
springis unaffected (0), are likely to 
remain so unless organism: Bchang es.~ 
The same is true' for interactions where organism A's ability to produce fer~ile

offspring is bon--fitted (+).,


"For thiese re'asons, it appears ..hmt Interacting organi'sms are directed,;)

thog their Utimited ability 

' 

to' leave fertile offspring, toward interactive ' cells which have no effect on or which benefit that capacity for both organisms.Aouthwood (1973) notes that "as is frequent in the evolution of~i tevactions be-'tween organismi., contest evolves to compromise". 'Thus, 'most 'nauralinterac'tions' 
1which We as pest managers wish to disrupt are in situations where the organisms 

6 ~ 
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beeio~~Vr~d~thr itV as CebioIo gically~reconc iled, if not oblivious>3Lwo'it (al6seeOsbore11 Harpdrlq'Itrri I973 ).Nt;ny
action unique, buc Jinteractions which consistently Interfere w~th' the 'ability-of, ither 6rganisalo reproduce itself~would appear~ to 1,e eqalyuniqu within~the overall; range 1pf. poai1 Hwvr' hyd ca nallyiieatos occur 

7. 2 in. agricultural 5ituatins r.eapelm.crui Conotrachee lus ncnupbfh7, (i1e-ptera:C_ ppl blaigcsinyoung,'
fruitCwhich continue to' develop on the tree'and 'must~behand c'ulled at ha'rvest becauseCt$he'ovipositibn scar 'blemishes th ature'fru9it, and reduces storability, : Plumni'curcliodo not dev'elop in such situations' because the egare crushed by therapidly expanding 
1

tiss'ue of the' extant fru~it.' SurvivalJ- of 'plum curculio is liui-
Sted to 
those th'at' o~cur in'fruit whic1i drops from the treesotyatroiosition takes. place> Since the fruit 'load ?is commoanly reuedshronotyferlp. '>~ ~ fruitC'droip after the plum curculio oviposition'period is past,' the plum cu'iculio'would no be a problem if eggs were only pl'aced in fruit wh±i were deste d tJjdeiseshrlyterate. 
 Teplum curculio-appla-man in ato is'inthe-0 - 'category because thle pe'st dies in' apples it darzages, "damaged" apples appear as' fit for apple reproduction as undamaged ones and man primarily eschews~the plum'curc'ulio affected apples which remain'C on the' tree. This, example is " used 'to 'show~ howj mian's" agricultural perspective, can be completely different f~'h'nthie plant or tilearthropods.' .,' 


Natural Plant Mechanisms Which Reduce Arthropod 
'~g
 

Attack.-..lable Il ists"5,'options through which arthropod
3

attack can' be moderated by the plant;,escaA'C'in,1) time and 2), space, ).associations with other species, 4)'accommod tion'sf 
' the interloper, and 5) confrontation. 
True~h'ost plant resistancelta arthropods'
singles out options 
4 and 5, accommodation and confrontation, since by defi 
 .~,
nition the resistant variety must "produce a'lergercrop of goodcquality thian',
do nrdinary varieties at the same level of insect population",(Painter 195 1)&,
(emphasis mine). All 5 survival mehnsms operate;,collectively'in nat'ure. EachS plant species exhibits a particular mix of'these factors which in .turn varies.,from individual to individual', time to' time and place'to'place. The proc'essesat work in nature have and' continue Cto produce populations that are quite vari-,able in these characteris tics' commensurate with the selection~ pre'ssures rjac'don pro Ious:generations and the intrinsi c, propensities' for variation within eachspecies. The goal of thsaagmto of~variation, Itele6ocalspkigis; the production of fertile offspring to enuesria Thefte speaing,'fact' that products may he produced which 'are of benofiv' o man is.en tirely in,cidental, or at' least, beyond 'the realm of consideration In'Iscience.' ,Agricultitral' practices appear to have; first~selec td organisms wich had a,~
'' capacity for regular production of a liseful commodity. Th~en, asdditional selec_tion was conducted, at first benignly and more-recently on an active basis ,to ,obtain higher yields of good quality that- would harvest,'store and transport well1 j>eat'the lowest cost. These cultivars 'generally lost their means-of dispersal end 4some'of their mechanical' protec~tion, and 'exhibited'"more'uniform'ripening, allo-i
 

me'try,'reduced feudt n iats as coprdto' their wild prgeitr(Shant 196.These plants 
now occupy vas 
 afte yea If as~a
noted above, 
escape in space and'time, accommodation, confrontation, and bio-
'""'logical' associations ' are interrelated mechanis ms co ntributing to'the ability of "'',aplant' to produce fertile offspring, modern 'agricultural practices have result '' ed in severely disrupting these naturally' occurring defenses.-' Giv~en that the-,progenitors Cof 'most 'agricultural plants are rarer'amonjg' the~wild flora wherethey loriginated,' than their cultivated counterparts, it is surprising that dome.stica'tion and-proliferation has proceeded as 'well as 'it has. "Of' course,'the practice of agriculture 
"' "K

allows for a time at least'thle arti ''')-'ficial rcplacement of natural defense mechanisms which have beon lost, For ex-'ample, the introduction ofcrops, without their aboriginal parasites, Into n~tw areas 'has probably contributed more to the pro'duction capacity of cultivated"
,ops than any' other-fa'ctor, Escape in 'space has been used 
" " 

with great success' ' 

"C' K' ' '' ' 'Y 

4 



~TABLE 1. 'CteoiztonnfN LThrough~ Wih a Plant 'or Plant-
Species May'Redudp -Atroo Attack
 

Cat go ry~ 

iSpatialEcape:'
4
 

trppulation Dispersal 

Progeny Dispersal 


Temporal Escape 

A 


LaePhenology 


Irreula Phnolgy 


BilgclAssociations
 
CmainSpecies 
Parasite and Predator 

Enhancement 


Pesticidale 


Pestoccated
Assocation
 

Charac teristics 

spcnohighly clumped. Includes~ 
a !paaiaoffaexual par. 

Distribution of host individuals may 
var$ from spae talco io-i ~toigh
toitreglar ndseiusllme spac

'Progeny or propagative-part of host.my
 
vary from nearby. placemeit tbing


~.carried. some-distance away firom,Lh 
partnt -by gravity aloneiwwnd,,water, 

evetsikegermination, seedling 
emergencbudbreak, 1flowering,, fruit

~ing, leaf abscissioni, etc. ~ < 

!lost proceeds lae ntiisejwith eventF 
like germination, seedling emergence,hv

4
bubek flwrnfutn'.leaf'


Hst resntsplant parts periodically ~ 
initiated byfacors wit'irregular >
 

occrrece uch asspring freezes0:hail, 
druharthropod or patho~gen attack, 

Host benefits from presence of other 
plant species, which may increase; 

vicin~ity; or~, supp Iots some arthropods 0 

itself ,.which maintainjparasjites an~d 
predators that also attack'other,' 1~~ 

arthropod spece owihteh
 
Is even more vul'eable.
 

bescitiosiisa .
rom allelochemics of 




BilogicalAssoi~atio'ns(Cont'd)4~<~4, ~ 
S Hos bnfis.trom associationg-Wi~ h

~ 4 ~'~~improve the amount', quality oirate of' 

. '' 'Specick, Replracement "Host~ benefits~ fra'm ssociations~whichK44 enhanc the abi1.ity~of the'host ta'-re
'place'itself ith its progeny ..p Accommodation 


i"~'~ redato,& Satiation 
'
 

Host producessufficient buds, foliage, 
flowers, fruits, roots, etc., 
to sur
vive with residual left after att.ack ~ 

'Predator Tolerance 
 Hlost withstands attack lwititout ulti
mately sustaining damage because arth7 ,

'~ropods only remove surplus tisue, or~ ~' 
ti 'ssue whose'usefulness 'to the-plant V 
is past or-'tissue 'whichjis~rapidly ~ 

Confrontationrelcae,>'' 

Structural Barriers Ho0st PoIssesses or lacks, trichomes> 'V<Q

epidermal cells, specialized gland

products, appropriate silhouette,,etc.','
 
which~must, be circumvented, overcome, ~
 
present or absent, in order for an
 
arthropod .to utilize~the plant 'o
 

Nutraipantpt.
Deficiency jost is lacking in one or more prima,ry ~'
 
plant compounds which serve asa,

nutrient(s) essential for the arthropod., 

Nutrient Surplus 
 Host has an overabundance of a pri mary4
plant compound(s) which may belihar'mful .~ 

to the arthropod upon consumption or ' 
improv'es' the feeding efficiency of thearthtrpdd s'o that fewer gins of plant 
tissue/arthropod are lost.4, ' 

~444T lnd ~lltplant'compound'(s) which adversely affect

4'

4 

44'the bi Jogy of the arthropod. 

and still is advocated today (Carlson and Castle 41972).' The 4potential gan.ti~"~~strtntegy, offers for futureaproduction of food, fiber and fuel must howe'ver, be> cns idered to be diminishing' using th led ml ube fseiso eatively ubiquiitous crops on which to expand this ' ractice. Certainly; succeiss-~

fu efon st adapt' existing crops to new areas w)i*.l
be likely to provide some
icreased productivi9;'due 
to escape, but. since the; availability of new-areas
 

4 prduction areimited,4for the quantum leaps in production' to, be, reali:sed, willbe provincial~ Inscope.4 
 The development, and Introductio'n-of novel crop~plants 
' wol apa to show more promise in utlzngecp i pc as amanagement4'4 
9rtgiosgiiaty'increase~these human res'ources~.C"' '>.. 



Su wod (1961) reported that 11o 'arnn irYv au 
~pca~aunic ~ e~ app cr st be adi cb re a ionship etw 

SoL- with it ITTfth . s relationship holds true for otheri plati a Strong
and Lovi 199 _ one would e~xpect rarer plants to hav Ifeer arropods-asso -'" 

d ith, thm. Ck'iulural pat elrall reesenl -a ore: abundai: f lrd 
Cogpa1 d,to Lbipoeiosoa saei pc is v's~y re-du ced f o.i 

-.yare grown. within ( Larea to which they ar indig~nIUS, and-wd~ra prduct.&''1bn 
enue t~hat encoutr ith other arthiropod speces will becomne c~ommonplace SO 
that fte1 t~~~ be t be~ Also,la can Interacted wJ th~, ill theitoud
 
exotic',planL may c'oilLa in orlacI phyS iCaJ 1 chemi Cil CanS Whfciid~di'u ar'th
 
ropods ,utilize- i interactin with their normal hosts. 'This vury'dikely resul~ts
 
ill Borne pecies those exotic. plants and
i'apodiaver LaniLlyIteracting with 

ColoiliZatlon'6f- Itby Some "of them. ~ ' ~'' ~ -


The aple in New York provide aVgodt 'example of this process. Introduced
 
i~n to N'rtii ,Amuricia from' Eu rope asev ral 1iundred ,ye Iars ago, the apple has be n

idely' planted andexposed to nieosat9oos durigth iltei nsjeriodp 

The arhoo ope socic ihaol inNcwYork today consists of a mix-
t1*reof atrpdspeciesi someof wilch had beew prev iosy assa ia td'wi h thel
 
'Apple~in Europea&amIl whc indigenous to North Amertc a aid' adopc.d~the
 
appl s anlaxotic host. Th rmr et fape upstate Now .York is prs
 

QD~l cosidredto apple maggot, (Wal'sh) .
eafly~ :Rhagoletis~pomonella 

peatth~ed anded loafmroller, Argvrotaeniabvelutinana'(Wn ~ r~ l


~is widely feared following~the exen ivdamage lit caused ill the lat 1950La
 
Both pests arei-indigenous toNorth America. T'nall, Chapman and Li'enk (1071)'

estiraItthat fullV one_half o0fth 'Lortri.id fauna currently asa o.iat d~Wibth th
 
apple in New York are indigenous. and have adopted CX~Chas t, wh4ile th
this~~oi 


raiigtortricids are primarily represented by those which have been inad
vert ~ inrduced Irom applei uoe-k.;;~~


Escapie from posts in space for the'Old World apple, coffee, beet, ,leLt Ce,
 
ceral, srghm a~-'abbag6 by inte e World and the,
oyban growingl them 


revierse for peanut, potato, rubber; ca 1 o Leans, , sunf lower and otj~ors iaot
 

Fisatrpd aborigiin1., i their hiost' haveasso ciated-with in nature evolved 
contranin hic host aa -tmeh ,nirms a~easr~alowthe to reproduceat reaplace-


ment rate' through LimeN w rthropod 'associations have no coevolved history.of
 

~arthirop~ods undergo ti Cahari Of d3USent to the no hot, n te new area
 
and~ ten represent a greater riskto other~areaa of Cho World wh~ereteco
 
grown bu'teatrpoes.not .occuxr. Sineqal-feprcdesrno
 
fec t, .the. pracLice f te cpe in, space~stLra togy. wouId'5 apar :to ult ia tel
 
pace. thie paat ,greater, 'risakthan before. Th second di 4 abck~A Bthat when
 
Lh Ie.source of'econmic produciois '~removed from-theorii)Yo t he lnt


~the into et in and COMM mitnt to maintain ing t e genetLI c 'divers ity o f thatL
 
-plantma~y be diminished ?'4 6eratifof ger psm is ad ffiCult' matter' in'
4
any case,; and, this! factor, only exace riates the problem."" 

t*Esrape in spc ecaim wi h 'UI: n,' lb-ll i plants (Ta'ble. 1) are
 
Kgenierally more subtle tha ths mlyd a ecptions being- things liIke
4wa tar dispersalIOf . oousad hr hrs occurs annlgaoyaias c
 
*arhropod-plant :itrcin;scnLri~ osnoer ,y spae, anid whether,"

thslii~tation- ias value1 1' itrccure epeds:,upon wfether the 'onstraint ca 
beimposed wi~h -Stffiin rigl,-t dirp h neIt~ rehneohosuhaSae cibbtnac other.rmallagM~nLA tiepecantrateges. exaraiatconlcerns 


weevil. which seeks ounL cgers at random for oviposition, (Harris 'and Ring

1979) However) netefm'l evlLnst
 
fast all 'of the nuswti tbfr adil ekn u another Cluster.
 

'is~o~ad~-th'fmale~eeil~~nj s t 

http:history.of
http:Lortri.id
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Saru2ltural- que~stion ths r~aises is"ould the breedigof e is w L o 
numbers of niit~ i eac clus-er s~Ltil;producing all tcceab yld in~crease,the searchingtime and deceas ~th vp con~c5apacit oftae yil,
y L0 t11e e f Io r L requIredto Ct Ihia s 

fic
 
4. 	 ttl arranL mp1e me s a ma nage!men Lt rtaLeg y?"

ia relacively nw ar. of investciga Lion anld Is unieyt rvd a wui
c_'aI 'solu ion to agrclua prbes isuso' of escap'e In space mechani.sms 'aealso addressed in part by e ny1976)" Cates and Orians (17) n 

''tae th neaa1 l~ f aua ees ehnssin plants. 
Escpe particularly thosetme isn alotierMa~r.Arthropodhspopulations,

'of species which are considered pests, 'often~vary~ An audnLtirlg erboth in absc ute' numbers prsnt 'a d intu mbr f' ndiv duald1 if

blo~ atuing economic damage.'.The formruuly 
 oloa eido 

ae~vto r ipue commonly associated with cold or,'r codtin and 'the4 
lttris a function' of'~the somnewhat~snhoie~eeo~n of'otcrhoo

"population froiaegg oryoung totlie, adult :stag6.", The- oevelopmnt'of'cropL It
rvaras which 	 have~ characteristics that reduce or~ 'iia'tbe lieodi iiih the 
1)pIan utect tLo attack 'cant"pop lat!on .is7 eI minate: tle,pesLrob lem or redu ce 

'itsuffidiently so that it enhances, the' efiiny fadtoa.mngmn prac-.tie' Eape.ofti-include cutvr wil alw!he ijsmnLopatn
times, thse which pass through susceptible phenologicaia tages mor'e quickly thanthos currently grown, and thosewhose time to maturityjreents rho' osfo
 

''reaching' pest status. -'Exam~4es 'of , temporal. modifications7 of,.ph~noloicnIca
 
c. Lrtoredcepest attack have been, reported by.,Briggs ,and Ala Loll (1967),
 

mitiga ting. the potentially adverse~effect's 
 of 'naturalf Irct~ions on~ the Plant
indcaesthL further exaiiination, of7 our arthod 6jfene";egies shjould 

giv srios' teeapocis !,Even, though1' these temporal faccosidraionto 

toachdo nt.'cons itifs'natjtreh rtpathroposta~,
prahs ar ef'tv i 	 th'fc, s h these aPaaigatrpd and their development and,:implemntat1on relieso hesm technology and.'inte~disciplinary: scientific teams "'sq

necessary or7utilizations of thezaccommodation and confrontation mechanisms of 
dwith 	 p01B~liaiolgca asoiain lypla a role in plant survlval, it psaciviie,,'progeny 'dispersal', 


stge. myoria'neatos et '&6noing 

lintio 	 ecological succession 'through' sural~ 

r eadily toindc' -,sLess obvious asocaton asoare broadly categorized in Tablel' dwul ,in~ld grape

"and blackberry associatbxis'wh±i result"-in continuous 'parasitism'of, the 
 grape>~leafhooper; Eryt rlneura elegantula, by 'Anagrus epos becautse, th"anieue f 

3 
antalent leahope abyreleaserwne'D~c'osmnb bou)''nd 	 beneficialeff'cts offdef'oliation whichmares bu-dnut'r'i'n .iectly, provide!an en'richiedinta susrt which 	 hastens the rate of. decdips~oiion -to release>2~ other bound nutrients, etc.;a (Mattson end Ady17) oeote otit0 

a resting and least unders' ood':plant 'and: arthropod mechanisms of "''e'"',"4S'gavreeffects of the Interaction occur in'this arca&5
 ''Of course, nodt all bio:
" logical associalions reduce zarthropod attack (see Labeyrie'1l78). 5Neverthele'ss'modern agricultural practices have run rou'ghshod oethsmcais and do-~~vlping a bter understanding of 5the role~they play in~naturc c'n resul in
capitalizing on some 
 of 'them~t rduce~arthropod problemsi;niaagriculture.~~':':Tempora1 and spatial factorsand biological~asscain arcn4'ade
 
fense mechanisms In plants' and availablebfor, use in agriculture. Evnwer
 commnodative or confrontive defense mechanisms'are'satisfactory,>these "othe'rfac..
Loscngreatly assist in reducing pest'problems., ' 


'Th~e value, of- accommodative and confrontive pln caacters as~the basiS'7 of
 a arthroood management stLrategies in. agricultural, plan ts is self evident. Furthe'"

's tteti
isgivn t these aspects elsewhere .inthis pptqsnota~~
icourse~ <" ' ~ ~ 	 ~t3 S''>~, 

1"4' 	 ' S ~ '~5' 'I5 



Arthropod-Plant 'InterlctlPi -1" Ariultu~re - The Plant-mt agriculture,
where organism ' represenits a' partiCUlar arthropod pest, and organism B an co
inically imoriaht jlapt,(Fig l)It nder tending ~te 4natr of nterction 

and the effects on bo ,ognssivle a i]pt ocpLalz r Lgcto interrupt that~iipato mp,..an elpnesto cpa'ettS1

interact ton in natdre and tortant. iifferences
 
4these' concLrns~the~Plant. u' dij qPht~th.ne_Ov 

agrcu.urapratj~es.combined~with economicand political pressuresare- continuing~to ,reduce . the genetic variabiliti of lns rw forL food, filer
Janid .fuiei;(Anon. 1973), A'second difference,-whichi buffers somewhat the~effuct4'
 
4 of'the narowgene po~ol'is~the mongrel IorIigin .ofiiM6iC agriculturally important'4
 

crop plants.' The 'parent age of 'these plants is usually' of diverse 4 and often of,

'isputed~'origin (Leppik 1970)..,,
4 ~ ;, 4 I~ ~ , 

4''The 
 s;l~:trawberryused inf agriculture today epitomizes-thisLstatoln.
 
'~ aaigaofragaia'fromCahfornia , Canada , Chile' and Virginin '4 odays cu~t

.~va~eu strawJezry differs greatly both phenotypicaly and genotypically from any ~
 
'of4the',wild types which spawned it (Willhelm 1974). this sense, todays-Strnw-<
4In
4berry cultivars and most other domesticazed. plants4 are gntcly ies. 4o~ thi largely st:'iilized for strawberry andmost othier copeve, divesity was 


'f plants before the, dawn 
 ofmdr pln, reigrd the. latter efforts have.'beo 
primarily. directed toward cepitalizingu,on agriculturally useful''charac tenis tics 
such as yield. A quick synv'paiS of strawberry germ plasm indicates Virginiia ~
 
£stock contributed sweetness; Canadian £nd Chilean size and cIolor 
and Californian
 
provided continuous ,bearingf,.quaI Ities (Wilhielm, 1974) Interest in: andbreed'i'ig
for resis tat'.e 4 to4 ar thropoes and. othier organiisms 4 is. uf much 'more 4 recent' origin4
yet,,except for a few'notinble instances whr'elgtnd-cini~stcia
 

,Vavilov (1951) and Painte.I(1951)4 'labored tn4establish~i sudsiln wjith
li~mited plitical, finan'.ial and&academcsupport'gcuur4sapamtc
 
.4 ,endeavor and effort isepne prmrl 
infxn-toe h:,swhich..appear4
. 'bro!ken. This 4allowed 'arthropiod and other reitnet~c'navre~yi)~7 

S relatively recent times Whlen unacceptable~itrcin ofsm rhooswt 
4 some cu1 4 ivated plants we~rei observed. ,The'saie -caa~rz'to cold be nade 

44 'for ni0'IL agricultural plaints '[an' exception being coffee i'1h AeicinsIOSL
 
cultivated germ plasmbdag~e restis on virtually a single plant .(Monaco 1977) 1~
 

4., resistance is4to for it in4cultivarseni o n ie, area 'cuIlti- z-;'peenl gonsurvey

,<'vars previously grown 'in the are, forcigr cultivars, land races,':wild types and
 
4~4,then related species,- in that' order. If "the proble'm is4 fixed beforelthe"wild
 

StyjIes~are surveyed, as' itoften Isbecaise'~of h rii iest i' o 
mestcate~gem plsm, hendifficulties Usually arise in ascribingW1 ic'hpIro

lienitor4 f4tecrop actually co~ilIe h eitne and if the' resis tance 
fails, the search process is repea'ted again,2and so4 on'. -MlTis difference' be tween~.V,,~ wild plant and the cultivar ha's;'in' my4 opinion', delayed bur~d6'elopment of.the 

understanding'the nature of 4a1 least'imos't host plant reitnoL 
.44 

rh'pd forK 
44,4'agricultural use'more- than' any other factor.K,i ,,444 44444 

Athird difference is agriculturally.important plants-contribute most tO the
 
.1'roduction of food and Ziber. in th'ose geo'graphic: areas wherethey4are,,exotic,
 
M1on haVs SeleLted plants 4from the wild'species ;primarily on' ,the-4basis ,of quant ty,

4and quality of yield, harvestability, storabil itv and cost of production,' Thoe' 
selection' factors and resulting plants.,dojnot represenEth ormalIoutcomes of.~ 4natural solection. 4 These new plant selections often ropresent ,ai medley of 4germ 
plasm produced' from parents whici ,'although genetically~interfertile, 'were 4 o ~ ~'"widely, separa t'ed -iiu space that. no such pirogeny could' have beeniproiduced undernatural conditions and whose continued :survival 'i whly in .:4pnth had 

~'"of.man frecognition'of the latter was made~l~h conn ftewr 'culivar"
 
:~4(Anon. 1972)( 4 4 44 ''~44 44 444~4 

http:qPht~th.ne


Many agriculturally-inportant plants also originated, or iwere recognized
Ly as 

\
addtd 
 sueior'while ,under cultivati'i asfpolyploids and-aliopolypioids
(for eamiple,- 'apples;' New World c~ottons i bread 'wheat, ztobacco ~ptao' ' pau~~ 
conrz sd ude an -in? thecase 'of allopolyploids at' least dratccaks
in ~e eim.'nd hi.efcso the erthropod complex,(es). a ssociate6d with 11 

parnts)iac virtua]ld-ndiscussed in tbe, literatuve a:;tey fct agri,,culture..TIhe:imp act-o f thIis-'k -ch t-hiave -be en7g re a-and71n -at7lea IsIts omrncI se37advre t of ar-throp'd species 'hich- couldinteract with the~newjon number 

~ plant, and the,population levels ,those. 
 arthrop d' ;whichl remained could reach .D

spite the pecie ptnilmoranc . oftipit further elaboratin, is ~~edd~reearc ~inthisa neglected ~area. 
-'Very little is knw ocrigthearhrpod c'omplexes associated'withth

wild ,progenitors of cu ltivated plants and the defense mechanisms these plants"~
have coevolved wihtoearhoos Renlsaf'their origin, agriculturalK4?
~. plants are provided spaice in eli~minating competition from, other
1 which ?to grow by
~jJ plant species, nutrients are readily~provided,~and they are protected from both~
 

,real and imagined parasitism. Also,~ the time and place at-which'theyiare' grown
are controlled to a~significant degree by mhan. <C C4
 

These differences 
 between the cultivated plant and its wild counterpart did 5not~suddenly appear uinder the auspices of agriculture., Changes took place.very$> 
slowlyin somehInsproces 
 andvt ually overnight in others as plant~domestication~
contnue,Tie 	poces isnotyet complete for. any plant 
 n rbbyn--rwl
 
agricuTurall 
iemtpsrtat oubility to further' domesticate plants 'dcee&.,I
agriultraly
imortnt.And, our ability to accomplish 	

!
 
this is to a~reat' dgree dependent upon understanding what has transpired in order to detrhine out~'future direction. One thing is clear, 
Success in present plant dometic'ation.


has 	 been almost. exclusively~ dependen~t upon'the genietic diversity foulld~~inwild,plants.- This germpiasm base, isecroding rahpidy, and~if what worked' yesterday~ is; 
to be relied on tomorrow, every plant spce 
hc a cnevbyev aa
source of? germ plasm must be preserved.22 

>~,,~
 

Our understanding 
 of the effects of plant domestication on the plant itself 4 
the 	complex of organ~ismis associated wit~h it and the environment arnquie~linited.
This in turn, limits our ability to direct~the pro'Less of plantdomesicationt
but does notiJustify the rationalization of the process ,to short' termigoals, Arthropod-Plant Inter~actions. in Agriculiture The Arthropod.-Differences,

ahlso exist in agricultu~re for the arthropod. The sources~of~pest arthropodsoni
cultivated plants in a particular agricultural area may be~characterizdi-.
 
ways (Fig. 2). The wild progenitor may have been a host for-thearthrpcod? (,E
A,A) , the arthropod may have been associated with other plathns $in the 
 same''geographic area as the~wild non-host progenitor (A' ,A') , th atrpdmyhave 4been exposed to: the cultivated plant due',}o movement of the plant or' the arthro' -

A 	 pod by man (A,E; E,A) or the plant and the arthropod may be exotic, to each other iIand to the area n which the interaction is 'now observed (E' 	 E') . one can reconcile the-presence of a genetic structure in the arthropod~and the plant whichis
maintainied due to 	

-' 
an interaction in the EE and A,A, instancesKand'may hypothe-'~'~size one' in A',A', but the remaining instances depend on arguments Ibased on otherrthropiod species, or past associations or' related hostsec4.Atr 


'the dability for ivlanlinteraction to take place and for genesto be-;present whicjj4 	 meinfluence that interaction in the latter instances (A,E;<.:A; vE'E') 6 '-

Sfortuitous '(Harris 1975).: K--- -- "
 

:,-i<The phytophagous arthropod in natural-situations~ is usuailly confronted wih 1,a -genetically diverse host or group of :iosts which usually 'vary ,inphenologj.?and
'abundance and are intermixed with non-host species. The 	arthropod-is simpiy onef~a 	multitude of factors affecting a particular host and is itself affected by
climrb' pa'rasitic factors 'ofits,: and own. *The gene p'ool of the arthropod under ' atural conditions is 1ikel to be quitiedves due 
to the diverse and dynamic '~~
 

4selection pressures operable across~isrne The domestication o'fan existi'ng'
 

"t' 
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EXOTI1,.ABORIGINAL;, ? 
R EXOIC~A ':EEL EA7 

~4 

0: ABORIGINAL, 

D AWE A') 

Figure 2, 

.> 

lThe. 6 possible wayz, a given arthropod and
associaited (or 

4disassociated) prior thei 
at a particular place and time.; Ilxoi 

platmylvebn 
rsn~neat 

an " the~r _I. 
margins reest tl rviu ttu f heognsmcmae 
to the area in whichi the~iieraction' is'observe'd E'4 and E'are used to deignate'oransms exotic to the ~a,,lut~previously
associated in the formier and no prvo yascitdiltllaterinsanesin the body ofthe figure.' ,A andA"ar 
similarly used. ~ ~ 

Shost'or the~ introduction of a suitable host which~is 9enetiCally, stable into. its 4
3~4 ienvironment provides an elemnent o f predictability which Can incres Ieth~e-abilityof at least some artliropod species to leave4 fertile ,offspring. -,This results' in 

a. Change' in the genetic make'up of the arthiropod poplationsin 'that thos Ind 
4viduals best able to produce fertile offspring on the 'new genetically'stalble
hios will now dominate4 the arthropod pcijulation on' that host. Additi'onally,K.I 

,pmanagement practices such as, 
removaljof other plant species,> fertilizati'on, 4~irrisation and pesticide application4 may result in 
a~net cnhancemen'of 'the~~4
ability of a, particular arthropod to Increase 'i numbers.. , Tiis, problem is e4 acerb -ated when~the arthropod is freed 4of natural enemiesiby ,trnicto wt
_'irs
cultivated~hosts to new area's (E,E)., 'The practices of genetically1'staiiig the' plant' a~~ntouig fe lization, irigation,, pestici es, et.,~< may'alsoqresult in arthropods that have not been p~eviously aiso'ciAted iwithilhe
plant, 'now 4utilizing it as a host I(Fig. 4 2).-' 

-3 

44., ,I'Where management is responsible for~the 'new ineato, 
-< 

ra ihe. ee 
{,j'>of interaction, relief,.fromithe arthropod may be~obtained by'elimination or. 
re

ductiori of the practice (S)- However, a.,particular, practice may, b'elssential for'theculivar being used to produce satisfactorily, and Ibreeding changes, in £hle
cultivar~and perhaps in the mianagement practices as- well, may be inecessary .to 
esolve 'thei, problem. The solutiolasV tosuhpolmwantb niiae nJ 
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th prbe s maietd hnesiv,~ggn modificati~on-ef pn.~require acleastseeral years of lead time. ImlewttoI,,afTanagemeit, Stra
teumes7ftn eur h edcto of professionala, rowera iind possibly con

suesconcerning the ne~pproacb t6 krowin'g tiie lpant. IThus a !coordinated~app'oQach is: needed. to~ identify 'araopdrblm ' 'am~athrpodprobemsqukly~ and seek'solu--~

~'tionsJfrom an agricultural rather than strictlv__isciplinarjv b s~ 


Recognizing -that, tile prac tie-f g~vItr ey i part~n the- supper
ofimru scetii dicpii3adsb~silns('_l as host planit re
sitge twud ewl o'on out,1hee'tha'the nature, and origin of. tile'< archr'opodplnt neraction havehisorialy ben1important in the implements

reistance.afid~hos plantlasa~lcalbiological control
hsbe otsces 
ful' against eoiarhrpds (DeBach 1974) and host plant resistance has i n 
general' been most successful against arthropods which had no coevolutionary

7history wihthe plant used as the source of 'resistance' (Hiarri~s 1975) Mianage
mN~-ent with insecticides and acaicides generally, is considered to operate ind,?

y'7 pendently of the arthropod-plant interaction, savelfor the extent to wht
bch the j~~
host range of 'the arthropod may affect, thlearthropod's ability to toler4te thiesgf"

~,pesticides (Krieger et al. 1971). The contribution of manag~ment~ prantices' to'~ 
agriculture should be kept in'perspective no that the best practice(s)-scn be'"v~ 
implemented to ameliorate thleund~ girable arthropod-plant interaction."'Coord-"' 
ination of thleefforts of numerous scientists from differenit disciplines is need-' 
e.
d and, intile initerest of integrating all arthropod managemetiapproa.hes,"~ 
coordination of subdisciplines is needed as 'well..",

Arthropod-Plant Interaction in Agriculture '- The Oblective.--i"ainter (91
defines host plant resistance to insects~as "the relative 'amount of'heritable 
qualities possessed by the plant which~influence the ultiniate;degre~e of 'damage
done by the insect. In practical agriculture' it represent"#the ab~ilit'y,of a~7 j
certain variety to produice a larger crop of good qalitylthan do ordinary variet-,

i ies at the same level of insect population."' Intrinsic with this deiiini
the Idea 'that in order for this resisac.t esc~~dl~uiie in po~-~ 
duction agriculture'it must be compatible'with other desirable aronomiccharc
 
ters, genetically transmissible; and relatively 'permanent "(Harris 1975) I' 

Inshort, we are attempting to'produ~e an arhtyia agiulura lat
 
S This endeavor iscontrary' to tileideas embodied ineyolitionar' biolgy (see:'

Lewoutin' 1974, p.5). The philosophic unepnig fbreigfrhs plant
resistance to arthropods hav'e often been chasracterized, :incorrect Il as simply'7'~an acceleration of tileprocesses of nature, as hoghthe ends which man,'seeks 

'~are 
 commensurate with those'of~nature.' 'Although man mustworkin
inature'to''~ 

achieve those ends hiesecks,~the end product(s) often are quite different.'from 
those prod~ced without his aegis. Inetgain on pea'rvd ome'iights
into the effects of plant, domes ticatib'n on. the associated arthropod complex.""~

Effects of Pc _an Dom~estic'ation on' Selected Members of"'the';PeanArthropod' 
Complx-ost agricultural plants were brought under cultivation'bef ore the dawn'~;~'f cience and thleprogenitors of many arenotyetfully understood.: This 1~s,
no'' 
true for the pecan, Carya illinoensis (Wang.) K.'Koch, in' tile family Juglandaceaelj
Vegetative reproduction 'of -this New~World7 tree was' discoveied ~late in'the 19th'
 
Century (Brison 1974) followed'by serious dome'stication"'fforts. Hiowever, nuts
 
fromi the ,wild trees were, and still are, commercially competitive'with those frost
 
vegetatively propagated stock and this'has slowed-thle transition fromn wild'plants
to cultivar over its native range.~ This reulted inthe agriculturally uncharac 
teristicixc of wildI, semji-domiesticated (wild trees cleared of competing tres 

jand brush, and occasionally- fertilized, sprayed with pesticides,,etc.),and highly 

domesticated (all trees vegetatively propagated, planted in rows, mechanically 4 
;rIed, irrigated, fertilized,' sprayed .,-d m chanclyhretd re~bevd 

today.mPresent estimates inTexas indiLate that for every hectare of improved
pecans"'(highily doetcte),hr are ca. 5 hectares of wild or seioesiac 
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?'' ~  ' 36 
"pecan r which-'nature'-planted. Harvest, rec' rda hI L mrlho.o o'~
 
te pecans ,produced an harvested in Texas each year come from-the liatter , res.~~,y'This 'unusual, situation'provides a unique opportunity to examine, the effectsCro 'domestication on the susceptibilitybof the crop' to -arthiropod a't 

of 

;rirange~ of'clegre of culiv'tin' 
_______pecan-repioduces'in natur_____are_ 

S 'IaiaWifd- polat drom'other.-,reeas(due' to'the '"parent_tie6d g potygynous or.protandrous) 'and' 'tte resulting' nuts 2repreent the progeny.' Natuialis tandsi'df~alos puepea 

S 

ccur 'in.the w~estern portioni 'bUthe rang alaohg"tii ,S Sab~~Yand Llano River~basins of Texas 'and',gradually intermix with other, tree. speci"~asoemvesecost to- the Mississippi River basin (Little, 1971),of reproduction, every wild tree is 
1 ue t' the mode~"~gentically dijnct. Seedlings' are shadeS tolerant ond generally.'requirec'15 years or more from germination to their Iac2; nut production.. Nuts typically contain' 35-50% kernel (the edible 'portioni) and YwIll average ca. 325 nuts/IKg. Nut p'roduction tends to be periodic 1as bor triennial)' with masting beng common. The grwn esnvre 't locationand at College Station, Texas would occur from budbreak at aboutl mid-Marchleaf drop in,November, with pollination 'in mid-April through early' jMay, 

to.",
shell or~,~ovary hardening in late August through September and "harvest" or 'shuck dehiscence ,in'October and November (pollination, ,shell hardening and shuck 'dehi'scence'peri.dsi,
are shorter in time than indicated for specific trees within the population),Buds typically grow less then 30 cm per season and the individual. compound ~leaves"4?will average about a gram/leaf, dry weiglit.'
known' presently, although hu~ndd'ar ol 

The average generation time is un reaerltively common and trees

inexcess of 200 years of age are known to ocr


Table 2 allows a'compariso~n between the' wild 'and cultivated' trees regarding
 
numerous characteristics associated with domestication.
o~fcts ofdmsicto Limit'ed studies of' the
n a'rthropod attack on pecan indicate;'the following;
The risk of spring freezes by the 'wild trees reduces the 'predictability that nuts ~will, be prdcdin'any' given year' since secondary buds produced" after primaryshoots are killed by frost. rarely produice nuts.~, A spring feeze.thereforejtually eliminates nut. production in the year. it 

vir 
occurs 'and 'allows. al I trees~zayear~of vegetative growth and 'nutrient storage which often Is followed by a goodnut set the following year or so (in'all trees. The spring freeze'also wreaks
havoic with. early.season'.bud feeding arthropods depecdent on~the. buds and develop-Ing shoots for their''sustenanL , ,because most willhave broken diapause and,,i 

ao 
reocdy kiledy the freeze,' are likely to starve before secondary'buds
arore out, 'Among ths 
wud be the gall forming phylloxera, ie. Ephvl..
lxreastatrix (Perg.) (Homoptea: Phylloxcridae),,che pecan 'sawfly,
Periclista sp. (Hymenoptera: Tenthrdn 
 e and.th pcn u casebearer,
crbasisnuxvorella Nuenzig (Lepidoptera; .Pyralidae). The'monophagous multivoltine pecan nut casebearer. is adversely affected twice, becaus~e overwintering'larvae''are dpendent upon developing shoots and lst'summer generation larvaeattack the nuticca in May, nutlets which wi'll' not materialize'.after'a freeze.Populations- of the pecan weevil Curculio caryac (Horn? (Coleoptera:. Curculion.idae) (an ob..gatory nut 
feeder in the plant genus Carya), and a shuck feeder,
the hickory shuckworm, Lasneiyresia carvaa (it;-Ai) 
 (Lepidoptera: Tortricidae),i
are also adversely affected due to 
the. lack of nuts in thle Sellsn ' "Lthe freeze'
occurs. ''' 
'Pecan cultivars 

"" ' 
which escape spring freezes are economically desirable, 

, 

despite the fact that this eliminate: what appears to baa primary pecandefens:e 
the later nut feeding insects (and perhaps 'other organisms dependent upon' these,4pecan products),' 
Lackingcultivars which produce primary-bud-equivalent numbers ~,"of pistillate flowers from secondary'b'uds, this direction of pecan domesticationIs inevitabe wi-th a predictable increase in arthropods liike 
those notedabv
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TABE 2. 'General~Comparisons3 Between Cultivated and Wtld ,ecans . 

Characteristic Comparison-' < 

Rubrakdpialy hn.maort 

prmryu t vr'd- m-or so'.3 ~fot d 


y~g~Cultivated Cultivaris ought in~which budbreak occurs 	 3late and thus ' .
Sdeveloping 	 primary buds 'e~p rs aa 

'.Wild Pollination occurs from mid-April~to earl1y May~dependent upon~~
genetic makeup of each tre e (protygnyy and protandy). This 

" 

results in a diversity of nut 'stages' In the. tree population. 
Cultivated Cultivars sought and propagated to enhance cross pollinationi 3 Aand attempt to ensvre pollination. Seldom inore than 6'dif

ferent cultivars planted In the same orchard resulting in.
 eae duction invariation innutsagsmogt
 
Kernel Formation 
 ap


Wild 	 The gel szage (short period of-transition from water satage' to 
dough stage of the kernel). ranges from'late t.ugust through
September with, the majority of, trees transforming the 1st week 
in September in most years. 

Cultivated 	 Not yet deliberately selected for this character, but since,<Larly harvest is desired and this appears to be loosely assoc-<~; 

Shuck lated with early harvest, qultivars tend to exhibit early gel~~<~,
"SukDehiscence 

WlVaisfrom October through early December. 3~"3«' 

Cultivated Cultivara sought for early harvest (October).
 
Nut Production~and Yield 


Wild Trees -require2 15 years or more after germination to begin beer-
<' 

"

9 Ing and, then tend to, bear their crops together~ in producing

years witnpredom aeynonbearIng years in between. Yed
 
of 600-1200 Kg of nuts/hectare can occur inbearingyer.
 

Cultivated Precocious cultivars (crop in 5-7 yeara from grafting) which
 
produce high yields <on an annual basis are desired. Yields ~ 
of 800-1500 Kg of nuts/hectare are common. 333~Nut Size 

Wild 	 Typically 180-225 nuts/Kg with the edible kernel representing;-~3%

35-50% of that weight. V 

Cultivated 	 Typically 90-110 nuts/Kg with the edible kernel' representing
A 45-58% of that weight.'. 

Foliage Growth and Size - -
Wild Buds typically grow 

'< 

abou.: 15~cm/year or less and each compound 

leaf weighs ca. 1 gm dry weight Pod covers an area ca. 125Acm2 . 
Cultivated Management practices are deindto produce bud 9 , owth of 

about 50 cm/year reuulting in leaves Aweighing ca. 2 pm dry 
- weight and covering an area of 275 cm2. 

----.: , 	 3 ~ -2 
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TABLE,,. (Cont6inued) i < + " 4 

genut-icaI IYd i fferen
 
Cjtivaged '-Rarely, 
 more' than'6' 901Ci~ally dis .''n t ~ ' ~ 'or~4rs nd commonly~ onlyt' a few-,"~ 

Wi1d Variable fro 
mnone'to 'cle ai ngcomp et i ngtnning pecans t e - nto reduce Intraspec'tfic competit ion r s o Nto" f111f 
Frangeof 
 practices on cultivated tres. ,Cultivated' Delibrtel planted. evenly spacdedcnrl rnn

iriaini 
oeiiacs etlzto (N in aeqpr.early'spring,"Z in fol yaple 
eea 'times 'between " bud1break and ea'rly June), 'fungicides, insecticides
acaracides also applied. 

and 
'Vegetative propagation of rootstoc!?3.prescntlyimposfible and 'trees are plantsd on seld'ligrosok ec eeial di'stinct' though often)'Xhaving'.a common female parenit such asi'lliverside'. 

Activity perios~vaywt ocation and rmotsare'ued they refet,to Hamilton, Tea
 
-4," 

syhonizedattacki 
nutlet formation among wild 
trees and the relatively
ovpoitneoh 
 Iothe overwintering'generationnut casehearer apparently of pecanresults insome' trees occasionally being-less attrac~-'tive to oviposition and In others being able, to producelrenog'uetthat the 'larvae infest fewe'r of them before cmltnevlaogeenug uTetanarthropod phenology diffsr'slightly from year. to year~so that the. phnlgb'~' stage of a gie rewe attack will 'occur is' no rsnl rdcal.-h
effent of planting fewer cult'ivars of more predicta'ble' phnoogy isrsnlunnw earigatc by nutpecan casobearer orote arthropos.~'~~sn~Other'nut, characters such'as, gel stage,"~~ shu'ck dehiscence, nut;'size, bear-ing regularity and nut yield/hieLtare can profoundl'yinfluence the effects~. ofy
attack' by the oblitgatory. nut,'>2eeder; the pecan~weevil, 
'' 

'The pecan weevil aduzlt
population " typically emerges from'thesoil'betweenat Hamilton, Tex. each year. Nuts Au'gust'15anrd Sep 'eirson 'individual'wildgelstage', takinig no more thian a 
trees generally enter the',few days on each tree, betwenca. August 20
and 0ctober 1 each year at the same'location." Shc dhsec a'eeenobserved to occur from'earlOcoe 
to mid-December for thswl


1! oulto-ftrees,'with individual' trees requiringiabout 2~weeks or' so.' The pecan weevil
can successfull& oviposit- only during the gel stage -shuck' dehliscence p~eriod, ~'" Nutae nfstdanly once. 'Early maturing trees are. usal mr eviy
Infested thian' late 7maturing ones ,
 

"eviItgoioiinstsadlyn beca ise' most pea female arotekgsi putbenu~ evlfoemahlett aretse
suscptile in ostyeas. hishasresulted-.in s'omlatematuring'o atac
:trees' esalg u 

Wheit' 
netto entirely'in some years'(Haris unzpubih)., ~ -'some adults are delayed iniemergence 'from the soil~by factos'suchdroaght, late maturinig trees ma ehaiyatce 

as 
n others~:exhbiting earlyfr''shuck dehis'cence may escape attack tosome degree.'' ''Pecan domestication -has' resulted in the selection'~~'"~:'annually, Ledtto mature 
of tre~es which bear nuts"''''early and produce larger, heavier nuts with only modest 4increases in the potential yield/hiectare', as compared to wild trees' whichi- are!~'~ntensively managed. This has resulted inproviding the pecan weevil a ready~~~
* food sppl wtaniproved phenological oviposito6j window.' 'Economic damage 
~ 

t ' ~'~4 

'~ ~ 'A 

4 

http:hishasresulted-.in


on 'big fruledV ulcivariiU greater thian on the smaller fruiited Wild atf'>trees 
"~the same'lev'i "of pecan weviLl popul tion for' 2additioleaos rrtI 

IPecan weevil feaerespect previous oViposiionsand given, pop'uations will~'infest, ,he samo 'numbers of, Ocas ahipoedpcnrpeet a little moreo 

-Inc~r~edby thaformero a per~iiut bss. 'Secoiid 1m7roved pecans' usually, are'~~
 
wo 6,m'Lpe ni f egtb factorKoof 0,5,or so further increasing the
 

2~~damage potential of pec'anlweeviLl 'onbthe'ciltivated pecans.,~ Horticujltura1l

~acceptable cultivars that enter the gel stage later in the season and produce


the smallksctuts that are economically, feasible would greatly improve our pres
ent ability to manage' the pecan weevil..'4'~
 

thFoliage differences among wild;'and cultivated pecans-are primarily due to"" 
inhlatter having larger hieavier' leaves, which are produced by buds that remaininirapid state of growth longer (genetic differences discussed below), ,Crude ~" 
comparisons in, our laboratory indicate that .cultivated pecans have about twice 'i'"
the dry weight. of f oliage present compared, to unmanaged wild, trees'. This'~foli
age, difference. means that greater numbers of foig-edn rtrpd er 

,r dtocnsm eae
qui alth on the, cultivated trees compared to the unmanaewidtrees ifthe quality~ of the. leaves as. food is assumed to be equial.Actually, the quality of the cultivated foliage is likely to be better than ha~
of the unmanaged wild trees so that fewer gms'~af foliage/arthropod would be needd
ed for' growth 'and developme~nt on the former, However;,.given the"'ca'pacity.'for
increase of most arthropods an,' the contribution the higher quality' cultivated'

S foliage makes to regular nut 'production, this'satiation differential', mayi prove
to~be of little Intrnsic value against multivoltine species inparticular!' 

" 

The extend'ed 'period of rapid tissue growth from budbreak to leaf maturity ,.prolongs the susceptibility of the cultivated peeans.to arthropods whichprefer- ,
entially' feed on such growth compared to. unmanaged wild trees. 'Where timing~of " 
the onset and termination of this period of rapid growth act s a defese mech
anism againsnt such. arthropods in unmanaged wild treeds,. this exten'msion~of the ' 
phenological window may 'expose: the, cultivated pecan' to more frequent int'enand
sive amttack. The same' may; be said1\,for, other,,presently unidentifid 'effects of~ 
management at other times ''during'the season, particularly those,regard ing thie 
availability of solu~ble ni'troge'n.''> > ' >The geaetic variation inherent In each wild treeunioubtedly provides some~'
'confrontiveprotec'tion'from 'arth~ropod attack. 
 Pecan 'phylloxera, for-exauiple',,"~

is commonly observed attacking a wild tree1 here and thre Soe ulivssuh 
as 
'Texas Prolific' hav~e developed a reputation for being phylloxera -ssceptible'V'

inTexcas 'and have been observed to become heavily infested 'inorchards contain- ''p'
Ing other'cultivars (i.e. .'Success') (J.W."Stewart,' Texas'A&M, pers. comm.) " 
which show no signs of infestation, Cultivars reported' to be "phylloxera-N>""

resistant" at one location have' been reported to he "phylloxera-suticeptible" at
another and vice versa. 'Experimental verification' is still lacking, ,bijEthis<

interactlion suspiciously resembles thatidescribed by Edmunds 'and Alsli (1978)

where a' scale' insect was prevented (,,t least .in part from reaching'epide~ic' pro- ' 
'portions on its prime host through'a genetic. differentil. among individu 1ltrees 
'in the population.. "Resis'tance" in this instance may be easily overc OMejif a '~',1
given' cultivar is exposed to a sufficient popuilation of phylloxe ra.>l as "
 
assumed above, the phylloxera is challenmged by each generation of the. L , e to"
 
readapt'to'new recombinations of host' genes and 'itisgenetically equip'd'to"
Meet ljatchallenge (as it appears to be), the wid~espread planting of a'few ,,'4"c"
cult hz's should be planned so that iniiulcliascol etetdne
pendently for management purposes. Similar arguments apply to other pecan ar,.h.-V

ropods which may 'be interacting with similar defensive mechan~isms of, the p'ecan'~Any stabilization of ;the gene pool among a few cultivars will tend to 'increase!'~"
the risk of damage posed by pecan arthiropods,,presently interacting with the c.
pecan' population on an individual' tree basis. ' ' '~ 

http:peeans.to
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V In conlaih he-process of ~ntv
 
,tnls eadmsiainwti 
t.nt,, range 

7 apparsto ave'' balance, inesfe teaiiyo numerous artropods tocause damage although much~remains to be done~to~identify the nature and.extent"A~ofthis 1exposure.. The nut feeders",particu~iarly pecan nut casebearcer~and pA "<~ wev ~ -pecn arhropd-voplexand-represent, ~ th&osfrwhich host plant;rssac'ol bems aubd.Teeatrpd 
als seerly:1mte'srvvalofpecan offsprig ad'itouldntraeecinwol av appear thatrsevddees mechanisms which increased the~opportunity for nut survivaljPocofotvemcansso hostplant reitancWIhave been observed to the peca nut caseJbeave or the pecani weevil 'in the pecan,and i{tprsnl appears that tsuitable sources of resistanitgerm plasm will have'to comie from related plant spec~ies for' the monophagous pecan nut casebearer ',(CaraAc aties, for example). and other plant genera forithe oligophagous pecan ' veevil (Juglans, for example) if- they canlbe obtained at all:' Careful-selection.\of cultivars within the pecan species capitalizing onithose characteristicsW~S which allow escape in time and space will help, along with--otheir controltactics,to manage these arthropods better.--~
 

The arthropod complex associatedl with 
pecan has not been obsescvad to changein the-diversity of arthropod species associated with it in It naie ag
over the past 100 years 
or so of domestication, indicating domesticatwirc~s.
ses havenot disrupted mechanisms keaping'arthropods on companion plant -speciesfrom adopting the pecan as a host.- This -implies that such -mechanisms, are robust adare perhaps shared through avoidance mechanisms by arthropods in thiscategory as well, since,.for example, prog~ny placed on an utisuitable plant are. -unlikely to survive and repeat the errar.:Although much~ remains to be done to.~chaacterize the effects of pcanj domestication on the arthropods associated wtit, present results indicate that if true host-plant resistance is to be used iia management strategy against key pest arthirppods, this reostanc. [Djust come fromsources, not previously associatced with- the key-pests of pecan.Some Theoretical Considerations on the Nature of Host Plant Resistaince ini Agriculture.--Plant domestication- in general appears~-o ha.Ne increased the OP7.portunity for attack by some arthropods and probably other-orgalse- while at
the same time reduiced the, likelihood that thu progeny of these archetypical pl-:ants will survtve -in greater numbers then their -aboriginal forms without the-help' -' of man,-- - , ..Hala(1980) argues that; recenit 
the-dependabi-lity of- prnduction found-in 

plant dome stication prcieshvtae.
land -races for increased yieldpotential

-- iiimodern day. cultivars. AThe degree to which this trade-off is actually necessar, 'cnmprises the crux of- the problem~ of 'utilizing host plant resisance6ndrelated-breeding strategies to arthropod~s in agriculture. The progenitors, of'-A modern cultivated -plants -were successful in maintaining thiemselves because col-- Alectively sbme-of them could survive the attack of arthropods- and other- bio-Ylogical and physical constrainta- long-enough to produce viable progeny.:

Utilization of host plant- resistance to arthropods in agricualture has beenmost successful when plant -germ plasmthat has not 
coevolved, with the rhoo
has bean used: as 
the source of resistance (Harris- 1975).- Beas of athropodersity of germ plasm orgnlyused as rhe basis ms arcluraBe of te dva
 even the most iiighly cultivated plants may contai Inii u ihgr ls
which happenis to allow such pl-ants to withistand arthropod attck better thantheir relatives in the same field. Thus, the standard procedurefor~finding re-'sistance by proceeding from plants grown locally 

-C 
to abandoned cultivars to 'foreign cultivars to land races, wild types and related species, in order of -pref- A~crence, is still successful because the germ plasm all the way back to the wild 

type is ofe eei potpourri of wild typ~es -and related species.
integeity O hgempamrsnttoday If the W
 were not a-problem, teewudbe noreason to belabor this point since needed and available genes would' sooner orlater enter cultivation. However, relatedkspecies, wild -types and l~and races'Aare not stable resourTces waiting in thd'wings -to serve man. -This germ plan9m is 



ina tanacceleratig ate and our abi~i ty to use host p~ant' resistane
 
adre atdj axtegies Oni arthropods in the futuI~is'riih
 

-i , pant resistancein is5 rie'itatbTetre0os agriculture' 
subject 'at east pnrtially because so' little isaknown concerninq tha'exac Lr~~~~ot~7toatrpd Tycomparilon--moreb te wctrahnc is known-crcepn 
naueo e sLnetomn atoes h followin scenrio'is presentedfor, 

consderaionmoreout f~asens offrusstration with thibfi zity~of mnui 
encountered in~ this eubdiscp±inethan. itis to speak ex cathedra,.

Given that the 1basisa of communication or interaction rng' organismsb ulti- "' 

m'nately~ Iakes place at the; genetic level, and that this process at that level is~'essentially similar for~pathogens as well as arhoos hn'itrc"osb 
lack of them should be observble and describable inboth situations-in similar'
terms,"' Arthropod plant interaction concerning host' plant resistance in a~ri~.. 
culture has been generally characterized by Painter (1951) and pa thogen-pianL'~

"interaction has been described' by numerous, authors (see, Gauman'n 1946, Flor 1956,~
.Person 1959, Van: der Plank 1968, R~ussell' 1978, "and others)." 
Entomologists fhave~p

not been 'very~successful in"developing inter~disciplinary terminulogy acceptabeY~
 
appan' thbeoistuniformc' versa, but intradisciplinary communication doestanpa t e moeuir, although perhaps less descriptive, among the former:hthntelatter (see attempts at standairdization of terminology by Fedefation oBritish Plant Pathologists 1973, Robinson 1969, Robinson 1976).~ These differ-"~"'"
 
ences I believe transcend disciplinary nuances and represent a sypo 
o u
 
lack' of understanding of the iniiulinteractions a hyrlt otewoe
The 'deductive aruetwiAfl 
sis madeto encourage additional consider
ation of this prob~lem and nothing more. Hosat plant resistance terminology4 has .. 
neen characterized as a,"babel of tongues" (De P'onti 1977) but the cacophony will '' 

Qontinue unitil an 'acceptable interdisciplin~ary concatenation of terms emerges. r~ResistanItgerm plasm suitable for use in agriculture must come from one,of.
tsources (~oracmiainnmlpatswchcoevolved with the phytophage"

triose which did not, Elsewhere (Harris"1.975), 1 characterized'these as y

pattic. an'd allopatric' resistance, respectively. 'Allopatric resistance was de-~fv~ 
fined' as ."those heritable qualities 'possessed by 'an"organism which influence the ""ultimate degree of damage done by a parasitic species having no prior continuous 
coevolutionary history ithrthat species of organism" and sympatric resistance
 
was defined by substitutig "h~avin a 'prior" for "having no prior' (liarris197 5).'
Both 'terms are meant to deciearclual sf resistance consistent with'~ 
Painter (1951).i They are natural subdivisionsa'of resistance as it is used"'in~ 
agriculture.' Yet'another sub'division of sympatric resistance neededis toac 
count'for how agriculturally useful resistance could/b e derived from'sympatric~
 

rThis additional subdivision is necessary to'aiow for's more 'complete char
acterization of the genetic origin of sympatric resistance, 
 which can'be obtained 
In 2'ways 1(or incombination), 'Ifthg' rtaI quaen'''"
in the plant rniti-,

gating'the interaction with the'arthropod in Lh'e'atroriginal situation can be4 
" 
reconstructed 'or maintained 'in, the agri~cltualplant so as'to 'reduce the id-" " 
verse effect of the arthropod in 'producing the ,desired reore hnoekn 
of sympatric' resi:stance is obtained.' This is distinct fro selectinggen'esIor Y 
gene combinations which ate no anandi 
h~briiagn oloh
 
plant due to selectionrvpressures exerted byteatrpdbt eetee's r
effective in reducing the adverse effect of the' arth'ropod 'iIiproducinig"the"'de""'"

sired resource when'Incorporated into agricultural plants',''~


Cenes which are part of 'the' aboriginal defense mechanism~of the plant and

maintained in tile natural' gene'pool due to selection pressures exerted~by. the""'
 
arthropod for~ which' resistance is being sought, can be characterized as having

coevolved. If, coevolved genes are available for selection at all, itr is~pri 
manily because plants cfittainingrthem had-a greater probability of producing.

fertile offspring'in the' presence of the arthropod 
than those which lacked them.,
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MiTey, are not -present' because of the~.vau-A re etiig 

'tereoetheir'tisefulniass may varyr'from j4ust 'a'partial2 reconstruction provid '" 
, i,Lg Virtual Imuit.toeomi a from'thearthropod in~the' agricultural'~ 

tie -nfctva--prevent--.--
J687ngagriciltural! epidemics. The latte'timcmt'ce wld 'not-'be'characterizd~, 
a'sa&lresistance at all, ''even~ though it account',for theplants survival'an
successful reproduction innature., T)\des ignation (,f . esis tanco indica tes,.4''
ecbnomic daaei eueindepenident o1 te co'ntribution~ to the plants sur
vival in nature. ' '"' 

Sympatric resistance genpes which are not- part of the abo'rigin'al defeuse' " 
mechanism ofg the' plant to the arthropod' bu~t which' can mitigate&tbi adverse ef
fects oo'the arthropod in 'arclua iutos cAan be characterized as being,

elected._ Ths ifer from coevolved gene inthat their existence in'the 
'~gene pool Is independent from'sele ction press~ures exerted by tea~rpd n 
the' fact~ that they 'are'present at all is nrelated to the arthropod.'

Dift'erentiriting among allopatric, sympatr'ic., 'and 'the subdivisions of sym-'
patric, cocvolved and unselected, resistance adcombinations thereof' is likely 
to be quite'difficult. 'Yet, coevolved resistance han -i undarlyinZ, 6iologicol
rationales evdece y heaorgia arthropod-plant interaction whe'reass the 
others do not.
 

~'The question which, now arises' is' "what: hiappens wheni the7pes't is' conf ronted ' 
with each' of the 3 kinds of resistance. postulated above?".- That is dependent'
upon" the' intrinsic genetic capacity of 'and. opportunity 'for the.'pest population
to' interact with the newly const'ructed'cultvar In'eachi case'. Subsequent' inter 
actions:'involving a breakdown or weakening of resistance could appeasr to'be2 
mechanically similar among the 3'kinds of resistance and the 	 presumaibly coevolved 
resistan'ceof flax tc flax rust of Flor'(1956) compared.tothealloparic esis
tance 'of wheat to hessian fly (Painter' 1951) described' by' Hatchet and Gall'un 
.(4970) may be an example of such similarity in thiat the gn-o-eehptei

Oappears applicable to both.''"< ''" ' ' 

The conc'epts of allopatric and unselected,reaie'tance shousld be contrasted' 
with coevolved resistance. Each case, of host' plant resistance to' an arthrupod, 

. which derivesafrom allopatric'or unselected resistance could be unique from every '

other case'because of'.the fortuitous ge'netic base for rq~istance' in each' case. 
The understanding of allopatric or unselected'resistance on a molecular,: bio

cheicl not 1ieyob very important .to solving hostr gneicbasis is 

~o'~plant resistance, problems in general.' This .is because the' basis for such reass- " 
'1'" 	 tance from plant to' plant" and for each arthropod spec'ies'.is 'likely 'to,be unre

lated, 'This' knowledge can'be useful In 'decidighw 'slcfo and to deploy
plant cultivars or even genes for resistance su thAt, theifrmaxhnura agricultural
value is 'obtained, but knowing the' cause, in' one' cas'e of auch re'sistasnc'will 'nut 
ease the task of determiningit in ,n'bther. If most resistancseavailable for 
use in. agriculture 1.3allopatric 'or unselected in,tnature, theexnsncsar 
to determine the cause in eaich instnemyntbjuifd.I oarsec, 

evlvdunelctd ndallopatric resistance are Important to our' ability to ,. t
lo'cate, incorporate and depluy resistantce. to' pests into our agricultural' plants ,
this ,aspect of 'host. plant resistance must be'given greater attention-in th e '">'
future.' This will be difficult to accomplish because so little isaknown of the' 
genetics, 'origin and evolution of 'the parasites and pathogens of agricultural",. j'~
plants'(Le'ppik.1970).' 

There do pert emn penotypic similarities among pathogens and arth "F 
aoos.A in a host plant resistance st-tting in agr17"'they 'interact with..plants~culture,' However, there' is a fundamental divergence of experience between plant

pathologists and entomnol'ogis'ts regarding 'tie source of ,germ pl as8m used as the'~resistant parent In'many instances., Harlan'(1977) observes that "Ge,.g ra p 11ca1.y~~
the most rewarding regions; to search are those i hc'h othsbe rw 

ogtmeiafor,~ ~ h resence of an endemic, disease", whi le the opposite ap-', 

http:spec'ies'.is


pe r to tru for
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is tillfdcc, had rf oe aI 
athropods (Huonbais95for cisndeedtiocon t 

ptholgi tsc1arne &oneraly, utilizming~ resisc tIe or f..eitnc~a eie 
The '!ci a phicn anp.thgna nfiiios t pintsorcsof reiatgr p'maid 1Yih 
obtaophagesireaisted arr. plantly.whichw (haeano197,paris 1975,l~iou~Lepi7 
as iphewith telu ivrbpo re" ~rsistta icomon acs~i a~ba 'Iel ssadplac jist ian~sstace o athr~~os a~la on mor~ atomniatin 'on 

cPnnSeletngPlants ess tceto' pthlesantothropodwudlAtak--ane (95 e d 
phasized th agreisutuce maynsalscul bnmnae e und'utllyediritibe
twhencaus cndlinede ow themnerreistn ithour Qf rldbesobtane.a- Ter ae
seerahi orgrns ofchotpanbe ouced resange rom cagd thel 
wohaesesitedprtminrysnl~nnw cHrpsuc197arrice9, Lergh'u,1c70n,but xisingataI~octeinesigateisto.evFuaethe oftnisafraiyel
u~stdcpe h luie"as"oresistance'npatclrcrusace.a bmo tos a' gashel'hprble of howntocro resistance. Whathoostlastis moeraina~lyiaanlprres
cedue sceh ic allos dlag 1ubr1 fPatt e~ce d qiky~o'ht l 

plnSeqlecto orntgreter iSusceptibl tyAthanpo Autivars. --Pintaer 195)em
grosine are eistance tisellos thoul b sogh amnd ffita'be spet~noing
inecrsorang ulnd ~hgresistant':ntagonmcalyacetabi o -lats.diin, yThrear 
teaniquesarfnpderom develp_can beounnducedaningofromiheac'mchagedmsith
andhoully.a caberwayatodirsfor and peentco sc sarce, bsttrhm con,"
what tc.,g sc reiinr prneduestiaeon typ valuatenitheepotential fhropo plan 
sitipobleand amhowt~e to s eifiaceapprahe is niede1 in er'e'lyis thiso
shor. wcraelwsome rge numerssoulnt be beoe. sFcrne quicklysotatn'all 
plant resual t ingeensusceptibilitymutbudrtoon ordeivrshct~aet presny 
theobioasanfo resistance. Pnoairnerall accetable)lnts. multitdeof nally,'~
aectins hc ay ede onfeo taceoand terstg for achoircsial echmposse
Prdobly rctheer as he dicovceriadImlnresi ance ettr.n 3 cat 

> 

toeAmithhseniractobeduwesnr typicadlly unqeraharthropodinis -pciprsiv 
sitatopo peatentiantondeosi spiing apotachos given~t examhr:in this
abilitycofre soheogfsprgandie houldie setge., to grsadt eelo theintrc 
pot eiltst and3scetlto me b unders~tod i~norrtopadeq~ua'ty design 
actisurvivaich ndypcodfctivetysoante podtentil hot eahoe ol'e.mosil., 

Threre aonre enerat1ikins, f dtetowhchrane uhse tppoacs 5 lldor.on'ejsZtancmn teitratotentetoulaathropodd The itsfilt'yenngphicnnchiel cohorian,' 
Fed Sdcr'enncapact.ie degringsabltesr oI~t n utinj:c

abl fthearffsoridi axnctdtoe prs stgsogo an' tvelop onthen
potntal osan, ) t eamie he ffctsofa givopriathntrpodr nouatura olL,,suivaln aner yer.dutiiyosuhce, poteniall reisost.ecinsaef' 

pnTeealn witherkno ndsosetibestas cand comparativen feasrensian
ade ato appropiate They~to' deldn sreein, che, number, ai~epicrtand 

condcomparativeymeauremen suhl bcase poetill previs seldescihs werad 

"-

to characterize susceptibility and the techniques devised should allow rapid'-' iexamination of. tilecandidates 'for resistance. T'chnliques may vary, inerpcie~from quickly examining the fev mm~ araon2h peil ld-jnczure'o astw~ 
-

rsands of meters In heighit)
by the walnut' caterpillar. 

for 
' 

signs of. defoliation of pecan tree canopies caused 

Y 

' ' ' 'a 14 
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Hiost plant resistacc is arelativ ~Phenomeon Piner :1951) with the'
arthropod-plant interaction otften Obscrvable within segregating plant, pp
lations over arangea frontno visible Interacto tion eftd-e o to in'tnieinteraction with~ Lxtensiv dae rThin relativity psessm rbes~ntte-lastCao whichi is , which pla~nts are. truly rsstant? h purpose o~ffild srreng is tosurvey large- numbers of pantsi inasort period of time 

mnaeale ol~puativl
resis tanice breeding. ExperiLmental designs which eliminate. all susceptibe ptap 

to btina uceu cian:paus for fur'tjier use it 
'and at thc same. time retiil pl nt Il 

finhida niiTbe;a-,alivaris choseni as thesusceptible crefuly1
experimentci standa'rd a'i;I'e iuemenits of-resistani candiae ar compared~ Co'
th standardc suscept ible culitt'. ,ealistiairj this proedzre resuI ts in'~being relaivel sure that individual -ie~isiant. candidates responding ner h 
sam level as te average of th stnad ucptible cultivars are Indee su~s.4i-ptble under theaicditions 'of th~xeiet The~rigor of th IonS~l ca'nSalso~beIeriedtfrim the range of rspn es amn the exermna knw sus

bebbasking1hesucptibility of resistance candidae ca beddcdFigure3 presents; thie extremcsf 1' mih be eoi idfo 
L esm eren g ln populaiionJunder'2, dif ferent -lvlo innaua 


toadh usceptible end othv 3A 33,of~t]~ .I bpcru~ and th~era~nge encounl
teedin 3A tidicates ;pseuioresistane may'contami2nate Judgeet concernig

'iea ie even 1 


if onytemostresistant pantt among 'reicn ad-Adates are chosen- for- further. testing -By elliat~ iig from consideration those Iresi tant -candidate~ plnt whc ra ucpila he average ,susceptible
pla onth~atonure tulyress~uL~pan (according to the asumtin

-/tebossay) are. i~lddwti.te eiulcniaepplto n that no sources of resistanceae ovel- -od .11c may Candidate p1at Lat 
are retained for Lestiiig,:ill.n L: be accetable saources of resistance uijng this

technque.Alternatively;,",the~ 'avrage ofUth&Ano suscptible -plants mnu~s ~1
(o 2~or '3,~etil)T Stndr chv'ti'o tekonscptible populati it ay~

be use&dto identify sucpi iy and adtlagr'nme of reitn-coi
plnsP-yb eliminate fIrmI ther considerationi. Assuim~igLia L the bioa7hiy
is id measuring reisdtsa di~~d dW {o~

btited~ten. the prpoto:o eitn'pat psedoresis,Lan t' plants should
 

- increasewith ,eachiporsie f ln ciniee ui'tbe'A,~~laia~ouinwii a~ebnif6rl,Tlnswhiich~canbe a p'plied is to- reL, tV;nu~r
plats managed, ,,fu riibytestiiig9?ivr~ - ntiY-ha pubrAseein thos 

from hemst resistant tend~o fthe'sectum utt srahd nnVt"ume 
asonm,situation the utoff fpointt will occur "ver'y quickly,-(3A) Lind inohr n 
may- inciude,s~iciou~sly-:susceptible 'candidates. (3B),,using E.his mechanical op~.4 proach'. ~'Ather4,mctlod is :to disregard, field~screening tests whiclido exnot 
hibit;naturalLnfestacions ~above a'predcetermined level, n'h ucpilpat(x+ : Te r'nls most 

tivity~.I;us s e 11 (1978) eachsaIsimnar conclusion.~
 
- The hypothetic&al ituations,'depicted 1,n:Figure 3 forthe rsistanit candi
 
d~'ate~plantsrrs nt 2-pinSts -tat can bc observed over a range of infestations~Figure 4 showrTthi rneAince the intensity. of the- infestatioi'n 

x SD aiain but involve soedge o ujc 

~reening- is rar a sptaly 
Ield 

hsproblem must~be,
reognzd and -resolved.t FiIurei4--indicates~that the ideal rangel of iinsacons 

wi hi tr occurs. areas-JI Lte graph (areawhchtoLesIt resistance n, and III olUnder I containing-,some p.seudhoresis Iantcandidates' and 'that. tinder IV indicating 
-that inetto levlsgereso Iii& to o helm,alf -isst anlce in'the popuS-lation und~er exaination). Paint)er 19 51 Y no ted rin"al lh"n st in;wr often as. unsatisfactory for testing for resistance aswer unusually low 
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A LIGHT INFESTATION 

- RESISTANT CANDIDATES 
. KNOWN SUSCEPTABLE 

4. P 

o :Q HEAVY IFESTATION 

-- -. -4 -


RESISTANT SUSCEPTABiLF 
RANGE OF INTERACTION IN BlICASSAY 

F u, Hypothetical of tho salle population 43.of genetically sof

ret'};l ig I'e.;k fa tlll cantldidalte plillt[; ;1nd(I popullli io of planlts knownl 
to b(' ce l l'[ ,.l " li (3A) and (311)u t h, 1when ;- t ;l ,ht at heavy 
art hropod i f,;,tim 

nfe stgtio wl/ . t L110; 1,r l E l" i[d t e4U illI'!St;ltlOll ll 

oVer! l'.t iIII file 4;~ [ ofp-, l;c'tlll ''; :l lI * ill tl]lt' 10 -Tl'llrl. B01.11 S itu ILtIons 

,1;hou1d bet ;lV~idI(d. 

Field !;Cr'i'cllilig, !;tuldie!; Cain he' modifie~d [Iv inllro{dulchlg' knlowni utlhv*s of 

;alth]ropothli ofl knltl.1 l,' , Jginto) Ih , .Xjwi' Jllllln a; Ir, ,l ;it s;p,-cil ied tlimles. 'IlhI s 

es tillI k h,'- al lit of!:' hJift!;[tat Ion whichl ca~ll ].' lv' \ elimllinaltv jlwqtitdorus;is
tl:lllt I'espolls;t; (parlticullill-l". wh,.r, individual [lant!; arc'( vhalli l,g d) butl risksq 
tvpc2 1%, r''!i ...i ; ! ! " ', 4) when natural inlf-U ;tltiom¢ll 'tM high. If non! Als;o, 
disl-wr ;ive, Ilifl, [t,- of thct alrthrolpod ilr - tli d, 111 fl . Vt'lICC l1110CllilJf .m of rv'
!#i;k t,'Mlll C;il1lllOt b" tL ;Lc'do 

Fil~'d c'ql Ila~ !; a linlilt~d !Wtt olf objeCtives ;ll~ f 111'.3 1y repres'ent dis-Mid 
cove*rv of thet prillmil-N' sources'L. of rte!;k!ta'lll j' vi-til p]laslli to he1 useLd for developing 
ag ricutlttirll'll v, ;accptalblc"arf-111h 1OpL tgn CHIrit I i V;l l'S . PlrtVioUSv di- ;Ctl~qsi~l1S 
hIMVt been limited Ito cons!ider'ing I bio:ls!;ily ;it I time ;rnd pIldcv to obtai/n this 
germl plasmll. 01'ViOUSIV;l , fiLL l ret ter, the lillinlwl 0f diifferenit h~ioassivs,, Ltllesq 
'111d 1)l;Wvt'; whiolh cilll be' il~td Lto e'xalic~l thet s,1ll1%, re t ant;Et canldida gu r m,2Ylplasm 
population, thet grlea ter tile ohiluces ial-t for Identifying ust{ful sources of resis
tallce . 1]IThIer 2! or mlore emoHi;l!;Cll oi1 It samelt plaral popula'tionbc( conducted 
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VERY LOW VERY HIGH 
ARTHROPOD INFESTATION RANGE 
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ma~urementa could iLnclude the time from exposure to initial plant selection,
subsequent,beha~ior, tim~e frmiiilslcintliovn o hohrpat_! 
(and suibsequent behavior) , eeding,, progeny deposition , Irritability , etc. ")The
timie,aeanX looation, of these- events' as well'A the ethological considerations9 
may 'serve to differentiate the'-plants ."

~S'meimes",these kinds of~tests are conducted on a large scale by 'int'er
 
planting orcompan on"planing tt6a 2 culti'varas. in the field and~examining th


~'devlopment of~the nstra.?nfestation; Reuls foths.etare or~,en
drctly, .qxrapolatible to :the Jfiel 'but,! 'numb and feaiain~ 
J7mied-tiai a orat oor gre-enhous e 

Ths %id of~fipl4'tests, properly" designed ca'ii1 evaluat'e tempoa'ecp 

Fialyresults from'choice tests 'may be due to the, highattrctivzie 's of 
~theknown usceptible~host, rather thanthe inhere~nt unsuitability 'of the resis-"
Lant,-candi'date to the arthropod. The non-cocts exmnstatpsii

No-hoc Tss7Non -choice tesI investigate thesia'~lt e
tsa 	 ofa.g
,resistant~candidate as ~a host."4Arthropods are exposed~t a~ige ital 
;so) entic line and their- ability'to I nfest it'in, monocu~ltue is:ob _rd 'Ap


prpit mesrmnsof the interaction of the arthropod 'nd:panit'Tnclde49

those 'generally mentioned in the choice tests , anna'iioeo- size'tj:;
fitneass 'of thehost regarding .the'growt anid development of the arthf 'od". pfinit~lpopulations "shou~ld be comsensbae wtit hs u b xcpt 
cause damage~tro a susceptible plant or pln ouair -e t :dyb odce
Oilvirtu'ally aniy scal'e from small cages to large isolat~tn.eslsfled 	 " 

sholdecmparedt a susceptible standard uivrgon6d 
'tesmec-2 7,be'p,:i.cltvr'gon nertesae.o 
ColiortP Tests.>--Cohiort tests allow the effects of the host on the 'growth and

Pdevelopment of the arthropod to be easily 'examined.>'A.standard cohort of arth 
ropodsall'of 'the same ages are placed on Thcividual~resistant .candidates anid4 
knonsusceptible pants. 'Thearthropods are, then periodically observed dt 


.~, termine. the'numnber srivnadthrrteof, developmpi.L.Eggs, or, newly bor ,

nypsaeusuially best to form the cohnrt from in~thiiekind'~of tet.IThe.num

bere;'agaln should Tconlform' initially to the averae populationrequ ired- to,,cauise
 
- ~' 	 damage'on the susceptible cultivar, but if a'high degree of aitibids is."is present,

in the resistant candidates', attempts to overwhelm the.rssac wihlre.4
 
cohorts nl"'v be 'made to obtain ani idea of the magntudeof theresistance present.

These, tests are best conducted under controlled, conditins in the laboratory or i~4
 

y " greenhouse, andT'generalily are used to measure antibiosis, -~ '
 

YielId Tes ts . --These tceastsrmeas ure6thle' of produc t'mran t hat is
amountL des ireab 
Sproduced by a resistrint plant candidate in the presence of the arthropod as com-~~ 

"~prd to a susceptible cultivar grown under similar conditions.:Yield. tess; ~ 
" Jeasure,ali resistance mechanisms, but arIe especially hel~pful in identifying
tolerance. Care must be taken in the experimental design t6 factor out" situ-

'> :.~ations where the. arthropod preferentially attacksl the known susceptibleplanjt~'
'''when, given a choice but readily accepts the resistart cand'date when the ~latter ,'~ 

is tIieonly- i,st av'ailable.' 
Acaricidet or insecticide treated checks should also be used' for comparative

-~~'~j that an arthropod-resistant but intrinsically,1ow yielding'~purposes to ensure 

cutvri o inadvertently'categorized as susceptible. Yield tests shouldj.,

measur~e the influence of the arthropod- on reducing the inherent',capactyfr,~

'production in the resist~ant cnndidate as well as evaluate itfor suitabilityfor'
 
prdcto compnt9~~l ultiva2T currently grown',, Arthropod re--',
aredwWith sucetbl 

Sisantcltiar whchare low yielding should be, acftily,soUght and carefully ~~"~~examined as pssible parents for interbreeding with the susceptible'highier,'yield
'-""~ing lines since low 'yielding characters may.Kbe'independent of arthropod reistanice..
 

Difficulties commonly arise~in interpreting tbe~ results'.of'yield 'tests 
among cultivars uf differing phenologies andrmaturation dates. D iff er ent plantL

<ings. may, have to be made to compare flowering,' harvest,' date'ofplantingetc.,j 

~ 1'V 

http:results'.of


.1 

efet on heexression'of, resistance, Coprtn cetss uha lu 
j4breeders plant patholgsts, geneticists, etc. should?1b .clqsely~consultedduring -al1 phases of resistance work, -and theirt.assistance shoul bees cily
 

S "sought in deigqningadd intcrpre ting these kinds of tes'ts'~
 
-,Summary of -Testing for ]lost Plant Resis acet Arthropods .--Ea ch~kind of
 

Let is'desigrned to accomplish a~ limited~and somewhatec .ndependent set of objec
tie. epIending on'the arthropod and plant urnderconsiderationi,, theseLsts 

can occasionally be/c.)mbined. This Incresesxe'ffici','n,y and allows ;the gater-"~inj of qLceru oztpifrmto tcmsa .unwieldy-to design.-
SField screenung. cf potential'sour ces of resistanpcel'i:6'comznon y conducted -Irsti 

tar testingmd Choice'". adyield tstsaemd twr the' end of the regime nona
~h~~e
nd rt.ests of, one kind or another are 'usually conducted'in betweezj, %'file number~of culva 'sunder examination proceeds' from high--in the- lnitil'field~i ~- screeningj1o progressively lower in< the later ss with only, a select few -sur< .viving~ for-use iagriculture. Because the7i test's can show- tolerance, and


the choice, non-choice and cohort. tests can7 provide e the initial
iiw'inwhc 
field screening can be conducted to identify previously unnuspected sources of-
resistance, periodic reexaminations of the, initial field screening oetiod6Iagy~
 

:-' should be made.~ ~ ~ *T ~ -K- --


On ms agree-~with ane(15)tatechne fidngrstne

to an Insect~(arthropod) depend, upon,the -number of~dif feren t geeic

compatible plants that are examined, withi'mor engbte. yonbeif
that wewll need to range furt6r and further afeldtg bai ths sorcs
 

j'U'of~ resistance from nature in zhe future and that those sources, whichare theY h 
most valujable and still remain available today are the1 mast vulnerable.,to genetic~"
~ 	 erosion. Unless gene splicing, mutation breeding or other novel approaches

plant -breeding pr~ovide solutions at 	

to
a faster rate, thank presently seems possile,~'~

th~s germ plasm must be preserved to bridge the gap for agriculture until these 
-A1~ new tec)-ologles arrive.~-~,-1 

-A last point which needs -to be made concerns the ultmate preservationl of, 
germ- plasmi. Most resistance breeding is-necessarily concerned with the rapidelimination of the tuinter'esting variation which prevents the'plant archetype ~~needed to sol1ve todays agricu.ltural problems from being developed. 'ABreeders> ' 

charged :ith-this responsibility should not also be looked to tu preserve the 
-' 	 currenitly unwanted variation, which cloudstheir imdneojctv ,a elRecent efforts to establish seed banks and gone parks crn relieve'these troops" 

on the battlefield f ' that responsibility.' Even- morse comprehensive efforts 
are needed in thia,-area and greater eI Ehsis needsto be'placed on the mainten-~ 

jance of, genetic dersi'ty for its own sake rather. thani simply minitaining thosei ge-m pilasm sources found to be 'most useful today a lonig with'an iccasional oddity.'r~ 
"'Greater attention needs to be paid tothe~side show aspects of agriculture as,

well 	as maintaining our attention on the-center ring.~ 
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GEETCP1ROTECTIVE M4ECH{ANISMS OF. PXLANT ATJ{OQEN POPULATION~STHEIR CQEVOU.iiONf AND USE iN BREEDING FOR~ RESISTANCE L/ ~..
-------~ -Ari Brov4 

Profesoz&'of Plant Pathology, Department of Plant Pathology,
Seed and Weed Sciences', 'Iowa State University, Ames IA 50011 A~ 

~-I~. INTRODUCTION ' "2' < 

I enjoy my garden, 'hc rdcsadvriyo egetables'aid' siai
fruit~s for my tab16. MY~favorite is tomatoes, and growi3g'them hats yiede
im~tn l.essons as wel as delicious frit A..ry earlytmao cv. 'Fireball', yields fruit inimy garden environment only if protected by fungicidea '4 

from foliar diseses such as Septoria leaf blight- '"BigBoy', on the' other~
hand, produces vell with no fungicidal protection.' Seemingly breeders had to'
sacrifice the desirable trait 'of disease resistance to gain extreme earliness~,2
in Fireball.-

This illustrates two very important points:''First, chemicals frequently\
are regarded as the main or first line 'of defense in plant prot.ection.~ For, '
instance, Geissbuhler (1979), addressing the IXCongress "for Plant'Prtection,
stated that "Snteic chemicals are the main pillar of prset pln pr- c
tion, . . . ...~ (His emphasis). Hlediscussed possible altprsntieplan cding
biological control, cultural methods, anid plant breeding):'and concluded th'at
"no combination of -them will be able to replace chemicals in any majo sector
of pest and weed control." .1 disagree; genetic resistance is-the "'minpijlaxr 
or first line of defense against plant pests.~ Thu, wile it wias -very diffi
cult to apply sufficient fungicide' toprotect Fireball, "which 'lacked resistance,no fungicide was necessary to protect -the genetically-resistant Big Boy..

Second, testing Fireball againat. Sexptoria attack with paired fungicide-< V
sprayed plots as the "disease-free" check vould hav~e been conventional proof
tbata-Lfungicide isnece6Lary for disease control. As noexperiment'can'be

interpreted except interms of the check,'the'unsprayed check, killed by the~
 
pathogen,.might be the basis for recommending that a fungicidal spray program ' is necessary to grow. tomatoes 'in the environment, of- my,garden, But was the
 
single check adequate? jAs described', -the-experiment-would prove only-~tiata,
fungicide' is necessary for Fireball.' If Big 'Boy also- were included'a a'hek
'F ~it would 1) disprove any absolute reqirement' for a-fungicide, and suggest 2)
 

< "that genetic 'resistance may be':the first~and most'basic line of defense againstdisease, 3) that genetic alternaties to (anid augmenitation of) fungicides should~ 
j'XC be considered, and Z))that the question ofwhat-'constitutes an adequate check in -an experiment- is -extremely~ imsport'ant.' -' '''' 

-'< - "-~This book is concerned with the use of host' resistance in agriulure /What constitutes an adequate- check' for- an agricultural.'system? 4Ai-agroeco- ~ system? An indigenous 'ecosystem? AExperiments thatNcontinue to be conducted
only within 'a system' may not 'really test the systen but only suggest fi' ' adjustments of the established syLtem, A check from~ outside the established'
system may, suggest biological truths thiat may leoad:to improved management~ of' 

-- agricultural systems to mae he, ik ntua systems , virtwelly immtune: from
damaging epidemics., Thus, the "natural" checkIs for~ an -agricultural system 'N~<~-~,would include an indigenous ecosystem." ' -

1/Journal1 Paper No. J- 9862 of the Iowa Agriculture and Home Economics
Ex~perimetnt Station, Ames, IA 50011. Project 1752,'
 

'-C-' 
-* 



Indieenous ecosystems have been ignored by plant pathologists 'as being inthe purview of pure botanists, even as the pure botanists, have. ignored agr,icul-Stural systemis "inY'favor of the tnatural' or 'the wild" 	 (Beninett 971), It'jies*,notL seem to hiave o66urred to arj scientists that' agriculture i, first' of''all.applied 'iology, that ~patioen n_ thberspt -v~ed-not-Lgricultural
Y~Iguama bt i wldsystems, long before masn and his agrcltrcame on thelce'ne asndthat applying modern pemocian genetic, analysesto studying'wl ot and their pathagens in ild ecosystems, where both coevolved and where coevolution con inues~may reveal basic biological9truths that,applied to the agricultural syistems, may, lead to important advances in,our concepts of disease management aiid~impart some aofthe freedom 	 from epidemics that'12.'characterizes Indigenous ecosystems."


In this chapter '
 I shall review briefly a relevant indigenusu ecosystem,examine mechanisms that protect it from pathogens, evaluate concepts and termsused in resistance-virulence theory, consider how host-pathogen geei 
yt=
coevolved, 'and speculate an how contemporary knowledge may be used to benefit
 
.man in building superiar, stable agroecosystems. 


' 

11. 	 AnInd~genous Fcosystem That Includes Progenitors

of Cultivated Small Grains 


. 

Wild oats (Avena sterllis) and wild barley (Hr~rdeum s2pntaneum) are the
same 'biologic spci~es, attbacked by the' same array of pathogens, as their .respective cultivated counterparts, A. sativa and H1.vulgare (H1arlan and Zohary 1.966).T1.us It should be instructive to Ttudy the indigenous ecosystem that include'
them, for 'the study' an be interpreted immediately in terms of a century ofa', accumulated literature 	 a,on these diseases and the results applied without' delayto building new resistant cultivars' and developigspro etmngmnsystems.Feil. pigueirpsmaaeet 

' 4I"The FrieCrescent of Southwest Asia' is the primary habitat of wild oats
and wild barley .(11arlan and Zohary 1966) . The -same~area serves also for wild
emmer (Triticum dicoccoides) and wild einkorv (T.boetictim), except that the
platter is concentrated more in Turkey and: not 
south into Israel.


Three decades of intensive Israeli htptogiawrkntisndeou
 
vooystm ecetlybyAnikster andWal .(1979)
ws rvieed
The gramineous and alternate hosts of common ri~st. fungi 

and Browning "(1974~),
abound in'the' area. 'ForInstance, A. sterilis grows everywhere, Rhamnus- palaestlna occurs onterokhillsides, Pucciniacoronata cycles' betw-een 
them,' and-P. 	mesnieriana rocky
correlated, short 
 'yclerust derived by the process of' retrd~ressive evolution
from P. corcnata) also is common on R. n2alaestina. The presence of this corre-lated species'is Turther indication 
that this region, is the evolutionary center: a ' "of origin of the several biological entities (Ajiikster and Wahl 1979), 'A " I
similar situation applies to Hordet,,mspntaneum, Puccinia hordei, 
and' Ornithogalum spp., the alternate hosts of P. hordei - ,!Agricultua ExeietSains in Iowa and. elsewhere for almost 'two"' 

'' 

'4< decades have been -utilizing resistance genes firom A. aterillis in developingnw cultivars resistant to the United States' Must highly epidunic oat disease,cown rust. AMy main interest in the Israeli populations has been A. sterilis,
its pathogens, and the genetic-ecosysten in which they coevolved. :A. 
 sterilis
a in certain valleys is especially rich in 
oat disease resistance genes. Rhemnus
abounds on the surrounding hills, and valley floas are very diverse. "In a small 	 aarea one may 	find cats with and without crown rust. 

a 	 One finds som~e planis withErysiphe raminis, the powdery mildew fungus, but they still are vigorous and
productive. 'Some 
plants, but not many, will'be systemically Infect'ed with' 



Usiaeavenae, the oat loose smu fungus.,hAidsom plantsbjt again very few,
show systems of infection by tbebre yelwdafvrs ,Mo ashieS~ 

2the Israeli-wid grains. rmIorareoyt era.petvte''s'm~t be" 
a discrepancy''In anarccsseteei ~hg oiiecreail 

'Q 	 between disease 'development andlosr6 i cryidd qaityatrbes
In the indigeiious ecosystem,"'however, there are~severe dies-eeomn' n 
great diversity of pathogenic strains on the one hand, yet-'robust~ and' vigorous
hosts on the other., This seemingdiscrepanicy is the' 'cruxi o6fthe qu~estion.:"~

:Israel, with its diversity of crops, wild, species, weeds', and fsIvorable cli K 
' mate, provides a "'paradise of opportunities for plant diseases" (Dinoor 1974),

The great Soviet 'geneticist Vavilov' (1957) commented that e&,mutual,,extraw
ordinary-diversity oi'well-knowni hosts and their 'path~ogens coexists in Israel,
These cilse disease; yet the hosts in thediseased populations "are distinguished~
by their large seeds, large ears, great height , excellent grain quality,~bread~thf 
of~ leaves and bushiness. , .extensive (reristance) to the most widely spread i. 
f~ungal diseases .. .overwhelming multiple '(resistance). ~; The true Medi- ,~ 

terranean agro-ecological region ranks first in the world for high-quality grain
and 	valuable biological and physiological properties" (Vavilov 1957). 

'~The question arises whether this seeniing discrepancy can be explained by~~~
A protection from disease inherent in spatial separation of small stands, Nfo,", .
'Harlan and Zohary (1966) commented on the great extent of th idstnsta 
was little realized until overgrazing was controlled by the young State of!' 
Israel. Then, they emphasized, the stands 'natura lyocr iin.isieo~ 

y occupring.o s rIn' on 
they 'postulated that cultivation must have begun on thefigs o n~ 
were so dense that primitive man could nothave n th 'at 

Fertile Crescenit.' efigs o n h 
tWatuenepasth seeming discrepancy? Browning (19711) concluided that

potetin-o inigeounes"
it as ue o .'te 	 ad tatthis Isexplained thru "'2teextensive L~nrarli studies' of 1)' the' qualitativre genetics of 'individual, host ~ 
plants and pathogcn races, and 2)of quantitatIve studies. on the amount and dis

'tribution of resistance in' the host population~j. K "< 
'; ~Israeli workers 'found great diversity~ in their 'host~populations and this was mirrored 'in the pathogens?. Vaite~fEyih rmnsta attack wheat, 

oats, and barley, respectively, "possess a wider host range in.Israel than else
where" (Eshed and Wahl'21970). rse nsvea&eeawr su'sceptible t.o,two 'of the three E. grsininis' varietis, b~ut not to lilthree. This should facili
tate intercrossing and further increase variability.' Septori tritici is spe-4
cialized pathog'enically on cultivated and' wild whet in Israel,' eve huh.have the e n 
tries (Eyal, et al. 1973). Five species of;IUromyces attack'four species'orf~~ 

wor1kers elsewhere emphasized absence a yfptoeithughu-

Hordeum and' alternate hosts 'ofgnel ]llvai;usr, and Scilla (Anikater 

2Puccinia graminis and P, curonata are especially 'interesting.' Bfoth,§havebeen studied in great, detail,' but they contrab't.in that the altern'ate hot~of~
the latter is present,' functional, and important, while that -of P. jE mIni 

..is absent~from Israel.' However, abry native to' Central Asia and East " Africa, isin the large stem rust spore-distribution'area that includes Israel
and the maini gene centers of wild wheats inthet liddle East~ (Leppik 1970),! 

"" 

Inabsence of the perennial wodody'host, P. gramin isoversummers on grasses and''
volunteer cereals inmountain regions an~at irrigation sites (Gerechter- ~' 
Amitai 1973). In an extensive study of P. graninis in Israel, Gerechter-' 
Amitai (1973) fou~nd 1014brass species inl461genera to be compatible to P.'
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grainis, "These occurred on four P. graminis formse Lpeciales, avenaf,
l ;tritici, secalis,, and lolii, and numerous native grasses served a, common;

S-V--ots to ;Tore than one forna specialis. M'ore startling from our agroeco

systemn perspective in which we have come to expect 
 only great specificity in ----an-obligate-paraeite-Lsuch -as-P -graminis- wa-the-breadth*of -host-rnge ~Ie-. 
1-'found for the formae speciales avenae and tritici, and for the wheat stripe. 7 i 

,~rust fungus, at (Table Section V.B. 3 for additionalstiiformis 1) (See > -- c
details).--. 

TABLE 1.. Host range of certain rust fungi on indigenous %rasses In Israel. a 

Greenhouse Field

Cereal Rust Species Genera ~Species Genera
 

Puccinia greanis avenae -82 h3- 66 3Puccinia graminis tritici 49 27) 20 8ucilzda striiformis ~ 42Y l7 / 12 6 

a/"Data fiom Gerechter-Amitai 1973 

Greenhouse data from only one isola~te
 

For, Puccinia coronata, the perennial woody a:lternate host and the most *--t common buckthorn species in Israel,- RhLiinnus palaestina, enables the pathogen
to survive unfavorable environmental conditions and to diversify genetically
(Wahl et al. 1960). Wahl et al. (1960) obtained one race from three collec--tions From buckthorn, and only one in eight from oats. 
 Dinoor (1969) isolated (L27 different 
races from 50 uredia from A. sterilis from an arev.rich-in R

palaest~.ia. All isolates he selfed seemed beterozygous,-indicati~ng even-greater

variability. He found the crown rust pop'4ation on Rhazsnus more diverse than on
 
oats and the ordering different. In her recent extensive studyj, Eshed (1978,

cited in Anikster and' Wahl 1979) found plants to serve as common hosts to
some 
from two to seven varieties of P. coronata. 
 Such common hosts provide probable ; -- ysites for somatic hybridization among varieties. 
 She maJe intervarietal
 
crosses, selfed the and obtained withprogeny, cultures pathogenic spectra '-- brode1~tanthat of theparental cultures. "The performance of' varieties- and 
their hybrids-seems to be 'a reflection of host-pathogen relationships started<
 
way back in the past and still going on at present in anatural- ecosystem,'

(Eshed 1978, cited in Anikater and -Wahl 1979). -- o --

- -As diverse as the oat crown rust population is in IsraelI thereisa cer--tamn constancy, and thi may' be a product of the diversity. in annual surveysfor two decades, race 276, in the moat virulent race group 264-276, averaged 40percent of collections (Wahl 97). raceBut 202, one of the least virulent ,races, also has been among the most common. -In different studies, Wahl (1970)

anrosny (17) h ivsiae patterns of race specific resistance,4 o
crown rust by harvesting seed along transects without regard to the~rust i-sac-

he mother
tion of -. plant, found that only 29 percent of-the seedlings were re-sistant to race 276!: Thus, when-used as part of a divrrsepopulation I,ai.fre.
quency of ca. 30-perce-- can beconsidered adequate protection a-gainst the most 
~-virulent (on the standardu-.iferential cultivars) and prevalent group of,strains

http:palaest~.ia
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~of the Pathogens! Expr'essed another way,0 pTler4 of, til inw 2oua

sausceptible to race goup 264!,i Thus,' contzraryr to what 
 many writer ~es
Lcpp'ik~197b)'predict will ;happn following~ conIti.nuous hosathge covo~VpndQnt~r tDuexpectations from our agroecosyatem

thie -most virulent- strain~ 'of.the- atfUog' 'did not'dominaeteppul'on


theleat
vrulnt trindid not drop out; the~mostlJZ .,ant !,,at genotypesdid Inotdo mnte-the host population-and,"especially un)eted Q sceptibli
llhost genotypes were not eliminated!Teal pesstd ehe'blnciiand

contributed to the diverse, coevolving hostpath ,en population, -~ 

- Can this degree- o stability be: approached i4 managing highly epideic
pathogens in-agroecosystess? And without~sacrificing valued, agronomic traits?~ 

III. Protective Mechaanisms of Indgnu eoytm 

The "protection of indigenousn~ess" expressed by the naturajlIsraeli eco-
S System (Section II) seems to be-a collective anifestation of allofte 

mechnismeqanhmn iTale 2. Coniderable liberties obviously weretakni eqatigte respective terms izi'line's 2-[and-3 in Table 2. While.'all~the mechanisms end-phenomena in Table 2 seem important and functional' in pro-'i?
tecting the indigenous population, in this chajter Ican deal oily'with genetic
mechanismssof potential value in breeding for'd.isease' resisace.~ 

TABLE 2. Mechanisms of protection 'of plants inindgnu ouain. 

1. General, non-host immunity 
2. Basic host incompatibility/compatibility'.'race.specific, vertical oligogenic~'resistance/susceptibility
 
3 BIasic host resistance/susceptibility to basic pathI'
oge dcity' general,

horizontal, race-non-specific, polygenic, durable, dilatory' resistance 
4. Tolerance 
5. Susceptibility
 
6.. Induced resistance and susceptibility
 
7. Antagonists
8. Homoostatic tendencies in the pat~hogen population,.
9. Populat,,on resistance, homeostasis, or buffering
 

,~IV. Resistance Cocps Terms, and Definitions 
As "hetat ofour knowledge of plant pathology is rfetdb hterms we use,"~ (Prin~gle and Scheffer 1964), itis necessary here to considerrelevant concepts, terms, and definitions. Van~der Plank (1968) performed au~~" 

' 

treme~ndous service and stimulated great adva'nces in resistance-virulencle' 
 -
theory when he divided resistanceilifo two basic types, vertical and horizon-~tal,,Hedefined vertical resistance (V~) 
 s that effective againlst some butC
 
not allastrains'of a pathogen popuilation, and horizontal resistance (11R)
as,
that effective across the entire pathogen population,-These were geneticdefinitions, but Van der Plank projected thp consequences epidemiologc.ayl~
VR affects the opidemic, he said, by filtering out incoming-Cinoculum of'aviru
lent strp'ins of a pathogen without affecting -that of 'virulent, strains. flR~wd
sgaid not .s,influence incoming inoculum but to reduce the rate of development 



The teris, and .concepts of YR and, HR contributed :greatly to, r!esearch, di's' 
cuBo'-rdawn et, in resistance virulence theory. For iLeveral reasons, 

howyever they. were hi ghl controversial. -'The-_abco-l-ut-e_ corP~_nbeter_.~-'genticdefinition -and epidemiologic cons'equence~has, many exceptions. 'One canI'~never know that a'cultivar has resistance to alstrains~of a pathogen, as re-.7 
Squireditor HR.', Further, it HR (being etfec-.ive against all rces) precludes a 

differential interaction as Van- der Plank~ (1968) claime~d, then -YR and HR can
S notbe combitned as, traits of a~single cultivar, as Van de Plank (1968) also 

claimed (although, barring linkages, the genes thiat condition VIRand HR can be 
combined). '

Recently,,Van der Flank (1978) redefined VR and HR as "ccrrelated and un-~ 
correlated variation in host and pathog'n,'!.respectively, He emphasized alsc 
that VR need not necessarily involve host-pathogen specif-c'ty., If~it did in
volve host-pathogen specificity, however, VR affected the epidemic by reducing
incoming -inocilum; if it did not, VR -"can-'reduce the infection 'rate itself" ' 

(Van der Piank,1978).: WithVR, with or without specificity, "there is a 
*differential inleraction between host and pathogen; with !E' rizontal resistance 
there is not". (Van~der Plank -1978),. '' 

Because of difficulties with Van Oer Plank's 1968 concept and definitions 
of HR, Nelson (1978) discarded Van der P'lank's--1968-definition for horizontal 

'l-istance and redefined horizontal resistance "as a resistance that reduces the 
apparent Infection rate: (Nelson's emphasis) -- a strictly epidemiologic defii 
tion. Unfortunately, Nelson -(1978) retained i7an der Plank's term, "horizontal 
resistance." Obviously, allowing the same term tV have more than one~detini-, 
tion can only be counterproductive by adding to-thfe 'controversy and confusion 
one meant-to elimin~ate. *1Now, to use the term at bll, it is necessary to specify
"horizontal resistance sensu Van der Plank 1968.1 -"horizontal "resistance sensu 
Van der Plank 1978," or'horizontal resistancij sensu Nelson." -''' '' 

Browning et al. (1977)' earlier had ar~ayzed this problem. They concluded 
that the &enetic tnd epidemioilogic concepts had to be--separated and t-,
different terms to describe the concepts were necep 7 ary tofacilitate commani.J cation and understanding. They -proposed retainini 4ne- terms specific resistance" 
and general resistance as. having the right of priority to express genetic con
cepts. They coined new terms-,Lo express epidemiologic concepts. '"A population
of host plants is defined as. having discriminatory resistance or susceptibility

d if it affects the epidemic by, discriminating among strains, a,.e.', by favoiing,
or rejecting certain com~ponents 'of the patliogen population." Similarly, "A'
population of -host plants is defined- as- having 'dilatory resistance' itfit affects 
the fnidemic, by reducing the- rate of- develcpment of 'thea pathogen populatio.'-'

lnstead of specific resistance and susceptibility- and specific avirul , nce 
an~ virulence,- incomipatibility and-compatibility now seem-to bf, the terms'of 
cho 'Ellingboe 1979) for both the host and the pathgen,. Inc~ompatibility'~

enus in the host were referred :to as "ensor genes" by Day (94 an '-s'-
tirecog ition genes", by,QuchiI-et al. (1979). ' ' ' -

Consideration'cof possible host-pathogen coevolution -of the basic'system----
of Incompatibility/comipatibility and of-resistan~ce/susceptibility-to basic 

i)'pathogenicity in indigenous :populations should further~enhance-our understand- ' 

Ing of resistance-virulence theory and terms, and, of the' "protection of indigen -
0usness." ' --- -

~ 

, 

; 

-

) ' V. Coevolution of foat-Pathogen Geei-ytm 

A. Introduction - - ' '-,, 

--How did what we observe in indigenous ecosystems arise? How waa it - ' 
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PROPOSED SCHEME OF HOST-PATHOGZN COEVOLUTION
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Fig. 1. Proposed scheme of host-pathogen coevulation from non-host immunity and non-pathogen avirulence to the
two basic systems cf host-pathogen interaction: 
 (left) the basic host-pathogen incompatibility-compatibility
system; and (right) the basic pathogen-pathogenicity system and its counterpart, the basic system of host

resistance/susceptibi*ity to basic pathogenicity.
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degrees of resIstance/sisceptibility slowly manifest themselves as phenotypes.
This probably is conditioned by another system, that diagrammi.ed onl the right
of Figure I. 

Essentially, tie host-pathgen itiompatibility-compat biity system determites whether tiletatt!iaee can "unlock the door"' of HlL host,. if it cannot,that is tie eni of the line. If it can, then tile 'ond basic system takesover. It daet 'liti to; timnoit thatt, the '"!or'" is oIeol and rat. and
ultimate extent that tlit "roorr." is occupied.

Frequently v',e itivity i oigogtnic ant rominant in inheritance,waile tileextent a:d rate interactions freIlqut-ltly firtc polygcnic and recessive.ia resistarc- f'rquently, n modirate 'esistance not intfrequently, 'Ireoligogieii c and domiant --iso. The internal arrows term' aLting horizontil
lines in Ft wire 1 ae di i ierately not aligned iectusea that would suggest
clearly delimite: iy to and e-xtreme-s. Not only is 
 resintaice-unceptlbility 
a continusi , but whn -inv host-pathot-on -y\tem are consUilered, so are tilegenetic systass that Cotditiost . Jtv,i I'' a i -an rta ct ion seents clear cut,:r-difyin the envir imunt (e. , cltanpin, til, temperature) may modify the
phenotypc grea'tly. ,"tihle-t;' t- Ief--ight ichotomy seems 
 real and wewill examine it.antl a s rai a ii grtettr letsil. 

2. lechani.s.o of Actio , at tibji ty-Comptilb iIt System 

A consensu: hL , ' _uonj, mo:;t iuthors that ho:it-iathtga incompatibility-comp't iiilit t nl ii I" mtit etoit seli' iil icephenomenon of recogtai
tion of 
prodct ot cir-esJoil i tat nes. These product- are believed to belectin, (protins th tidIit specific carloityirates ) in thetid specific 2urbohyd host cell memnbrane,ut in tat p-thojen cell membrane (Albersheim and Ander
son-P'routy l9°'), Callow 9',"t, lit-ie -i- 19' P , 1.)79).eitB:i" tanct/Av coltemci (ti/I) i-ne:s i gene-for-gene systems seema to expressthemnlsew lir pr-,ilct.S that ar proit-ed as a positive function and that
'recogniZ-" 
 aCaoir as beini" "-ntt
- or tmpatible." 
R or A alone,
 

oa L,I.e. iatc I with i respectively, c-"coniitional -ees"(Person andMayo m9'il) - I"xpres!ion atfeither N or A i conditional on the presence ofthe other. tecin ition may le b-tw -- a m.neproduct of' A on lht outer surfaceof tiheh:;t jIplam i -:O poosiblylta, a. lectit , aid s.pecilet"carohiydtrate-contating 'acruci aul;a (Callow 2'.t77) in tie ca.l membrane of the pathogen,
commonly (I-r luli I) tile Ihlustora] mother uc 1]. ii'tiieproducts ofrecognize it/A

-ach oth-r a "hybrid mo2'acul" (ierson anidMayo 19"/)) may form whichacts tis a "stot -isinat that is trasmittei to ceil orgaielie. A chain ofevents enses tt it frequently terminates n ta ilypersenitiva response withina few minutes to a few hours of initial cel I contact, possibly with tie formation of phytoal-xjno. With a hyp'sesi iiv reaction, "tierte is rap.li collapseand necroslsof the cel waL , resuting in virtual containment of tie parasite
I .i.iypersensitive respotise is a highliy predictable response ; onceInitiate" . . .the phettoimeiom sets In~ motion a serieo of complex reactions whichgo to colatiotl even if'the (crowi Call; bacters are killed." (Sequeira 1979).An attractive f'eature of' the current tiheo-y of r-cognition-ton-resogtition

between host pant antd pathogen is that it is trikingly similar to the corres
ponditto ihimatlenanimals. ALit organisis re(ire a t echinisms to recognizemlid agregate: wti "like" organisums, and to reject unlike" cies. Ta phenosenon p.ovides cunmont asis; for imuno egi cal defenses, graft rejection, fertilizatio., pollination (including the finely tuned self-incompatibility systems),hyphai anastorosis, etc. (Callow 1977, INickol 1979, Sequeira 1978).

It should be adued that not all authors agree with the consensus. Van derPlank 1l978) suggested that the plant "antigen-antibody" system is similar but 
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~.opposite to thit in animals In .iimalg it Is used~for defense;'in, plants ~ 
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duced by the recessive as well' as ~the dominant genes.-, lieemphasized.roles, for 'A" ed Athe mscommon rlevt'genes ' His' h ''A'" _ revn±contrast to;~H' pbasis on> a ,asovercomingaPR 'in he said, is th'e simplet'that fitsFlorIs: gnfor,- 71 
gene hypothesis, 'He'also argued for a ±proein-prote~n recognition A'-n. a-"'k'

-'lectin-6arbobydr'aterecognition.. In wheat there are 20 or 'more loci for reZ_ /, 
-- action to P.graminis r(and' 75-100 other' lociiare suspected) '(Ioegeri~g 1978).~
S As. this 'Is a' gene-for-gene relationship,. there shouildbe an equivalfiit'number '' "
W'of loci-in thre and'pathogen , potefitial~ of over' 29,pathogenic'~races., Unlike ' oer wriers, Van der 'Plank' (178 di no thn-htlcii-abhda bind -&Wing has the" capacity to' account for this amount of spcfciy" 

3.Coevolution of Host and Pathogen in fleyelbpment of the.Basic"
Incompatibility-Compatibility System~~~i'a 
 a ~-, 

a According to-Axiom 1no-hslmutyis the most protectivecommon 

mechanism'of-host plaiit populations. 
That this has continued over evolutionary 

a time indicates that noni-host defenses are not easily'overcome., Understanding) 
a. the natuire and genetics of this defense 'should aid our' understanding of-host-s 

T'7athogencoevolutioii.>> -' a A A" '* ' '4~eveal~ 

general; Athey believe that -even,with bi'otrophs, coevolution began with a''suse

ecptible host' and a virulent pathogen andthat the resistance-avirulencek
 

:Rcenly uthors have considered the~beginnings of parasitism_ In 

24AAmechanism~s todiay 'coevolvedobserved from that point,:(the prevailing-i _T
 
a ppare tly st'arting with ouch populations, Person 
 (1959) believed that !'thereA~,ae two 'ain mutational eents --.mutat ions to resisance 'i'nthe host, and. muta-~~~A 

. --tions to virulecein 'the parasite--that have positive valuein'the.6volution'~ ~ of host: parasite-systems." Ne~lson (1978) areed, saying-."the discussion is'',~ Amore readily~ developed by assuming that theresistance ofethe-host prior to ''d'iitial exposure to a plant pathogen 'was either~absent or4 of'a~relativel'y~sim-".
"'A" n -be(1979);reasoned "that corresponding host-.pathogen-.in-s~' 

Copaiiy genes '-must be superimposed'on a basic compatibility' betwee'n hosty"~~'>and parasite. tfthehot and prasit
'it 

e' diirst'evolved~a basic comnpatibility,a~ ' Sthen is -easy to 'rationalize the'4existence of a system of corresponding genes: 7 
'A Wilose function is'4to. either, prevent the establishment of. compatible relationships


or',~,destroy compatible relationships onceestablished, ~I see thisA'differnt l 

AS for two reasons. First, it is not logical to believe 

,',
 
that an~ obligate bioroph '' 



and a host with which i is compatibl'e and' genetically interlocled would have 
ari ien de niovo; Paqtpur 4isproved the" the6oryof, spntaneod generat6oncover a ao. 
filled by- assuming tlhat ,the, imunity/res1.~tance :and'avii~lence'tht, character _ 

centry ~econ,the 'prevailing,,; ew requires~tha Ax: s 1ad 2b 

Ize mnost plants Iand most pathogens' tcs arose from6 baL'tgro df ofss ibil
ity",andavir'ulenc.e, w'hih predominated in, early, populxtiohs whc" abt 'srieas 

16n t-esimpler-o-aser. pe ii~'
dtio 

ben6'rr'd hogh.dretyfrmJeW ouv6gia clQ14Qn,'ad t 'explain the ."except'ions :~namely susceptibililty'and-virulence. This" isZompatIble67 ith' 
Ellingboe ' ' (1979) generally 

d "ity'iestsance, and, avirulence--ii conditional by,factors .that have 

accepted 'yiew that "rlttat'onS'-to .increased viru
,ln"i, erY'P, to px) should be easy to get,' ad th~eyire.'?ztations rm, 
rx,;oRaremutations to a specific seificity ote hud ae n(
 

peccy sothyrhude.rae",n
 
'n A plausible view, of coevolution is moidified from that ofPCainJ(l972) .He did not accept the prevailing view that any group offungi:could>hav6had ',~their"'origin in parasitic lines', (Cain 1972) 'and speculated,on the oiilf 

.:	different grouips of rungi, includingpthose that are obligately biotrophic

Th6L. 

,

Thhighly specialized parasitic organisms may havetoriginated',as autotrophic
-Organisms when plants moved'from sea to land. Large vascular~p1ants provided 
..a hu2ge mass ,of plant tissue for'ep .nhytes which gradua~lly became parasitIic 4 

"' 

and hetero~rcphic and lost their chlorophyll, For the rusts, hd spceqllated
'that heterotrophic Urediales appeared as contempo raries of ferns and~ g'mn1
sperms &sautotrophic epiphytes on vascu,)ar plants as they adapted to non-4.
ma'm a, on the lear or ,frond4 of ',4 Arinelife..It was siniple'step Ifor4 an epiIphyte~, a vascular plntio extend the anchoring,'risent into the stomatLaor:'through~
A'
~he surface layerf Ceia.' Once inside, they-began absorbingfnutrients gradually lotclrpyl-n became cmpetl heterotrophic" (Cain 92 , 

'~ Y Onehas'Jbit; to add' the s-pinta h uorpi epiphyte, in sending an
infinite: number of. anchor .aA "filamenits in7to substortal chambers oy'chance''" 

,'.sent some'with configurations 'of~carbohydrate molecule S on the membrane sur-
'4 

' '4face's that' were' recognized as "~self" by, lectins in the higher, plant cell'.mem- 4i")
'bi'an'es and thus'were not, rejected ass'"n'onself" , nc past the non-eoni'Cn~'"4"''barrier' the 'fugun established a food-r'elationship beachhead. Similarity,'of.:''' 
the' uaprocesses in these primitive organisms would hayc facilitated '"* telatter," 'The4 fuingal genotype that made this" step would have had a seleitS'e'advantagein'its'ecological niche,> and'4the would haverusts been',on their way
as obligate parasite'. This doubtless happened for many rust, progenitors ancountless""differe'nt carbohyarate lectin comatibilities becameestblisi'ed'"

SA~y flAwould prevent establishment.',''' 4
 
4<Nan too considered that "iotrophy mywl aeiaUi
Vfder Plnkkl9*(8)


;4"gin in 'symbiosi'." '* a very ancient lieg.s... l'ay, ell he~sayrt

:,postulate that 4the 'relevant protein metabolism of host and 
 parasite were ori-'4
 
4ginal]li one, anid -that they have diverged through gene duplication fol-lwed 'by"
 

4, 1 'Mutation.. .selection pressure kept~the relevant mutationis'4in4'the pathogen ''
,'~ "'linedwihtosin" the host"'' Possibly "the fungi' were the "origina~l> :"'k''''eukryotes , "te ancestors of us all. green 4plants mih welhave satd '' 

'<from"'gezeti a'nd molecular associations like 
 1hssuvvn :in lichens, ~ Ifthis Posibilityj i'scorrect, Triticun andths
Pucna mysar o"s~e'rsl>
 
"""' 'genes than, is, su4zrficially apparent." ''" ~"i"' 

For naua' eoytm, the coeyolution 
"''" '' ' 

scenari ends with our 4 recognition
"that'a bod host'inge and great variability may4characterize pathogensp" ~j4'
commonly thought of as highly specialized, Possibly 4the best illustration4 of" 
this was furnished, in Israel, by GO-rechter-Amitai ' (1973). In an extensive "'" 

4 



study, he isolated:Puccinia jgraminis from indigenous wild grasses in 92 'species~
int3gnr n their~native habitat' under 'natural conditionr' of infection;,) 

(140Splantsin 39 species genera) wrrtd "s'usceptible to infection."jHe!"

test~ed 157 species (68 genera) of indigenoiis wild-grasses;7'P. grmnis sporulated~

ch.1n (146 genera) and plants' i 14 'specic we,e rated susceptible.
l2,species 

Additinally, he tested' 69 species .(29'genra) 'of, introduced grasses and found
 

.---l-~eie (13genera)which "coitaincmpletely ssetbepat----"----.
 
,,TheP.7graminis cultures from 
 ilid grsses fell into fourformae 'speciales: 

P. graminis f. rsp iavenae; f: op. 'tritici,,f, sp. secalis, and f., lolii '~The first, f. osp. avenae,' was most widely distributed; itwas' isolated from 71'
 
Vspecies-'(36 genera) and 66 species "(3i4genera) were "flysscpil. P.
~graminis f. sp. tritici ranked second, 27 species (8genera),were susceptible,.

Icontrast.,In the other two forme speciales were each isolatei. from only tre~ 
species in7 two genera, In the greenl'ouse, however,,f, sp. secalis warae 
yvirulenit on 26 species (i4.genera) and f. sp. 'lolii on 36 species '22 genera, 

Corespndig dta orP. graminis avenae and P. graminis tritici are in Table 

In their natural habitat, 10 species yielded two formae speciales'each ,
in some cases from the sme host plant.. Two grass species were susceptible to
 

.jthree different forrnae spec jales, and Lolium was attacked by all four. In the'
 
'greenhouse, 39 species~ (16 genera) were -susceptibleto two formae speciales; 29
 

spe'cies (8 genera) su~pported three; and 20 species (13 genera), four.1,Th'us, "88 
species proved t be compatible with more than one formae speciales of the fun
.u., such as Poo,sinaica, all four formae.oni a generally susceptible host, 


speciales can sporiilate on the same plant" (Gereciter-Amitai 1973). No forma
 
specialis was conf~ned to a single tribe of the GrW/ 1ieae, and no -tribe was" 4
~'"host to only one forma specialis.' <~ w
 

,At the pathogeni'crace level, where the agriculturist's attention concen
trates, P. graminis avenae race 2, which is virulent only on the standard oat 
differential cultivar Jostrain with gene~ (Stewart and Roberts 1970 was 4t 
isolated from 41 species in nature. Racel1, virulent on no standard df~fferen-


Ktial cultivar, was sporadic in the field inIsrael.)Agtinst seedling wild.~'
 
Agrasses in the greenhouse, however, race 1 was virulent'on the greatest number -::
 

ofsusceptible hosts (65 species), followed'by race 2,1~63 species), de_
Race 6,
fined as being virulent on oat cultivars with genes i nd, was isog2
lated f romI49 species in-nature; it proyvtd to bela vrlp nN smallest '$number-of susceptible hosts as seedlings (56 species). Also, race lh~d the" 
"highest average virulence" on seedlings; rac'6 -the least.' Yet race 1 was Ivery
l1imited in nature and race 6 was predominant. ,This may be because race 6 was- -,
especially well atdapted to Avena. Race 1 and race ~2sem almost to be "no-*' 

<To test "host range" and "pecificity. :concepts in the extreme, Gerechte'r-
Amitai. (1973). used single pustule isolates and found that a single isolate of~
 
race 12 sp~rulated on 80 species of wild grasses, .69 of which were rated suscep
tible; end one of 'race 6 sporulated on 72 wild species with 60 being rated suds
 
ceptible. P. Lraminis tritici was similar. For instance, race 21 isolated
was 
from~18 wild species in nature, and a single isolate of race 21 sporulated onI' 50 species inthe seedlinig stage, 37 of them fully susceptible.

How can broad host range and strict, specificity be reconciled? Seemingly

the broad host range that we observe todsy forthobiaers ndpwry,

milew isexpained by the evolution of many host tribes, genera, and
araite 

species fromii common_ ancestors and b the development of po yp1oidy in the evolu'
 

''tioiary originof- some'. Thus,. many species contain, in various proportions, gene'
 
combiations 'rom evrlseigywidely.divergent ancestorsth ,temlvs
 

~J
 



must taeto coimmon progenitors.2 And individual cultures of~certain pat.hogens'
3are~ qiuta&ii siy "capable'of attacking plants,.of different s~pecies or even ofrremte~genera, or tribea!' (Eshed' anid, Wahbl1970) on the~one.,hand "'et of 6xpess-~ 

touragrecosstepespecive,~ny 'cultivar,,speqifi'city isu 
wihi eei odels, Clearly', the concepts of formae speciales n'"rc 

~.unity' of tne Bai noptblt-Corpatibility System~ to No-Hs
Inuaity'and ImmunityImm Host ~ " "'" '~' ~~ 

~Axiom54 105 en-for-gene hypothesis., Since he ,desvribed it for th~'eflax-flax'irust systemf, it has been studied extensively and showni to explain'~~~Yover790 percent of the variability reported in the'literature. , 'The samer basic pattern seemc to hold for fungi, bacteria,, nematode,' insectand possibly ~~7~ '~" vra interacti,; "ith-Dlants. The same pattern may'alsohold1 for interac
tion between animals and'disease-causing o-niei-ntis (lnge
 

T99'hus, the gene-for-gene hypothesis may be universal, 'at least where,,specificity is involved. Incompatibility-compatibility--th common expression ,
of gene-for-gene systems--seenma to manifest ,Ltself th~roughi the recognition-nonrecognition phenomenon,'iWpicn it self seems a universal biological.'phenomenon(Nickal17) If this ,xplains host immuni J, what 16f non-host Iimunityf?RHecent' biochemical 'and ul'trastructure studies, and models speak this quesjtion.' ' 

' 

to 


Heath (197)4, 1977) studied the ultrastructure of associations following
recognition or.non-recognition of three rust fungi on~their compatible and 'incompatible' hosts, on severall non-hosts on which they would be non-ptoen"and on artif~icial membranes. She found that behavior on the leaf surface could,"not account for non-host resistance., Within genel-al,the leaf ,'in iferncsbetween non-hosts and immune hosts were slig, tr rcualy;if
funguis appeared normal in four, out, of five non-hosts examined." (Heath 197)4).Most hyphal growth stopped just short of, for'mation of the first haustorialmother cell. Riarely was there additional 'i'ntercellular growth or fomation ofhautoria. -In no non'hs was more than"'one haustorium formned pezrinfectionsite. If a haustorium' failmed, 'both haustoriumand ir-aded c6ell died ' apidlyThere was a 
general lack of specificity of non-host! response4and i±fa given rust~non-host interaction had a-uniquefeature,''asth presenceof wall'darkening or'the relatively high frequenicy of haustoria,, then the 
same non-hodst exhibited a 'similar interaction with' the other tw ut.Teraosfrsc pfomt
"'" in fungal. development in hosts and nor-hosts I".rit >2was-not' clear.A 

The hre
russ dfferd cnsielably in th'e develo'pmntl~stage at'whichgrowth ceas'ed. 'Her studies sugse ifeetsae wher a~narray~of cellu.'lar responses Ican~take place. Sh "ugseththseiercon'can ptntially~occur'in both -compatible and' incompatible.' . .asoitosand that these,~stages represent''switching p'oints,'I the' response at each d eran ~th~ se 

quent progress 'of;,infectio6n" (Heath '197)4)." Inhe'rm~odel,' a' "stop signal" 'couldbe receiv.ed at any of sev'eral~ svitching points. ,,If nonie wsrcieter posse was permission to "go" until'the next~stage. Day (1974)falso developed
 

, a model, modified by, Callow (1977),'toexplini 
 the m~ode of, action of different ..'possible ecorrespon i:ng R and A genes that,' followng recognition, might-activate',other' genes to prod'ice a common product, possibly a phytoalexin, and~result in, a~Ycommon expression of incompatibility, as observed by Heath (197)4,, _1977) ,'( 1 'Thus studies of 'ultrastructure and biochemical genetics models of-.gene' " 
'i'' action indicate that there seempg to be little difference between what is~ 

," 

http:receiv.ed
http:plants,.of


Sin terpreted a.s "host immunity" and "non-host immnu~ity" "they could be the~''~same.';"Non-hosts and hosts". andL 'non-pathogens 'and-pathogens"' ar&probably"
definitinal.. If man can crs mebr f a, idseiswith ,cul-~ ~ tdost htv species that include som sucpibecivars both "hosts"are 


2even if immune orhighly resistant. Ifm~nncannot cross .them,' then one is ' 
. 

,~man with present technology." With our agroecosystem perspective, we axe so 'accustomed to strict specificity in which variety A is susceptible to race 1 " of, 3ay, Puccinia ELraminis tritici, but resistant to race while cultivar2, B,is the opposite, that; we lose the perspective of lessons from an indigenous
ecosystem where specificity is very different. (See Table i; Sections Iand
 

C. 	The-Basic Pathogen Pathogenicity System and Its Counterpart, the Basic
 
-Host Resistance-Susceptibility System 


A 

Once non-recognition .,~curred between the autotrophic fungal 'cncestor~andits vascular plant, the "'door" was unlocked and ready, to open to a potentiallycompatible relationship (Sect~ion V.B.3). The green epiphytic fungal progenitor then established a "ood relationship, gradually lost its chlorophyll, and became an obligate biotroph. The. fungu9 had become a parasite; the higherplant a host.' Even today associations between a specialized -pathogen-and asusceptible host' generally compatibleseem during the early stages of theassociation. It is not until a considerable amount of'fungus tissue hasprodu-dtat it bucomes obvious to us thiat the parasite.is a destructive,
been 

pathoh n.'-The parasite Iustoriginally have had a minimum basic system ofpathogenicity- (including adequate aggressiveness).. This' would 'graduIally havei 


been modified as the interacting organisms adapted further to theirtionship. ~.As 	 new relathe fungus tended to become more efficient~as a parasite and as a path~ogen, the host must have responded by perfecting,.through coevolution,
its basic system of resistance/susceptibility to the pathogen's basic pathogeni
city (Farleyliet 1980), 
 This system, the second basic system, then'as now,
determined the ultimate extent and the rate the..pathogen developed,,,disease

progressed, and the duration and amount of sporulation, The corollary is~that,
ultimnately, it also determined, host yield, or, rather, departures from potential host yield. Commonly referred to in agricultural systems as' horizontal
r:sistance, general resistance, non-specific resistance, or dilatory resistance, 'the'second basic system manifests itself in our check populationaa"slow rust-.
ing" (Sztejnberg. and Wahl 1976) and was described as a "major primary contribu- .tor to homeostasis in host-pathogen population's in centers of origin' or diversity" (Browning, 19714). Incompatibility-compatibility became s'uperimposed'durin~g
evolutionary. time over this basic system that seems most responsible for host-,~' pathogen homeostasis in indigenous populations. In a diverse setting, the
incompatibility-compatibility system probably contributes significantly to maintaining horneostasis where both systems, occur, as between the wild grasses slidtheir pathogens in Israel. 
 The end result of the two systems isastate of ~"" dynamic balance in the wild, coevolving ecosystem. ~ 

'~ VI. 'Genetics of the Basic Systems 
Incompatibility is conditioned by the mutual recognition-of products of
the two corresponding genes, e.g. R, and Ain Figure 1 that commonly are in-~


h-' My hypothesis is that similar
erited oligogenically. genes are involved with' similar modes of action whether' these genes occur in what is interpreted as a .~ 

http:parasite.is


presses immunity Thus, R and A under nofi-host immunity end ncon-pathogen
aviru lenci, stop and bottom, respectively, in Figure l) 1cannot yet, b i ,eati

"'fied gene icEL1y. but conceptually they seem to beinstguhal'fo mw 
' genes R dnd A"'(i the left center box, Figure 1)'that c nditir' ho-ptoe

7 , incmpdblyi ,Section:V.B.4). 
in the Fgrel left box, conditions Incmatiilyt'-"stop 

",signal, the end of teln.The action or each is "coiiditio, all n~h~ I~s- i. 
ence of the other (Person a~nd Mayo 1977)." If either ii~rAIwrepie ih 
.;'Acr~essive,' i.e. R a a1 (as illustrated fo 2)ao r~ A, th o 

'zygous' ecesa1,, occurred, the interaction would be onme of compatibility 2withi>4'perissionW'1 ,go" to the next "switching point" (Rieath .19714)."',At come~switch.,2ing point, my hypothesis goes, the second basic systemn takes o~ver, the athogenQ~'expresses its basic pathogenicity, and the host expresses~its basic resistancet-~
 

There are' compelling reasons the' secondto believe that basic zsystem takes,over from the'first: Assume that a cultivar is poetd_
Z.:iincompatibility: Itchnibe 'rendered ful'y susceptible byl1 removing the R" 

~ '.gene through breeding am.' isogenic line without R;,2) deleting the Rigene1,by'%

pointa1~muion; 3 oracominthe efctoth R gene with a compatiblis, pre-" 7:
isognc rae f h pathogen; 4) destroying the~'effect of~the R gene p.\by, e.g.,'elevating'temperature a'specified time asnd amount 
(assuming the,inter-."
\actio'n is temperature sensitive);;and' 5) inactivating the Rgene~o itspr1
'duct(s) by prior.inoculation with a compatible 'race. 
This interesting~phen~enon,

induced susceptibility, was 'reviewed by Ouchi et al. (1970), 
 For'examp1e 4f A'barlej leaves were' inoculated first ith accompatible-race of Erysinpie graihfis Vhordei followed by inoculation with an' incompatible "challenge race, reaction to"the challenge race was one' of compatibility. Similarly, ift& hllnerc,were of the non-.pathogen Snartesfuliginea, the melon powdery mildew %un gi'S",a compatible reaction was expressed. Likewise, if meonr'ereinculated first ' with S, fuliginea then with the non-pathogens E. gramini'hodei'4or E, graminis~~
tritici, 'the latter non-pathogens'jproduced 'conidia on'the~non-host melon.,"/Ouchi

eital.' (1979) explained this by statingithat, 'conidia that'u ce'ded inbreaking '.
 
the 'primary barrier (recognitioni)'and "established a pseudo-syiotic relation"I7.
couldA continue development. LSeemnglyr ea'ch 
of the above five mean~s of removing,
the R"gene or its effect constituted!"breaking the 'arrier (recognition) " of 'the i'~basic incompatibiity-compati bility systemi and permittinig the second baa-' system to take over"and govern the interaction.". Clearly the first system, sf.Apre.sent, is the limit~ing factor inthe~association' Flor".(l956)showed' that" "greater'resistance was epistatic to lesser~reaPiaiiceA".The incompatibility compatibi]'ity 'system, 'ifeffective inLa given host-pathogen' inte' ption, results in'" ' immunity or high resistance/which would be epistatic tU the moderate !'exte'eWandrate interactions"' (Figure 1)olthe second system. 
 Iti ., 'as if~the first System were'epistatic to the second; thus,A the'second'basic- ,stem cannot express
itself unless end until the'first system, ifpresent and, - cive in
a given hostpathogen association," is'madeineffective,. ' ' 

R~esistance/susceptibility' to basic pathogeniicity may be codtoe.bdominant, and/or recessive ge'nes (guel"gm'o)a'nd some of them may be 
corresponding genes (Ellingboe 1975, Pare' e an'dZa 1k977$ alvl " 
1980). The'right system must govern all interaction~s on 'the continuumlAafter.

the "door" is' unlockel. Or, if the,"door"'is notrlocked at all (A common goalof breeding programs is to attempt to exclude all genes for incompatibility4."" 

''A .4 

''E 
Ma' 
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(specific resstace 'fro ther material.),then the right-hand system~ is"ex-,~posed 'iwmediately to the pathogen and governs thelentire interaction from tbe 

aont f.thn foodmelationship'through pathogenesis>tthe++ ,,+ey~&Q"+m. termination of spolatin.: Results' f tis c 
 e n d SoP asrin (fr some'crops) ,the+grainyield' of disthogens)the host and/or: (fori 
9f'tl-e+ athat the spore yield"' + 

++: ogend i s,-,p acp ed-isase inrst e n i e- ai inherit ed 
4is deringthat spore yifld is a measure' oht-pathogen interactionlfrom the onset of the food reainhpt emnto fsouain itis inconceiv- J

able that 'the trait "spore yield"~is not also quantitatively inherited' SImi
larly, it is inconceivable tome that the athogen's basic system of pathogeni
city,' or the host'sbasic system of resistenc' /susceptibility to basic patho-)Y~v
genicityc-that together constitute the secondrbric system in Figure 1 and
that; determine both spore yield host-yield--are notar-.d alsoqantitatively
 

VII,"'Epidemiology and Use inBreeding Programs of~the Two Co-
 ' 
evolved Basic Systems of Host-Pathogen Interaction 

' 

Epidemiology is'the "science of disease in populations" (Van der Plank.~
1963). It "sets the strategy" and provides the perspective"for using plant>
breeding, 'End other disease-managenent tact~cs to develop better crop protection"'
schemes and recommendations (Zadoks and Schein:'1970). Consideration of the ' J 
manner in which the two basic genetic systems of host-pathogen interaction

h e d
affeott° pi mic must precede consideration of using them in stti n breed 

nsae es and eny conclusions should be c&onsistent with toefrom natural 
generally lacking.. ,-4 • and Morrell+ (1975), however, AHoward .+ studied th Ieepidemiology 'isesein Thiey trappedof lef sot anaiannatveprairie 'grasses,. spores,counted lesions, and plotted disease increase and decrease over time. " Overall,
disease intensities were always low, despite sometims apparently favorable
environmental conditions" (Howard and Morrall 1975). Genetics, of the inter'
acting! organisms were unknown but diversity of lesion size sug~ested a genetic


S diversity of host response. I interpret their data to show that the grass population was protected by epidemiologic dilatory,resistance (Section IV).

'"In an epidemiological test of different types of'resistance~and population


structures that would tend. to simulate~a' naturally diverse population, Politoweki
and Browning measured(1978) spore yield of Puocinia coronata from large, iso, i-, 

> lated oat plots and plotted disease progress curves (Figure2). Included were~p
1a susceptible check& (Mc;l)that carried. two inconipatibility genes, both-of 

which(were matched by racii the experiment; 4 2) an imimiune 'check''(X421 I) thatonly measured background noise because of an effective inicompatib~ility gene'from~ -4~ j A.'sterilis that it carried; 3) a cultivar (Portage) said to hayvs "partial,resistance," possibly polygenically ,'inherited; h~)seven pure line cultivars,,thought to,have degrees of polygenic tolerance to crown rust; and' 5) twoi miult17line cultivars.. The 'last 'two had the' protection of population ,btffering from ' 
from crown rust via mutil'ineness. (A'multiline is a'mechanical mixtuire'of~~~
<sev'erali(8-0 inthis case) isolines, each of which carries a differnt-en<;
 

S'' for incompatibility to crown 
 rust' (Frey t al. 1977)). The -esults showed't"~
that the~multiline cultivars' were hihymxdi ecint rw uta

in the check-indigenous population on4 Israel'sa Plateau of Msiieshe~(Section::1),..
 

>' somd1._ nI Fs!upported 
 crown 'rusit while; others were rust, free;;X42l.4 was imsune,
Portage was moderately r'esistant; and' all other cultivars appeared susceptible,'P4
The epidemiologic' response as shown by the disease progress curves of ail."culti
vars, both pu~re lines (except C64~9 and X42l I) and multilines, however, wisthat''
of different degreesifof dilatory resistance-a slowing of the rate of epidemic, 

04 ".".." 4.. 
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Fig. 2. Predicted disease progressecurves of Puccinia coronets increase on
each of the 12 oat cultivars'. Cumulative spore-counts per 100 liters of airM~ ' are an average of three replications fitted to the logistic'equation. (FromU Politowski and Browning 1978)..'

development relative susceptibleto the check.''
Several types of genetic resistance7-pure line, incompatibility, muilti"'1T
 

I~line use 
or incompatibility/compatibility, diff'erent levels of basic resistance/s isceptibility~to basic pathogenicity--were~inicluded in~the'experinent , i~
palit 
 ski and Browning (197'8). The-resistance and susceptiblechecks showed.
SdiscrJinzatory: resistance/susceptibili-tyagainst or in favor of, respectively, 
(-> 

the r~lt~races' in'the experiment. All other cultivars--pure' lines and mnultilincS displayed- only different degrees of dilatory resistance - * 
*, Natu o 
 rtcsisppltos predominantly with a single'type of"epidemiological resistance.: Measured, this is a rate.rducing resistance and..define itas 1 "dilatory." It is characteritic ofVwildpopulationsN that show, say, the quantitatively~inherited' f plants'selow 'ust~ing" character.,It. also~,is characteristic of population~s of host plants ich'in genes. for. incompatibility(as in he multilines inFigure 2)orta~r itrpre among noo host plan. 

.'
 
Thus, dilatory resistance'is'La commion, effevtive 
 Jiniei~jgia~hnmnatural sys tems., Discriminatoryresistance, however,-6'sowidely used inai'cd 

uralsysems.isan rtiactof gricultural ystens.-
not norJ-'ly Natural ppulations do ioccur. in- the large homogeneous hectarages required either to generate or xeceive large quantitIes of hooe osiouu, Mixed stands in nature-1-do filter with discrimination the small amuouztsof ilicoming '!seed" 4incculzm4 it 
4the effect on ~inoculum increase and pathogen<4pread will be that.'of dilatory">*lresistance in1 the naturally' heterogeneous (or,.if a homogeneous climax vegetation,,
doubtless genetically heterogeneous) plant populations,.
 

' '' IN 



Thus, nature uses primarily~a single type of~epidemiologic resist~ab e
dilatoryresistance--to protect populations; but it uses mii' different gene-j 
'u ic systems and population structes toachieve it, The basic syste -of 1i-" 
'compatibility/compatibility, contr.ibuts to ,dileatory resi.stan Ice in natural 

, ,ogenic ty. -The latter probablyi5:the systeim most':responsible for-maintaining "
 
-hoeosasi cosstes. he'formcrv superimposed onth second'W
inindgenus

basic system, providesa feedback miechanism aidi contributes'to homeostasis In
~'a inajor('wa. Iwill' rturn' td'this point later.' , 

Anepdmooicladeolgclcmprsno pathogen behavior in '~natural and agroecosystem'i& instructive. Epidemiologically, a given rate of''~VVV sporulation per pustule shoul~d result 'in 'a given~ rate'-of pathogen increase;' 
Increase would be at awaed innn-ahster'aneo aua population because
 

mos spreswoud on-ost
b watedon ad resistant hsts. ~Nature compen
'sates~inpart for this.marked. attrition',byproducing propagules inT
'ridiculous
 
abunidance. 'When, a pathogen genotype finds itself in a~homogeneous sbtan~d of ~a 
compatible cultivar, however, the samne s'porulation 'level rZsults' in~avery high' ~ 
(almost explc ively high) rate of pathogen in~crease becau&' the ei'ficienicy'~of
spore> dispersal is maximnized when-like host' genotypes rare crowdedd'togethe.>, A4 
Ecologically, the rate of energy transfer from primary producer (the 	host) to'
primary consumer (the pathogen) is greatly increased. This highly unstable 
condition would lead to the host's destruction (were it not maintained arti~ficially by man), and, therefore, the self destruction of an obl'igately parasitic . 

Lpathogen. This is of no positive evolutionary value to the pathogen, but theV

pathogen has no genetic~information to enable it to behave oth'er"han as inthe
 
wild- ecosystem where -it-coevolved'tcesporulate :only- at the' ratu required to main-~~ 
'tain a state of dynamic equilibrium inthe diverse population. 'Itis this 
,equilibrium that has been- upset by releas'ing for.-extensive use cultivars "pro
tected" by single genes for inc:ompatibility, without, a baclcgrouxd 'of basic re
sistance'to basic pathogenicity, that has resulted in the' severe, epidemics.
peculiar to agroecosystems (Browning et al. 1979). The result' isthat many

breedera believed that incompati.bility genes' failed, and they, deliberately

chose to eliminate them 
 from their breeding programs lest 	they mask genes conditioning the se'cond basic system. Of couroe, the incompatibility genes did 
not fail. They did what they were released to do, namely control a given race 
or 9pectrum oraethyadben tested against and'relae ocnrl "Te 
hadno capability of doing more; the host populatiobaihd~no ca'pacit'y for genetic ~ 
self adjustment; and in the stress-filled situation the apparent failure of the~* 
genes for incompatibility was inevitable. Understanding the role of Inc ospatiV
bility genes in nature' should enable man to use tem more wisely~ in agriculturalC'
systems.' ' 

I stated that the-epidemiological effect o noptblt-optblt
genes--that of the discriminatory filtering of 'incoming inoculum--is' an arti- 'V'V 
fact odfagricultural systems. What then is the epdmooia 'rol'e of in-hI 

comptibiity/omptibiitynaura sysemsParlvlit (180Vaidhat

its role is not to protect the 

n 

plant--that isthe role of the basic systemn ofK > 
resis nceetiilt to basic pathogenicity--but to keep th.epathogen > 

V 'from becoming too aggressive.''''> 	 ''' 

Van der Plank (968) considered that pahoe agrsieeswst counter-'
 
part of host horizontal resistance,_ Doubtless pathgen aggres~livehs...anA>
~VV 	 epidemiologic concept--als6' is the counterpart of epidemiologic dilatory re
sistance. Thus, in Figure 2, host cujtivar Multiline M73'can be characterizedA. 
a s 
having more dilatory resistance tr. say, Otee. O, the p~thogen population5can 	 be 'characterized as being less aggressive on'Multiline M73 thanVon'Otee~l, 

VV 



Like resi8t~tuie, aggressiveness, iselative.>,7' Plant pahloit comnymaue esvns fitiesbsbydef-rmin-Sing~8ore~yieTh the' train that~producete JMOBtspores~is~the~fittest,,or4mostgrei&. on thathst int ev___ Thdy(93,erined fit_~nesasasthPrI pu._9ajoeiehs
o Q±U5y
t cams''ft"ptoef6nnot. thasjiBprzanecessarily be'h on e es1tats in the long. rmthat voud tnd todestro h hos an mnmieoh'probbility of either pathogen ~ 'x'~niiieteo ~ 0 aQt<~j,~
gen' had ~to evolve some mechanism, -some,'system, 'to prote'ct its host for ita Own-long-term suvival. fThat system was the basic, :1~ney tuned' incompatibilit'


Scompatibility system' that operated through fl/A genes-7'r, recognition-non-rec9onition. The first basic ,system, embedded in the basic 'pathogenicit/r'Siance

basic pathogenicity system, 


gen from destroyin~g or even placing its host too great 

',to maximnized the~average and prevented the patho-,

at a disadvantage relative to other genotypes and species competing In the same ecological niche.
Mutations L4a (avirulence to virulence) could occur readily aL;a feed-back,system.(Parlevliet 1980)as needed to maintain dynamic euiitbiu..1 
 The aa' Cagene contributed also to. the host inian' altmost muttialistic way'Ubyielping~tokeep thehost from becoming too dominant ecologically. Exesv clgcl
dominance of the host or. of single Zenotypes of the host might hasve increa&sed.
the host's vulnerability .to other p~ests, fire, and adverse environinepntal'candi-S tions, thereby,.'again,' threatening both tht host and'the pathogen. Thus,'tho
diverse EIL basic system of incompatibility/coinpatibility , embedded 'on.the.second basicsystem of'resistance/susc~ptibility to basici patho<genicity, smaximized'the average. 
 The two' coevolved systems assured a genetically homeota
tic equilibrium. 
'.he finely balanced homeostatic systemn'facil~itatedteeou
tion over time of' genes for hnst attributes--disease resitne digptheinol-~percentage, yield, etc. a(Section 
 rie.I-hglyMdr plant,'~
pbreier
yet today.. 
 - II-igiyiza'wdrpijvbees 
Doiatgenes for incompati - 'bilitycommonly are considered disadvantageous


Cl~ even lethal, to a pathogen, especially If it isan abligate biotroph. fThePre-"
ponderance of alleles that conditijon incompatibility in the pathogen population
(Axiom 2), therefore, isinterpreted as meaning thatthe~y must have same other.
essential function (Van der Plank 1~978). Their frequency can be explained based,4on their contribution to the necessity far the host and pathogen to maintain a
dynamic equilibrium as discussed above 
'..~'
 
How should the two basic host pathogen systems be used in light of contemporary knowledge and theory? 'Clearly, incompatib~ility geInes should be ;sed, asinntrol 
 ndies ouain 
and, preferably, embedded inan effLec&tiveulC 

sytmA* ac re tance/susceptibility to basic pathogenicity, CAlo 
Crsi+ 

mch
 
M. E.,c~niel, unpublshed) withcultivarmixctures suggested~that as little as 
 aa-~ a.1:2 ixture of pure~lne res'fstant:susceptible cultivars maybe adequate to Cpratect~a population even inan,environmentC±n vhich the homfogeneous sdaceptible~
~;CUltivar was being killed by rust. "In anzienvironment stl~oef~irbefor.~
disease, development; that amout of, esistance to anyeindividual race seemed'adeqia~tet .but2 the populationi had toconsist of more diversity. Thus' inanexperIment in which the suisceptibl~e recurrent wasparent killed by diese hStwo Iowa piultilines seemed untouched 'even -though,,their 1total populati on-2wasS;rated~ca L50% susceptible to the udefined'pathogen' pouat4~

-Th'atathese'data 'are corroborated by data from the natural ecosystem givestme great confidence that the 1/3 figure isreal (Browning 1974~). 
 Dramatic
protection of winter barley from powdery mildew has' been obtained, even in the 
C" 

long disease season inEngland with 3-cultivar mixtures, making each population
"2 /3 resistant (Wolfe and Barrett 1980). learly, not nearly as muchiresistance
is needed to protect a population as formerly waS thought. Thea degree of ' 



resistance desired can 'be obaiedb ' for~incomp atibility in
diverse populations and, preferably, emedng hm i'aneffective second.
basic ;system--that 'of baoic. resistance/susceptibility to'basic' pathogeicity. 

'used Bingly':i ' dive!rse 'lopulaLtions ;'"orbe. pyr'Emided (1elson 1978)- 'developed ~ 
S the maimaiui. xt'entp6ssible by.genes conditioningeffective basi~c ,resistsnee 

Ksufficient pyramiding 'may, hold'pjromia'e of, moving. 1i resultant cultivair(s)
~4 back ,toward the protection inherent ini zioiiost'1iiinity. This hyp9theis is'
wo~'ibrhy of being tested. '.<A4-4>< j
"How should vesistance/suseeptibiility to'basic 'pathogenic 

''Y 

ity be managed?4~
'My model' (Figure 1)"suggests that the ser"nd basic' system may be universal4. 
Van ,der Plank 1 968) also suggested that hIorizontal',resistance is effective,~i'.
against all races, "That this is simplist'ic Ihas been stressed by many authors'Mymodel (Figure 1) corroborates Van der Plank's (1968) th ory for races of'a4 single pathogen, however., Nevertheless,',two'.different types of evidence urge'4~ caution in the extensive use of homogeneous basJic resistance/susceptibility ;to' 

* basic pathogenicity'fron the same source: '1) il oni ntdSae
h 

is potetedby eeal,resistance from Puccinia sorghi~' However, thiis C'nditions 'no protection agaihat another, very similar pathogen', 'P. ,polysora.~- Man'enabled~P." polysora to threaten U.S. corn (in sF~sons of favorable~enyironment)~with his genetic homogeneity- n spite of its' neral resistance to P.ori-< ' 

and favorable' cropping practices (Futrell 1974,). 2)' In work on' induced ,
 
susceptibility initial attack by acompatible'race may inac ivate the recognition-non-recognition system and allow; an incompatible challenge race' to develop
(Ouchi et;'al., 1979). This setiis. to~expose the basic resistance/susceptibility.
system to the normilly incompatible race and that sl.4stem then supports~ the con- ""' tinued development 'of that race. This is not universal, however; inactivation""74~Tiof the' first basic~system does niot assure support of the non-pathogen by the

bsicsystem.'se~od Clearly, evnwhe',l t.e ystem for incoA,2'atibility/compati
bility is eliminated by breeding or' physiologica nnpiaioitermiig 

my~b
sysem til hihlypahogn aeific (Parlevliet 1980). Therefor.1', se~;,
 

advised.,
 

'VIII., Concluding Remarks 

Host resistance is the main pilly of defenseagainst disease, Without~ 
'~~ an adequate level-of resistance, it is difficult insm environments to apply~"enough fungicides to protect ;the crop; with sufceths resistanre,*no' ' 

fungicide may. be 'necessary. 'Yet agroec~system's ofjmany of ~he crops'on which' 
man depends for food ,' feed, 'and 'fiber' have -been plaguied' snd' all' still are~
threatened, by diseases. Thiis'indicates that man has lost much' of-the genetic',,
reitac that once protected crop progenitors,,or that he changed population'structures an/rcopn rcie~ a to facilitate' disease development,'~'""

'Or all~thre*.. Man's experience in 'agroecosystems is 'indrmatic contrast to4~~'that In natural ecosystems where the presence ,. ac'tive~'pathogens but the free
'" dom from epidemics characeie" th ~ r~csstm Sc an indigenous 

use 
ecosste 

achieve 
sorceo'f'resistanice'genes, but of knowledge oprmiss nt oly
how, to them to thefir population bulffering 'or' protection from 44,epidemics.a± 9 

' 

Comparing hosts and pathogens -in a igenous ecosystem with their pro6geny4 

' I Y 
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in' ag iutura 5ystems 4nbringin n-recent ,kr oJedg .fromi studies o , 
genetics Utras1tuatre , sad bcceistry, I have ioposed'' a iodel--o -o-, 

e 61aton~f=progen~io nnhot n proenitor non- 6 develo 

Men__O e-ecogniaon -rec _ognl system, ,and- terminating in-w baia 1StewnStt gvr hc pahg nneratlo , ody ' 
i 

yse se w
ib~it- opatibility~ s'~tZ £bestkno Ltor goening nteracti±s in 
.igene-f'or-gone associat s 'It is corditiokiedoliogisi rmr A,~ 

has mistakenly eypecteit todo in agricultiurali systems) -but to maintain 
___otti otpahgnblneb contro11ing aggressivns inteatho-, 

nesi uti1ines t Ii6 h 6st'_~,hwiss owt~rrt, cilatorj resistanCe.Te 
.suggest.ioni is of-the complete na~urainess'of~the~ muifine system" itT stimulates
natural- systems axnd&Ata f'rom :the mnn .d.dvressemadntrl yse 
d,,orroorate each thth bai nccbatiiity,compati-~ 

biliy sste ofnatre can-b uesed xesiwel o impartsaitylo to'. 
agocsse p~&~eopac.ytmta~o
 

paton's bai pahgncity, is-Iesse ih~b oeo protecting the.' 
ground~of'- 'hefrtssel cutf,7 ._ejii wher th two-stems aug 'en~t each ' othr, Tf6 irt y'stm never shou-Ld 7be used except, in dierse' pouainain nature; the' second& shouldi backstop, the firsI' di t elf a1 oisfrosK 

'several 	 duffern sources.~
 
"ihthe~wine anagement~of resistancegestobidaivrtyf
C tivarsUL 	 i gepesilaars wihadieatandwith 	 tobi ieriyuci oti the development of superior

cultural Pra ~sthtutiz th action of antagonists, the protetoni
S2 taagvncli i enjoys should-not -rest just~ oa each. indivyidua'l plent 1r,

the'poultion, but be chrceitcof-the wholepopulation an clturial> 
system"- Iro in et al. B'mltn n geou ecsse~ 

check popuiationm- this goal should be attainiabl wthouit sacrificing 
7 go ori~lu ,o slcIviculural traits required by a hng ry'world~ 

SiAppreciation to M.D. Simons for encouragement and valuable suggestions. 
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A. TAXONOMY 

The genus Gossipiuz,, to which all true 	cottons belong, includes 39 species, 
as listed in the accompanying Table 1. Of this number, 33 are diploid (n = 13)
and six are tetraploid (i = 26). The cultivated species include two diploid Old

World or Asiatic speies, (. i']:':,, and i. ;. ',c,:n, and two tetraplold Aew

World or Americin species, .':i ,tes and (;..eJta,. The cultivated species

bear 	 srinnoble fibers on their seeds, whereas :he wild species do not. Except
for Egypt, Sudan and P: ru, where varieties of ,. Icu',,'use predominate, and India
where , ,! x<o 'i, and '. iy:;y constitute a substantial portion of tie com
mercia; crop, 
 the tilk of the cottons grown commercially throug' -ut the world a.7e 
American Upland types or their derivatives. 

Tle ,ellUS,7 .i;u'': is widely dist ri buted in tropic and sub-tropic regionsof the world. Cotton basically a pia it,i.,; perenniai although the contemporary
commercial types are mostly short-term annuals J,,ived from perennial forms under
selection presslr.s that encouraged early m.turLty ud eliminated photoperiod sen
sitivity. 'he truly wild species of Jo.:ir¢es are mostly shrubby perennials, and
 
are confined to areas where wiiter fros; does not occur.
 

Centers af v r i' llitv hav boen e'getabIilh~a generallv for" tilefour cultivated 
Specie,'; of he:;-';1t;' r..r I lOf. 'veraI centers ;.pparentIy gave rise to 

. il types; tIese include Inlia, lotltast Aqs l, Chiia sad Africa. For 0. hl,r,'
1,, centols of variability hav ci,, identified la India, Central and East Africa,

Iran and Alghoni .n. In the Ncw World, Southern Mexico and Central America are 
considered lhe cent,r of variability for i0. h 'iial e';; Noi thern South America, the

West Indies and Central America are the apparent cetlers of varlabiltV for C.
ifn',a
1,?50,;
 

B. ;ROVI'ii ANDI)D VE OMENT 

Germinat ion and Emergence
 
A cottonseed contal s an embryo with 
 two well-developed cotyledons (seed


leaves), the epicotyl, hypocotyI and radicle,. 
 Food stored ini the cotyledons is 
the source of energy for germination and seedling development. Molsture for germ
ination first enters thlough tilechalaza, and later through the seed coat. Germl
nat Ion is favored by high oxygen, hiph moi.t ,r,,and high temperature. At optimum

germination temp-,ratures of 25-32' 
 C, emery i, , will begi, in about five days; soil 
temperatures of 18-I9' C generally are recomi;nded as minimum for planting. Re
search studies have shown that allaverage of 103 hours of temperature above 1 1.6' C
is required for init ial eisergnmce. Rapid growth of tilehypocotyl cause., an arching
or "crook" that pulls the cotyledons and opicoyl to the soil surface. The seed 
coat usually is shed before ihe cotyledons emerge. After emergence, the cotyledons
are carried above tile soil by th,: elongating hypocotyl, and for a period of 10-12
days they synthesize carbohydrat-s until he first true leaves become phlotoSynhe
ticslly funct ional . Concurrently, the primary root lengthens and lateral root 
formation begins. 'fhLgermination and emertence sequence art! depicted in Figure 1.
 
Roo t 	 Growth 

Under good growing col-ditions, thethe primary or tap root rapidly penetrates
soil, reaching a depth of -5 cs or more by tilet ime the cotyledons unfol. Root
penetration may ext C1d more than 1.5 m by the time the seedling is 20-25 cm tall.
Over a season, root depth may reach 2-3 m, depending on soil and moisture conditions. 
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FT. 1. Stages in gernination and seedling emergence of 
cotton
 
(From De.nis and Briggs, 1969).
 



1.elf Dev lo _ment.7Stem, Bianch and 
The main sten it;produced by growth of the terminal bud of tileepicotyl . The

main stem consist., of a numb,'r of nod s and internodes, whose number and lengthdetermine plant he Ight. A true l .af develop; at each nod, above the cotyledolls
these leaves an. Irranged in a spri I pat tern (eiither right- or left-hand) with a3/8 phyllotaxv,. P. branch nri.s;ltem develops in the axiil of each leaf, and ;'fees riseto eitir I vegetatliwe oc frlitillip branch (see Figure 2). At the lower nodes oftLe maill SteT, Lthe Ineis ttn tvpiCal l,'produceS vegetat ivC bralnches. Growth and de-v,'I opm.-nL of v-pa Live balli'h,,s it; simi lar to that of a main stein. It assumes ag'eilela Iv vert i cal oriittati oll, l tocoll illles produce! leaves alld ilteriiodes as
long i; growilig clldi io 11 -CrtfiVol;ihl,. Hoth 
 till, nal stemliland vegetat lre branch
" I lre' monll,J-ii which1- trminaLe i I an apical kid.

'f11 fir!it rtill g' rliiwh usla lv appear!; at tile' 6th to 9th 11(11 :it1Ove the coty-I .1-dol A ; I;I I I l;I tIor vI*t iativ, Iraiiclhe'4, fllil t Ig IIaileies arise from develop
init of axi IIlrir' i uI I h !,ai axils. Not until the bracts of the floral bud aredii rcl Iated i; i posI t;leh to dt inerwlt if'Itii cv'-l1aii-tv it a branch I; vegetative
or1 ir prll tll'tiv . wlili ill axi I , oilITrbld i inrtll1o'intm h0giit; (itieveo)pment of a Iruitin, h Iitr li t lt'' , 111proiyiv I IlTI rI dI d, i l a trite leaf. 'he interiodL elongart's;- 'Clrl' i 
With It ill' I t ind a dllfer,ii tat ing flow-r itudthat de'velops from 
I l'll forit- itll I IlI lrer ln.L vITT] n, It'c 1 1 it(,ax I ; in. t, ' I ,I; png;1 1llcaIial( a 1o,,'4, ;; tl'C , cd 11 iiach llnod i is' frt icI brilI.ruodes r1s c chlI frol dhvel opmenL o f
 
,lI aiil lar'v iud It till I' 
 - iaborat 

I i1,W -'il'r' lli I; 


, Ol til llIca . I . iol of successive int riodes and 
. 'Ii, tori thai i Ivp ical Iof il tlnpodillm. 'lo or moreaxi Ill-r,btld , mydc'velop inltilC wIlt;, (I-dt],',It d Ildilui; Oilgrowth conditions; It Is 

pos111ilt i or 
1 

'bo th vt-' t liv, iild Irllt jii tih ialleil! to airi'-i at the slime node oil .110I1l1 IlO I 1111. 1lhi; :row hI it t.-i-, ,ll I ' 
pe riod 

ii I frh i fiorms are produced over all extended[In,, , oftIt i ,u t,,rilled crin Inat " 11 C'On IrSt 0 "d'teUIlllna teV"I: "STitl 


sit , -!; ( )li, cOI' , 'li t, ri ,,of dtVelopin,)Lt. I Ii which r ti t Ion results i termiuatl'In11Cnt 

F"_1
ow-er-1116
 

III tpical I . 1, I ,It, ,III- I
o , i e first flower buds (stquare,,) api ear ,
lout 40)-4, , l;.; it Ltr plaiit ilug; l, alppeal r
i tl isloo about three weeks later, about
1 5 d:i,'s i Ltel 11lnti g. L .'h Sll,;''S Tihil Of f lowering 
 follIws I f;irly sit pattern;
lower--; ill'p'ilr ;it il',';sive iotloe of tiL' same fruitin , bralch ai t lIntervIals of about;xday ;. 'I'[it, lte'rv~jl ht,Lwi-tn appitaraut('U of fl,,wers;, at Lt,- same relative position
 

0 f slIcCO t15I rITi L
' 
 i tI g, )rilt lis I aiolut tl re davs,.
 
"'lowers (It' ll
iott rtL'comIltete and tvpicIally cltlist of three bracts, a calyx(f iv, fu-;d t;-pa;Is), liv petaI is fused at tile 11case, 90-100 stLamnens that form a sta

lil ltil-il lIr cI-ll lIlU ald a siuperior ovary that collsists 
 of 3-5 united carpels
-'.lchcontaining-
 ,,veral ovules it axile placentatlon (Figure 3).


Tl'h st Igilm is; r,'ceptivc
s lortly after till flower opens, Usually during themoril I I.. 'ile two-lob'lq anthers dehisCe Mu pollen Is 
sul t itg 

deposited on the stigma, re-

Ill self-poll I inat ion. l,i ttl 
 , if iny , jioli.ii il disseminated 'y wind, andpollen movemient amlong difierent floI'ers is (ilt tid by insecti. Fertilization of
 

ti ovui.i!l; occurs within 30 hours after f-r 
 l lzation.S.et-d_
al.1lioll. Deve lt)L_int
 
After ftrtilization, til 
 h,11 d,.v(lp', ai idly, reaching full size about three-
week; lifter trtili;,atio . An dd1t ional 3 weeks are requir,,d for complete boll.maturation. Each locule of ;I mature cotLtc I, llI cotitalos 7-9 .:eed. Seed attain

their full is L.' illOlit tille' wee'ks after fel'tlii-tiolt, but they do not reach fullmaturitv until short lv befire tit' oIll opci . hen 'he boll Is r-ature, It splitsalong tihe 11 lltrt, sipirating the 'a";pl' is, foinhlni' 3-5 locks. Number of locks basically it; dt'ermint-dilv VilrietV. Ini UJplalld eott,) 4-5 .ock; are the general rule, th 
tXict UlltlhiI'i' iltIll 'I ed hi1V ellvitroilm, irtalCotdi t lous itaid the time' at which fruit 
format iot wal; ill iiited. 

Cot tonseed Iear two kitdts of fibers that are oit'trowths of epidirmal cells ofthe seil 'lilt,coit. 1lg iibers (iit) are tile jrlm-liN economic product of the cotton plant; lilt slorter ftilers (litters or fuzz filers) ale not removed in the ginniinp process and remain attahcld to ile seed. Cotton filter devel optient takes placeil two l;tel's that overlap to a certaii exteIlt. C'oll cloIgatio begins at or shortlybefore fort ilization; fill length is ;t tial 1t til aliut 20 lays. Secondary develop
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Fruiting branch 
(sympodium) arising 
from axillary bud 

Main sten or 
(munopodturn) 

axis 

.1 aves 

FIG. 2. Branching habit of a typical cotton 

Vegetatvye branch 
(r onopod ium) arising 
from axiliary bud 

plant. 
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An 	he , 

Fiamenit 

";X, ,-


N 	 Ovary 

-O ul'sin k'cule 

FIG. 3. Diagram of loniP'-inal section of cotton flower 
(From' - s and Brlggs, 1969). 
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ijntil>the boll ismature, Whereas ,the-elongation Oeriod--stablishes-fiber length,~
seodi;deeomn dtriesrngh relative'fineness *auifmaturity.,t~-~
3oll-Shedding7j& 77~sdrd iefiiitfutn 

IXna sense,- cotton might be consdri an infiin riigspecies, since 
i~only about',half~of the-flowers appearing' on a lant result-in mture bolls'>-This~ 
Sphenomenon of shedding~ has lon been~rec gizd 
 a
hve been
 

conducted -to explain shedding' an odveo en for miniizing it,t:Two principalT~
theories-have-been advanced to explai fruit shedding:, thutritional teory of-I' 
boll shedding and the hormonal theory. To dae, aysuismde havenot > '

provided a clear explanation of the sheddingphenoenon, although 'numerou 'factors~ 
have been shown to be influential in mediating shedding rates.- In spite of confusing
opinio;ns about the1 causes of shedding, three generalizations appear to be-valid;,
(1) heavy shedding of fruiting structures tends to -increase vegetative growth and
 

- development; (2) shedding tends to be compensated for by later increase in repro-

:,ductive 	 development; (3) compensation for fruit loss decreases as the season pro
gresses. -- - ' 
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BREEDING OF COTTON 

G. A. Niles 
Department of Soil and Crop Sciences 

Texas AhM University
College Station, Texas 77843 

Cotton (C r;::c', spp.) generally is considared a normally self-pollinatingcrop, although the allonnt of ilatural oterossing mav range froint 0 to more
50%. Cotton pollen is heavy and st icky, 

than 

and its transfer by Ind Is essentiallynil. Transfer of 
pIllln i,; effeCted bV insects, primarily wild bees, humblebees
ind ihoiCybels; it seems probabi that other lisects also may fiunction as pollenvectors. PoIpulations of pol l'ii-varctoring insects is influincvo by praximity ofOther vegetiltion, clilllitl, id tie alroiillt of in ;ecticide sprayilll'p in the area. 

A. CON1Ni)I, ( r l'i0 ,.tA ll tIN 

Poli ira tion coint ia ill cor toln i! i-Lit i v l s;i rip1,-. S l f-_pollinati on canbe affected tl'iItli riseW if e loth Ioi palcr hap,;, imill leahlle wire, string, paporclips;, cellulos'e actttLt r iother devices I bat will effect ively real the flowerhod alnd pr eveiit itntrv of ilisects. eireral ly , r;,lf iri ist done e ithrer in thieaft i noOti p , nci rdiii tilt. dsv of it ile'sk , ir eiarlv iii tilt- mrn ini g of tile day oil
wh i d tire f low er o p i 
 A-. If t t i l I s r own ill I p teerinhiiist or o th e r e iclo s Ur-efrom which in;ect. ,ire -ffec t ivelY '-cIludtd, artificia l seIf-plliIIat i n miay notbe ilecesa il-v. kewi rrc, iloi s whereh riti ill iiLcreo; ipg i; low, i degree ofciOsr ; l llay bl' tel-iOais '1n tipr to ju;tify til' expensie'I ofi nllitirl ;elflip.
Nn;il t culrio1s E iil rt'l iI ivi V l l 'i iv ill eal oli. Prior to antlnsis , either the

pleced All, day -ortiilv oil the dilv o anihe ;is, flower buds of tillare Ir'iLi l;lteLI bv "errwOVin femiale parent 
, tinle rt .arini cl(' iri.1. Thir rnvhly e idore witi forceps,fingers or v i nii; lnljiehlllicl-I t-1rirreiririt lii -; rievi ic . Afti' tile rrtaranr;S are removed,tile pIrtil Is COveneud witi a;irort l -nitp of sodil r;triw to preVelt desiccation anddepoiii t of flyiv' pollen. At teill ' t ilL', flowe-rs; of tile mia ir rei t are selfpo i n at ed to 1lli-vell t oI I len cr)intiril Lt oll. Oi tit, (dr v of alltlhiii, pollen istraunstferred fioir; the pi!till li-, ; t,11-011 to the se-Id hiaiit, L1ne paper straw replacedaid it i; i; iittarhlda1 to ilh rci h- 1i or ideiin if itat ion. With giood temaserli laflraid iOll!l t i init i i r'11ink'' ;, , rt cni inolI will yield 18-'30 S 'Vd. 

11. BlRlEElDI NG. METH:j!OI). 

P l'-fiiic hr- dil , in; io iloiri aittpt nl dtr ill d ivelOpint of co irmercialVs rielt l :. t;Lthl i , minst V l-il t i ( i ii,lllixt ilt- II relat i v-lv honiozyglirr I ioo.ri,or if rSirl Ii .i's ill rhic I c nt-oiln l ivl- o i h tr .rrrvgri tvoti ,'xirts. lhenotyipical lv, o:;t citco vatiLonitI ; a'te qlitie 111il frl-i; ill fact , sied cart ificationregiallt Oll;airl qli t'. strict l aI t,anryiv ins I I anroirrlit of lIl'lat vpiC varlab1l-
Ity is Iermit ted.
 

liy fill- tie most coinnioon lrced inll iicthrOd 
 ut i l ized Iln cot toli implrovenment involveshybrid ization nil iedlreeel !t Iect loll. FI '" iay be crossed tO producee four-waybrids, bt usilailly an F-1 i s 
hy

el f-pol 1 inoted to prodniCe all F-) pOptl at ion inprimariy selectioii wic 
r- made. li'etlnn lastioip isrnti -lit acceptailr level 

ione lin F3 fild Ilter generations,of uniforitV is establisirhed. SinlIe plant ,;electionsnay he mri il any t lill(', and thieet,are (-vaihatedil i progenv rows.Somc breeder; coinduicrt early gaelnaraat iol telrtr orl; soOri IS ;Rideinlate seed suppliespermit, ,'uisa;l llv ot earlieur lrri.r the 14 pu ier-atlir. liis rr help; to identify superioriyiirid co mnbinations and facilitatars tl eli n t ion of less pronri ing mater illis.Usually, 2-3 yearsirr of progev Ltvsts will ort theOult better- IiiCs, oui tireof phenotype, biirIsand replieted perforiaiinrce tests thlen are contldictd to obtain ri morecritical comparative evaluaion of linier;. Bilk populations and riass-pedigreetem; mre sysoccas irnaly irserd for handling seprerrt log perllerit iOlrS fol lowing i cross. 
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These have 9 useful "4~proven and maturity.~
 ~ in solecting9'"~ for 'stress tolerance 

BaDckcrossing,-has been utilized extensivelyfor'.iinprovements in disease resis~tance' insect ,resfitance i sep4_trait4 
The 7method 'is-not -extensively' used 'or "improvement' of~agrotinomiC-poetesc 
Aasyi rw h~hbiL, aturity~an fliber pcaracteristics..' '''" 

Va riou i It'ions of~ recurrent seleetion have been employed for impr ovcthent~'VIradus t 
of, fi'be'r properties, disease real tanceaI ndid'iochemical traits. Probably t i I'us t common use oflrecurrent systems h sbee-'i ii ndom intermating of"Sp i
 

47 to
tdeveloo gcrmplasm pools for selection, and 'for Intensifying the expression of"4 

Genti,,al strlt~a poe ob useful tool for deeoig opst

populations in~which' several parental' stocks 
are combined to form highly het'erozy-~'' " 

"gous gene pools.' With'4this procedure',"a numb~er of parental lines are cr'osed i
 
'agenetic~male' sterile stock. Bagitininglin"F2 ,the male sterile plantsre'polli-' 
nated with fertil~e segregates, 'and' seed~ is harvested' from the sterile~plants in'~ 

'' each~ generation. Bfythe F4 , the population will reach a 50:50 equilibrium of&~fertiles and steriles. The composite may be handled as a bulk'population to'take~ 
advantageof natural selection' pressures, or'pedigree selections may be taken,,as~
 

C. HYBRID BREEDING :' '4 

Hybrid varieties have not been important in cotton. Although significant,"

heterosis has been demonstrated 'many times, 'problems of pollen'e'ransfer and lack7';

of a suitable sterility system have been adetarrent' to development of hybrid,

varieties.? Within the past few years, a wokbectpamc-cei trlt
 

,.has been discovered, as hasifertility restorationi. In cotton, we now possess the~''~'
 
fundamental genetic- tools to make hybrid'cottoaprcilreit.Testm
 

is oLperec, exstinestablishing reliable'restorers, a~ndthe 'YV
a dffculie 

problem of pollen transfer, is not resolved. Further, much ned obedn 
o
 
evaluatei'stocks for combining ability, 'anecessary prelude-t deeomn~oap
 
priate- A,' Band R lines with which hybrid varieties will bepoue._Tepo
 
bleml-of pollen transfer will'need to be resolved, probably by using honeybees in
 
areas 
where insect pests are not prevalent and little or no insecticide is used,
to protect the crop. Prototypes of ,jybrid varieties are'now undergoing initial ' 

performance testing,'!and it appears that a commercial hybrid may' be available 
within 2-3 years,'although most breeders 'feel that a least five years will be
 
needed to establish good, competitive hybrid varieties.' 

#4 Utlizaibn. SPECIES HYBRIDS 
 ' 

consideredo' of 1'nLrspecific")hybrids for cot ton itmprovement is frequently 
cosdrdas ameans of acquiriing new genetic variability, especiall, 'o,


plant resistance programs. 'Interspecific bedn prset inob
uni~ue hst 
breeding techniques varyi according to the'~spce inovd'GbrbdnL and ' 
totnentosum, both of which- are tet r'lipcis r sreaiyw G. hitrs"twfl 

S and pr'odude' vigorous FI plants. However,. the F2 generati ons .praduc'e~a 'variety~of 
"" ,aberrant pliants'?with' poor rerdcieaiiy ihcniuds'eto~ h
 

mo'~'
ad normal progenies,' it is possible to effect transfer of exotictchromosomes or
 
chromosome segments into'a stable, 
' ' lalyall Upland b-ackgrou-nd.74' 

'Development 
 of hybrids between~G. hirsutumn and the diploid spleie's i more> 
difficult.' Diploids which cross directly'with iUpland produce sterile~tripfoid Fj"
hyIbrids that~ can be treated with colchicineto produce feril htxaploids'Selec-,'
tion within the healisrte ucl will~reduce'chromosome number to the 
tetraploid condition. Hopefully during this process of stabilization selection,williresult in4 Incorporati'onof a'tin ofte eei aeil frmti dpld'
species into a stable Upland' backround Ntll~diid seisWilrs~ic
 
ly with Upland; 'some wil15p roduce hybri'dr. with: hexaploids derived.rm h process .
 
previouly described. These trispecies, hybrids theore'tically should be tetraploids
 

'' which can be crosseddirectiy with Upland cotton.~2
 
A third metho,of developingUpland x diplnotd hybrids involves crossing of two
 

4j
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diploid species, doiuling, chromosonie 85
umber In the vhbrid and then cros;ing thtetraploid hybrid with Upland cot tel. Tbis procedure, woul d restil t ih a trispecies 

hybrid. 

E. S .t:c-IT:D RiFi' l:sFCF.l: VS 
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Al ST RAC Y
 

Diseases and nematodes are creditte i h reducing the potential in cotton
 
production by 15 to 25 p,-r('tc L tu'ili 
 year. 'i(,Iin soi.te arcas more c Ffective con
trol of diseases has iven yiveld il]tcrcal.es ,i 50 t,,1') percent where loss es
tImates for diseases waNs 10 perolit . Thvis, sinil '-,!iopportunities can come 
from greater priorities for developiing disase resistlint cottons. 

(;ent it7inproverinlt for ;untroll Ing tiln-edl loe disea; complex is accom
plishied hv obtaining resistance to seed ditterlota, ion, seed and seedling pi rform
anee in cold soi I and resistance to thit jir setd in'. "atlogens. Resistance to 
Plolt inur. will , the Wi I neCIatcd' coinp le nd to ,acatodes may be gained 5y using 
kllnw sol ro'es of ros i stallce to A) ti ii; reeln binat ions of genes wliih give stronger 
levels of resistatnce. Tnipr0VueotlltS for hih(r liveis oi resistance to Verticil-
S1151wilt hive i(eelohtained in ;i ;irilar 110on'r. 'i ne main needs are for higher 
,vt~ls 4f resistance ti Ie wits tn(!to tile 'Illt nematode complexes. Sources
 
with partial ! vels of resistance to IPlivinatotr *hiss rot rot are oeing used to
 
oltain liIlh r ltevo s of resistantt'.
 

,crtafn combittations of tie "B" goe ,s are knov.i which give horitzontal im
ill'ily L theiiiiterl-ll i iht pathogen. Thn "l" genes are becoming, important 
riot ) ,y fI." disase rcsslance btut they iro, as.jotiated with Imroved perforis-
InCeS I Ver d1ifferetnt environselnts. plati morphological characters are available
 

whicii help reduce diliaite from hall rot . Sju-ce; of resistance to ntl] rot ,it
 
being idntified. Sotrces of res istanee ti S-iit'.w.stern cotton rust and to some
 
fina I eaf spots are known.
 

Cenetic backgr.uid of the host an vrolability of tile pathogen are discussed. 
The Texas A&M multi-adversity resist arce (l'AN-MAR) system for use In obtain

ing geiet ic improvellent if cotton foi rasisistance to diseases, insects and stress 
I presented, 

TNT PODUCT I ()N 

Diseases ao,' itmatods arc credited with reducilng the potential of cotton 
production by 15 to 25 lercent taeh year (l'resl e" ai I Bird 1968). lHowever, dur
ing recent vea s ti a Uiso of no1w var eties lavitli he-ter resistance to some di
seases and resistoinces to more dif 'eront diseases hav,? caused yield increases of 
50 to 100 percent ia large asiof 'a'ex-as where estimal s of losses were only 10) 
percent (Bird 1977c). This indictes that past esimtes of losses caused by di-
senses and ItematIi's have been grossly underesr iiated. This situation undoubtefly 
appies world-wide ;id means tihat significant opportunities can come from greater 
riotitles for i(evio ping diselse and eMllode resistant cottons. 

Many farmers ire '-ticerned ith ce_,ntrollfing three to as many as eiglht di
seases and it~ro:icodes. tlc con,bliiLations of diseases occurring will be different 
each yetr. For this reason growers should be provided with varieties having re-
Fistarlee to oil- tile distase', ani nelmatodes which -icur or have the potential of 
occurring on their farms. Similarly it is poinitle.s to have varieties reistant 
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to most diseases and nemai odes ailldhave losses caused by insects aad strels 
factors. Consequently, a progrussiVe geeti ic improvement program will be concerned with using, methods that give varieti e,,hao'ing resistance to diseases,
nematodes, insects and stress (Bi'-:i1977c).

For the part fifLy years mo ,, totton breedin, programs have given priorityto plant and bolt types, fiber properties and yield. Yet, damage from adver
sities in produc ion keeIs farmers from benefiting from rinse efforts. Plant 
type is frequent lV al tterd by advr:rsity damage and vield potential Is never rea
li;:ed. Fiber spliniu,; and 'e vlng technolo ,y has progressed to where fibertraits arc - ir,-t i:i li itL s they sere in the past ([iunn 1915). 1ven so, it appears that stretn'th il o leaiinl, abil ity of fiber siiwg with lower mTlcrinaireirL. triits that must still he considered (Rusca and Re!\vc ; 1968, Dunn 1975).
W'ith tho'se developsents brood er' and farmers (as !be noi, concerned with yieldand pt ofits (Dunn1 1975). This nei;cJSgoenetito improveient priorities for cotton ,an nOW bleShif ted Lo tlt';e d,'?ling With leS i st ;1nus1 to aid:ver-s Ilit product ionit ls 

tllld seed ijprOVCell ; sid firmers c,n llitavie the crop for mioL y e Ildand profit
In iss wi ore leen thethi s bh do re:3ilts have een dratiat ic in providing
improvLd %'t l id profi ts ,,r farrers (Bird ;977,).


In tLhi s period I ill y 
 e WiII touch ol met hod:; of g' te it(- improvement
for resi t il(e tit po it it di S's'es and meatodes . 1,e will then cover methodsof genct i , improves 1;iIo rot lIt I -adver, it y resistatue. The at ter procedure

Cnlhn Cs dt'v lo'icILWiit of (o r tioni liv ; 
 to tatsiicfs to diseases, nematodes, in
sets ad 
 s, rs ' wil vI t root d isIlis's fo lowed by diseases of above
 
ground pli li pll t s.
 

" 
ITe Secd1l i l) "'s ICjl 1e0 Sd Ilig disriale ccurs wherever cutton is growsn.
ThU di cl s s,I I e Is )mpsli ltIe a I: us beeauske there are several symptoms
of dim ie thit i' ,tl he c tsed b., two or more pathoguls singly or in a variety ofIombi i itils (Pres ii ii d Btird 1968). I11e .'Mpltomsire seed rot, pre-emergence
damping-tff I, p )3-etlemirgence diiniiig-off, snd daihsage to roots of plants that sur-
V iVe . The p'im;irv itilla ils lansing seed!itt; dise:se are the fungi Rlhi-octonia
sol alni Ku li, I,'thitus )p. , ill I Iv I ), is iasicola (Berk. and Br.) Ferr., and
I L-__Lto Fs'rI t,.)- Ed-;. aad the roit-kilot liumatode
i j- (Si I. IMeloido nzyne ineg-
Jlitj (Kofoid 1111 ie ,) CiiLtwood. Such fungI ;,s Fiusarium spp. , Aspe rjlltis spp.nid Al teriiris spp. ti-V SoniLda V pMtbogens that may attocl. seedlings which have 
been predisp .ed (Priey and ilrd 1968).

Sie I d hret ni i riectIv, causes 'sore loss thani l and any othertdversit IIn prodt! ion. It not only creites problems by rotting seed and killing seedlI , lit iso, and tf greater sili')rtance, causes damage to roe- systems
of sitrvivill; pilsts. Pl'ints with damaged root systems are inefficient In usingi:x'i ;ttrc snd nutrient i. lhy mature late creatlii additioial problems relative
 
to eoolttii If othlr diseuslm;,,, and i reducingi damage 
 fromt boli weevils andiq iot Ii= spF. 

Relati ve.v little effort hais been j;ivent to genetic Itprovement for reiis
tance to the seed ing dii;se complox. Yet, mor- .sin be gi ned by obtaining
resistance to this disease complex thlan from resistance to othraty adversity.

An inderstanding of platit np-seed qualivy is i-ces;ary for planning a;enetict t:-iprovestit effort for resistance t-- seedlirg dlsease (Bl.rd 1973P. High-
quilitv .;,d are those produced under low hu.iidit , eanditionis and at. exposed to
little or iii rainfall during 
 thI period of maturation and harvest. If the seedootton f, kept dry and unheated, bii ihqualty is retained. Exposure of seed to
soistur snd inst is iniessary to condition seed for g erminnt in. Conditioning

of seed occuri in lhe field after maturity and before harvest, during harvest


Ls' 
and processing, iin torage or after lie seed are pl oted. Condit Ioning deter
mines how seed 'erlorm in p iving tniform' stands of heuoIthy plants. Excessiveconditioning e, i':, ditot iurut ion to the 't-xtet. thtoL ':eeI should not be used for 
planting The amount of conditioning prior to planting determines seed performantce in controlling seedl ing disease. Seed with little o- no conditioning are 
called cualit unconditioned ird they are characterized by slow germination and 
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emergence at reduc 'd t empe r;t itres (ProC1 I v and Bi rd 1968) . The seed coat resist 
mold growth, tin seed haVe bet ter coid tolerance, bettor resistatce to rotting,
 
no abnormal 
 seed Ii nis mid the seed l io',s tend to r~s ist damage bly pathogen' (Bird 
and Reyes 1967). Seed wit lIIimi ted ccndi t ioning are cal led lual i v conditioned 
and fi comparison wih qullity till(olld [tiled oaes they ermilnaLte and emerge at a 
faster rate at redueod teispOrattUre:;. le ir Se'ed Coat I-s loss resistant to miold, 
they have less 'old tolraice, SOMe alioril' seenllins;, less resistance to rot
ting, and tlt' seedlings ;are predisposed to damage by paithogens. Seed are called 
dutet yi.norattI'd Lhenl t ho' have undergone excessive InTTItits of conditioning. They 
germinate at sloWer r;ites, letninatioi ;lld eitmerg',en'e in soil ire, reduced, cold 
toIetrance is lost ind lrelneies of seed rot arnd abn(nrmal seedlIItgs are high. 

'iwo hiaraeteri sties nf sti1 tltldergoing eonditining and leterioraitiotn be
come key t ra ite tO en;E' for leitleLI(' improvemient tL centrol setiiling disease.
 
Resis;talnl'Ce Of tie (0,I. It it' 
 id-I intlil ltileed to mold uldel humid 'onditions at
 
13.A3: is USd 10 selt 
 or i-tamit to seed conttionlot.,-deterlti n
 
Resistlict'e1 ( dih ' 'It to Is inherited eli:ater.
of SeOd t moild ill Sinilarly, se
leo' irg,, !oIt ,i T_,Ate l rat I of it ' 
 i,lit ion at 13.'C is , tralIt that causes less
 
post-Ttrl;tn-'e dLimilogn-ff (Birdilnld 'ris, le,' 1965; Bird and Revtcs 1967). When
 
Sc C'nilt mc't' mo nld tled d
it'S iStli to v germination are simulLanetoisi' selected 
S, tL(In:: ,'I-1'l L l ' il seed liti); and hetter underiae inod ith toIC ;, paLt III', ets pterform t 


Co,,ol-luoi ,t 'ondil i' nc; (Bird P)/h).i, Bird 1979b).
 

o'li'rI CI', t' t m0cvei ;!I pi' iP ritv p,ithogeis founiodi Ii ins f , G1.- ,,s stra i Arkit 

t l i , i. cil..iiirens anuldY:'osk iv litoes. No str r iii ' ii h tLolelilec to
,howvhit all 
pitlli i', -; oIld tilttinIt't Va'i itllOepi(ilt':it it" low t -til',itutre perfiriianice (Fl ton, 
',Idilei n 1o l nl:iiIchtr I'1(,f). I'ilerlnce tit R. s I; t i wa; foi d in Aica lt 1517 
1 ie',. (lotiier Iti) . Tl'lt'r~lnil'e to '. I)si letcI wis found in some Avtlat 4-42
 
;trtin's ((;arlt'i' 19 6,). An Hit rimtcdi t t resistot( Iti l. s lai liill ;, 
 tow coamier

9'ial vitriety ki kIttmwt (I ;t, Bird and Bu rland 1l7H, Bird i) 7 !i). R(sist nc(r to 
t 1 lit) ! ; 1;) 1). ,u la I I o t ,, r, - ), 1r ted Iin :l U 1,lant I , v :Ir i Ltty ofI' ,t ton ( 'utthe rlI ,nid 

.ild .lIohiso 11,79 . Fh, 1il it y tit g ive I F t and i of cot ti Is I nhor i ted , with
 
d OMi n ' t1r t t I our i'ffe't ive fv- 'tiLr; ItIvo Ied.
tIITIJild , ) 

Sour, (, if 'old ti b rii'e C ir vli able ill ai ltlllilicr f striins (Fulton,
,Iddl(, illid llol!(,qh~lc'hc, t lt '.) , Bird ;mnd s e ll196 5). "lh . ,- of halrd seed coat 

Stll r tito Stvt.it tCt itit Jell ;titlletrS ie I t!l-,pt'i it'al. S'd must t;tve the 
abilitv to resist dtt,rior.it ioi ifter tritat u't hit iwitiwltor to nullify the
 
11,1dt'il it 
 . .tt I Ills shi oip'[ riL'':Ltgil t'c t i) St l ll} pIat llgitS liei' rlm''csusCept iblie
 
;afkLtr hot w.'lt, r I ro,,lt:i.tit t o 1 111111/,lte' !W 1 rrl!t [|aI1C' (iI ll nl , .Wdd le aind
, %(t d t 

Bol I b Iher 196,2) .
 

l ' ,'''- iit ' iit 

clnplhimsi; l I. li "'lu iff '..1I i ";; i ' . to r(ptt te',1 l I tid thlat stri its g liin rapid
 

'Ti' iim , I''i" ii' '''i it '(,- ietist ti sit' lotril lit ,i should ho 

l mi !I r i, i Ii ',; an'dlii' i tpid emerlrelW'o ill fiCldL tests hlve 
} -/It[er l}:se; i 11019 J)OA;- MCl2r;eiCt'dInC i ,-, f. ind i,ated ibove,,\; selecting
 

lo)r .1 r 'diw (', r o!, 1F.ormlil.vlt !onI I'Wlp;S I--etI[10 (~llp l , (if TIuS, Lille should
 

lit ' tlre(d fr ''ill ie'i' theelit Of- 'vill?,, (uiCk andill iii emergence rapid 
h iipicil v I t']mI l' t iti u.
 

(;neut k i v,ri'tii litv for i, i tAdl/ct'Lt steil It'ritrat ortin, cold resistainc
 
anld ro,!;[im lilt c' t o [pt im,irv' pa<thlw"-1l; p~rovidhe the( chalract ers 1IL-('d? 'or develo)ping
 
co{t t oll!; : ",I i I I .l:i st 'Indc ( !;(' 1[po ;( cd I [1}', d i se,ilSe, ILaf orattorv-g'roctliheust proci:
(Illes I forOV s;iI il I t ' y;]I ' 'C'' i ' 'i I l';Si l (' tllt 'ti(. 'd et(rri r ition and 'old re
a ito'', n Iopt I (Bird Ilcy toidvistitie ht lev' iiid 1005). Sirettlln; ideitifica
t iol Ol[ 13;.I'tlillS; hl %'iil,'.til'r-zillcut o !;pc'cific pat iio(gv,(w "'ils dtlne it1 ;trtificiallv 
i: I e -it ,d ;o i I s Fi' It oi , ', l l, in I I 11ll]);ICI'h 1())-', I9 1 Bird antdI11,,1o ' r Il(jfm,,r Buh;I , 
b our~i1 1 c1 I "H b"v 'Irt i fic aL I in atI )tl ( Sitthe r Iilld atnd jolhllisoll 197 9)o.or <t ~I 

,
1'(t l i l U i 1:;il , "11,, l-ieilll Lodt (o1.Jlplex ,'ll N't i~ti t t R,- ; IsLancte : IIh(, 9wiIL ftinl i[s[ 

Fisr its' is'. ' r?l i imI V i 11ituO't im (A k . ) Snvd . and lins.; the rooit-klttt ni.!tinixti, 
MS3 'lii i, Vo'' itt.2 (K,ol,,id ill 'tii -') Chitwotod; tile S Lt ilg ct;itotle, telotiol al,,Wt It:I 

.tIllis lO. .i tiditt's RIthi iit' retifit'sr nt'ieslttidLc , Rotvlecll us retlformi Litford 
dil l ivii t; Iic neriaritl(, , TkjlnliniusrI lnd LIt spp. cartn inTepedniltly 

.

damage 
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cctton. Nematode damage weakens or even nullifies genetic resistance to the
 
w I t pat hogen. TheIcombinalt ions of the wilt. fungus and 
 nematodes are more severe 
than either organism acting alone. Thus, effective resistance must be sought
for the disease comp lex (Bird 1973). Sources of resistance are known at present
ol1Y for tth wilt fuilIIus, the root-knot nematode and the reniform nematodo 
(Sasser 1972).
 

Genes condition ing re'Sistance to wilt and nematodes are identified 
by 	 strain,
variety ,)r species in Which tleyiare found. In Egyptian cotton (G. barbadense)
resistance is ,,nil i,,td hv noi donluant and onr or more minor genes. A domi
nant gelo vis nfoiid in G. lie rbanoiim and two complementary dominant genes and a 
third on hiaviit an inhilbittiry effelt In CG.arhoreum (Kelkar, Chardharti and 
liireriath 1947). Cnk 107 carries a major dominant with modifying genes for wilt 
r-sistinllt, ;id idditional ,,cnges for r,)ot-knot nemhatoide resistance. Seabrook, a 
vir mt> of Sea Islalod, has two dominant gtenes whiih are additive in conferring a 
high livl of wilt resistllre (Smith and Dick 1960). In using olelfos 425 and
Ctlcr- 100 (;iwith ll land Half, in tle pr iice of wilt and the rniform nema
tedo', it W. iC1l Itl IUd that rellistance in Upland co-tton is conditioned by two to 
tlre, 10,a(;. RIiot-kiit resistailit, ii Cltvewilt-i is a quantitative character 

witl rclit iv l' fl'wi ,,ts iiilvIdVol (JInes and Birclifield 1967). A high level of
tnot-knit htnit ne IS llund ili17. viiots'tar. darwinii. At least two re
cs;si,.',Icus at pres ,nt in this sour,,,, o r ssiSt;uices (Wiles 1957, Ttircotte,
 

l'vllol !; .1ii WI tnlluln196 ).
 
Illo i llitlIrM n1 tiitde caiist' itilir'.'i t resistant and susceptible varieties;

live illincidente f, iIrda l wilt are 'aused uni1V in wilt susceptible
vairit-ti, ' IhI , ''s;, aid llile 1959). The wilt tutlg s is known te be vari-

I ,.in pat i". 'li rlot-knot iematode is variable, with M. Incognita 
,.va rit I i;n ra I ing morer. 	 ill c ,ll. l iijury than 11. lncogn it, (Wiles 1957).


11I01 11!t 'slIlri01 i I t-neiatodle resistant wriet 
y was Auburn 56 develolted 
from thl 'i s ,f (Ci-k '()7 x Coketr 100 wIlt. Bavou strains, developed from the 
cres 0It il) 15 I Iivewi ILt-6, are suiperior to Auburn 56, especially in pre
"Tit 0t int I I-u1 ,) ni ltlitllt o lepopul at hois dur igntile season 
, (Jones and Bllrcifeld 
1967) . ,\iilio 623 RNR is tile newCst wilt- root-knot resistant breeding stock and 
,I.';dn V 1,pI I t11i tlrss of Clivewilt-6 x La Mexico wild. Evidence suggestsle ri 
that Auburn 621 KNIRwill prevent a build-up or even reduce nematode populations

dinri , tle Season r,,ieast annuncement Auburn University and U.S.D.A.
se (ltl)ethrd, 

Crop, llSit '.-tr-Vh I,1)70).
I' et 


Tit' I,;poii; ,I fifty strains to the lusarium 
wilt root-knot and the Fusar
ui11wil t It iLiflrIi n1 itIiodecompliUxes illliouisiana revaleId that Mexico wild,
siks 10- 1, Atili rn 5(6and Clvxewi It-6 were superior toi other types, Including
 
C(,k.r10)0 wilt and Cotiok '07, for Fisariim root-knot resistance. Two of these
 

i ruc lit, tI dt'c I i'usint (if"Auburn 623 RN R. Coastland, Delffs 425 and La.
 
tl.hrit 'i: 'ave the hest resistance to wilt when grown in soil infested with
 
tIhe tit rtnitorlni complex. Whether or not hylrids among these 
can give superior
r('ei4Laini(' - rit 	 it'll o-11 t ltodes remalis to be seCtt. There is need of either 
Ii sct'-r ii;,, t) d(,velopilhg, 1,y' rtecombintatin of known gteles, new sources of high
tr ev, I: r-sist/anc to these disease nemtatode complexen.iI if Although much has
 
1tee i,'CtOMpli shted wirld-wlde, the effoit must he continued (Ebliles 1975).
 

Vit :iillin I-lilt: VcrtniciiiurPi wilt (V ctcilllum albo-atrum Retake and Berth. 
(OIS) i,

, 
contro 1Illdy inherent means ist ,.J two approaches. One is developing

tolerant sttiains apuIble of giving hlil yields In tle presence of the lathgent 
oven thntgh Illatt dalnaie is evident . The otheir Is developing types which resist 
plant datlage and \iLld wel I ill the prese t P Or absence (If tile patlho etl. Siome 
pr msrani!arte coilitilg tolOlrante alnd resis5tance it tit same miatera .

I ittl t' i nfoltn tioni .; ava i ahl on1 tile niilber (if genes and tile 1'llt ut if 
gotnes :)nditioning Vert lil. I tim wilt resistance in i'otton. II a study with 
Uplain vritiet es and the OK1141-5 resistant strain (it seliction from New Mexico 
8060-3) til.ltat ist ics suggest that resistance is recessiv (Brinkerhoff, Ver
halen and Fuli 1970) . li crosses involving resistance of 250x Coquette and an 
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Acala selection with Ilopical a, ACala 1517C and Lankart 57 resiatallci was reces

sive and two genes were deteCted (Roherts 1969). ResIst;InCe w;Is d)ininant and 

conditioned byena effectLive factIor in St ities invoIving A9519, a strain with 

the Ilartsv IlIe Siarce 'If rtea i staIte (l;rro . '970). PerleraitiLc 0f te 1 1 of re

.istant Ki'28xi118 I wit su c;tsci hptillc material ilidliAtel; tle prest'ire of ;I dominant 
g'ene ill this material. Crosse; iivolvin Seabrook il Isl;ialnd (-;. harbadense) 
suggetied the pre':;CeI of )ite doinant g ene in Sea~hrook (WI ililih et al1. 1970). 

Thll , It ip;ear I taLt (ieM ihltllt ald reCeC;s i vCe Olea for esistali,'i e art aviIabIie. 

llilolav tes II14t i ed the i c ithLl1ller ia iall be estt I' oliilti't bafore ICtaLIl ef i

mated. 

last riespen ll t \V. alli-atium ta'nIi ho ,lltered dtrlsi hallsV 1" , liniher of 

variar hleS, liAvel:; Of Ilie .1't1t"i ; aind tLtitl j I illd se turce if iittgoln (Ralllley
 

1 '62) influence iresiance. iS litI ict, , . nlln -K n l t in is ext renIl y itni-


IaOr :A111 . The Itevi-p-lratalre, esi jI]LI V that if t Il -;i i , hl.:; a riiarikid influence 

enl re is talce. Adlapt.it 1ieit t- Iak of i ;laip1 t io i oIf , ata li1 to I oa ellvIron

fletS ilnfli'lln s rtiS tllic (liair 1910). I'li IkI t ids' nilianit i resistan ce in 

t!lllit' I sol .i h thill sstelI ; in Iith ro . The paliihogiin i :; l]so qui te vairial], for 

oth c nltiril i1raltI ;t i , d p, t hol, il Iitv. lo;s (f resistance dle to atiII 
, 


it'avorlhile l t -viriili, it ,t tlit il id ntltii ti s, I Imta in aeio; ia weak a so rc
 

;ia;tAilnnfet1l i( te j I'. 

(; -eiliiiiI.So ''llt st ill-p il ittII, and -tat -woid Il e iiithod s ofI art iflci-1111, t aII 
i no tiI lea nti I , e i d voi lipid . A r id at i'tiu-IMuli t are t e iill e is effectiv e 

for both gI-eeilIet ' ;t ,'l11d tt it l l) U,.l it oll!; (Blui',lbc' i ;11i 'r(!- ley 1907) . lowever,
thI 1it ~Lod [111%1 11il t 1, delt oct so ri -slC(,f rt, ; i st,tllk ., inv,,I v ,., protec'tionl anld 

root i-I't r; t Ial. Evil ll iIi ill Ili'ilal Iv ill -est d if lec ( tiursertIs his been tle 
prlilllrv rI'lls I" bri-d i I I re ,i stH;IIIt I p(s; Tlhi s Flay h , e ot h st :Ippro'ach , in 

v 1 t ii( :i':'' v !r 1 l'I ill i i 'f , eail '-Iali if nurseries at10ll x 
d [ffe I'I lt 10(c11. ion S;I0, Ir sed. 

',illI , I C V liti maLttersIt taist be ri-cIO d I ,it iit Cll t ,I' S ti 'i' o[ y u i CAtCs 

whoIll host ' iIes' Is ill ti'ni (l h)y so nii n v ;lli -;i hl 's. li(t r tili I t' I isII soillirli cS 

(If at illg giolleit ii rea ii i iiilI - i tia talill ii'ross malv iilitit il envi roneInlll a 

st iflied IIsed ii(Ivve Ii lirsll o I i de te t itId ii lpin' sipir villti t it's. 

'lil> of |liii -arI A ig aI pet; wire resisillit ill An ;lilcia and NeLw i'iextco but 

slusiept iIII e t otfhlt lin 0im ip elV lteil hilss CookII t1' il ii Uet difoi.l i SSiS ipi . 

307 tvpe; :ire ra istant iII 'i ssili)si i (Ni Ius 1053) lut apparently suscept ihle 
in Ar i Cola (Pre , % 1950). Aci I, ',--42 wiis i rre iiar it1 its liehiavir In ti1e 
'O.'t I.Cr il it-011 Vert i C Iitlli!l wtit I',;t (C lii eIn itlnd BIak 1955) . These are ex

am11ple; oa ll liat. b] e tspe whih'l shouldIII, re led oil In v sl parelts for use in 

Obtilt llillg I'O' ilIi tIlat ala ils l0e1 for hig;hIer I-e ,,lo il stable resi stance. 

,,in1% solrces if rs Ist iic, IlIVi a ieeii list 'I (Cio t on 11156, Fisher 1168, 
1:11l oln and l,4,-iddlIc 19 7, Prc";],. v 1950, "'ileCs 1056). It secms~ c'le'ar- that 

liutsville, ic; the be at !otl ' i t ifl,,notii reis;i t illt ill C. lirstium that I. 
stIble 1 r',; ; CTnVir-11111tits ((iltto 1965, Ff'lloer I'10', P'resev Pl)50f, Wiles 1953). 

KI28xB1H1 i '.iriil rnmterial i , I'ii' ,111a. i ; it ' ' 1 ril;it;ti,,' iver that of 
'IllgIi s. 'I'lis ;le KP Mitrit i t 1 Lp e riled We I I ItII;iN% M i cio ;i lI lit Ar Izona . 

The At-kinsa!; I1:: 'l I ll at '; ilt ,rt-irms will li Arkatsi;, New Me:ico and Arizona. 

'lie cnsiteiltly hi'li ri-Ilistitnit' if Seabrok Sea[ Island; and othert . barbad-ense 
tVpe; a cros-; elvl rillill'llt s IS Wei I e ;tl ih l d . 

KEarlv varit t's far Vrrticillium wilt re'iSt;IlC were released by the U. S. 
Cotton Filid Stit iii ill Now N'V iSe (Shl rbakiff 110,ill) . iOther releases came from 
cross,_ made tIl) oilt;il guli rec'iilii;itit 1 hilher tr:i1ice. includelels fir tIl TItese 
A iila 151 7V f -ra I'-ossin,, Ac'a I :-: CoquettLe (Cit toil 1965), flopicala from the 

,- roisas Aa II :-.: lop i x- Ac Ia (FI sier 1968) JI :eipl)d ili California, evaluated in 

Ne"' 'IC.; 'i .i; Hop[i ti ! 7 rii s 'i( Arizona, Paymaster front1 .! anlld ti-i]ea Iby and (109 

the' C'r, P.i','l:l,;tir 101 wi tI a sii(I refornia Acalt (proba lyilopicala) type (per

sonal disaussioii with Qiueitlni Adalins, ,'CCIO Seaed Farm, Alken, Texas). 

Ke il i'ict ions of priqgress Comes frlnl the fact that "ary susceptible 

iateri'll; have been elliminate(l from genetic imiprovement programs (Fisher 1968) 

and th,lit sCi'lea tIaS from icoiplex crosses ire giVhtth higher levels of resistance. 
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Crosses involving G. barbadense, Acala 49, Acala C08 and KP Uganda gave some of
the most resistant material obtained In New Mexico (Cotron 1968). Payma!ster 266,another new highly resistant source, came from crossing Deltapine 554 with Arizma
Acala 6024 and then crossing this material with Paymaster 101 x 105 hybrid ma
terial carrying the B4 gene for blight resistance (personal discussion with 
Delbert Hess and Quentin Adams, ACCO Seed Farm, Aiken, Texas). Arizona breeders 
have developed a number of strains, such as 5225 (Fisher 1968), wIth high levels
of resistance. Other strains, Such as 6016, 6017, 60i9 and 6020, Involved com
plex crosses among resistant Acaila and HlartsvIll e-Aca Ialat erial Strain. 
came from Acala, ltopicala and Coquette crosses, while 602/4 came from 

6022 
Acala,

Hlopicala, Roxe and KP Uganda crosses (letter from L. M. Blank, September 1970).
In a yield test, where Vertic1lilum wilt is severe, 6024 and 6(20 strains per
formed well for both yield and wilt grades (Ray, Minton and Berry 1966). The
Arizona strains perform well in at least two differenit environments. improve
ments hve been made in developing Acala 
SJ types. Acala S.J-5 is superior in comi
parison with previous types gron in California (Cooper, Dobbs and Lehman 1975).The Soviet Tashikent varleties expressed little resistance when grown in

California (Wilhelm, Sagen 
 and Tietz 1975). Their resiLstance has also diminishal
when grown in the Soviet Union. However, s445 still p,-isess tolerance which
 
helps re'duct Iosses. Soviet varieties 
having better a.V:isof resistance in
comlparlson witl tile Taslkents have been dievel oped (persna I l coI:iunieat ions). 

J'h'ziiu~,tkr4.ijju
Root Rot: 'hlVlitaotriclim rot rot, llylatot richum onllvorum
 
(Shear) Dug., is native to) tile 
 s;olthwc.st ild western re"ons of the U. S. and
 
to Mexico ill highly 
 calcari,,s and alkaline soils. The root rot fungus attacks 
mailly plant species other t ila ,ottoll. For- thiis reason it is ilstail ly considered
 
that a search for resistalL C o4uld be Impractical . However, differences among

varietils for jlercelltige dlad have
pllnts been llnoted ('l'nllenhalis and Killouh
 
1923, Bird, Bush, Percy, Bourland 
 and flood 19771). Progress in selectling for re
sistanlce h been44s reported (oldsmith and Moore 1941). Seedlings tend to be re
slstant to 
 rot rOt (Blank 1940).
 

Many 
 pist efforts searched lort ig levels Of resistance and failed to

aiclpt partial o Intermediate levels of resistance 
 as being practical. Current
 
research reorignizes delav-kill 
 (strains ill which the frequency of plants being

killed is at a slower rate) resislatance als Ieing 
praticali (Bird 1973). Varietle
 
with partial levels of delav-kill reslstance 
 have been released (Bird 1976a).

With this material, correlation coefficients between periLtage 
 dead plants and
 
yield 
 for tilt, first 3 to 4 weeks during which plants are dving are negative.

This Indicates that strains havig 
 a slow-r rite of dying have hligher yields

where the disease 
 c(curs. Further efforts tlroduced varieties with part tal re
sistance 
 (Bird, Bush, Percy, Bouriand and iHood 10771). These lesvlrli, consis
tently have fewer dead 
 plants (10 Lt, 20 vs. 3(1 to 50 percent) in comparison with
 
more susceptible 
 types. 'Iamcot CAMD-E Is a released variety halvim" partial re
sistance to root 
 rot (Bird 19771).
 

Delay-kill and partlal resistaince to root rot 
 have h41on achieved within the
 
TAMi-MAR system of genetic ilmprovemcnt for 4441ti-adversitv resistance. 
 This is a
 
system Il which progress 
 Is made by Indirect rather t1a11 direct selection (BLtd
1975). New strains have been Identified which have better re stance thanCMI)-F.
Tills indicates that types with levels of Intermediate resistance 114 resistance 
can be developed. 

Bacterial li,,Lht: Bacterial blight, caused by Xailtinn is malvacearum (E.F. Sm.)
Dowson, is aI jor ipathogen of above griound plant pirts. Resistance to this 
pathogen Ls One of the best understood traits il cotton. Thirteen or more in
dependent genes of measureable of fect have been Identified (Knight 1956, Innes 
1965). Other genes ainod sources of risistance have been Identified (Brinkerhoff
1970, Blank 1957-60), but homology test have 0ot ben completed with the desig
nated "B" genes. Eighteen races of the pathiogen have been designated (ttunter, 
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Brink'erhuff and Bird 1968, BIrd unpul: l ished). In ieneraI , intie pendent genes are 
quickly made Ineffect ivi, by races of the pathogeI1. loWitver, combinations of 
genes provIde horizontal I riuni tY (Van iler Plank 1968) 1o th, known races (Bird 
1976b). 

The ''bl':; iri' pri' in Lio Ill imporLnt g 'les for oviral I imprivmelLnt of 
cot ton. The I R.C.'I. viritles (Roux 1978) and tle TAN-NAR variet iis (Bird 19761N 
19 79 

a, 1979f, ind 1i979>) tLit were dl,'p'lpd In programs in whichLilt, "B'" genes 
itt u ii I pI l I it" , .A iti I tS' i I . t inlsISV IV, art' provin tl,II h' iscIl lett vare
t I iy; wlheI er I.!ro~wl I.
 

Al I iiiv 'st is,:it rs li v, , mphli i, d ie,- Importnt v if minor and modifying
 
'en''; CO;':ilin d i thL ii jor ''ii',; Ior ,Itl liiiinll. higi. , ies st ilt or Immune
wi strai ns. 

Il G. b.ir d, ils, i;k,,I t vp,' th'' ii ir i iat 2 B BBnv i ens , B ;Buld BlB
 
;,i It'l i I '5j! ill(',' (1lil's! 1 635.) fi, . nt combintit ins l11BgK
l'S I .0%vclsi, 
B.B B Ii P , [l I I' I I , l rt, ls" i'eiiirill IV cff tcLive for IlIf "tid stl~ l le

i G. .i;, ( Ic' ; 1 97C.) timIH B, co iI nat Ionsi -t i i ki,I1 . e 7,1; I; t li rsit um 9
 
;it'O' J rt- i iie I iit t v i 1 ;)1 TWt of rac i i ur,'' (If tLii' pi Ihigi4 mn (EI-Zik and
 

li Id II(10) ]i(;¢ovtr , 
 i ,. 1,i ... fllf, 'ts Str; il ii il; OmnI Ioly Ill' ll;tior gele.B4 

Iii,,,ims I; , I 4 iiad B i - p, ' n, t IN, ,i ' incffe L ive With li , But tIhe' rombi
l itiotll L IR .i itt hii 
 B nd i, i v i ir Il I1 I tV.i I li t B B corn

,'I l'n Ill i 'Jv rZs istanc )h"ir ; t l' i'lood (Cirvalihi 196i9) FTI ene in 
Re i1,,IB i0 Ililii '2i9 piv,,, immunity tiider miiy invir'iimI'nts (Roux 197 , anil 

1't 'olid li' iw'lttit) Illi't lB OI iS in thi' l'xas 10)1-10211 st riiii tvi, strong
',1t1, knis ,'l'it vi',5 ii nh np iat'rial (Imii'.s 197/a). 

X. ,:1.1_1Vk AI' :i is ii Iti JFcii'utlili' ,rid iittirll" iS r;l'. c'alll ie id rit i fied ;as
 
lol it;; i Il, ,itit li ;t diIfFrniiticils -i,' avihi llh. (lunti -r , irink rhoff aind Bird

I1)68) . t, t scin 'rIOiS tI ' 1 . S. wiloni t rali is with tih' I 7


, llt ' i'ro L ''Tii, iIi 
ii'i,_' eri, itt , k il bv rail' 2. Wvck or vLt ilcil re2;lt.iii'-, i i is'- of single7
 

il,-]I te ot ti' p;it l 'ig,'i for ltict il i ni.iti'rl wirt tht two fi'tors cauiil yii
('V , 
f/i l ot I i' it rhv '',ork. "I'l-i'i' l,;el ibt ll ii pl'ini i l w thI new r.o'i s since we 
]Li. ; lsl Ii I kitien ic''s of ''Ie t'' ' ; isperi' ';tv'rnu r :iiL i'i l' Ihiit ions itr, of ti_ "B" 
I. iV B 3. B, n . n i oLi I B coil] i r irograis, l. s, if a mixt url ofi s;t'ver' I races"t t he' fiat lt"gen S0't- p rc ;s II e CIIIC'prtlv id [onlI 0rI" d ('1nt I f VtIuIl It' l lb 11;1t Ioits 

wh I;hi i''., immili It '.'. 'Ihe I . R '. T. a lndEmlI ri'Ci ott oi ;r w i1',1 Cirporcit lon prolgram , 
i It s lisi'dIno l Iim'I di t :Ill d Iromin ut ra I Iv In fcct edlI cav's . ilils pr c, lsIS , l 

m l With iithlii'lll va'ri ihilfitv ald kepttii'. pliii)'lv pIs iidci ii iii,'iih llii a I Ied 

their rl'tyi~t~lit t, mr hol-]ri: oltalI thmil ve'rtival.
 

B' I _IRo : I it I; 'I I t L ut 1 ci ii(I' r, i'tu i iti s I lst Inls(If I',,'t and;I s t 
MiV' -i' foIlild i.I1SWcLi'l't ' (Ci III aii Iidiiiii'v 190i7). Rusistcinci' is know'ii onlyItor 
X. L v. trii i whiih i; discuss'd aimv. Iiht'r-'iir means Ili oll rot control 
iivolvi uini,' nior)li' ogilci I C'li:iruicteristIcs li'hiplilo do wil tl ttriiii'l' into tit'
1- 11I 'ind~ those fill luv*llcinm' till. tcI1i t'rotllnt.1l[ arloun~d tilt. boll. 

f'ill s-IiltidIlss ic f s ttinal iri'.i, ispi'ciallvI t tei' boll ;Ifjl':: aiffects water
ro iIml , IL(,I ! l, I 1 :, .1 'i iIt d ' ; t LI dcti',grcu o'i ct a'i-rp rooIft,; s ;iiid va ri e

1 i 'lAjlcm;1 I h, tvIptI l rot Iii Iit's W i L I) . ' a tllijll ih rs d IAI I IhSS 1(I11 (Cc i Mid 
RcmnIT'y IQ 7) . 

I"lilt r, i ' , ( ii') iIfin tl ' Loll 'IIi'-; v lm i, Liitll i'r ,inll outer iT voltcl-i]
Ii'c'tail s' . Bic'm'v'.)l] it I's Iuti ;l, i I vi'i iv 'i f|" p(inctrat ion ((altiqilf IR; ,I Ii l iuMm '; 

ill; n lL0 7i . ,t,:;AL c,i l f sIt.tl'iv; ill Lo ton is iilnd It loi'd bv two r in ssive 

RtI' IV:'.I] )I 1t 1101111,1I hr.,'t S II I''I i l I I 1 ,C( 1 rotn0, ind,I 't11, (Ium1 Plllh ird 1)70).
(oiip'irisiiim ; )t t ri,;p ' iruct (IN StInil cl - I,u'ilig ImIlII Of tili' i ll icis,'i ncoivred)
with 1)I ,,- i ,ril t'rhl'iuilci L.i-pc c''vurii ' ,ill of t lie- il ll icii') revealed 
tiat r'tl''L Is'; i il; ;oci,ited with I ti ', lira t (Aoums, Ani ri 's, Sloatne andIC h l] I 
fill II ii; I .9. hri'gur-(,) Bruit i iihi, ited is a s IlmpIe rtc'ssiv' ch tlici. t r. 

fll II rot is Iie ; i it rm ius hIvIrIg ikram shiped Imlivt's, Okra leaf tvpeu'sare 
earletr and tini ti p iv' hi ,hpr l .1ti Iightr plant iopulatins comparivii' ii, In 
son with normal It,.if t pi's (Anldrim's ton's, Sloani' anld IMrshall 1970), 
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Certain boll shapes and absence of nectaries reduce easy avenues of pene
tration into the boll. Frego bract and okra leaf plants are more open, per
mitting greater movement of air and penetration of sunl ight. Consequently, wet 
environments favorable for boll rotting fungi are present for shorter periods of 

time.
 
An association between tie B121 B genes for bacter iil blight resistance and 

resistance t, a bll rotting fungus-c, 0 sp. ), alOng withtot rcihm gland less I ls 
being more resistant than glanded lnes hta'e been noted (Cauquil 1975). 

It should be pointed out that frego bract and nectaril , ;c also aid in re
ducing losses caused by Insects. Thuts, t dual role In redutn ,tw losses from ad
versities may be expected. Two varieties (Gumbo and Pronto) el1th okra shaped 
leaves have been rel eased (Jones, CalIdwell, illTlam and Clower 1976). 

Southwestern Cot ton Rust: Soth,estern cot ton rust (Pluccliia staknanii Presley) 
occurs in boul[IIVcSterll Ilted States and Mexico where desert gromia grassthe e 

grows. Cotton i, tei alte rnali host ,ul Inherent control must be bhased oil re
sistoneCe to germfloot irlu poidla. 

Naturally Octcurinrlg r-l In tie field and Inoctulat ion procedures conducted 
Ilntie grenhouse are used to ste-rh ind breed for resistance. No resistance 
has been found In C. hirsutut,) anl (;. ;lrbhdense . A hIfgh degree of resistancewas 
found in ol. horuni, C. lierbacitmu, C . ,ignI tim, G. bickli and G. aridum and new
imlnility ill G. baritsaum111i. Stra ins Ieelopid fromi [lterspecIfic crosses involv
ing the atbove spedies With C. hirsuluInM Were st re.ted tor resistance. Resistant 

plants from two ititerspecific comblont ions wwe( obtained. This resii ance was 
transferred t, AtILona Uplind valreties alndl(Istocks were released to commercial 
Ireeders (BlanK and 'islier 1974). 

linformat Ion oiined trom F aid I, pF,)lilpulatln; sgg.-st th-t tesistance is 

completely dhim 101,a .r peas bily a idditIvi and tond iioiel hy one major gene. 
Thus, it is now pes!itle to control Southwestetincottol ruit by inherent ieans 

(Blank and Fi, tl-r 1)74). lii[ lAM-MAR geileti( Improvement progiram has a numher of 
;tains wlith rust realistance whic'h was t ransferred frot the Arit:ona stocks. 

,ALALs.nri.i leaif Sot : A funi :.] Itaf spot is ciuiul by Alternara uiacrs'phra, 
Zltttteltai . Tlhe G. lihrbatdtt ,e tVpes tend ttt be susceptible whi le G. hlisutuim typi 
are resist ant (lones l928). Sonic (;. hIrsutum viriete hivitig traits transferred 
from ;. birbi-decnse are slisceptible ti tlis flngus. The fuutlits attacks cotylhkoms, 
leaves, :l, 'r partsLS a hol . (nt oltl is obtalined bv retanig resistawce In 
U11n1113 types Or t rausitrring rt;Istance fro Tlaiid to C. brbandeni types. 

th-er FujLll leaf j.uti s : The Ieaves, Aod ill some cases the stehs, of cotton may 
ht at tacked b0v a nuitl r at ti (PreslieV arid Bliilrd 168). M ;t invade ti:sues 
dmtigaed tir eaiknt-id h% lit, blo wintg, sanld, spray burn o ioatde!_ te lotrition. 
5 

ttWIe Of the Mi11n hin i are AsclAWLIt-attstoyjI Svd., Cerust t iaa, ttk., 
R.,t Itt1 atip. jul11;pp.AltSp. ria1 Other accasional Invaders are Ni~tslora sp., 
Sterrahltll in sp.p Ind R. t;ttlati_.. host reti Istance tit these organisms I. not been 

: : liv be this 
A tillilhr'I. of vi rti;i s a re s i lS ptrtbltetts for coit tOn:; g iwn Il tr opical areas. 

h'O ,,rItt1t ,h-vel p l' tiino for ttLt-st areastlitiuld give some priority to rttsls
io.,n tt11 ;~i ~ tulsel liv vit-tise's. 

irl ii s Ise -t :; i usedtl vi ruses will not ctive-ed In lecture. 

1

G-netic la'-ket_.uit : Thte mtinr-modiflier get ctmposition of a variety determines 
sitot It mav bt- sutessftllv Imprt ved lfr 'ei-sltan t' tutadversities In produe
tist. A itinir-mltIfler gene background which is receptlv and allows a fa ,orable 
-xpreslson if rt-slstanci- gentes Is the key to stcu'tetsful gtnetic Improvement for 
dI eai-e, insect andI ,t ress resistance (Bird 1973). Otherwise, a long frutrat
[i,, task say theexpt.rienced iniaclhievlnig any degree of success. procedures for 
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d ir~ ab cgroa dsi tI raspe-c 'to race t 
e aevo geefra versi~y'resi e eata dxpaso 

Iedee'n't i i ed byYarety type, Thezbaicdifferenes'b_ 
ies;eswhether raaetpin- LanatAaa , Ckr," ai tea etr ot lers are tr aLscnditioned neriar yI~P d a;An!ahet I. ane comatyb b4 .mn o-tienjoI mo 

f lber-ee,if t? iitige tne t covari lwipjjjesfo,,esstc 'the._i 
-,aly.te case- for-resistances to- eacah-o the ~ a 

umaa i vriet graups In vie~ f manyg~r
,"ane to majo 4jsepes,:p~c~ n s~ cnertain morh I gi4I" 
afQ~n advrsitie'It wil' be best' aodove a inew backgr .ou ds inpwh h,~~ ate desired elf ct. Consequenly, 9'pragram havn tie objc;edevelaping s~rains'hvg reistance to aodsaes ne~'dti stress. 

should eolve Enew background. rider the concep t of 'inorsanrmdiirgneMoiirgene effects and wit imgnto fwa isneeded we must proceed 'to".dvlop fvorable backgrounds These in turnmabeudinnvstgio'd-
Signed to establish prcdure. fordifferentiat ing aogfavorable and ufaor'.
able backgrud dwith respcet t li desiedc expression 'o eitne n opo~logical traits., Success these effort igrntyimpif thece aevlain w mrn 
'of badly needed mnulti- advriyestaLcto, 

Pathogen Vaiblt:I hudb uoai orcgieeei variabilit of 

for iseas:,ontrol. Cae orgnlobn~oso small effect ar intgeneral
Lhoase:tit'ad teparhgnievl ng rces. Gene' cminations which are 
stogr tend to~hbemrein ,moe?'al lfciineurizg pathogen 
,vaiabih~t,. On can dle'wI h I dividual~genos which~ encourage gene forg nehos-paL ogen re ationships, ,rone' can'-deal with stronger genietic levels ini thehotfrotiig-cmiiatInso c nsi manner ta neutralize patha a 

e pathgns varying.iilevl ofptogeniciy m~ust be sogh an
wecmdt oavne eei.ipoeetporm Several races of ~a p~athogen

I[nn re n6 iiol tes'from different c ~nmentsshauld be obtained4 
anduse
inartfical noculations. P1rogenies 06oud be plantediin duplicaedisease nusre locte dafffi*n viroments. ~h man e -Th spcii sinteti ito
dea ony
ithhot mteilinstrnger gene tic, potentia1l forperformiingr'abverageto~ above aeragefin all nvironmenits. tLizing representative pahoen

and enviro~nmenta variabiity is thekef[o establishing select~ionpressure for,
idenifynghe estgenecominaion inthehost; It is -in~this manner thathost-pahogen and tis-ahgnevrnhna~ interactionsar erduced to nil and
 

k effective hereditry disese contol Isahieved
 

Mul~ti-Adversity Resistance: Oi~ne choose gens whichmay t deal ith the many
Ineednl codto eitnet aiu
h is~esesn idevelopingstrains

haigrsstnet w or morediseases. -This approach may be rieferred toa S
velop±ig mutil ae~e
 

touetiiemulti-adversity reitne approach which 'utilizes-Intorrelainhp 
amog gnesforresstace' Ikresinfluencin'g resistance to two oar morenadver-. 

Multi-iadversityreistaice 'Thnclud&esresistances to diess instsE and stress. 

lectio 6rp eitac t iess insects andf stress and simultaneous improvement7 for yieldpotenital ndk ealiess. ~ K~ 
It'is~known that various''su-rvival,'fitness; morphological And seed traitswithin a species ,tend ,to'b4 6asociated at4 the genetic level (anli:'1975, larlan

1976). The identification of a £ew ke.tat which are Involvred in"enetic~
? associLations amnau- vlad inss charceteristics should perit Indirect 

section4 an simultaneous improvement of resistance to diseases, insects and~ 
stress.~ Within cotton there are strong associations between resistae toc 

4 
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'Wla n bacEril bli3~ ehed- cq - _e;tnce to-mold is also favrabl. 

see fin ?a thog ls and $ coat seed astnc'tId 	 h e'ea res inca Co ~, ttv,
resistan eL bat-il~lgt eitnet od'n~- rt-edca 


o~grmifn'tionE ar't e 'tas*oUse for indiectsl~to for muf-dver
sit rsitace(Fiure 1). The sam~e traits are'noL-only' ffecti~e in simul-
Ltaneous imiprovement inrssaCetc i-nebtresistance to insects cold 

solsalt anid druh isas eg chieved (Figure 2). ee o eitnea:-,,J 
to cutweserncoton ustarehandled independently in the'system.

'To daethe multi-aoversity~ genetic improvement~ system has developed4 culti 

'~ Diseases2 NJematodes Insects ' -

BatrilblgtiFleahopper
 
Reisanctoseeddteroration~- .i,~ - Lygus bug

-Seedling diseasresistance Bol weevil-

SRhizoctonia solaii UllwormTf
Bo 


Pvthiuspp., t- - BtidWOrm
 
Thielaviopsis basicola - - - -- ~Leafhopper
 

Fusariura~3dlt roLknot nematode complex - ~
 
Phymatotrichim root -rot ~ * ,~ tes~atr
 

Root-knotcnernatode 	 and seedling for early~-~~<-~Seed 

Rexiformnematode47 sensniod~
 
,ulternaria le:af spo Dry conditions
 
As(ochyta leaf spt Sedsedig for sal
 

-	 -, -- ut -d ce emelns o~Th~idiaversity, resistan e 6yst in-'ids li making effective use ofte ln 
t tts'l rusnessi for all pntparts, ,frego, bract, nectariless, okra leaf anid 

~retspla o dwich tiainseducin euonos ies ad insects. ,Unfavrble'd caritesretsasscitith'eies ae l~t alized by multi-adversity resis
seecton.In a similar manner

leses aniprat new econom~ic character fao' ze Brd 
-Bendict, Bo~urlaind, Ray. 'ndBush4197)4 

Thestrnascti between seed~oat-reitneo mod nd- high yield V 
pote~a3 'prti,ighier yield potentiaels. an 

tanc 	 unfavorable traits associated witll~gland

an~e~{~i~~ies~ ina 

earliness alaigwith61[ul tan 'eouaimmveznent for multi-adversity resistance.-

Resistances obtained with theTAM-MAR iysteakappear tiobe-more'horizontal'than 
vertical reative1t6 pahoen-.variabil.ity.~ L~
 

An addtiona s~ir 6ng ase ofE'te miulti-advrsity resisance system is thast
6 it selects for-minar' odifier~genes chchcomplement genies for -resistances to ad-- .


varsities in, production.",, Thus',-,the~geei-akrud :pzoblim' which is a strong
iimt g acorin6sngthe -utpedsaerssacprahjiautomai
 
cally ieutraliz, dby , sinig the mult-adverity-resitancea system.
 

nother import6nt 'pint is1 thatpr esIwit h the-TAMKAR a y s tem£s being

4 	mad Iewithinij genetic variability' provid ed1 1iy~,d e'c~cotos Theste iscet 11 
ing andidentifying-recombinations'of~genes' for resistances and4leveloreis 
tancceto diseases and' insects-which are not~known" evnnwild types. Comae
quently,' the TAM-4AR system-works without~relying o-nWild types' and searches in-

S ~c otars 	 ,to diseases, insects andof orignofnresivitgnnew 

stress. 4 Furthermore; the eisac oes~avial i'ypeswhich are
 
usable la~commercial varieties.
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STANDVERTICILLIUM 
ASEEDLING DISEASEWILT , 

LOW SEED 
VWT 

PHYMATOTRICHUM BACT RIAL' SEELOAT
 
ROOTROT -BLIGHT - OA
 , RESIST- I 

/ ~~ANCE .M[MOLD 

EARLINESS 

FUSARIUM LOW GERMINATION
WILT NEMATODES RATE 

TOTAL DISEASE INTERRELATIONSHIPS 

FIG. 1. Geneti initrrLiat onship pathways among disease re
sistance and performaice traits. The widthof the pathway line 
iadicates the ri-lative strengtlh of tlhe interrelationship. 
Selecting for seed coat resistance to mold, low germination 
rate and bacterial )light resistance ii the laboratory and 
greenhouse aids in iIdent ifyilg genecombLnatilons favorable for 
all traits in the system. 

FLEAHOPPERS HELIOTHIS Sp1 BOLL WEEVIL 

COOL TOTAL DISEASE PINKSOIL INTERRELATIONSHIPS BOLLWORM 

DRY SEE- DLING 
D-SEELFRUITINGCONDITIONS CHARACTERISTICS SALT 

MULTI-ADVERSITY INTERRELATIONSHIPS 

FIG. 2. In using tie total disease interrelationship system, 
resistances to other adversit tes are gained along with alter
ing fruiting characteristics of the plant. 
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INSECT RESISTANCE IN COTTON 
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The literature is filled with references to plant characters in 
cotton that ,roduce resistance to insect3 and mites. Unfortunately, ceo 
many of these references describe laboratory phenomena that cannot be 
demonstrated in the field. In this discussior, only those characters 
that have demonstrated to affect population dynamics of the target insect 
or shown tolerance to attack will be .onsidered as possessing useful in
sect resistance.
 

Definition; of resistance to insects differ (Painter, 1951; Gfeck, 
165; Merrewijk and De Ponti, 1975) and as a consequence it is well that 
resistance as use] in this paper be defined befo-e continuing. Table 1 
defines terms as used in this paper. You will note that non-prefcrence 
proposed by Painter is not used as true resistance. This is beceise 
preference presupouses that a chuice is available. In actual pr ctice 
crops planted in ox)dern agriculture do not present choice except in the 
case where trap-crops are us-d. True resistance may be both mechanical 
or chemical while tolerance is in most cases due to superior norphologi
cal 	 properties. Antibiosis may be expressed against more than cine spe
cies while ron-acceptance is !nore specific. 

TABLE 1. Host plant resistance terms as used herein. 

1. 	Resistance (gene on gene) 

a. 	Antibiosis - reduces populations
 

b, 	 lion-acceptance - negative stimuli 

2. Tolerance - ability to survive parasite attack without
 
significanc loss. 

3. 	 Psuedoresistance 

a. 	 lion-preference - preferring one qenotype over 
another; both adequate for survival. 

b. 	Host evasinn - phenological escape (= Klineducity) 

Reviews on the subject of resistan(e in cotton to insects have been 
written in the last few years (Jones et al., 1978; Luke!fahr, 1917; 
Schuster and Frazier, 1976). These have been referred to extensively and 
are recommended fnr dezails. Genetic sources of insect and spider mite 
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resistance found in cotton and currently being utilized in breeding
programs 
 are shown in table 2. The insect for which resistance hasbeen claimed is listed for each as well as any increase in suscepti
bility to other insects are pointed out. Some of these never
may become cultivars because o; the many liabilties which they present.
Nectariless, klineducity and okra leaf are the only characters available in cotton varieties, although large-scale trials with high gossypol and red-frego bract in a trap-crop system are under way.

Resistance to each pest will be discussed separately followed bya discussion of each resistant character. 
iel Ub is spp. - 1able 3 shows three characters which colfars resistance to the leliiothis complex. Lukefahr et al. (1971) dernstratedthe non-acceptance by-the felale NO)th to oviposit or glabrous cottons
and found a 50 reduction of egjgs deposited in no-choice tests with a
like amount of larval reduction. Normal commnercial cottons ,ave 3000
to 5000 trichomes square on the leaves
oer inch present on the growingpoints of the plant. It is on tlese leaves that 70 to 80% of the eggs
are laid. Cotton with less than 200 trichomes per square inch is necessary for non-acceptance for oviposition 
to be expressed most strongly,although sone reduct ion occurs with lesser reduction. This character

would be more widely used except for its greater susceptibi ity to plant
bug feeding (Mredith and Schuster, 1979).

1ligh gossypol ix the genetic incrrise of gossypol naturally occurring in cotton which causes the dcath of larvae through antibiosis and
 
phagodeterrence, (Lulefahr and lfoughtaling, 1969; Schuster, 
 1979).lleliiothi s larvae begin to feed on cotton flower buds when they are 2 to
3 days old. Gossypol content can be increased from a normal .5" to 1.5.geneti cal ly. Larval rrrtality of 50' can be expected when square gossypo1 is i icreasOd to 1.2 . iNuMerous field tists in Texas, Louisana and

Mississippi have confirned this.
 

llilh tannin hao recently been shown to cause antibiosis and feedingdeterrence to Ieliothis spp. (Chan et al., 1978; Schuster, 1979). Recentchemical analYsis-of wild iace stocks indicates that the trait i sure
 common than previously thought. 
 The "X factor which was derived fr)m
Texas 254 lay be due to tannin as the parert plant has high tannin level
(Lane arid Schuster, 1979). In cooperation with M. J. Lukefahr, several
of these have been crossed with Stoneville varieties ant we now have
strains with levels near tile parent material. Culp (1977) reported onan unknown factor which caused bollworm resistance in PD lines. Chemi calanalysis indicates these havelines elevated condensed tannin. Schuster(1979) demonstrated thal tannin in terminal leaves causes the larvae

leave the 
 terminal where survival is greatest and feed o 

to 
the 3rd orlower leaf. M.ortality of neonates may be as high as 80%. Our field datapresented here indi cates we have not reached the desired level of resis

tance.
 
Mi rids. - The lust irogress in the development of resistant cultivarshas been made with respect to Mirids. Stoneville 731N and Stonevillehave been released for public use. Tarnished plant bugs, 

825 
cotton fleahoppers and the western Iygus complex 3how reductions as great as 60%(Schuster et al ., 1976; Ifenneberry et al . , 1977). The impact of extrafloral nectry isremoval iust effective to the first invading individualsbefore flowering begins and floral nectar is availabje. Furthernre,honeydew produced by white flies and aphids negatemay the effect of 

nectariless.
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Pilosity confers tolerance to attack by mirid bugs (Meredith and
 
Schu-ter, 1979). Numbers of both tarnished plant bugs and cotton flea
hoppers are 
greater on pilose lines but damage is reduced depending on 
the degree of pilosity. Some sniputh lines which show low damage to
plant bugs may harbor III alleles which are not expressed phenotypically.

Pink bollworis. -- bectariless has been shown to be a resistance 
character for pink bollworvs in Arizona (Wilson and Wilson, 1976). The 
lack of nectar reduced pink bollworms in caged no-choice tests and anti
biosis is assumed. Piluse (112)has reduced field larvae populations in
 
Arizona as has the line AET-5 developed by Dr. G. A. Niles in Texas
 
from material )f a cross between Pee Dee Experimental stocks developed
by Tora Culp. Neither of the above characters is effective enough to 
control damaging levels of pink bollworms but combinations may prove
effective enough. 

Cotton leaf perforator. - Nectariless cotton reduced perforator
larvae populations 58' in research plots and 42' in large Stoneville 731N 
farmers' fields (Hernieberry et al., 1977; Benschoter and Leal, 1974).
The extremes of hiruteness, were somewhat inconsistent (Wilson et al., 
1977; Wilson and Wilson, 1979).

Sodj)te-a spp. - tWisner et al. (1977) snowed that growth of boll
worm was reduced 40 and found that this was due to phagodeterrent action.
Gossypol was shown to inhibit oroteasc and aiiylase activity in Spodoptera
littoralis (Wisner et al., 197,) and antibiosis is indicated. Anderson 
Cli-e-s-ol-communication) found that high gossypol lines had 53" less fallariyvorm larvae per acre, compared to Stoneville 213. He used lines prc
vided by NI. J. Lukefahr that were nectariless also. 

oll weevil. - The least progress has been made in developing resis
tance to the boil weevil in cotton. Of significance is the development
of low anther nmi,')ers arid inale-sterility (Meyer, 1965, 1975). Glover 
et al. (1975) evalusted several of' Meyer's gern plasi lines for boll weevil 
and bollworm resistance in replicated field experiments in Louisiana. 
DES-HEB-16, DES-ARB-16, and DES-ANOM-16 had lower rman weevil infestation 
than Deltapine 16. Antibiosis was suggested because weevil adults reared 
from each of these lines tenided to be smaller than those reared from Delta
pine 16. Glover et al. 
 (1975) concluded that boll weevil resistance in
 
the male-sterile DES-HIAS-16, was due to the lack of anthers. Adults 
reared from this line were the smallest of all lines tested. It appears
that anthers are the primary food of weevil larvae and Insource adults. 
one case smaller adults are produced and secondly fenoles prefer not to 
feed on or oviposit in fruit buds with low anch-r iml.r.. 

Other undetermined factor for oviposition suppression have been evalu
ated in a number of cottons in small field plot. and several G. barbadence 
lines including Sea island Seaberry, significantly reduceu both weevil 
oviposition rclative to Deltapine Smooth Leaf (Jenkins et al., 1969).

Hunter et al. (1975) reported that a isufant named frego bract caused 
weevils to non-prefer this cotton. Data b- Anderson and Schuster unpub
lished; Cannon and Schuster unpublished cnd Kitten (1979) conclude that 
frego bract is not resistant when "no-choice" is given. La. frego 2, ORS 
arJ red-frego-okra cotton were compared in large field and small cage
no-choice tests. Feiiales laid the same number of eggs eac!, day, lived as 
long and survival of larvae was equal. I do not feel therefore, that the 
use of frego bract has any place in a boll weevil pest management program 
as proposed Jenkins et al. (1973) except in a trap-crop system as pro
posed by Jones et al. (1978).
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Spider mites. - Schuster et al. (1972 and Schuster and Maxwell (1976)have screened a large number of primitive race stocks and cntton cultivars. 
A large number of race stocks were resistant as were most G. bdrbadence. 
Schuster and Kent (i978) listed three mechnisms of resistance to spider
mites in Upland cotton; (1) low soluble carbohydrates (reduced feeding

stimulation), (2) thick spongy parenchyma (reduced damage to 
pallisade)

and (3) high phenols. Lane and Schuster (1979) have shown these to be
 
condensed tannins. 
 These result in antibiosis and feeding deterrents.
 
Bell and Stipanovic (1979) have shown that G. barbadence has greater tan
nin content than Upland cotton and this may explain why this species has 
greater resistance to spider mi tes. Success with this character is pro
gressing and release of plant aterial will occur soon from the Texas 
Agricultural Experiment Station. 

As mentioned previously there are shortcomings and added advantages
to each character discussed. Several of these were evaluated by Jones 
et al. (1978) for their effect on yield and lint quality. In table 4
1 have attempted to list advantages and disadvantages of each character 
as it would affect cultivars developed with each character. This table 
points out that multiple advantages may exist for each but that careful
consideration must be given before corbination of characters is made. 



TABLE 2. Genetic sources 
of insect resistance found in cotton and currently being utilized in breeding programs.
(R = resistant, N 
 = 
= no effect, S increased susceptibility, P = pseudoresistance).
 

Morpholooi cal 
or chemical 
characters 
identical 

Bol! 
weevil 

Heliothis 
complex 

Empoasca 
complex Mirids 

Spider 
cites 

Major Cotton Insects 
White- Cabbage Spodoptera
flies looper spp. 

Pink 
bollworm 

Cotton 
leaf 

Thrips Cotton 
Aphids 

perforator 

Frego bract p/a /b /c , a N S N N N N 
Nectariless N N ? R N N N ? R R N 
Glabrous N R S S N R S ? ? N S S 
Heliocide N R N N N N ? ? ? ? ? 
High gossypol N R R N N S N R N ? S ? 
Pilose (H2) R S R R N S R R R R R S 
Hirsute (H) N S R R N N N N N N N N 
Okra Leaf N/d N N N 11 R N N N ? N ? 
Red color p/b N N N N N N N S S N R 
High Tannin N R N N R ? ? ? R ? ? ? 
Boll Weevil R N ? N N N ? ? ? ? 
Oviposition 
Suppression 
factor (OSF) 

Klineducity P(escape) P(escape) N N N N N N P(escape) ? N ? 



Continued. 

Morphologicalor chemical 
characters 
identical 

Boll 
weevil 

Heliothis 
complex 

Empoasca 
complex Mirids 

Spider 
mites 

!White- Cabbage 
flies looper 

Spodoptera 
spp. 

Pink 
bollworm 

Cotton 
leaf 

perforator 

Thrips Cotton 
aphids 

Reduced 
anthe,-idium R N? ? 

a. 

b. 

c. 

d. 

Contact insecticide efficiancy enhanced 30-40%. 

Could be used in a trapping program. 

Inhances certain larvil parasites in biological control. 

Okra leaf increases sunlight penetration and increases weevil pupal mortality on the ground. 



TABLE 3. Resistant characters, the type of resistance 
of cotLon. 

CHARACTER 

Heliothis spp.: Glabrous 

High Gossypol 

High Tannins 

Mirids: Nectariless 

Pilosity 

Pink bollworms: Nectariless 

Pilose 

High Tannin (AET-5) 

from Pee Dee stocks 

Cotton leaf perforator: .Nectariless 

Pilose 


Glabrous 


and expected degree of control of the *arget insect for the main pest 

TYPE OF RESIST91CE 


Non-acceptance for oviposition 


50 less eggs
 

Antibiosis/Feeding deterrent 

50 mortality 


Antibiosis/Feeding deterrent 


Antibiosis/Non-preference 
60' reduction in numbers 

Tolerance 


Reduces daoagu one-half
 

Antibiosis is assumed 


35 reduction
 

Ur,ko,,;n 

40 less population
 

Unknown 


45" less seed d mage 

Antibiosis 

42- reduction-farmers' fields 

58'. reduction-research plots 

Unknown 

54": reduction in larvae 

Unknnwn 

SOURCE
 

Lukefahr et al., 1971.
 

Bottger & Patana, 1966.
 
Lukefahr & Houghtaling, 1969.
 

Schuster, 1979.
 

Schuster et L., 1976.
 
Calderon, 1977.
 

Meredith & Schuster, 1979.
 

Wilson and Wilson, 1976.
 

Wilson and Wilson, 1975. 

Wilson and Wilson, 1977.
 

Benschoter & Leal, 1974.
 

Henneberry et al., 1977.
 

Wiison et al., 1977.
 

Wilson et al., 1977.
 



Continued. 

CHARACTER TYPE OF RESISTANCE SOURCE 

Spodoptera spp.: High Gossypol Antibiosis/Feeding deterrent 

S. fujerda
53 less damage; field Miss. Anderson, 1977. 

S. littoralis 
40' groith reduction; Israel Meisner et a]., 1977. 

Boll weevil: Pilose Non-acceptance for oviposition Wannamaker, 1957. 

Reduction in Anthers IJon-acccptance/Antibiosis Jones et al., 1977. 
1. Few Antners 
2. Male Sterility 

Oviposition Suppression Factors Unknown Jenkins et al., 1969. 
Spider mites: High Tannin Antibiosis/Feedino deterrence Lane & Schuster, 1979. 

Thick paranchyma Tolerance Schuster & Kent, 1978. 

Low soluble Carbohydrates Reduced feeding Schuster & Kent, 1978. 
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Table 4. 	Advantage and disadvantages resulting from the incorporation
 
of resistance characters into cultivars.
 

ADVANTAGE 	 DISADVANTAGE
 

Pi loitjy 

1. 	502 increase of Mirid tolerance I. Bollworn oviposition 2X on
 
to feeding. hirsute, 4X on pilose.
 

2. 	Pilose prevents boll wecvil 2. Gin and Mill dust increase.
 
oviposition. 3. Slight yield and quality
 

3. 	Reduces pink bollworm damage. reduction.
 

Glaborus
 

I. 	60', bollworm reduction. 1. 4(0 increase in lirid damage. 
2. 	 40, pink t)o1worn reduction. 2. Increased cabbage looper damage. 
3. 	 Less gin and rill dust. 3. Increased [rjpoaosca numbers. 

4. 	Slight yield reduction. 

1. 	 50r bollworln reduction. 1. High sed go-sypol results in 
2. 	S 9nificant Mirid reduction. re'duced seed value for food. 

2. 	Slight increase in thrips and 
spider i,:ite susceptibility. 

3. 	Gossypol implicated in 
byss inosis. 

Red 

1. 	Slight boll weevil non-preference 1. ''i(Id reducl ion comuon with red 
useful 	 only as trap-crop, plant; greater intensity results 

in greater reduction, 

F[eo bract
 

1. 	Slight boll weevil non-preference 1. Increases Mirid damage 2-3 fold.
 
useful only as trap-crop. 

2. 	Increased insecticide coverage.
 
2. 	Reduced boll rot.
 

Nectariless
 

1. 	60' rc,!uction in Hirids. I. Ren)oval of nectary reduces food 
2. 	40 reduction of pink oliwonns. of certain parasites and predators. 
3. 	Reduced boll rot.
 

High Tannin
 

1. 	70' reduction of bollworns. I. Cotton leaves may be toxic to
 
2. 	80 reduction of spider mites. cattle in large amounts. 
3. 	 Verticillium qilt resistance. 
4. 	Seed meits not contaminated. 
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ABSTRACT
 

Where boll weevils re delayed in their buildup to Injurious 
nuribors until tilesecond yeneration, rapid-fruiting in cotton can 

allow substantial lii:" producti on. Experiments have established 
that if the 'ofetstion is; s;o delayed, a large r.art of the. crop 
will be in t,2 bol ' ;tag ; and the weevil is much less a pert to 

bolls than to squaris. As a boll grows older each day, so de

crease: t h probabilitV it will he damaged by tie pest: ihe more 

rapid bo I Ls are ,,et and accumulated, the greater the yield possi
hilitie;. Certain genotypes and narrow-row planti 0), sChlunes can 
hasten the acquisitinn of bolls earlier in tile fraitilng sequence. 
On', colaercial variety, TAi'(CO'SP-17, has demonstrated that it 

,ufcrs lc;ss boll dall tian several other cottons. 

Th, Boll Weev i ,\rr iv,i . In 1892 cotton had been grown In 
tie Un ited State tar abuloit 100 years without major concern with 
insects;. Anew e:lwritence iltcropping, the extensive culture of 
the 11ant at the Celd 0i then nineteen t!hcentury owed its beginnings 

to the New Uorld upland cottolls and to the invention of the cotton 
gin, in innovation that removed the bottleneck of the separation 
of the 1 lit from tie seed. For the first time, soc iety was availed 
a dependable supply of textiles, cheap and versatile. An unsatis
fied market tor the cro ill f-urope, acrege s expanded ii. response 

across tile southern Ulited States. 
At the time of time invention of tle cotton gin only a few thou

sand bales were produceI in the South, but by the Civil War tlis 
figure had risen to nea' 5 million. Acreages put to cotton were 
enormous: by 1900, 25 million acres: by 1926, 45 million. Texas 

alone in 1910 harvested over 7 million acres. 
The abs,.nce of major insect damage during these years had 

left quite naturally a feelin, of complacency and assuredness 
for the future -- against this backdrop it is not difficult to 
weigh the situation brought about by th bollI weevil, Anthonomus 
grandis Boiteman. Entering southern Texas from Mexico In tlte year 
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1892, by the end of World War I the insect stood on the Atlantic. It left a
 
sudden destruction to the crop; qualiy as mauch to the human spirit.
 

The weevil attacked the fruitin,- forms of the plant, squares and boils; 
it had allabili ty that seened amazini; to increase from obscure numbers to, in 
a few weeks' perloil, an overwhIelming iordu. And, uilike many other insects, the 
insect sustaiWd its attack onithe crop all through the fruiting period. Once 
established, Matters took ont course, a dismal or.e for cotton farmers. 

fie l'eXas Ie'i ; atii , rt'spondin' to the wide damage in the state, set in 
tho, .;atut~ec; the aiuthority for ctonmologm in 'texas; anl, in 1899, Frederick
 
William Mally wa-" -tlploved at the Agrcuiturtil and Meclianical College of Texas.
 
lis chare was t ,i.trid of tile boll wotvi I.
 

Mally sounded e problem with i vision that 
has stood the t - of years: 
It was, li nioted, the cotton plant, and the manner of cotton production of those 
years, that inltt'd ;uce e1inettee tilepest.e to 

Mo lv ;aw titat the Kind!;ol cotton varieties growl were espcially vuiner
able to tie insect: These were sloW-fruiti lu, plants, and, before an adequate 
crop could e set, the ee1 i would have attained frightful nu'nhers. And there 
was stnethini, el Se indet;irable in these cottons with their protracted fruit
ittg--- it 
 was only the w-evils of the fall generations that could overwiLnter,
 
and the late-fruitin Cottons served up the provision00 for liat survival. Thie
 
boll Uwevia; 'I ,; lin inlsect in a patrticular season owed t iiof thiat successI ii 

to the cotton produciotin prat ices of the previous year: The problem, simply,
 
wai';' coont tiliuii; Cl'c of events, froI oYear year
to 

Mally's iipottait t-Com-endations were these: plant early Mattling cottons 
(and these were appearinii ahouit this timi-) and destroy all stalks after hairvest
 
to curtaiI %winter ;urvival. 
 For all practical purposes, these were the singular
 
practice of titit that permitted cot ton producti on in company of the boll wee
viI. Improveimeauit i thilat s%-;terni woud await the organic insecticides after
 

',;aW r
id It.
 

llylV recorde-d other features of the 
 cotton-boll weevil relatloishiit, but 
f Iom his V:iita-'C LIetr Wa little to be done about theM. In seasons; of higher 
rainfall and il,fertile riV-r volleys (where fruiting of the cotton plant tended 
to lie sLower) tle ,.,'eevilseeme.d worse. Considertable acreage of cotton was grown, 
in those years, in the ia-stuern one third of Texas, an area that received 40"-45" 
ruit per arinti:. Tle lertile river valleys happened to bl in this zone. (In the 
years folloiin , ;icreag- ,,iould radually shi ft from eastern Texas to the west
 
lhere rain averages 25"-35". i ttle cotton remains in eastern Texas of the once
 
cons iderable 
 plant ing,S. And with the transition, boll weevil difficulties would 
be moderate d. But, of course, Mally had no way of recognizing this for the
 
future) .
 

De finii, Earliness. So the expression of earliness in cotton was a bul
wark in growing the crop in the face of tle weevil reality. Tlils character was 
;Issociatud wit: cotton variety, rainfall and soil type -- but itow should it be
 
ieasurtd and cate gorized? galy on, it was tnotetd that 
tilemore bolls that were 
set lt, fare tile pest exploded to g;reat numbers, the higher the yields. Bolls, 
abvio-sly, were less vulnerable than squares. 'Too, it was seen that the fertile 
river -.alleys could growi a more luxuriant plant than soils of the upland prai
ries, uLit It thIe saae tiMe, losses seemed worse. Fruiting, and especially boll 
set, was sloe, ott thest soils --- lit-ec, tilegreater threat from tite boll wee
vil. 

Hut for all o:'this, earliness in cottcn, when it operated to subdue dam-
Wge, -rohahly oily.' after tilefact ; at the conclusion of a growing seawas .teun 

soi when it l:ecame apparent that, in a certain cotton field, in a given growing 
season, fruit set had been rapid and reasonable lint yields attained. Tite meoca
nitcs of why this occurred (or did not occur) were at best only vaguely under
stood. 

A number of scientists examined tile matter, and references can |beobtained 
from tileabstracts of boll weevil research compiled by Dunn (1964). Still, 
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these studies provided only generalities; and were inadequate at tlhe time, togive the kind of delineation needed to more perfectly understand - and to
utilize -- the earliness 
 factor in a boll weevil maanupemenL scheme. 
Walker and Niles (1971) began to get at the iest ion with tile presentationof a model that characterized the effects produced hy the boll weevil in a fastfruiting cotton and In at long-season type when the weevil did not reach damagingnumbers until the second meneratian, a period that initiates about ,iay 30 ofbloomning 	 of cotton (FigmIre 1). This model smowed that the preponderance ofblooming 	 had occmurrec: in hte filt:Cottomi before day 30, and that a large numberof boils, 12 daym': and older (thou ,bt to he mold enough to escme weevil I dalmage) 

were estalb lisimled oil time platL. [T lI )lu-s;tasOi g,'enoLype, Oil lhe other hmand,had blomued lesS with a cOmiph1emtnt of boils of yonger Ages than the quick
fltlu[ill, cotton . Il)asliae Wa5; rl'sei to le 'eate- illthe Iotg-sea!;sol type. 

FIGUIR: I. A hVpothtical f imure nhowimi liehow rapid frtiitin; sequenmce ofnarrow-row plant ing 1X6-56 mijlht reduce 1l)01 weevil da..ia, This example ase.

Fumes that boll weevil nmbmIersL do Int: leacm mmCollOlllic
populationsmmiiI tie seeond genterition. Th. iliolcring curve was plot.ted from data oita ined in 1968 
(modified from Walker and NI los, 1911). 
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From this paper, it is apparent tiat the appearance of the summer generation weevils are well-ordured and preictable. For example, the appearance oftime second generation of the insect seems7 engineered by the interaction 	 of time manner in which the cotton plant fr-uit-, and the reproductive dynamics of tIhe 
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weeviL. The first generation and Its appearance in cotton is accountable to tile 
same elements. Thei r p:iper showed that each of the generations appeared In con
junm.tion with a certain period of blooming. In other words, knowledge of the 
seasonal blooling could be i;ed to predict ih '-the generations would appear.
 

Walker and Niles (1971) submitted that the important thing In escaping

damage from the boll wee01 was to escape damage from the first 
 generation (this 
generation stems fror the overwintered pornLs). Their data sug.gest that for a 
first gonetaLon -not to bring dalale, the overwintured ge,' ration muSt occur in 
a population no larger than 20 female weevils per acre durna1 the first 20 days 
of squaring. This concept is illustrated in Figure 2; Ihie first geileration here 
ieached a hiIglPoint of about 301 insects per acre , and would not have caused 
s:easive sqnare dalllage (boll weevil. cause severe square i njury when populations

atLain and exceed about 1000 nsccts per acre). Observe the great number (about
5000/ per acre) c second generation weevil!s that arose from the small over
winter,:', broed. 

FIGURE 2. The de, clopitr t of boll weevil generation,: in a 7
I 

acre plot of cot
ton, 1963. Thie overwintorred and f*.r!;t g;enerationi fivbc ts were allowed to ovi
poit for 19 des ; thes a single application of methyl parathion was applied.
W-evils recordied after the treatment wore reIloved from the plot when counted 
(Ced iifiLd I rom Walker aerd Ni les , 1971). 
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But were a population of the overwintered generation to occur at levels of 
60 or more females per acre, the first generation would bu great enough to wield 
substantial damage (Figure 3). 

1 

FIGURE 3. The develooment of :)oliweevil gene rations in a 22 acre plot of cot
ton, 1966. The overwintered and first generation insects were allowed to ovi
posit for 41 days; then a single application of iLethyl parathion was applied. 
Weevils recorded after the treatmvnt were removed from the plot when counted 
(modified from Walker and Niles, 197]).
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The first requisite, then, in utilizing earliness in cotton to escape the 
weevil, is to delav large numbers of the pest until the second generation in
festation, a period that Initiates about 30 days into blooming. The Walker-
Niles model suggests that a sizeable complement of bolls of sufficient age to 
escape damage will be in place on a fast-fruiting cotton at this time. 

Walker et al. (1976) showed that boll set could be accelerated via use of 
altered planting configuration. Cotton is normally planted as single-drills 
on beds 38"-40" apart. Planting 2-drills on 40" beda or reducing distance 
between beds co ca. 26" impotantly hastened rhe acquisition of bolls, in
creased yields, and spted maturity (Table 1). There were no late season 
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TABLE 1. Effect of planting cohfiguration in cotton in hastening fruit set 
and increasing vields. (:lodified from Walker ct at. 1976). 

Epr i ment A 

AcceuIilted bloms/,0t d ' a f tr- ' inot'i /2/01i-

Avura . OF 4 ellotype!; 

Sl 11 a 

S2 
 162 b 

5 day old 	and oldcr boll.4/1JIot, July 32
y/ 

Ave rage of gl,,notL .s4 v 

SI 80 a 

S2 136 I, 

-
Experiment Id
/ / 

6M-10 IX6-56 1209-7 6-19-2 MS9T 

Percent of total lint harvested in 1st 2 of 3 harvests 

SI 	 66 g 82 f 65 f 65 f 79 f 
b % b b a 

S2 	 56 f 85 ef 60 f 70) I 73 f
 
c 
 i c ) all
 

S3 85 e 91 c 74 
e 85 c 37 e 
a a b a a 

Lb/lint/A 

S1 598 fg 589 f 521 ; 528 f 639 f
 
a a a a 
 "I
 

S2 622 ef 642 f 758 e 660 c 666 f
 
b 
 ) a ab ah 

S3 525 g 734 e 636 f 652 v 8143e 
c ab bc ) a 

I/ S1= Sinile drill el 31" , nt,,ri; S2=2 drills on 38" center. Means sharing 
a COPLTIfonl l etter are not ;'ii ificantlv different at 57 level of probability. 

- Ilcols followed by .i , ii ;ir io2ipared verticall y those sharing a common 
letter are not :;i ij fii: iiLt I v Ii ffi:'e.ki1	 at the 5, level. 

3/ Means followied Iy :1,b, c ire colipared hetizontal ly; tlose sharing a common 
letter are not si gnificantly different 'itthet- 57, level. Means followed by 

, g, Ii arc compared vertical ly; those sharing a collmion letter are not 
significantly di fferent at the 5" lev-l. 

4/ S1= conventional single drill/1{)" bed. $2=2 drills/40" bed. S3= single
 
drill on beds 26-2/3" apart. 

http:ffi:'e.ki
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applicat ions of inset tic ide uS'd on Experiment It (Table 1), vet yields in 
certain genotypvs illnarrow-row e;pacings were substantial. The boll weevil 
Infestation in thiS xsperimn1t was c;low to develop, finall. ,l lay 30 of 
blooming cl hmbing, to 5l0" punctured s iai'e .Althoilgh wCleevils sored to 
large nuMIcr dlri ng the boll mltur;ition period (day 30-45 oi blooming) 
dam,,e ,'ac; lot Il to bolhs. Expe,rimcnt IS adeililtely tested the assump
lion; of the lee modlkel-Ni:edl. 

'li'h oll dres'ilAnd Tie CAttOn loll. rlhe boll weevil Iha; a curious 
si dc to him. AltLhou h it I!;a relntlcevSS; destructive pest ot cottor, 
.5U'll'e! , th' Oi",' 1I i e;nuth l-;,; so to boll- -s'- a blooms, asinc, i;(ithre 

cend; to tie' loll t101 e,1 it is regarded in .1 different light by the weevil. 
Coir:ionlv , nu:c'l'rs tf till' ecet that occur during tit boll maturation period 
are much ,,i, ater than populations durinc tile first several weeks of squar
illg;v't thee' lar,,,er nIIlmIerte do not represent tieC same plane of threat to 

aetr btla InI , weevilol Is as a ;:i.l numtber to scqlares . i strong sense tile 

(iIsIlac; ea dull flatur' toward tiletwo fruits forms, and it i tisll atti
tide thlt wC exploit in iK iliZinr, quick-fruiting as a mreans to address the 
Weevil. Cttt in; cot toln 10 tilt'boll sta,,cbefore the weevil increases to 
legiene; tcll;ll'.- o oioll Further shiapitg ofcOtL [rodulct i tilt,importance the 
we.-.il' doli tv:ie tit, interaction of boll age and sul;ceptibility to lock 
inj urv. 

S.',llkere't al. (11,77) studied the impact of second g.eneration weevils 
ill Cot ton Io I It,I koio.O ices ( tg; blooms), finding thattIggi bolls about 
12 d o Wiie','CoilId '.tlltrl'tiOll emergence of weevil; initiated. ex0y101] t 
Ct1)I 1 13::1j i ljtIV. lihli; : cage weevils releaed)t It I wad, study and were 

tlil a lLt to 12, '0 pet t, a large se'Cond geltratlion number. Their stu
,I IO,, 111tst ii old,,r ;t boll I We at the time of till' beginning re

'';', Ih-nOW01lthl' prois ilitv for weevil injurv to that bol . Twenty
foolil tutu Ill ' t','-Ctl' in tilt' "life" of a cotton boll when itI Orktll 

W Ildeal illiwith the I . 
Fitld tlldie,s l';trke tIt ;11. 1979) have shown, w tithbetter definition, 

till, .1 !! thin ;. [Filtu'"I 11 slu the of locks arosetrtotes fate boll that from 
difit'rcit da't eo ti,.,flow, rin' period in -i' liIlber of genotypes, planted in 
di fiertlit cciii ill I t iol; 'Intl I t r''Lte with I ,tld 3 appi icatlons of an insec

it i l'.,for ti,, ii'rwinterltd !s,'t ',ration. 
The int ,¢tatio i ti ' i-treat,:ient plots tre/tchled the 51Z level 28 days 

Into tt t' '' tit' 1u5' 'I. had iciti Ittainlld itt til 
t
! single treatment 

p)lotS t) da ' -I tr11, lt I v lue o' al' ii- tell ' boll itt escaping injury is 
apparint. %bouLIt 7 ,! the COttton prodtlction came fron flowers that arose 
in the Ifir ;t 1 of iloimni;. 'itlthh ill tite more productive genotypes 
Ian from 80Qito loll lie. per acre. Despite I5', damage to locks, substan
tial lint (1 . 77, o total) was harvested from locks originating from the 
tiret 21 iays; 01 )1oMS . Althntgl dartiage to latr sll boll; increased, 

,dditioiiO il lint Wia; r0 Ii ZC11 Irol theS. 

Ii gut,' dt;c'ib, tie production obitained from different blooming 
intervals it,douil'-dri l Ilatntin , of T'ICOT 5P-37, treated 3 titnes for 
0Ver5w'iTtt tld W','V i I;. It is clear, from Figure 5 (and Figltre 4), itow 
rapidItlv ti ';t tiLtie of till' boll clinp lement changes --- as each day 
posses, i; 'the ni',-;of the boll complement grow ), day older, so decreases 
the probability o lock Jamage. 

A low level tit "rI istance" has ottn detected in the bioll,; of TANCOT 
51P-37 under slowly developing weevil infestations (Parker CL al. 1979 and 
Arnstrong,, 1970) . Figure 6 compares liol I locks of 'rACOT SP-37 with a com

posite of other cottons. A non-parametric sign test (1P= .99) Indicated 
les;s 7 damaI;e in TACOT .I'-37(Armstrong 1979). 
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FIGURE 4. Percentages of locks damaged by weevils that arose from dif
ferent days of flewering (averages of locks from all genotypes and spac
ings) Uvalde County. 1975 (Modified from Parker Ct al. 1979). 
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So escaping the boll weevil derives from tie meshing of certain, 
appropriate events in a particular scenario, The overwlntered weevil pop
ul10tion MUSt be reiduced so that the first genieration does not puncture a 

high of the squares it is vital that tile transition from squares to 
hollr be made before wevils stirge to large populations. 

Certa- n genot- pos foster tile transitIon far better titan others 
T,V-ICrT S'-37 does Lhis w.-1. Narrow-row planting configurations further 
enhance the Mairri irde of the transition. 

We believe, everything else being equal, that the degree of escape 
from the 1ol weevil at it particular moment in tire, ruiting event of cotton 
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FIGURE 5. Accumulated pounds of lint in narrow-row planting of TAIMCOT 
SP-37 treated 3 times that arose from flowers produced In different per

iods; and agcs of Iholls at different periods, Uvalde County, 1975 (Modi

fied from Parker Lt al. 1979). 
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is a consequence of the number of bolls per acre and the ages of these. For 

example, a complement of bolls that Is structured of members 10 days and 

older at the time weevils puncture perhaps 50% of tle squares will be 

reasonably safe from major injury and can be u.ed as a basis of a conserva

tive yield prediction. Hence, knowing the number of 10 dlay or older boils 

present could be used to determine whether or not late-season insecticides 
would be required. 

Recent examination of tile boll. diameters in different cotton varn

eties suggest that accurate assessments of the numbers per acre of bolls 

of a particular age can be determined by diameter measurement (J. R. Benedict, 

J. K. Walker, and G. A. Niles, unpublished data, Tex. Agric. Exp. Stn.). Use 

of a template for this assessment seems to be the most workable (Figure 7). 
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FIGbRE 6. Comparison of lock injury in TAMCOT SP-37 ard 4 control genotypes in locks that arose from blcoms produced in the first 24 days of
flowering (Armstrong 1979".
 



123 

FIGURE 7. Use of a template to determine boll age (Armstrong 1979).
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ABST RACT 

Sorghum bicolor (L.) Moench is a cereal crop that is of special importance
in regions of marginal Ioisture. Sorghum seedlings are relatively slow growing,but after a few weeks development is ripid and sturdy culms and ahundant ieaves are produced. Seed are [irodoced oil a panicle at the apex of the culm. Diseaseand insect problemis often Increase as sorghum is more intensively grown In an 
area, but sources o! resistoance are being located and offer opportunities in 
host-plant resistance. 

INTRODUCTION
 

Sorghum is an important feed and food crop used for grain, forage, andother purposes. Its ability to produce under conditions of limited moisturehas resulted in Its use In marginal areas. Sorghum is attacked by its share
of Insects and diseases. 
 Such problems cause considerable loss itt sorghum
production areas. The attacks may not be severe during the first few yearsthat sorghum is grown in an area. Insects and diseases usually then become
 
more prevalent, and we mitist know 
 how to minimize the losses due to their 
at tacks. Ilost-plant resistance is one approach to resolving this problem.A knowledge of its biology will help Lis understand host-plant resistance of
sorghum. 14, will consider tie characteristics o! sorghivt 
 thmat relate to Its 
response to pests an(] to breeding for resistance to thIse pe:; ts. 

(;ENEP%L CtARACTERI s IC 

Sorgium is a meriber of the G;ramineae (,priss) famlilv. Within tile genusSorghum, S. bicol.r (L.) Hounch is the wost important agrononically. Within
S. bicolor there are many types. The diversct pes in the species are alldipleids with a 2N = 20 chrooICsome nlumlber, and they will intereross. There 
are relar d grassy species with tihe sam! chromosome constittLion and also 
tetraploids with 2N = 4).

Sorghum has the general structural and developmental characteristics of grasses. hoots are ftlbrotv;. Stems (culms) may be single to several per plant
arid each is divided tato a series of lInternodes and nodes. Leaves consist of 



sheatlhs and bladeswith paraliel veins. At the apex -.f the cil is tile inflorescence, a palnele that hears spikelets. "IL' ' ed or caryopsis has a perica,p,endosperm, anida nloocotyleIdonlous elnicvt. 'h speciflit of these ald other 
characteristics wilI be disclssed ill lter ';e(tions. 

Celo-t C'OiSidelill , tilt' details, however, let observeas how a sor,;hum plantgrows. We will follow tile whole plant throti;h it development from a seedling
to a s. i).I . !'d m;cr'.im tilt wh,1le p1 l lt'. We a t-l [tter' ItsIIh'll iIlderstand 

Iart:' . fhl, r'Wtii stagesCh el sr lllv, are 
 illllport:1it o Il i d0t'tbi) Ogy, lc" t colint I ,o,a I 0 (If 

tile
reed l this ee)cC0,;. Vanderl ip (19 :2) prev!led

.1 ctif)prelli;Il) ve p'esciltioli of thli lt't in whih ilVC' We.'ie described 
and lepicted. 

Wlewill ,i l)li'\ 0 il cuss ,In ' -oiesidetin)-l ot1ll, crit icu al t o'. 3, 6,
aid t , ' : '.'tL o ,gtoth st.',e I a 'or-,,llil 'lallt is to'mpli'tel y vegetative. 1( i:; II I lit i i; l ICo,'I'as, tli it,I- . ,, ilt i llldt,:;, .ll! i llsodevelop

1, t ot!i . "11"''t l Illy''t I.ite, v IO , ! lt}'l tteli4ah e,") whIiil ti ' activity of
til t' il poiini ('l ,til l 'rii te ) -Ii 'Ill Irelyve' eta i e. Ihe t ille t which
til, 'rowin., 1)o ill{ ii rolll,I ve-iet lt i % l'l r Oll l'u t ive :; ,':il led s tage 3.

Iyhi I i iL I :t I tint IelAve; ,lil i t 'l-1i (1de; Il tih'
'1I I Cn 11l lave en init fated.

No 'oIe ietI- po ;,I- le2 . AIltllo'lI Illo Il'w ItIIVe; 
 wi I he i1 t iitcd,I' la e then
 
prce:,0lIt wi I I extailld ailldIela"arL.i w ii I hie'Iclase. Sulbse ipultt ly, 
 lea I .'ea will 
dlec'e'la ' l Ii t l)wei r I talee; d i,. 

At I Lc 3 t LI, lc , T- , iow ,,'llilt Il,'-'p it, - t i ve, its s litace canl gesI tOm, -lloothl to t-oll' I. l i;T c ll Ihel te ' ,d lV ;piittinlt! , 1il1 alld il1s"Ivillf
the 'twig Ji ii witwit i hilld Ien.1. I'0111 tlll tielI (11o, ililt e-elltI Lti ll ;nt the 
,' i' Oillt Wil I Ie 'I reprlllt, I irve o rplin,,; . 'Iii- pallic I Ianl it!; 'arts willlie doe ] opitcld
 

Dlul il) tile L illIL' 1 1-11111;tA 'Ib I t( (i i(o ;
04il; t, ll'lt av thO ;izl-( Ifo t1'
 
slitei Ic lM 
 d -L[Ithe i[Ill l ) ti I I!;'('l i ; (eI -t,0'1l-n11 . It i, II;O d 1II'lIlg this

tI ie thitt Ile IaI t 'i ',rIIde; elo'I ;it alnd afi ':. tilt C t h Il; t is: (Id llm a very
I Lw -- it tliO',y' tihe !;url leet tIle , i t"',_ t ,,:1t I; h e l-is;I rI ) I Il)0i t L everclI
 
TIlet 1,1
 

A t Ie; e'le a) ''tllcr rit e . 'cu llII llt ellh ' i I PoI on ; e s ofed, , e g ,ill are fe r'L il d 
.1l(! slLd T ' , i 1 1ti v' .lls DwlV.L; )i lIi' II ' il11I I etlll ( ll i iobol lt 3TLlOlll :;eeI Lakes 

Ilrtliav! . lilt, ,ld (it ti'I!;
( L ,V d tet arel 'l itI 9) . lIlh Iei li g I eat i hysIII, V d(-,Il N1Hult,f IIX I UI dl 1 maturityI%hl{. Lt![o r ad wi l tI .h reatdY I: 
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Sorghum, Sorghum bicolor (L.) Moench, is a large steimmed tropical grass
and has the ability to grow to great heights. rhe species is extremely
diverse and present collections contain, over 17,000 distinct cultivars. Thesematerials readily intercross and produce fertile offspring. From a breeder'sinterest, the greatest variability in both cultivated and wild sorghums exist
in the Northeast quadrant of Africa, 
 but all of Africa is a fertile source of 
diversity.


Murty, et al. (1) following the lead of Snowden developed a very workableand useful taxonomic classification of sorghum types. This system separatesthe major types of sorghum into rccognizable working groups and has becomewidely used. Harlan anl de Witt (2) suggested a system using only five basic
 
races and hybrid races among these.


Rather than develop the extent of diversity which exists in tile species,
suffice to say this has been reported and described. Because sorghum is a
short-day plant and is very sensitive to photoperiod and temperature, regionalbreeding efforts should consider these limitations. Generally sorghum hybrids,whether for grain or forage, require 100-140 days from planting to maturity.
However, in tropical areas the crop is generally planted prior the onset
toof rains and harvest is completed after the rains have subsided. Maturity of
sorghums in this situation is 
 regrulated by pho toperiod manipulation. Yieldsgenerally increase as time to maturity increases up to a point where therequirements for growth become limiting, then yields decrease. There is alsoa positive correlation between increased height increased yield.and As hightis increased up 1.5 in.t:otpiproxiwately increased yield can be expected.Lodging is of serious consideration and iiitn mum heights, which maximize yields,

should be used where possible.


Because height and duration of growth are of such significance to any
breeding effort, a further observation is given. Height in sorghum is a
variable ti-ait, but is under simple 
 genetic control. In most areas of theworld taller plants art, preferred, but inthose areas where mechanical harvestingis practices, short itature is required. aridQuinoby Karper (3) have shown
height to be controlled by four recessive, non-linked, brachytic dwarfing genes.
A single recessive gee may reduce height by 50 cm or more. Most grain sorghumhybrids- developed in the U.S. are recessive at 3 height loci - 3 dwarfs - and are generlly dwDw-2 dw- dw" The dw gene is unstable arid results in a higherthan nornial freg-ue~cfleN all plant.. Most breeders recognize the positive
correlation between height and yield arid develop sorghur hybrids which are astall as possible to withstand the local hazards of production. Maximum yieldsare generally recognized at aobut 1.5 to 1.75 in height.

Maturity in sorghum has been used to regulate the time of harvest toescape grain deteri<ration, seed mold arid insect damage and to maximize yield.There is a wide array of maturity differerces ranging from 60 to 300+ days amiongcultivars. When differssorghmi in maturity, it is the result of a response totemperature arid photoperiod. Quinby (4) has shown that differences in numerousvarieties are controlled by four genes and an allelic series at each locus.Rate of growth is reflected through inaturity differences and leaf production
appears at a similar rate. Rate of leaf production varies between 2.8 and 3.5
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days per leaf, but both height and rate of growth are limited under stress
 
conditions.
 

Sorghum is a self-pollinating species, but is handled in advanced agri
cultural situations as a cross-pollinating crop. The perfect flowers of 
sorghum allow from 0 to 10 percent outcrossing depending on variety with an 
average of about 2 percent. In much of the sorghum grewing world there are 
only selected or improved varieties for use, while in high intensity agriculture
 
areas F hybrids predominate. Hybrid serghums for either grain or forage have a 
recognied yield improvement. Grain sorghum single cross hybrids express 20 to 
50 percent yield improvement. 

T1he par,.nts of sorghum hybrids are inbred lines, but, unlike maize inbreds, 
are reasonably vigorous. These inbred 1ines have been often widely grown 
varieties. Until recently there has been only variety selection as a major 
crop improvement program effort. Present parental lines have the same 
characteristics of improved varieties except that they were specially developed 
for hybrid utilization. There is a good association between thf desirability 
of an inbred parental line and te vieId of the resulting hybrid. GoodF1 
lines make good hybrids. 

CYTOPLASMIC GENETIC MAlE-STERILITY 

Cytoplasmic genetic male sterility is extremely important to hybridization 
in sorghum. Therefore we will discuss the development of male sterile but 
female fertile parents. Male sterility suggests normal function of the female 
portion of thr flower and inhibited ma2e response. Because the male-sterile 
plants do not disseminate viable pollen, these plants can be fertilized only by 
pollen from otherwise normial pollen producing plants. Both cytoplasmic and 
genetic male-sterility in sorghum cause poorly developed anthers and a lack of 
nol len production. The important difference between the two types of male 
sterility is their mode of inheritance. Genetic sterility is inherited normally 
and influence of the male is seen in the progeny. However, in cytoplasmic male
sterility, inheri tance is 11aternal . All the progeny of a cytoplasmic male
sterile imle plollinated by its normal counterpart will be sterile like the 
female parent. Tile mode of inheritance allows a cytoplasmic male-sterile to be 
maintained easily by growing A- (cytoplasmic male steriles) and B- (male sterile 
producing) lines together in parental crossing fields. Fertile sorghum hybrids 
callbe produced by growing A- and R- (genetic pollen restoring) lines together 
in seed grower crossing fields. This type crossinq is shown in Figure 1. 

Cytoplasmic ((ale-sterility is thought to result from imcompatability between 
the cytoplasm of the female and nuclear factors contributed by the male parent. 
Since the male parent passes little or no cytoplasm to the next generation with 
the male gamete, the female parent furnishes the cytoplasm to the offspring. 
Cytoplasmic male sterility was found in sorghum when the milo cytoplasm was 
used with nuclear factors from Kafir in a backcross breeding procedure. Figure 
2 shows tilecytoplasm and lLclear behavior in the development of a rytoplasmic 
sterile inbred parent.
 

Recently USDA and TAES released a second cytoplasmic genetic sterility 
system which differs from tile Milo-Kafir system. This second system (A ) was 
developed using Caudatum-,N1igricans-Roxburghi i where the former was the yta
plasm source. The development of new sterile sources from this cytoplasmic 
interaction should follow the same procedure as that outlined in Figure 2. 

A- and B- lines are similar in their genetic make-up, but A-lines have 
sterile cytoplasm while B-lines have normal cytoplasm. Restorers (R-lines) 
must always carry the fertility restoring gene or genes and may have either 
norial or sterile cytoplasm. 
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FIG. 1. 	Procedure to maintain A-lines and produce hybrid seed of sorghum 
under field scale operations (number of A-line rows vary from 4 
to 16 for each set of 2 rows of pollen sot,-ce; either the f-line 
or R-line). 
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RANDOM-MATING POPULATIONS AND GERMPLASM STORAGE 

Development of random-mating populations in sorghum has gained sene 
importance within the past 5 years. Very little orogress in yield improvement 
can be attributed to this method of breeding ui) to this time. Sorghum is aself-pollinated species and there are obvious large blocks of elite genes 
accumulated in superior inbred parental stocks. These are used to produce
present F single cross hybrids. The basic breeding stocks, parental lines, 
etc. whidl are in use today by the U.S. sorghum industry hawe resulted from
pedigree breeding or backcross breeding with selection for the desired trait. 

Random-mating populations are useful zs storage facilities where large
inventories of stocks would othenise be required. In order to develop a
random-mating population in sorghum, a self Pollinated species, one needs the 
use of a genetic male sterile gene. Several such genes have been described in
sorghum with the most widely used being mshsl and Ils Is 7. The gene "a therless" 
was used in a few early populations. The-i eCssive g(ne is easily backcrossed 
into a rIui'rber of stocIs. When these stocks are grown as F or selected progeny

any numher of materials can be outcrossed onto the male sterile plants. These
 
crosses are !rown as F Is and caribe either sel,-pollinated or- left open
pollinated. Generally eiual quantities of seed from each F is then massed to

fornm the original population. This quantity of s is
equal msS 2 Seed then
 
grown w i solatiorn and allowed to randoe iite . Genera l I tyhr0re will be 3:1

segregation for fertile to sterile plants. Tihe 
 male sterile plants are marked 
so that they may he recognized at maturity. Each male sterile plant is threshed 
separately ard an equal quantity outcrossed seed is again massed to form the
 
next generation of random matirg. By 3 random matings the population should he
 
se(regatirig approximately 1:l fertile to male sterile plants and will lie at
 
equalibri um for that trit. Any of several improvement procedures may lie used 
to evaluate and select the populotion at. this tine. Some are full-sih, half
sih, recurrent selection, recipirocal recurrerit selectioni methods. Ti,,e are 
descrihed by nth-,r authors working with cross-iollinated rpecies such us maize. 

To store or add material t) a popilation it is only necessary to plant
the addition, in alternIte rows between rows of the base random mating popula
tion and eithur uisc inatural pollination or hand crossing to incorporate the 
material. 

in tire ,vent of a ,a jor disease or insect problem a large sample of the
random mated population (gerimilasm storage facility) could be planted to screen 
for a source of resistance. This resistance could te extracted and thenused 
in a rapid backcross or pedigIree procedure to correct tire deficiency in the 
elite inbred parental stocks. 

Many states, especially Texas, and other agencies, such as USDA - Mayaguez,
Puerto Rico, iational Seed Storage Laboratory - Ft. Collins, Colorado and 
ICRISAT - Hyderabad, India, maintain large collections of inbred v-rieties to 
support and supplement population storage of germplasm. 

DEVELOPMENT OF A-LI bES 

Tile A-lines used as feriale parental stocks in sorghum are mae sterile 
counterparts of tire nronrial sIrais cr ;-i insr; from which they derived. All the 
se ection which call be praclices Or a minicIeMile Must necessarily be done on the
fertile counterpart, the B-line. Therefore, it is extremely irnportant underto 
stand the procedure of female development in so-gniuw.

Any strain that has the desired agronomic chriacteri stics and produces only
sterile progenies when crossed to cytoplasruic i:;ale-sterile stocks can be con
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verted to an A-line by the procedure called, "paired progeny selection."
Paired progeny selection is necessary because male-sterility is expressed only
in the crossed progeny, wnile effective selection can occur only in the recurrent parent. The original crosses 
of the strain to be converted should be
made on an agronomicallv sirrilar male-sterileI (A-line, in order that segregationfor undesired plant characters tics will 
be reduced as much as possible. The
progenies of these crosses ard the recu'rent mile pareirt are grown in adjacentrows. A number oi- panicles are bagged in the cross progenies arid at Leastpart of therr should resemble tire male parent. After anthesis is completed oris wel) advanced so that male sterility of the bagged panicles can be estimated,one or more of thc panicles,with the best sterility arid greatest agronomicsimilarity to the recurrent male parent are crossed with selected plants fromthe male row, i.e. , pai red pol len par'ent row. This new cros and its maleparent are tnen planted the next generation. Tihis paired progeny selection iscontinued through successive ba:fcrosses until tiri male-sterile strain isconsidered to be essentially like the normal fertile strain. See Figure 2 for further understanding. lie pair are their designated A- arid B- liriesrespectively, and cai be maintained or increa sed either iy hand po!linations orii isolated 'arentalcrossing blocks (Fiure 1). Few cytoiplasmic geneticsteriles are always, 100 percent male sterile. Seed certificition standards
a:lo;w low levels of these genetic x environmentally fertile plants to exist in
hybrid seed. Quality control 
is of major cjncern to the coimierc-ial producerof hybrid seed. lie Vins t irsLire that lo-;sthan .01 percent self-pollinated

plants occur' iiI his hybrid seed.


It i a matter o judqemiernt and depends 
 on the purity or homozygosity ofthe B-line stedk just in: many :i'oses will Ineed to be made between parents aridselected paireJ progenies. ObViouIsly, if the parent strains were completelyi:omozygous, there would be no need to make more than one cross or' backcross pergeneration. Complete homozygosity cannot be assumed, but strains that have
been evaluated is self-pollinated varieties 
or have been in nurseries iliaintailiedby single bagged panicles are essentially pure lines and usually offer little
basis for selection between 
 different paired progenies. Tie opportunity foreffective selection increases with increased genetic variability betleenparental strains. One major gene has been recognized which separates goodparental stocks from those which cannot be sterilized. There are severdlmodifiers or partial sterility factors in some stocks which results in theirnon-usefulness. As a general rule, use as parental stocks only those whichgive complete male sterility when first crossed to a cytoplasmic-genetic male
sterile tester.
 

From this discussion, 
 it is obvious that the development of new females(A-lines) in sorghum is a long and expensive process. This explains why there 
are so few A-lines in use today.
 

DEVELOPMENT OF R-LINES
 

Many varieties and 
strains give riale-fertility to the progeny of crosses
with cytoplasmic-genetic male-steriles (A-lines). 
 There are approximately 3/4
of theWorld CollecLion of Sorghum which are of this type. These strains arecalled R-lines aridare male-fertility or pollen restorers. 
 Ifa pollen restorer
is essentially a pure line, little improvement can be made with further selection.
If the strain is somewhat variable in plant characteristics or fertility restoration, paired progeny selection similar to 
that used in producing A-lines will be
effective in obtaining uniformity and 
in isolating good pollen restoration. The
selected line is designated as 
an R-line aridis crossed with appropriate A-lines
 
to 
produce F1 hybrids as in Figure 1.
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FIG. 2. Diagramitic procedure to develop a cytoplasmic male-sterile inbred
 
line in sorghum 
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The development of elite R-lines through backcross or pedigree breeding

methods has been phenomenal in sorghum. Those breeders 
 who have had the

foresight to recognize limitations in elite mterials and have used 
 the above
mentioned procedures to incorporate additional eli teness have made major con
tribdtioms to this Coll1podity. 
 ,ooe ot these have been disease resistance downy mildew. head sTmut, iericoiia, bactorial stripe, rust, anthracnose, etc,;insect resi ; unce - chinchiuq-,- groeenhug , sorqhum midge; quality - high protein,
ha lace amino ,c id Content, flavor, te-tfre, ohito ericarp color; growth 
maturit , hei.plt, drilugt tolerarce, tropical adaptation, teilmperate adaptation,
heat toleranct, mil oi ltin-s, witsSr, -ore tr which iroes] priductivity. 

!"I1H['(TT I PI OGRAM0'J' FP C 

The corner,' t 
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 late or 1n1 fi- '-r-1 m; 'rilil IrI, f-rii thi, tropics iito short-, early formswhich Can li 1j0,ed iT ill ira,, il tho w.orld, hut especially in the temperate
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 onot , IThe procedore is outlines in Figure 
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alien lil e xi th, I 10 ,ri 
 h1- , Illo.i , 

thl recovery of tie cytoplasl of tile
 
co Verted lia, 11lo.
 

Matn i I l tii') ''t'O0raml are dralliti lly chindi 
 irg the sorghim industry.

To,no ot th irlportant ocoio,ie chara-racri. tics ohtained finm 
 this project are:
(a) 11 4 source, eof di ,eiTe iSTTn

C - downy Tildnw, head smiut, laize dwarf

mosaic vir loliardi"
el. ' t. 'ots, lerilel rots ill ananthracnose; (h)
i lSeCt TOeu, till'?  igdg, reenflug, corn leaf aphid, whi te flies, and
Bai. ' gJna',i ii '. i .p oved plant characto.ristics - drought, heat and
 - (,) 
salinity toll',illc sta lt, 'Are ]th, twin-seed, easy threshing, erect. leaves,
lodging -esi tt-lilt, improved yield of grain, yield .tability dor diverse

en'vironment.s, r-ater root develoAient, leaf area retention, increased gra intirl ling rate, i. crased co:Oiiniig ability and new sOur'ces of cytoplasmic
sterility; (J1) out',tinding kernel characteristics - thin pericarps, weather
reOsist.ance, reolii:eii ii Siloration (if the endosperii, increase protein content,
superior hlI1nce of a'ico acid,_ iIiroved flavor, expanded diversity for food 
product dovolopimlent and greatler digestiii ii ty; (e) reduced genetic vulnerability
- '-planded diver-,ity to reduce narrowa qe'illasm base.
 

In conclueion. ". 
 hicolor ind its rolated species offer the potential ofiiia ior iti 1i za tiol i n 0o- flitwire . ,, i thin the past 100 years this commodi ty has
been imlroved drai'aticaIly. hut thel , 5 .00, years of crul ture still hangs
heavi ly over us. Y eli1 " ftab i ity ii ,,s where sorghum is the major food 
source is of utilins t iimportalnce. 'Ti.1,'. increases and improvement of the quality
of the grain must 'e cr-itically evaluiatid for yield stability as well. There 
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FIG. 3. The Sorghum Conversion Project is a backcross breeding procedure which 
utilizes the nowIwledge of qeietics of me turi ty and hei ght to change
tall , late photoperiod sensitive sorghums into short, early types which 
can be used througlhout the w.rld more easi ly. 

SORGHUM CONVERSION PROJECT
 

PUERTO RICO TEXAS(USA)
 
Will Not Flower Will Flower Exotic Which Will Flower

In U.S. In U.S. In U.S. 

P.R. GOAL 

F1 -(P.R.) 

Short-Early F2 (Texas) After 5 backcrosses to Exotic 

Exotic X F3 (P.R.) 

FI1 (PR.) 

1. F2 (Texas)Continued for 5cycles 
each F3 is crossed back to Exotic 
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are over 17,000 items in the World Collection of Sorghum and each is some
what different from the other. This broad base of diversity is a plant
breeder's dream. Know the species and know how it is used and then havc the
insight to see what limits its use - to correct those limitations is our 
challenge. The breeding procedure, available to us and the diversity create 
a very envious situation for the sorghum worker of the future. 
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,rr BREEDING FR DISES ESISTA CE IN SOnG 

R, A.Frederiksen and D, T.' Roseno 

SINTRODUCTION 

have.r ath~e
 
direction~of~re earch on sorghum diseases'in North:'Am1rica. %1~ese, hanges
 
were dii~in part to three ) ,repeated~occurrencea.~o~ -


Dfuring the-past~ decade ,,ineue 	 niae 

s:c'r aaig 

easee, 2Y~ the, awareness go'1genetic vulnerability in our major commodi a,5
 
aznd3), the: recognition of~ the import6c -'f' integrated-pest mangeent,


In ~utwesern USA, where~sorsghuzas are afprincipa1 agricutu4i 
'connodity , serious di(ease prob)lemsibave occurred repeatedly. During then 

~pa~t~few years, there have "been crave. losse's,4casd by~head amut , (Snhacelo.~~ 
relin 'sorghum downy-mildew, (Peronosc eroscat ~ i, az wr 

mos~aic (MDMV, antracnose, (ollectotri chum graminicola),,charcoal rot 
___________ saiumstalk,rot ,Fusarium moni1{forme) and~ 

a~ubrocmo, oig diseases. .In Texas"we experienced, snthracnose
 
epidemic in'1966 andl1968, downy mildew and maize-dwarf. mo~iaic,. in -1967i\ 


~he d'imu in,1969~and l976j'Pythium root rot in'1971 Yisarium~head blight
 
p	andstal~k rots in 1972, s~ious down iildew in, 1973 and finally a'ajo 

Erain~'mold~'problem' i 97I 'da1976. The outbreaks-of these and ~other dis-P~r 
eass'uggst that disease problems wary from year to year .for~sorghum grow~ers 

Tiu$welelected to~develop abroad based iultipie disease resista-nce , 
approah in breeding Texasorghum .,ecause of our varying weather.a d, 
cro6pping patterns.1we must improve' tour levels'Of'Lresistanice to jall.ofthe 
Lmajordiseases of, sorghum.~,Ignoring one"-dis.ease'or-gro'up of diseas'es could
 
make us'as vulnerable as the maize crop was aosouthern1 corn leaf blight~in'
 

Sources of Genetic Diest 

Genetic vulnerability can be equated yith1 genetic uniformiy. It Was 
a ima~edia ~Thntly as 1972, most h~~i 1u4ibis-w 

in the Unitea-States~ were developed using cioaeljy ielated and ise cases, 
ideticl'ollnatrs and- weepoduced using'the same cytpasi-eei~tl4~ty ~yopas 	 erec,7: ngeu~ ~ eip14m
 

as,1963 . e Texas Agricultura!Epe' imixt'stati~on anid th~e United BtteBPD
partm"nt-pfcAgriculture inltiated prga v ib xtc orhm rm.h
 

rhumxCollection are : " 9PerA~d. 
seisit1ie'types~to shorter ~'earlie' atiiring, leiss popeidsnif i:Ifas. 
During' ad' following coniversion-we hav "b'e :abi~ ~ ~ ri~ 

man 	 dconverted~<anoti~ to diseases~pealent 

strltsapem, co ~iSb t 

prt sorghums 
in th Un Wed'tates'.,This' screeninghaishiowna t~he conversion riterieals 
'areotstading s sources"Cof~issac toesnia~ l economicall 
inportnnt~ diseases of sorghum. Of specialsigificance was the finiding.*')f a 

I 
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axg nume ofar ali sdesbreleles with1 hi h' s ,9r2@~ a 

abe esstnsouce werenotavaiai prioX to screening conversion
' ' L aterias.s sources, of~ r Sstance aebenfw) to head rmiut a7L 

dwarf, mosad,zgrinmodrs zonajre!'I spt'ge la ptbacteria 
Stinc~le'foblgbtand Fusaru bead<blght Outstanding sources of'e'sitane:,o~te
vrios tpesof lodging asK well as resistauce ,,o ch1arcoal'rot have been.'dentified. ' Reent advances >in host~ plant'resi'st ance have beensumrzdi h Texas VA&M,USAID Ta-c,1092 pAnnual. Reportsof #1974, 1975,~ 

Diese Nuy rra 

90l gopof, partially c& verted 
oogu~ie we~ eetda~oetalusef-ul souis 
of disease resistan~ce.: 	These lin~es, most o'f~vhicIi were "zera-zera typesorhums from
Lthiopia constituted our. first'.-l"ics Nu e.ry'(ADN), l2ater~called~'~jthe ADIN'because of certasele. ed inbect:'resistant' 'orghums. EntIriesa 

2A 	 in' the ADIN are selected fromi 's. gua'vlaed nerntrlo rii 
Fi~cally induced' disease epiphytotics'. Initially these, cae!from~ partilgonverted lines,. but today. they 1alsQ±Ies eeted'from, con vrte4
Int1iroduction's from~other.IprogrUBs, selections f, 0m'iandom zatcd~populations
anrl, from'advanced breding lixnes.eveloped intbe TAZS sorghum improiveientprogram, ADIN entie'must have superior. resistaice ton ors o f the .. 

Sdisease ~ioupsi, InZthe'ADIN!thes4en~tri'es'are ~exp6sed to a ±vast array ofShostile'environm ents including'all oft the -maJor.:diseaie nurseries inTexasS~and neighboring states' The nunmer 'of.loc'ations at which-ih ADIN was1leval,V.~uated grew~ from 12. in 297 4 t c,2i) .in 1§7 6 - Ti ub e o entrisa - n~ is 70 with 5 standard -controls. Eztries; change Zrom'year:'toyalaines, 
DIN 

are improved~ agIronomiclly,%or .with improved disease or insect resistnce as
Vtheybecome available,~-7

S In 	1971 6apilot~test j'or distributing is,eof the better ADXN liness<PUfor~ihternational testing was initiated. ,The :Tnternational Disease anidinsect Nursery (IDIN) was the~ outgrowth ofthis and'isboimprised of the 25<best~sources of disease and insect resistxc in 5h~DNaogvt~ standard contrlol cutivars~(Table 1);~4By' 976,the'IlINwa evaluat~ed inaot20 locations .throughout tbe'joid~n dd tiio'its exposure. throu6h~plantings~ ,of the ADIN. Lines,' iAtheT$' IN:ted c'reiiain in the nre o
*~~several~years, consequently, disease reactions ;fromia'' &ma~s oodstadars ,At leaston source of reuistance. for mnost of the known'sor'ghum diseases is,-res'ent init1s ~~;k ":& 

S~0ecific Nurserias, 1n )95&'8t 4swit and R~eyes grew the f4,rstliead smt,,
i screening rnursery nea onevewi,Texas;. '8Eubs~entily this-nursery was sovedth~te Beeville.Stat.ton where it ha'sbeen grown'cohtiziously. In:1969, hesa -- ,smut. scoring began -at Ber'clair- ,or resis'tance to racei3 and for raceISphacelotlieca reiliana at'Edna in'1975.-1A prramto monitor pathogen yaria-tion ,is~continuing~thrdiigh theise of'the Uniform Head.Smut Nursery(Irable 2). By~growing these, sorghumli ~oa'tes~edw a Q~o

Jir 

viruloi' ce~patterns of $he smut poptlation. New~race&,'cai- bdetected and the- ,6ffecrive~s ofterssac in 'genetic 'sources determined, , 
Vat 

Thdwy idv' ce'i irga began at Co1_lc6 tain i 95"aDerclair 4in !963.'!' Downy mildew sreigis conducted' at several locations- ,iQin ~outh. exas-byisever'al piiat6cominercial firms as well,~An internaticnai 

Iffy' 	 - 4 4 ---

V. . . . . . . . . . 
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Table 1. International 
Disease and Insect Nursery (IDIN) - 1979. 

Entry Designation 
 IS No. Variety, Kind 

No. 
 or Groun 


1 SC 103-1? 
 2403 Caudatum 

2 SC 110-14 
 12610 C Zerazera 

3 SC 170-L-1I 
 12661 Zerazera 

4 SC 170-14 
 12661 C Zerazera 

5 SC 173-12 
 21664 Zerazera 


6 SC 175-14 12666 C Zerazera 

7 SC 326-6 
 3756 Nigricans

8 SC 414-12 
 2508 Cau-Kaf 

9 SC 599-6 (9247) 17459 Cau-Nig (Rio)


10 SC 599-IIE 17459 Cau-Nig (Rio) 


11 SC 748-5 3552 Cau-Guin 

12 SC 630-IIE 
 1269 Caffr 

13 R 5388 
 - (SC599-6XSC11O)der

14 6 BII4613 (MR 4) 
 - 2566(3197X170-6)der

15 6 BIt4654 (MR 4)  2566(3197X170-6)der 


16 B 447 
 - B2752X(3197X]70)dcr

17 Tx 2771 (MR 4-R line) - 25 6(3197X170)der

is 1790 E 
 - (SC56XSC33)der
19 B Tx 623 1
12661 der ( 3197X70-6)der

20 R 1750 
 12661 der (B3197X170-6)der 


21 77 CS I 
 - (IS2930XIS3922)der

22 TAN 428 12610 der Zerazera 

23 Tx 430 
 12661 der (Tx2536XSC170-6)der

24 GPR-148 
 - CSV-5 
25 CS 3541 
 CSV-4 


26 QL' sel 
 - C. Kaf. der 
27 0 Tx 373 
 413 Redlan 

28 B Tx 398 
 412 Martin 

29 Tx 7078 
 415 Comb. 7078 

30 Tx 2536 
 10542 Y. D. Fet. der 


Plot No.
 
Repl Repil
 

14 41 
4 50 
21 39 
1 42 

26 54 

19 32 
7 59 

11 49 
28 46 
3 38 

15 53 
6 40 

25 34 
13 56 
18 31 

2 43 
29 52 
8 36 

23 48 
5 33 

20 53 
10 45 
27 60 
17 35 
22 55 

30 44 
9 57 

24 36 
12 47 
16 51 
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Table 2. Uniform Head Smut Nursery (UIlSN) - 1979 

Entry Liesignation Variety 
 Plot Numbers
 
No. or Kind RepI RepIl
 

I SA 281 Early Hegari 115 214
 
2 PI 48770 
 White Kafir 104 205
 
3 B TMll 61, Sm.Res.C.K.-60 der Ill 219
 
4 Lahoma Sudan Lahoa Sudan 120 204 
5 Tx 7078 Combine 102 212 

6 Tx 414 
 7078 der. 113 202 
7 IS 12664C (Sc173-14) Zurazera 108 218 
8 SC 170-6-17(4267)(TAM2b61) Zerazera(IS12661 der) 106 213 
9 SC 170-6 (FRM)(77CS2) Zerazerd(IS12661 der) 117 201 

J0 TAM 428 (SCIIO-9) Zerazera(IS12610 der) 103 211 

11 Tx 2536 Yel. End. Feterita 112 2".., 
12 Tx 430 (2536X170-6) der 110 209 
13 1 Tx 308 Redbine sel. 19 203 
14 8 Tx 3197 Comb. Kafir-60 107 215 
15 SC 33-14 (IS12553C) Durra 101 210 

16 SC 324-12 Njigricans (1326LI der) 114 207
 
17 SC 321-12 Nioricons (1':2562 der) I1IS 217
 
18 FC 6601 Spur Feteriht 105 206
 
19 FC 8927 
 Dwf. .4h.Milo 116 22n 
20 SC 241-1M koxhurgiii (IS30ll der) 109 2'8 

lumber of packets are plot numbers - Plint ir order by plot number in upper
right hand corner, i.e., 101,102, etc. through 120, then 201 through 220. 
Toe test has been randomized aid is to be planted in order of plot number on 
packets. Seed is treated with Captan and Chlordane.
 



ypsfP rcnoucjerosrora sor~hi*exist inp 'frent~ry96io;1 of0 p r

''nd'twar
JpresntnTexas. 

Anthrcnse rst acsieening an e acompti1.eu'inexas during
 
'cfr~about 
 1:An CO,Pu,t .Atrc ndecade. 00Cennb em9 ste~-'aiaging 'dis-;eas Of forhum inzte humid tropics. Fortunat ',y sompne e lcfite sourcescQf,-eitneae nwA International ogu iticoeV~lne
 

Nursery was vsalshd and~ tbrough the ueo.ti nreyw ae
fond di~~~l dffr it in-different,"eoraphic ocatons.
ost~reactions 
Significant differeniceexist inhost, reactions Gee'bgi±4}Puerto Rico, 

,aize,Dw'arf.,o'sai~cn'ureries begmi ±n U67 at Co'1ege Station nd SanAntco-~ axi o'iud~tubc an.ole e tnz 978" 7there:wre 16 1 rnil cei
 
peaigstfat& Datatere colete~o'avret ff<62iage,,i ,iseaseE~~
foloing'nturae rtfiiCia. inoculatio~n. Lod in hi ~i

~clude,.damage~ causd by athogens, enviroiinta stresainsect 

damae d'eetic, weakness i tile hospalit arecvuadanulyi 

n~mt
 

both line,'iiipov nt programs, and inrthe'- f'r 'of, experimental- hybrids.

D.Rsec has developed novel', an- i'teresting aproaciiso 
 -A~selection ofld ingrsstant sogusRgsace 'l ad~lodging has increased dx'amatically in our~ trials "during.' the ,past -decade.& 

Amngthe better~ corcsor informat ion on sorgau difseases i's the tfxt~byr Tarr, l9E2) Dsease of Sogu Sudangras3 ind Brocr. hr~cdings oftere Itnterniaticnal Workshop on.tSorghum Diseases, held-a, 

Tw sm16-hnbos nsorgh um disease aar o interest Tr~oublesomneGrain~orgum ass ,Asgrow Seed.Company (1974.), a d o nd Pearl~~' 
Millet Disease IdentificatioHandbo yWliua t""178)'An ~anotated~list of'these diess andtirpaon '-pesehn
 

Tabe oweer we b elivethat,it to. classif'
is more, im~ru Lhese!diseases accoringto thei 'ptnilvl~aiiy,(al,5 hs'un abilityiig '~ad'n~t on the ]knownm geneics, ofte 
~ in tj~ s Q rs 


Stability of. reitnc'n 

~ some~6hecases yfii tlnei'dises,~and I 

ony:b estiated. .For, exampe, resista~nce
 
toPriconi~s. roct'ot'or Milo disease~haas not beun los in 'some lib years~ of
 

delomet!.' imlal.,esi tnceto ut lgt -d tl appear
qut otbe ytrsitnet ed mt and 1red r ths- e overcom~e bychanges in pathoge v~irulence. 'Conse~uen~tly, 'fofi~ e di~eassandi their 

is done~2 tliough-Uniformi irseries ,'(S6e l'able"'2.'an) 3), Curent strateies
aniipt cags in- path'g~fin:popula ion3 'an c~omplement host'resistance by'integration with other'disease cotoa 

1 44 



TALLE .3 international Sorghw Anthracnose Vruleince Nfursery (ISVJ -1979 

Tic Designation R I, He'ep" 

~ ~$:~ Braindes & ~ 101 212
 

3 ;- i-v 96 -'031 200 

6B Tx 398 ~~K lo6j>~.. k203 

8 TAN:2 10'f8 ~ 206 

10 
11

4
UjaV'~ ~ 

SC,~-326-6 V 
'sc'6~~ 4~ "~; 

~110,'t 
illV>21' 

205 
204 

13 S'C 328A r113.~ 202 
1 SC 283 C '' "'ll'I 208' 

N . .. Disease Nursey Design for. Natural .Inoculationv , 

Jsoiiar disease ,,nurseries, can be arrangedi in a number :of ways general~ly
4~ werecommend frequ~ent spreader, rows or, sucpil cecs go- mn_'6Ln'

'~date rows. Ofteni'spreader rows are planted before ,the test matrials 1iwhch 
<are then aligned perpen~dicularly- iw"adjacefit, iewd plots. .'By 

S, jinociating ;these spreader row's naturally occurn inoculu'm'wi1'be_d.ssemi
6ated~aning ;the test materiqils'. Examp~les of diseases exsained In t'hIsmane 

cld nhanselab h zonate. leaf, spot, downy mildew,, andUgiey,2ea~f
'"Spot.kK~" ~ .~ 

Down Midw Higlevels lofoospores. intesi are eurd.To
~obtain these spores, avery..sseptible,:soirglum or sudangraso is grown intheprior saon k7Atationd±sucpieofrghum';with test materials in al

~. 'te'rnate years te'nds to~kephigh levels' of) '''" nfomyditiutdi
the soil.~ "l>' ' ~ r'~nclmuiomyds~btdi 

Head Smut. Virtually anidentical program. is ,possible for head smut
 
H'fowever, on:sol~b atoe that, the, growing .of 6ne susceptible Sorghum
 
Cltivar'tnddit'~. re ct'At' divers ity of- race's ifni the smut fungspopula-'


'tioni. Divesti~canbe-mainta-ined by intrduicjingmu 1soicollected from" 
"K other gen2~otypes' and by planting several sorghums with differ ent'reactions 

f~~yoiso P nrpgns ;Ihere the objective 'is. to sren 
'~~sorghum varieties for dioease resistance, difficulties in identifying,'ji, 
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TABLE h. Diseases and their pathogens, 

1)i 1:- eoi Pathoj7enl 

lAlthranoo:c :o ,iuori Collototrichur. grnninicola 
1-11 t Cri. U1' !; T. p.rdonoriag syri one 

, Unteriu tlA Xanthomonas holcicala 
cal -:tip.~. seudomonoc alidropogoni 

roInt Mac rophomn phas coli na 
;!:.WSphacelotheca sorpLi 

"up :Peher~t hornl tiac rospora 
w Peronosclerospora s2Alhi 

1..ikrout Fusnriui !;pp. 
Curcospora soz-Ehi 

10' CoThacelotijoca r~i liaos 
Le I 1 l Ifeliiioporiuin ture[cum 

(Ilxserohiiui sp. 
. .t Phonina illsidjoa 

a' poL RaIliulispora sorfpliola 
atTolyposporiusi hbri, 

Spacelotheca crentn 
''.w',rl' i;.oaie (Fclia~e, Stand) Maz war f o nic Virus (MDMV) 

loricooja circinati 

nI 1'01 1 usarun app. 
2 I,hil11 11,o rtut Fl'thiut gLJliie 

r''tColetotrichusi Eraiieola 
:;talk rot Rhizoetonin sollani 

U ~Ascochyta sorklr1irna 
PucejinL purpurea 

0 I ~flUlisporalJ2 sortJiI 
ray inana~ Iphceli sorzhi 

Pa,rt lem, -pot f~llmiltllosporiumn scrgrhicola 
It 2llW0Oe Ptriga hermonthica, IS. asiatica 

letti sp11ojit Gleocercosporu sorghi 
1.111i 1ruo d Fusarium spp. , Curvalaria opp,, 

Alteranria spp. 
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TAB3LE 5. Cltrrcte'i 0ticsofa cortarir key aerlrtu di sCtuae probletl.a 

Mlajor Msceae PI)L 
ill 

ern 
1~iiiiS 

Gell,t. t Natur' 
Ii~o tejiiQIO!A 

'I' Nhot-
IVrrlnerabI.L 

)egreev of Genetic 
y 

(Tro I Aevr Ii Low 

dMI!!t 

hertW. 

I -in ;tr ipr6eneral 
Leal'u~Ic r yt 

-1rMAO 
dus 

tar ptt 

I rterrvrslj ate 

intemplAW 

General 
Wnmrartc 
lztemmuintv 

Genralrr 

lrrtermedit te 

InLennint 

low 
Low 
Low 
Low 
Low 

f1.t Iii IVI 
(wain mo~d 

nknown 
Geneiral 

Low 
Low 
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preserving, e-n ipoculating with the patho~en, can, scietines be avoided by

'th use of ntrl infected spread~r rows. One must hav a sorghum variety
 

xt ey useptible to disease of ' inee not -uiidaii s~ceptible to
 

"her 7dieae of ,interest.does not .preveflt. its reproduction. *nt~eZ 
ofbaterialr stripe ,'sch~varieties are available.-

Freuenof, spreader rows among cadiat , n~hc osryvr.fo 
1,~ i dperig on the ineisty C'osu edesired.; Test, 

ma~~~soeeer cn 7osxedr
 
symptoms should be ,disaregadd if a statistic:LL field plot design is used,


~it solalow',or~missing plots"~
 

~Culture of Plant Pathogen~s h-
4 C gltureofoiC enoaiosre - , made from\ diseased platiL 

mtr eithe~r leaves~or stalks) by,platin'g surface-i-fctdisie ont 
n~utrient agar (PH 5 to 6 with 100 ppm Btreptomyin rsulfate\ oinhibiy,,acteria)
Cultures cannot be identified as Colletotrichum prsininicola, by~gross .Lspecticn 

though typically-greenish black, colonies range. thr~oh whi: 6 to gr)4'Yland: bla ,ck 
w-th a ftew pink and orange' 2 Texture may be thick, loose and Cotto- Y, or thin
ad~fflty ; aerial growth is niot- necessarily. abnat Coll oo, ayb
nearly absent; if~present, they~ar&e usaly n- a ftn'alae 

2AThe wide variations> in',their form do no ryph:.,specif~'ioae.~prs
~end to form at the mar~gin of the coon an ogria to form apprssoriia 

;; Setae'may occur. Temperature optimaof,280c (USA and 309 to ,320C ',(Iiid'f' 
c- have been reporte'd. Therefore, cutrsaeietfe n checked~lyor- puity 

dilution, helps' iuintain sporulating activity anid pat1 ogeniiity.-Cltre

l~ong maintained by' mass transfer tend to lack these 'functions. Suspe'ctjso
 

,>lat,es are chec-ked for pathogenicity beforelag-scl s reig el re~ 

~-Culture of Gle'oceircospora sorghi'.' Use limabn agr rotelaa
 
2 diluted to half. strength.i Potato~dexrs aga or oloacpatealivn


.'It rpn olne.,V8ji4 agar gieaas celent saorua n- ,

~is a pasteurized pnree~of tomato, cart et asewtrrsEn:


~spinach with-'ascorbic acid added which is comsmercilly'javailable in~the.U' 6.).~

So~rghum juice agar~gives sclerotia but not~ conidia., 
 "~'Srfaceteilize leaf fragments bearing, solero ia or pun ches from mr-~Z
 
c~s of ongingi.n fet ions- in living leaves. ''Transfer' at.'Iday, intervas at-4
 

-29 C drawing. inoculum from thei 4largin of. the jcolony~and' checking micro'scopi-i'

S-callyr-foi,the Gleocercostsra donidia. Once'a~pure-_ ulture is obtained-2 wash'~
 

,it with sterile-water and transfer conidia rather' than'_ mcelium.' this, aids' -in
retaningthecapacity to produce Lconidia and sirt , hc sesl',
~losL (usually, but nt alwasys, cunidia are ±ost before sclerotia; passagei
 

through sorghum does~not restore ability to sporulate;-pathogenicity is ~lost~~?
 
;~separately, but isolates pr~oducing all organs are more~likely to~be.'patho-~-~
 

,*~gnic) r-When a cultu~re with abundanit sclerotia. is obtained, let--it dry,~n

ptit away, the isolate ma be-preserved a--year or more, in thi sway,


.Viable sclerotia-can be prdcdo sm~utr media as well as On
~sorghum laes, Experiments usually~begin with ldry material', thougf, re-,
-o, 

sresses-'fthescrtihas- u beesalhd, Following the exper imental4 Aa~rsse8'th sceroiamay4 be placed on moist paper in ,closed dishes at~28C and exsziinerl daily-for sporodochia produce. Most' germination occurred 

2 -- - -'- 2~X , 

2 - - <;- t

2 ~ S 
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14C, 

~on day 3hrough 7 inone such experiment,, Since~results were more charac
ofdy'ate pecmenwas put6in the moist, chamber than fisP7iosteatment, one should replicate' such :exp~riments sequentially. 

~ Culture of D~eoiua ucc E. tucicim grows well on V-88JuiC 
agar. ff agar, i~ auolvdi atrad lean of' V-8 juice is then 
opene (whstrl'enirie)am4ndadded;, yarolysis may be minimized and 

ei--(-s-th1I (6 04s- 2upitap~ p eS oi y 'to-7g7OaCO 3 pe-4r,tiis,'rs Psteip 6.oi-utbe and 'recipitates' colloida4 subs anc'es
which'.w~l oh' v cJloud~the mediumiand' maWrobservation. Air&n t ' 

hg eLi4ay e srapd across: a'mature, les~a aiidthen1 used' to astrek11 
14oiaa",on, a plteof,water agar,, after which either ponidia or. hyphaa~ 

ay be'tranferred'tol #separt " a a- p'atesto 'give isolates: fsnl 
hali gntpe.Ec uh isolate,. ',11,show one of two mating ~types whe 
usdi'a~tep toproduce the perfect stage -Il the fungus is to be ~ 
isoted, froY'leaf,~ debris, 'or soil specimens, the ,'aC03 may be omitted and~ 

itol,0. streptomycinh and . 13.g~rose bengalpez7 liter may, be~added.
4 'Ik meiu i desired, for E iuricuii the following is suit-ICa defined 
able.'bleIt is, based on a medium of' laleha and Ullatrup known to supporti rapid

7~'growth if 0.3,per cent casein hydrolyjsatteis 'present, but here the more prom-~
Sinent amino: acids of, easein, ar-substituted Tor it. 'Some of them may be Vun
necesary. The 15 g of crude "agar is replaced by.0.5 g'of purified agar,~
which must be sterilized separately from the salts.-~Ki~' 

gHPh1 glutamic acid 07 9'MgSQ4 0.5 9 proline,L b03 6j
FeNO3 91120 g lecn 0, 910,0014, 


3U 2~ 

lactose 37.5 g serine 7'0.2 'g 
'Ionagar' 0.5 1 2 isoleucine 0.2,g 

4 ''-''- threonine ~ 0.2 g arginine 0. 9;r~4b~ 
7phenylalanine 0.1 gi mthoie . 

~~~- (PH is about 1
i. Adjust to 6 O2"sn'buO) 

Whenmatng 4 stage, of.E. separatedtpesof~te~iperfect turcicum' areand reeombined into Setosphaeria ascospored', which form the perfect stage',
Sthere is a chance'that some of the'recombinats may,lack, one of thie, ehzymes~ 

necessary to support growth on a4 minimal: medium. ,To,'avoid loss of tbese''~~~auxotrophs (whicli would be useful as'geetici,makr) soprsmay be' 
~ erminated on a 'catch-all' medium: 27V U ~ <~7 ''~< 

Di'co ek, medium''U 35.0" g '"' 
ag' 
 1<', 

'V1~~&4>Difco malt extract~j ~V T'-'"5~4J;g
Schwartz sodium'nucleate' "'g,'o" 0.01 V'
 
hydrolyzed casein. 
 0.2 g'<S'~'~anderso 16' trae'

"77.~~4 "''" '005 1'r n c elements' ,,'" ' 1 . 0 ml~, -W I'<' -'" 

'- (The 'trace~elements of.'the defined medium above may be'substituted). '(Not all 
casIein hydro):ysate- aIre thorouighly hydr'olyzed-' 7EEL'A~cidicassl, Difco;
T acids'7 , and Nutritional Biochemibils aci'ad enzymatic' casein#~asanrino 
hycrolysates each supported 'an isolate, of Fluciia rnin tritici which
 ~ 4was fastidios~in'this 'res'pect.-
 .<V24~I 
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Betasph!aer tucica is thought to'xrequie a natura substrate: the: cul 

sterilized mature drbarleyutaw wt ropylene oxide (l Mllper li4ter 9 a r',
 
for24hrt aoi lssofheat-labile components, tiprilyebedded
 

K CPW94 ' 0~y.25~ 9s
 
RE~MSO 0.5
 

4 4 

S , 
Chlamydospore sgermninate 'on 'water agar; frtherdevlopment requir,)

abundant sucrose,%thismine, biotin, and suitable inorganic salts. Disp ens.-!
~it'into'tubesadls apl siaIemountst coe~ ssdz~i~ti
 
films that may be used to isolaie indiiduallsporidia. t<t
 

ISlit t4he agar' ,along one edge of Ithe coverslip, forming ±our square ~&<
 
stls Stekafwc lamdsoealng the 6oppouit e edge~snd..let th'eif
 

"germinate. Move,'one moznosporidium. izito'aeai. stall (using'a micromaxipulator

with a drawn glass~needle if available, or using a hand tool ~sade by 'break
ing a mature'sorghum .peduncle* slitting it lenghwise, and whittling the broken 
en to leave a single vascular bundle),. Cut off each 'square of agar 'and trans-I
 

Sfez' (ith sterile technique) to the, slanted surface of' the medium in' a tube.

~After~ growth occurs, if the culture is not soon to be transferred, add'terile
 

~ mineral oil to 'aid.'preservation of shelf life, ~ ... ~ 

Unknown bacteria are, usuially. grown on Nutt aga (beferact 0'~ 
,.~PePtone, 0.5%; and agar 1",5%).'-Mixed cultures are separated bystreaking

(drawiga zgzag In orhe agr'surfacowith an inoculating needle, then~V~ 
slecting one of the smalle'st symmetrical -colonies for transfer) ;,o :by diu- ~ ij

tion plating~ (suspending bacteria~in sterile water or lukewarm, not over,4~0C'' 
.agar medium, serially diluting~this liquid (e g. ,,five,ten-fold dilutionr)'. ~~ 

and pouring some of each dilution in agar into a' sterile ,Petri plate).~'~~ 
Detailed Idetifictio of Bacteria Pthogens f'tSorgh Puecutr 

~,"of one of the threeimportant facterial pathogens ~ofsorghum cen be roughly4
distinguished from the other two. P. andropogoni ,,has,flagella at both endo
 

. of thie cell, while the other, two have Them~only ~at~diie 11end'; iziddit aloIne does
 
, 'not'liquefy'a-gelating medium.', P.. sawnksae alane fluo'resces 'under ultraviolet
 

A,~light. C6lonies ,ofX. holcicola on nutrient agarartU:ellow, whereas those of,
P ., androoogonis are wit~e and those -of P i I -white. This d iag- W4nosis. cannot~be. considered final (see belo. '4,

~jBacte6ria' are noted for. their 'inducible 'en'zymes , <which appear only after 
-eposure to the substrate for a relatively Long time, therefore,,a'~cult '', 

- shoiaidb'e"c~onditioned' as 'a fresh (21i hr) transfer. onto a"specifie'd~medium 
SUprior to biochemical tests. 'For, most ,of the following tests 'this is King's 

,,Proteose peptone No, 3'7" " . 2,00"' per cent ~ '4U4,,~~ 

S.-7 Bacto ,agar -501''"4 U<'f"~ ~' 
444Glycerol' C. P. ' 

4 . 

'..44UUJI4U U .4O4"'~4'~4
4 

nawHuO "'"0-15 'i' 

'AA (Ad~us~e ~'4,.44~4<. .17 t.U44~ ~~ 4'<~'' U A4 ..4 4 


4 



W W 

--P athogeni 

Psuccas andropo~xonis ' >. i'' 

P. -alb )rec in tan s P . 1. 
P. rubrilineans.


~P. rbrilianeans, nitrate~ 
t
 
+ + ?rzeductaseless 

P. rebrisubalbicatns +
Prubrinubalbicas H~aywood strain~ 

+ 
+ , +~ ~ Pfloridana.- () ~ *g , + 

The YS broth, 'used In threelof the tests) is as follows:,, 

-Yas exrc cent0 per cent ~~ 
INaCl 0.50 per cent ''> 
HP0
4 O 0.05
 

lMgSOj4.7HO 0.02
 

nstructions 
Sp Table 6. Wh'ere~the specimezv is~known to be a non-fluorescent Paeudoonas.SPP., 

I-~-- for six tests(follow,, and the expected r'esults aretgiven in 

...-,,the gelatin ~liqteficatioznand acidfro~m glucose tests'ma~ybe oitted.- ' 

SGelatin liqueficaiion.4 Maeu~uretgltn(efetat 
. e
'<.cent; peptone, 0 .5 per~cent; a.nd gelatin,' 1.5per c~ent) in.tube's.' Stab-inocu
late, and obsL.v etwo weeks for hydrolysis of the gel.f ~ 

'"'Nitrte"" reducbion.' M4ake sterilizeup liqjuid medium; in flasks, at least 
treper specimen:" ' ''.L. ">',,, 

"NaCl 'U'-'"" 0 50 per cent 
Syeast extract ~0.50 ~ 4"~ 

>-<dK' um-'-"'""in-"'. 0.20'K ~ ~ 4344 

0---10 4.03 

-" .M s h'-U 7 O~~ ' 333~.. """" 0 2K 
-'-4 4.. 05,' 

Ask of fatestacid and oL' Jj,N. -',diiethyl I~naphthylamine, each~i h2 45~.rent (v/v),glacial>1acetic acid, Ino ulate; 

'44 '_-

T:444 
4 ., 4 
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incubate with s;haidng. After 2, 5, "d&'7 dayrs, add a few drops of~ecreagent to a'cuiiiiue. ,A red color in~dicate's nitrate reduction. 4 

coHydrogen sulfide 'Production . o YS broth (see aove), add 0.0)1 Per 
-aft~er steriizing' ii ilss and hang a~sterile str'ip of-Yeadnoculate ,
-acetate-pajplie8rsk
 
rwet thie apers for, two ,weeks. Observe stripe after 4 the third day for a
~black. residue of lead'.sulfie.
 

r Tveen 30 lipolysis. prepare madii in plta etze(ic)1 e4Kcent;' Na~l, 0.5 per cent; CaC12 *H2a>0.01 per cent; T'ween 80 (Atlas) I2perz.
cent4 ahitoclaved4 separately; final PH 7 .O,toi 7A Streak 4o-r spot. iiioculate ,$4 ~4 
aIInd incubate" 1 week- at , 300C. Observe4 after the third 'day.foran opaque"' 4 

Shalo or cleared zone indicating lipolysis. fl<4/i / 

~4~-~ Acid from glucose. Prepare medium iin flasks;- 1.Per cerit peptonie 0,5 

per cent glucose, and 0.0001 per cent~bromcresol purple (use-a l;5 per cent<
 
stock solution inalcohol). Incubate two weeksa27Cwt'hk'g Obev
 
after the third day for color shift fopuletylowind4e~iaing ab&id e
 
production.fo~prl oyloiacaigai
 

Malonate utilization., Prepare YS mediumin'flasks, 
addingO0.2 per cent

Ssodium malonate and 0.0016 per cent bromthymal blue, and~adjttsting,'H to.6,8 ~ 
with NaOH. Inoculate, incubate 10 days with shaking,, an obev e,,hthird day. ,Prepare a standard by adjusting.an 1vpinoculated flask to pH1173 4
Green to blue colors indicating PH 7.3 -nrhigher demonstrate 'consumption of4' the maloate '~ 4K-j~4.-V4~~ 

4 4 Inoculun storage. Isolates of 2, graininicola appear to retain their 4- !444 

pathogenicity when stored on potato dextrose agar (PDA) at IOOC,4 allowing [4 4 4A.4
Srepeated transfers without apparent loss of virulence * V-8 broth cultures ~1 

444 may he grown and refrigerated for several weeks'before use but should be~
 
4K 4 used iimediately upon return to room temperature.
 

4 Preservation of bacteria.- Ordinaycultures of. p ____________ no
 
< survive freezing. Most bacterialspce survive whJ 4-ells are suspended in


S water containing 0.2 per cent sodium glutamate and are Iyophilized. 4-or,F 4.4

Sfreezing not followed by1drying,,no methods have been,,verified4 4for th2ese 
 4./444 

patcua
dbacteria,but suspension in'50 Per cent g'erlrlOpr cent 4. 
4 irethyl<sulfoxide miay be tried. :To preserve4 bacteria in leaves$ try letting.* 
ithe plants'4wilt (thoughno. to the point of death), chopping.them, vacuum-~44
 
4infiltrating with 50 per cent glycerol, and storing ina .food'freezer .~ 4 4 4 

:4.444 ~ - noculum of C.-graminicola for foliar inoculation. 4Orow~thelpathoelic 
4..4' 44isoate in lareErlnee flsk of V-8 broth. Cultu<esaru 1dUtted con-~ ~ 

44tinuouxsly at room4 temperature. After approximately five days .colonies-be- 4

gin to clump into round balls4and44broth clarifies. At 4this point<, check< 44
 

micoscpicll fo-uiyada 
bnac of,conidia. Strain cultures, ~ 
<through4 several layers of4 ceesclothisxid dilute filtrats to6approximately
 
one thousand conidia per millilitr.4~ 4 .4 j~ v 444444444
4 

~ ,Inoculim of40. sorghi- in4(from>agar culture) .,>A whole, 4freshcultu~re /.}Y
lmbenagar,.diluted. at least<20 fold with~wtr4.444. re 4 effectiveta 

444~ a spore suspension.44Diluti.on 807fold or more increases varietal-filelectivity 4444 

4.4.. .~44 4/.4.......... 
 4 
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3j tive humii,.ty over 97 Pe cet wteen 25 and 38C'30_optimally) val~spores producdagr tue from eachacrllaMycelium developed,-,on, per cen 
potato~~ ~agr:rvddtet wel blow- LOQaetrs erature ~'aa 

in Olattr "d cold to Jfitctoeaves wid:,use
Leaf~ ~ triu).ik6:~blgt'E other lea±'spotting ciess can~be ~ 

traziemitteby.dcTigr nso net-2as -into ewhorls ofrtest.Splants, ; Lfoncu1ium- may "bestored' at 0 ,rlaiv
humiit, for:12 years; t 0: 86 percent,'o '250 a5 per ':itrlatsvabot"4%moths, Iwh reias 

e 
Ja, tropical ambient: ,(300 relai~vehuiity over77 pe~i4,"ent trnmissiiiy ail.s In less ~than; month.,' 1' Inocultion ohouldbe plne foe~ief ol humid weather, since2dises edevelopment is rapid at200 Cq ,:PenetratSion is*cmpledd In'18 hurs,so ifThthe humidity 1,ariable i tobe removed. pla~nts may be sprayed witt4aer thoghu t iiiteval. -At lower temperaties, patfiogn performance ~ qorulation) 'will decrease; ."'Minimum.conditions, tarsporulat .on ofVE . 

_______- ro a lesioni on~sweet66rn are 'hocIrs at~1 0CIwith humidity near,100 percent . 
Since Ltie (with chlaiuospores, is the Qverw..ern ;,unit~. of.oidu 

E tricu spores may be separated from leaves If this,,is convenient~~Conidia may be, washed offor'te'2eaves miay"be homogenized and strained ,cultu'res~on 2agar may be homiogenized and uised without fractionation -Liqui ;'inocuilumissprayed onto the, plantbs,:>As anK)bligate parasite,iPeronosilerospora~ sorghi gives no opportunity~Jfor inoculuni production in culture. Inopulum originates romj eave6s and con-.~2sists of either oospores or conidia.. ,(An exception inmcelisI inocul'o6nseds'with glumes, which may persist up to a montli oniseed kept at 30 Cwith
atlat1 e cent moisture). Fiier oospores o onid a can initiate>' yst emic infection in germinating seeds ;.conidia deposited on older seedling~cani initiate local infectionbut systemic infecto 16 ~possible only with 

3~germinating seeds. They are m~ost susceptible at-shootemergence, about oneSday after hydration. Dr. Jeweus Craig has developed&aconidia inoculation 
' 

tcnqefor idniyfgrssac to sorghum downy mildew (Cai 9h)For inoculation with conidlia.seed at shoot emergenceae tbcd.ez-,oseup,on moist 4aper in Petri dishes; infected leawes,.s hwingsporuation,(white
Sdowny mt on abaxial sdrface),are gathered, washed, and promptly stretched~karossthe' rim of the dish secured withand the 'top , The dishea, are hld at21?C;: about 8 hours~ after telav~esjihavebee removed 'from~ their plants ,Sconidiaare released. After, another 21 hours,,the Vseedlings are, ready tobe~~

Emerged-seedlings(rrngd as in1ocal infection. byl atern neted,
rows 

sporulating
flats), may

leaved 
be inoculated 

inte 
for. -> 

&no Ion resti Ing these- (abdxal~j sufc' 8nad)across ,the rows ofa "seedlingsani~d
covering-with polyethylene sheets. aAfter nih I t20t 0 ,u,7 out of 10 seedlings may be 'infe' one{cannot~expect' uiformity (seebelou)w $ ~ ~ ~ j ~ a~~'aaa~-

Thetconidial, inocUlaltiOns reultfirom~are-to 
I

- watere-satiwated" air throughout the sy te fra~maintain completelyromn botmtotp
'lae pastic tray; potted 2 leaf.-sorghum seedlingsa sicond, ti ~ ~ inverted and. with most of its'lbottom cut ,awaiy, hardwiare6-loth -('Weled meshq" I- with openings, aboutj cm); ,a ,single 'layer of cheesecloth , i'nf~cte'd,'-srulat-
I rig sorghum feavehi,i cut into 1-2,cm seget 'anVarranged 'abaxial side down, 

egmena ~n4 

http:humii,.ty
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oaeL w;Qithen lgd ad llsdip Lea B 
todicy'g'roihre_ r aii~ly'evenare tused he't ldo-n th ad'~ "t 

Pclo;ithOopore'Ais, tb e edig.'s ra catoin !subst " ipr 

';~~b~forth sedifn tl~ y Siaeo eseih,,Kugh4 h£a1h~thIe,c~~Q micrsorue, an arar;toyon diis~~ha'j isano 	 bie al hsben 
found essential , ors a g~(ood y)'eldnifectedi thi is'o l beasei
 

proideit. sreew ni be p1.ach coihorgce.~to~
C 

lspre'ecty 


dir fro m,-Laves ke ased wesre-,te,,ory andago
 
.is es~aIocujed-,irevioly o neted atre leave or in~ectlyii ineoil,.n 

p--> the o-s.or a eeao 	 gate~ s pocureIos ppliedt rch(the.for ine at I ingcndtirsJfC . 

th44oeng thi platSic 
30"'t 5mico range,a onstan 't;ab~iat~y uvcrd&,-g Mlli fitted w,an 

hal o s8~er	 tboopr an~'meted.sfalls mayhe 

"'.-or o-k.,iteve,(20 Wehere rojnfec diblevsa'srdd'thngod
iJ~n~ths il'ndmiedYth'seed toi plntd ThoupP'2.ieU icion. frsinfacfom~reiprxmtl'l d 3ri sedyly'< 

nouu pleceof ooprstaefrom j seed(.~tio be) ,1thisea*ntin the u 7isless Io 	 seea atenienefectitvthafsect prteviusy rore moth a 
',certure.~~t~, Frzefln4'sdi2 maspylbe kep a le', ring -ylea~rs.e 

are r meoste'api ed rerhthe b .drwl'in~~'dit#, fet du~ 1 Cuinmeils ir i to e syrs
414	antie~nd peceto hepat :a'~~eifse soniti'sy


b 10fodwihublede los pderen'4'ai irte boxtur sihoudV booe dilue 

approprite pl~a.dte4l't'e isprdesti~ na''l eiso atsttoe
 
or. two-we ither a4lin likhe' ' Lno
e lsepr&1_iily r±equreseds abee 

sc l 't~ 
(e.icao tha4paitehefcs of watheing itesqeiys 'azvnin ta

blgah-ndf natinofcprs fro th i plto is'to"b e'studied:'I_ 

ueyos-pores-4tpodced. trtehem. Dryua dia blendrpoespuv Wain 
 nd
luucae~eu ~~o ~te' -ehs' spore 
anAexellng;it'trouh onfly,(wnn adaipter),nn Forl arer. 'atodi 

toy is easiy os infchc'ltuthe spre settl 
h 	 '~~~~~~~~~~ a an ftesus "l'n;lkninemdaebten 

obliateand acutatie clamdos~res-(tlio or )'prast'e',,,ts 

44~'4s 4 ,'44-f nate'. on- suitabl med4',t, yield sp'i' - a4 yest '.4'"r - , bu te ss

a44 th44 prst', ncuigC .,e4(4chamdopoe ar ,%'themse142 -,1 notr''-44' ''C. seua1<' 	 e vitr ~,The proes can 1'"''>4'4. in4 ~ ~ ' 7...p 
44 

',44.but.~'~ th~eutn44~ 
re heho-i highl 	 irI'1,z uredtoan-be oniy fi,4 unna ral.4 mann. Pathogni-4
 

ciy i easily4C44-.4~ .,44.,.4
culture.4 

4~'P (4 ~4~~ , ~-. 4 ~4,,., ,,.,,, 1.4441< 4'~' -- c' 	 M 

'' ~44 4~.~4 4 4., .4.4,44444 ~'4 4~44 L 



Inocul w e aration M~et~hods Utilzn Pue Culture 

F61iar IThocuation~ihO 1we~inoiilat. ons'are ,es±iia u~suall 
,,onie when hum~idity~ is higIiand', orghumia the earlyboot Litage fgot 

eic.apaoity.cnanr horbe s~ize aditted witliaa'yp dermio ~yji ammne f 
,ield±inoulations, A foobal pupma e sbstitted, Plants are inocula

ed by i the coid~al -uspenisioz into the whorlsas to'expose as 
manyon ev& spsil othe ino- um 

Inetio of, pr C.-E ini'ola~inoculum .through aineedle punct iwe to 

tbe'y~hijoi te won~~Wi~ e oculum is 'squirted.'into' the whorl from 
tb-o wihu'ondn--hr ar oe cpe ner~y'arety', but some 

~linCs. is effective,' prvie tde blniiy eiem :i tit 

~inoculatin With Sporidia ofS. rilia- Transfer each isolate to a 
*-flas? of' potato, dextrose, broth &wich can be mountedon' a. rotary, Bsha3eor ~ ohe~de c ride~gentle 5itinuous motion. ",fe the r~omrov con 'asat 


t emperatire ak~e ,inocula by miixing broth from, pairs of. culturic a in~all Po3s,
ibleIdouble 'comiain (. ,monosporidial cltre yield. 6 nocula,,5~

.y.l~land' n yield- (n x h-l)/2). ;Commonly, all'sporidial~ culturesfrm 
3'inditdualiy -germinated teliospores,are, pooled.- or use as inoc uAum (Bee'
Edmunds 1963). ~-Immediately. after. mixcing ',draw inoculum (Iml perplaib:to 

Sbe inocu:Jated) into _d,-syringe with. a'2hror ,26 gaugeneedle'.- Use4-week'-old ~ ~vplants (i et,7 to'lQ leaves , whorl, sand differentiated.growing' point)",Pac
the inoculum immediately-below tlie point of dif7ferentiation, rehearse ;tbis72~~using u'syringe with dye and plants which may be dissected,: Aways.'test mo 

*ulki f rom: new isolates, on host IPlants of the variety 'which, gave" rise tb~hse'
isolates.. Retain~only those inocula which- do~not cause'~smut when paired with.12certain others. Whole teliospore isolates cannot bescaved, new isolates are 
needed for each trial.~" 

Inoculation with Chismydospores of S. reilliana. Imnature chilamydospore, ' 
:gerinate reatdily, but ,those which ,have fully matured in-ithe sorus"(the usal"

J natural izlocul1u1) respond- to weat(~ring and germinate sporadically throughouti~
-I.the year in tae soil. Shelf life is about 5'yea~rs".jAlth~ugh spores mixed-, 

w&jith~ soilc~nd applied to dry 'seed~ have'produ'ced som infe'ted-'seedlings, 


-)~,spoes i nto the planting bedt hvsow uhlsinfectivity to' seeds ~ 
sown one'or'two weeks later.' Perhaps'the'greatest infective efficiency occurs 

at8mns eie .~yi a t dt o sce i sorghum'ceayer
suffers. ihocu iumbidup'and several years' in. non-susceptible .crops'do odisinfect it. With, 'id Ite soil m~.. ~ e ent by weight )infeto
 
can occufr at any',,emperature from 12 1to 
over ,360C, Higher soil .,iture 
n ar'rows 'te permissible temperature range to 200 to 34j0C.~ The optimal tem--7~perature is 28CC- -

o ote(Macrophomia.nocuatin Stlk Fusariun, .Coltichwiu ,Cla 
tothpicks by, boiling. in,!very~ dilute potassium hyrxie risad luren,strlz . oclmand 4ncubate~about' (wilt ji',.ad 5 days

if~~ ~ k o- 'i~ the groL 'dlinie,~I~tui~s
ap~dprgxi matelyilO o 20'~days after 1flowering. Wounding to'in'sert thie picks 

n ,o filing off.,k 
Evala~i"~i~be-s~cale, ibased on the extent"of damage within and' 

a' 'ad-ai'd"3Oildoeaed6 adshreigtepoiflt. 

1 KT~ 



intaro fd din thlop orsd' de Bt 
anOngEQ es.te Rot extlle iidie 
 aroeiig6i' a 
cate a , r s a 4.gra tse~tiQI r~ni 

ur ha be'h q1c~~ -jlyIoed0-evlopmc1~d t a.kBot di5se$ d'oquanitate~ ev'de pa n nt ult joh. 

illoulat o ee nf c wer internes airn,If~ -Lrn 'isehedbih'a, be o e mu On'~ededardtblh'e."plt tevh thekyja more stalks~krtc~1 Lnab e lcft1temetuie,-beal'rt they ie 'capreto a ntte. Tjo ge e ic 

knwnt p rent bl , i t i ha wQgith a ro d ip theS~0 taie 
the ote hn, o- h ee i s. liel tD b6,fur e Vc 

'abehr dinexei v 'bca us te ca the p~ e~a sre d, anlbcoai ed 
o The inoculation an&d~cute mehd oie Guecr~ r reBepingdiefltoIionjatrec aiiso'nui wat'er to5 6e ct 


buoecause

aol jheiiiCbdk'roointhtaef~~ 'cvr them hasbeedeveloped.",.3D rythsoi,2n to 50,9,- tso unttphcr~i 'am ts -he wshed u'e'? 
C uai ee.m,10 (,u- r ete tllobeds9ec~t y' .07 Lill,
 

thsclerota,- ad- ther p'~C bei 
 rese ia er ,eand C h , 

enmL -eclroticome.to teamfortieoiwihfn pter'w he- it wae7-* servesdas 
ert 

proc edoar Xan plce 0mle~ahnd Cnuan 
6t noculgadet.dio i -sf, Pa iooof 5"M1r~e s P.pp M17y1e e~intU11d 6 youngia tubfoeave s w nuseing ckeh~ra ori tU -the ct, i s 
yr.m m~ rittedyclh a'stl 

st
 
i~itia 2o neep, bezrrot abi1u4y 'supotaghmoenolag thereai -Te~a'b colce surs 

7Isey densucros
~wtothe the~.tu~~e, tor -te 64oang and ruili n Va l
 
idenifye m,. usind'the io scope.ds, etmegber 
4it'croin friltorate&iawt opr j 1ietedtiC f6Qor 1 in iute served as bona6r, ocueaal silurfacete riliz~chin,- -_erinatonl betimulanant~eaI
 

IntocuateionsoBcuri a.e 
 p;mybiouae oyu-ooa 

su o r h
l e v s b I S s e d n ' r s t n w


it j, tt s o A~tx aiu a~Lr Iu s ret r , da'" ,i i t 

syinexaThe: Agh Exprien of~ rubber~ ateraadeveloped and uroaDffl~~isease end 'leafb ~rom~ thez~ab-i sid wh~sieupp tain t u±'oo cuoseatseide withurtetum InjurC o doi~~a~e to aer-isokin wadbibs ng ~ri evienthe 
with~ water heate (61C hncuuz sitnet dow~i n illumnate inas t, c -ber. _Ccl neto hudbeeietatr2dy , 

CSra a hog

inteveinl reionoccrs lter 
tails ofItraina4usre 

The~~~~~~~~~ 
Dies 

~ ~ u~v~ ~xpTear m n t t o evloCCule n'ne ntand ' NurerICec (II in 192 
o a 

llhnrs yc ntisor urn 

cltNo 
 r e of re i t n e t i 
e s si na csCIg n~, n "g ai a h r'w 
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antracnose,. maize ~dwarf mohic , rust , Fu aaviu dbih rc fso' zonae ,eaf, spo , charcoal~ ot, and grinmold. Inest~ anid Ehroo ps,for wich:-ei'tance oou Oea ar'e included are mAujiidge,c~rn'ea
 
aphidanL~ak'3 rass- mite . -h o nurser-i pdated each-yea-ciou_


improvedi asieare' developed and ldentified. noraio
 
Th~is n~ursr~,5' i tibued orldw Iide adprvides nomt o o~~ex~f~i~Ace~ conditJons throughout'~~~el ~dfeet and has~the wvorld. Itas sre as L source in which sorghumagerwplaam workers

2S-sletlnesuse inthirnteationalr nationa. sorgum iprovefor 

IntheSpring,6f,1977,a,cooperative arrnement agreedas to~betwe
SA adTE, ywe cou:ldi ib noaj~i ~n, ~ 

tional TetingProgrms of CijISAT., 'We- ca'" entei r materials either bysed

ing seed to ICRISAT forlater inluin',after' seed Increase , or by ask~ing for4
entries and teat locations band then sending the' aced directly, to each co

. 'operator ~ 4

~Internatinal ICIATnurser.ies for which such arrangements h~ave been
 

eat blisbed. ar the,~dwn dieae)rain
ISilde(l), ,SM

mold,, midge! nurey nd yd'nurseis.Ti Lgemn itih,.CISAT h

allows th evaluation~u o i':iaterial.in key international locations a-nd a

comparison-with the other elite lines available internationally .

-,hspspring(1979) we-began evaluation 'of selected-hy'brids and linesn "s~oy~eddaptation at. severa, site, acro"otetAia n
 
Central-and South Americaa.fia 
 oubatA~z~.~,Otber nurserie's we are involved ,Ah intei'nationally ar the-'Ajithriac nose(x8v~l~ (ii~sN eitrn ational woLrkalso~d~I~dSmuit nusreL~~ 

exists with evaluation of food- tye: o&lui~
 

Close~i ties ex.iat between TAE8S work~ers nsogureaccooperative
's developing coutries, and iit- av'eeers i~is~zhve eenmade to~evaluate nurseries,~~ problems, and breeding) materials'. Some off1the, countrica ~towhich one. or 

mo I LVisits-Sha~ c made' include: India,'Thiland, -Seri -gal,, -Upper olia,< Nigria -Eg'pt, Niger, Suaan, Ethiopia 1-xico, Venezuela, Colombia, 1Rrazil, ' and Guatemala.- ~ 
S8orghiun Disease Evaluation- Genral Considerati ' ' 

ech nursery a'.selected set of> isc'etb6cotosi,,edd
 
tola provide the reaearcher~with a~valid bsis' or,cmparingdata: from 'one
~cropping seacon to the~next. 'VLines usedas-cntiosVaryinteir disease
 

_.Date of floweingh of,each entr isvery izportant rerord,to since in 
many cases, disease'damae .is related to maturity. , The'dat wheln approximately50% of 'the heads~ have e~a o.lwrshould be-'recordeastedeoflwr 
ing. Ac'curate flowering notes are best obtained by taking themn every ~3 to ~i 11:I 
days. ~~ 
ell,~ 

~'i ~ ~'-J 

http:i':iaterial.in
http:yd'nurseis.Ti
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A8Dsda~ eaQi~s o ul ed, sorghum, lines, 

SorghuminLine~ Susceptible to r oea o0eitn 

-- Tx'T7078 Heddsmut' race's 1''2 3
 
Run~t
 

~ ~ Zonate l.eaf spot
 
v Grey leaf spotVII~
 
SDowny mildew 

B,Tx 398 Anhans 1,UV (tolerant)

~BTx 378 (Redla) DM
 

TAM~2536,.i Downy mnildew~ Anthracnose. 

Sweet Sudai NoIhen;a blgh
 
~ ~ ~7Souithern1 leaf blight
 

jDowny mildew (foliar phase)
 

Ssheet. Alsp;noteaon'itema'sujch as birdmge ma be made alongwtth3pecies in~volved., rDifferences~ inv reactoto ohrca 

ppeasat Io~ sg~edis ase rea tio ,t sino m to istv~, ,s 4 eas ,.~toxith1 brederud sh'ecld~ e if&d~~ uon~ 'j~ 1mn
appefars o egre rstedf rI isase., recio,tis 'or tio2. very useful 

sregation ratio should. be recorded, in a coament column. The rating I-Its4Imeantat indiidual, ratings 'I jead) occurred ~with more ones and ,twos,thian threes and fours . E~xplaining~fully:~ let the rating format be convenience rahe ta avrestrIction.I
 
It should bepi~d'utta "0". rating' in~the 
 rating systems r ef rsto an~itati~ where-a rating zsay be made on an indi-iidual ,plot and' doe Snot refer to~ level o~eitne4~ 

SSorghum Disease Evaluation ,Specific Considerations,' 
DonyMidel If sorghum downy. mildew, is: present , data should be %the, incidence-olctdon of, systemicallysi'iy of foliar i f 

infected plants as well as the
severi ~ cl eio-~nfction~ sopis)(loa10

- PSytemically diseased seedlings and 'plants ildw o t~~ostreaked leaes ithI, alternate gre'en and 'yellow or hrotic, strips. Dow
(a4
seual sporulation) isco~on tg abund~ant on the lower leaves' Of thJese 
p 
 nderate -Lo-cool

The local 1eston phase develops extensively on suds r s wider. 
:ih temperatures. 

I " I~ I 

-4Fl1 

I 



157 

faoal odtosadcol eeo oalse extent on many theentries: Dises evalu~ations &canbe mad f'othis sphase~as for other foliar' 
diseases.'~5 

Mead Smut. 	Determine the inciec of~disease ins each plot t :'about l 
the soft dough stage of growth. 

Maize Dwarf Moai (t~tnay; uwraeboa Daru be 

-- tinedratn -tcbot stg -'rowt 
 ri ft-,fowering,-based on ,h~fillovwz 

diapea j 	thusi, one cantdeterneP.:O 3~ inI~ate grwth sages,, ,.Cool

empra~r a:of60.
orjo~ermae-symptoms,'5much 'more, severe, especially onsusctble,line a. The sred leafsymptom 3fesde the,not'de~relop -in'-nc~f'Buh ."Nours Certain 5genotypes will1'libi.te! 


chlorotic astunte 
pa' wthu aindfcn~ecoi.*,hss
rated a5Incidenc~se' imotn 	 l bems -report J as i4 percenrtage.~Thisisepcilly'important when incidence i.near- 100% ini'5some entries. 

0 = No eval.uation possible 
1 =N pantsymptoms '' 



2~ =Leaves with mottling only 5',
 
3 ,, Mottling and significant chlorosis

3 ~-'ottingwith slight l~eaf necrosis

4, =-Mottling with significant 'leaf necrosis (red~lesC on most 4 e utype S)


"5' 1'.5 ,Aslabove with stunting:. 
 s 5 '' '''~ 
above5 T~-~~he accompanied by severe stunting'.orsdeasn '5,-

Foliar Diseases. A rapid evaluation of' foliar disease 5incidenccc and 
i'severity 	can be made for the following diseases*. 6'rey~Aeaflpot,(s0oty4<,',
~stripe, Zonate leaf spot, rough spot , bacterial stripe physiological orgenetic spotting, leaf blight, rust', downy mildew,"'and 'others.,~j~ , 

0 - No evaluation possible SA
 
"5- 1 = Resistant:~ disease inLbnspicuoas or ifpresent: on''~cusoa
 

iisease
-"-2 D5' present (over 50% prevalence with low scverity; aparentlys'"causing little economic damafge) 2' ' is4~&,- "'3 Disease s'ever'e (100% preval'ent ,'estimated~leaf area destroyed 4up7" , ,, ~to 25%;"disease appears of economic impoi'vance )~'~~Q ~5 '"j~ 
2
 

7~j As
-' ~ > in-3 but aver,25% Of(,leaf area destroyed' 'ss-
'"J'5~'ss Death of leaves 	

" 

or plants due to disease' ''~ ''S' n~ 
StaLk Iots' Data should be Colce taot hsuo am~rt r'w~.the grain -has completely,_matured. ' (Notef ' ties .olwn5atfcai±noaulhtion , little disease, develops. Nevertheless ,god comparatiye' datacaSusually, be~obtained by.rezcording differences amdong entiies withi-n~in'oculatedinternodes) 	 everal longisections should beantm'When, rot" etenids into a noea'1r2-its'it whtld away, 1'o Ireeal, nodal 4cmb eodda 

1be1.1.2 Th aig tloan £at M"2'Y exend -a erc da
are oaften- necessary.tem can beused'ii'-eva 	 The following rating sys6ating 'the severit of.itacoe,, Fusariu ancs.

coal~rot followinig arificial'in Culation: 
 ' 

0. oevaluation possible '5'-5 

Mnimi0.1= eacfon indiF~tinguishable from that to a sterile5toothick 
-'5 5'{545 S 5j, 5 
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0.2 	= bisco] ttl :ils i)OtLthe wottld ri'''tsittg larthest. in 
the Iijn'tI t1 F 	 ltil tht' .;tn k bi,ut' not retching eiter nide 

0.5 = ive ,' Iorit', t inll 'irthest, in th, ce'ntral partExtttn di pro rt !l!; 

f thI :;t I V
 

0.8] = D)iSC;tI l0z't i I I rl,:Wh in ,,n 11'r Ith :f i( -r'c ill y orf iorm"Il Tlo 

i11 a ":, I [i :. 

1.0 = o rtir - I 'tC -ithi int:r-1 .	 III , 

~~l
]i jtA1 iol' )!, !'' 

].1 'l thr Y ?If -t,, t 1(.11,-t r >tt,: ,,]1 o 1, n('1or o,h lod;: 

i. nit-i '!o- i ull , I' I t' til I,]bt',; I ti'lti o, iu',i e 1'tolt i lttx , iofternode 
= 

i It.v :4o'r ti I Itc-it- t 1 it 1 i e Ir ,, t,Ill iI titiit,- :: it; I'!fItttt , it .I've tion 
nitlt tn i l l'dir.'7ieni,:1:; tt' Itt O,(i1t-l'll, -joL ot itt't:t 

.5 = it 1' tt. ,it iii IWii i le d :1 NT VI . i 7iin Lit i'; ofi , i i aeI rallterl'odz 

)..0 	 Exlit!' : ; i' , 1i r p koli,;,' 1,11t, d"z i 1- dt: 

1t. 5ti tI= I ti ti t dt 5 :o;tL i tk r p . m r 

; lI oui it t ai'trati-i 1 ,I i f' o1 ltedinhty.et. i:i i i 1nit hat -, ntil toiII n 1lu t s,
:1hOll d 	 I,(. F -t e ',J i]}A I - ih lh {ij l, -I- (.W|:T,! : ,' t -:if fi i - -]I"c()rrb irilitionl wealk 

rie'kb( r tC r 'i i l),i' I ti , f'eagc), :titti Ir k (due t) :;lk e rotp oa- 1.i 2 =ofe-hut-I l i'' lii-v,- tt~ioL<n t)ig tiolwati ith tnbteii'th ae;k'tuakellud ; d~t,, ) W" ,19*y iith wind), or root ]o(t3., in (entirepJA4 AIOt l l:; 1,!' !:1 11:; 1111' t, IIW,,'t, :;11 l % 11n d "w illd). ThU p','(d~r~llfInrt type Of' 
I )ob;ll1 h<f 1 i I, l.'COl'd.-i . l1:1( g (1rl actui ! . 

l : ?/I 	 n' ]e::; I)iv n ' 
.2 = "- l 1 1)l i, in 

}"I:a i l 	 . -I'll! i i t. I II !".:c|ionI !illi defith of' raehisi brani'ches) lr chis 
adId u) lj',tt.I11llI(.'l Iit, '[£ -V, :j l< V] fJl downlward to) the' baieo ! WfTI., st-ilk) 

s~houllld 	 be1)0 "t.'i ft: iw l,,I. 'i'h- winuicle tbi'nnchen, of' infe'cted hleadhs often droop 
"etVi-l".]y ial, _'. , IWtIMaN filll 

.x I, -,I LIt Itl!] i it nfit :.iI or() it I ( l it :u coilt I-1:1t" d t, o MN)--1ndue cd If1scolIora

rt'~t) i VfII"hi! )'{lCIIlt't III-'(111n1cle ; htUve both 

,!ofl) "alhich il liv~it-,i LI '- t'r ,ii!co>lor,ltion only. Tll, ,ti;se; Iinu ] y 
(1 -ve I p:ol~ ,r I..',:.: l" ,u;: ak t, physiio o(;I c mittu,l i ty oit' the( gra'inl or 

0 : t'v I& tt, i o! p(,:%;i ib ,I~ 	 a 
] =o~ ~ {!:~i ;.tI L : n,, . l'(ll ion ill , _ ;(r hetivFTt--n:;h ; 
[: ]llI(:<?,J it l imit,,.'t to h.''ad, pmt'ticulal ly racit [; l1lrallchoes 

3 : Who].t. hlo-ad i I c,
 
it : jiOtA h ea : ' p-1i]! 1tw ic'.:; -,1Tl(.ctted
 
5J = 	 Heatd lllit~ht l ll'blb ill death or Lo,b-;jnj, of' pltunts 

Anthrlcn,>:;,. Nittural ]ore(ct!onf: Eitch ol' thu' C'o owing; are rated f'rom 
I to 5 	 bused ,it I = I':;tt lt o 5 = death of' tiss;ue or pl]ant. Numeric pre
lVixes [il~ly h, l~rc 'e to deslignafte Oil what portiotn of' the plant; the evaluation was 

rmude by charact,..Hr illn" lfltvt,:; (folif~' 1, the st~tttk (pedwicle) an 2 rindITSe)a 

tile head as 3. 
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hluacnose, Artificial inoculation; Toothpick method, 5aie, as for 
j stalk rot evaluation. 'Conid.1al injection, same as for natural infection. 

Pythium or~Other R~oot Rot 1atings of root rat should normally be~macle
 
Itmaturity, butbefore the plan t as died, ai a r based~ontlefoow
 

ing scae~' is ~s~ nh.fl.v
 

1.0 Fot rm-ieae Are 

0r ~'.n on major brace ots
 
2!~5 'Aleas one dead majorbrace i~6t


"3'0 tihaii net-/ ' u'nt l'rc rootsa dead
 
35 More~thafi .:/2bu '-ot~all brce~roots dead
 

Alir'oots Ibef ikddI { 

Se,6ed Weathering A major environme~t and maturity relatd probleinj'
 
afetn bot quality~ and quantity ofsee svateig 'Should the or
 

,,tunity present-itself, seed~6mold' anid disclo0to aociid hd 
4 eatherifig, should erecorded onaltor 5, s6ale .as noted. " ating's can b'e. 
q'accurately, made. after, the sa'mple has, becen 'threshed."' Established stand rds 

= No evaluation possible ~ T2~'~; ~ ~~ 
-,Seeci damage 

& ,Moderately resista~nt to'weatherin ,seed slightly, discolored 
Il' = bright, free from mold ~ ~~~> ~' 

3 Moderately susceptible, considerablo discoloration~ 
4 Susceptible,, extensive dis~coloratian and deterioration of' seed ~ 

5 'Very susceptible, seed essentially all dead., Dnbryos dead and 
,,..endosperm deteriorated , ~ 

XDesirab~ility. The overall desirability, adaptation or breeding .poten
<'tial ratings~can be made near or at maturity,,,Many~factors influence such ' 

a rating.'However, each inidividual's overall appraisal~ of.:the desirability ' 

, of:.entries in, conjuiiction with the other ratings should~give valuable infor
maioreardingthe. moist',useful material,,or germ. plasm for, certain areas of 

0 = No evaluation possible . 

1 =Very good4 ' '"',',IT -4' 
2 - Good, ,J, 2' ~A 2'~ 

3 - Averages ' ,,'.vr 

''" Commsent's ,reLarding breeding for .sorghum diseses ,including, Inheritance Jl 
4ofle a ,ptoe pcfctaalblt of~souc o reitac 
'and -1[sreeing~proceduxes: are'grou'ped inthe'fo'ur cnitegories as ~howinand 

adi6ad elw 
a 

V"r2~4i~~ 's' .. I' 

4 
'A,2 "Jr, 
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B Slacific path~oged~e~1~
 
0 Sou1rces of~ resistance
 
P S&e ing procedure,
 

D
iownyvu.1dew 

B. Some 	differences, e,.. India~ vs. USA 
C. Severa eitn lines u~&r%± ddibo i. Tea riia~ 

are resistant 'under atif'icial ccnidial in~oculation , or in Indi~a iuider'" ,,
natural conditions. ~ 

2. Head Smut 
A. Dominant (some intermediate end recessive)
B. Rapid' caeS in pathogen ein USA. (Sources have broken d~own),
C. SeveraJ resistant lines'y


l.;,,Dr not iknow,ifwill hold Luzldr concentrated plantng.2
 
S 2.- Some lowsmuttersarestill; olding.


3- MsaY'be few'to several major 'dominant genes,'
 
.~, ~> 4fAre many mod ier genes. ~ 

D.~i
FP~~ield '(natural' and artificial), plus lab' Nee&d-1 n,1iation breaksdawn some, lines, that are resistant in thie field, 

3Maiie Dwarf. Mosa ic, I.MV)- z

~A Are severa3,, reactions~
 

I.l Toleranyizeactiorf (e., Martin) dominant over t t1red~leaf"i
( R~;edlah) (Tolerant lines take virus but not affected 

acin dom nantvr tleran td~-l'eaf" reaotions 
- ~ 	 Plant's svrymottled,'ckilorotic, and stunted, bu t n hado ...*typical~ "red leaf". Mottling remi~i ld0r leaves Mos lns 

w~ith Rio reaction~ have lov dncidence under fi~ldcodtns bu~ £%~~ ~ caxi have~high irncidence ~under inocuIlation, or unusually~ih ' inci-.~lum pessure in the field.,'
 
vs{. 3-- QL (Kiish source) is dominant (not'. infected). ~ -~~
 

~4~Argentina'nmw1. 


2. erezuelan' strain (of igraevrs,-,uhdfrnthnMD~inUSA based on host' r thanMDM 
411 Vr~f~esistant to infection ' 4 4
 

S2." Many.are, tolerant.: - -f ' ~~O ~' $
4~ 	 3. SeveraLhavefiojIreaction, e.g,-, 1642816c (SC -120), 4IS 1.2666c ~4(SC.-lT5) 'T-W -2566, Rio,- several: s'weet sorghumst~

4D.~ Fiel~d (Nat'ral '- .greenbugs end corn leaf aphids 'inoculate, and,
 , artificia rbrush): plus lab.~
 

A. Dominant 	  *~Y-~ 
B.1 	 Some changes have occurred in USA'4 

ue0 ~co possibly -different or due to environment
 
3.B:, dfntl different ,
 

W"est Africa different - lesions differ 
 in~appearance,~ Are, 

S~ 4 

-W' 
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C. 	 1. Very few resistant in Brazil (but few good sources) (Most also 
good in US) 

2. 	 Several resistuit in USA 
3. 	 Major differences in hos:t re-ctien in Africa vs. USA

D. 	 Field (Georgia, Mississippi, Puerto Rico, Brazil) - Natural and 
inoculated
 

5. 	 Rust 
A. 	 Ucoinn; 
B. 	 Soae differences in host reaction between Texas, Puerto Rico, and 

Mexic, Lut probably due to environment.
 
. is, T'A 2566, 
 get much rust in Puerto Rico and very little in 

U A 
L tin types such as TAM 1428low-r 6 and SC 1.70 derivatives hold 

up very well in Mex ice 
C. 	 Sevwr' resistant lines - distinct sources cf resistance. Slow 

rusting trait is very useful. 

C. Ihrcoul Rot 
A. 	 Recessive 
B. 	 No known di frerences 
C. 	 Few inea with rather 'cood resistance 

i. ine coplttely resistant if' high yielding and severe mois
tiure str,!;Ls ,urin', i ,nrain development.
Prorb o!' r,,iationship with g'a in yield, late matui i*;, and
ti' e o!'tra Plants must be predispcsed by moisture (and
heat) stres; in latter stag,,es of c:rain development before they 
are 	sisceptible.

D. 	 Field (i.iiture - Jito) - aturel and a,-tificial (toothpick
inocli'' )) i Taxas, ercr1.1)i.r, is part of our lodging nurseries.
bite r t orit'etlsc :rlurin,- the 	 late grain development stnge when
plnt's are ::os sthire*nit-r stress, andl this predIcts well the .r re

aponse to crrcoi. rut cuscoptililitj. Non-senescing types possess 
goos crat'cI a rut roejstance. 

7. 	 Fusare: }iei cii, i t 

A. 	 'it ermedi ate 
B1. 	 No evidetnce r -" ;;-jor di fferences in US 
C. 	 Only few with good resistance 
D. 	 Field (istut-al and artitficial)
 

]. Artificial (infiested toothpicks in peduncle) overcomes 
 much of 
field resist ancre. 

2. 	 Natural tihe Lest, but hard to screen, because plants mutt be at 
correct strco of growth (late grain development the mosr suscep
tible stare), and must have correct environment. Disease usually
develops at or near maturity and often difficult to distinguish
from natural drying and sapropIrytic invasien. Internal re'daring
of tire ith th, best diagnostic tool. M4arbling of' pith due to
atthracnore is distinct from pith discoloration due to Fusarium. 

8. 	 FusariumI Stalk hot 
Not much known. Ceton oc:urs when moisture stress is followed by wet
eond-tions at or near maturity. Enters at nodal areas. We believeFusariumi had bLigirt and Fusarium stalk rot 	may be related regarding 
resistance.
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9. Grain Mold 
A. 	 Saine domliinit, a a euve rdominant in 	 1 hybridh;, some intermediate 
B. 	 Several dit''erent pathogeii a involved. They differ il importan e at

dit'ferent Location.:, uider Ai'.!ernt, en viroinenta, ani at diI'ferent 
state:s ofi maturity o' the i'Aaill when1 inli'eetioll takes p'lace.

C. 	 Only a few gooi :;ourefel o!' ie tanc. ( at atre ii:;tilct heritable 
di f cur~mfw:; ) 

!. 	 Ione cwiqdiatsa iy I'Qe;istait 
?. 	 Prown ( i,'h t,!Llni,)d;e A- ( line:; genleral ly mar, resi,;talt 

l .	 field (nat r: it I, )ctIatad) 
hhate I") r i' . -r:ill moId : I'I iII We:ItIriII-deiay harvest
plailt ; o )'-t r:till of' Wel cs ID iilatu. o liter matui rity. Ilere 

Vl':ti I l' lawe rate I'(Y - di ic t)Zt i , LO~llit (i:' Ii,)] eviieitlt, aind 
deterioration (ilici udifii 'tutinlw) il the T'lin. ratingThis 
obvtoi/ y illv(,l v .; lie thail i 'l; :;ach,Phi zt [hlt alllO t types 
1.;t ected this Way tmu :;i: i'aiii ' fl I ;tiu ul r i 	 ocilli la
ti on tecil i ql .L;. 

I. 1na0C itet. i i'ii e I with ;p i'ii. tthoi'ell!; 
',,:t. 	 r i;:.." 1.1 I' l l: ! i11 1'i ]It to " ree t Iw Ull vi t tot, rollmlen 

e 1Il 	 i l 'i l'i li lI I a 

10. Zonate lea I' pot 
A. 	 Iliters treiat, tO 	 l' .;as;i . 
B. N llOwil di:':'e cicel ,
 
'. Oly latw r tlst lo.
- Niis so::;p] ltely resistant 

D. 	 Fild -Hatiili,'hiit " ty 'dulated - (;eierally plants become lor 
.,uSCS,'t ibi e ate p ']aWerill g inoi near maturity. Also, sterile plants 
are ]e Ia: asu pt i hIe. 

ii. (Grey Leal' ;;put 
A. 	 Rece ;s i ve 
H. 	 No kn,,wiI'', 'iine:i ila- loc'atiios no beadintg tyle syliptoli
C. Only lCw - Neont;'twutltne completely resistant

1i. Field - :;leWilit yial d related - fterile plants 
 are 	 1Q ;s susceptible. 

12. hacterial > rip 
A. 	 Hecessive 
B. 	 Na known ii I ':reuce:; 
C. 	 ,OlVe vea ai:;sejitible when others have little if' any
D. 	 Fie-li - hel atedi to spacilit as end plants or non-borde'red plaits may 

have muilhli sitripe 

13. Bacterial. ;t rel( 
A. 	 ILce:l;iv e to a;oiswhat inte riediate 
1. 	 Not knowin 
C'. l:Oll i l ii tan I, lilies
 
1). Fi(2l1
 

i. 	 Leaf tilight, 

A. Dominait
 
it, No known dil'i'erences
 
C. Oly lew lines with good resistance
 
P). Pield (Nexico, Puerto 
Rico) - Natural and inoculation plus lab 



163 

TABLE 8. Suta+tary uf diceases, inheritance of rejistunce, and screening
 
techniques on sorehuv.
 

OItiseuse .tterit~lc i ereelriii TechniqueitLII 

lowny Maitew lo:%intuit Field, lab 
Head ;mut :lt I Field (; & A), Lab 
Maize SWt'arf l.Dcc 2I nt Fi uld (N & A), Lab 
Anithracnose ami n:ait VilId (1 & A) 
hu st omi a tnt. Fl e Id 
:,oate Sel,tSpt ltltel'lejiite- Field 

Iteccs i av
1
 
Grey leaf Spa, !lecessiv Field 
Leaf ligCht Daminant Fiel (IN & A), Lab 
Bacterial S,ripe Lececsive Field 
Bacterial 5:reak Recessive Field 
Charcoal lot iLecessive Field (1N& A) 
Fusarium Stalk Rot ? Field (N & A) 
Fusariua llead Blight Intermediate Field (N & A) 
PythiumRLoot lot ? Field, Lab 
Grain Mold Dominant- Field (N & A) 

Intermediate
 

N = Natural, A = Artificial 
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67- 6fan 0 ea-d -Smut 

White )Ca*fi (PI41770)* ~ Lahomia 8iudangraaasj
SQ 2l~ 2(Iqa8S. 32~51 (I2S2 2

SO~(i425~ ~~ 3314 f' x 3
TAM 28 ~' IS 2658Q ('C103)~~ 

Tx 308 Tx 7000O CaproaJfi' 

Resistant under~needle Inoc.';a~so
 
Low,o lvel. ofr
feld'in~cton(stable 

,~riW< . ~. ~.SorkhumReistant to Anthracnoe ~ " p 

~~i 0 ~S~1I~9 §641 (SC 972)"~Y~MNRi (S 749)SC 32666(IS 3758 der)**~~is 7173C-(SC 283)*M ~< 
. 'SC 71.8 5 (IS 3552 der)**

SIC3?8-11. (IS8263 der)TA42
 
' Tx It30 TN12,,IS2103~(c 623v,Tx 

IS -12612k .(SC 112) K"
 
IS 3574T0 (SC 23)*' 
 , IS,7778C ,(SC 389)* 
IS -2816C0 (SC 120)*7IS' x7382C'(Sc- 31.1. ' 

'IS'126770" (sc 186)v* ~ ~ 9~"~j sc.6o-a1E (Is26 er*~~" 

PSC 37-14r' (IS 125571 der) m *~~ (Others reaistamt-i' USA" L' 

Also3 resistant in~Brazil ( r
 
Also r'esistant izi Brazil (svea ys
 

IS 1261001SC' 110o. '")< IS f2r,.( 
7 5 )
 

STx 2519 'I' 8 .Q ?C1170 der)~
 
CS '3511 (CSV14 
 (M~'~anv d&'~vrtd~ie 

J111 
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TABLE, 9. Uontinued 

"T" _-- -- orghim-Resistantto-Zonate Lea±f-Spot 

SC, 326-6 (IS 3758'der) '~77Cp1~ (IS 2930 x IS 3922) 

1~a8o59 (s 330-0 (IS""8187 der)2 xSQ3 )SC 
y 5rhm essant to Fusarium HeaJ Bli :h1
 

SC 599-6 (ii 9-188) (IS 175 der)
2sc, 630-' _(IS "1269 der) """' 
SC 599-6 (Bf'924~7) (Is 117h59 der)

' S65-iAls25cer 
.' 

2 '2 ~ Sorghun Resista-nt >to Grey Leaf S not 

"2"'7CS14(IS 2930'x IS'3922)' ~2 2 2~' ' ~a8 6,9 c12 
i"SC 7I48-5 (IS 3552 der) 22 >.2 2~2~22 ~ 22'~ 

-2 


2. 
 'Sorghiti Resiatxrt to Grain Mold '2"" ' 

~~SC279.!4'(15 74i19) 2 .2(1'v IS- 725 4 ,222(M2' "" ''226 
SC 7 4~8-5: (IS23552 der)'<2 22'3011 (IS 1269 der)2~22~


2sc 650-1iE (IS2285 'der) IS 9530<-,~4, 
~ '~~4<'~...;'SC.170-6-172' ' 

2C3'35 " 2 '2'
1 2 IS 2367 ~222 


I 368 2
~2 

2,2'Sorghum PeoistEant to Charcoal Hot ~ 14 

S22~C599- 6(R 9188)2 (IS 17459 de~r) 59-1.,9927) (I 17145Th9der2)~ 
IS 1~2568C, (SC25&4) '2"':e:,S I'.2"'C 56222" SC.17o-6-17 (IS'12662. der)> 2 5-'2,k '2.2 (sc 56.4xC 17o'SC,"22 2 

242 
2 Cs170 3)(c456 2 -1790t (C56_' SC3 )7''~''2~2"' 

177 (SC YA3)"NS 56 ,O 

24"~'2222< '~' 22SorghumResistant.to Rust '2'22?<2 

SC 326-62(IS 375 der)i2 2T'AM42 ''2222 2 

IS 816 (c~ao)''.>j~'2~ 22666C (S"175C"'''-IS 
20 c596dr(S14dr SC 718- (I' 3552 der) 2
 

""'2" '222"""" Tx 623*
 

*Sow rusting "2 22 
 22'' '2" V, 22222 '" '"2'2''1 

-2 - -'-2~-2
 2 . 2 .~ ' 2 2 4 2 2~ -22 '-2 
 2 2 2 '2 ( 4 
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(lotrgumRe otnrl.nt o~Le-~aN 56 

ISJ258C(sc167 ''I 1335 6(SC j~i8) 
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A"- - -4 -' -'~ -
 - - - - -'
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24444'l .4l Rio Reatio** 

398 (
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BREEDING FOR ARTHROPOD RESISTANCE IN SORGHUM
 

Jerry W. Johnson and George L. Teetes 

Texas Agricultural Experiment Station
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Lubbock, Texas 79401
 

ABSTRACI
 

id,ntified that exhibit resistance to the major
Sorghums have been 
of the crol.. Sorghum lines resistant to the greenbug,arthropod pests 

Schiza ihis raminum (Rdani), the sorghum ,midge, Contarinia sorghicola 
(Coquillett), and the Banks grass mnte are presente-d. A-ppropriate breed
ing iethods are presented that should facilitate a rapid transfer of 
resistance into acceptable agronomic types. 

INTRO DUCT ION 

Plant breeders, especially those working in the tropics, are increas

ingly concerned with insect problems in the initial planning of their breeding 

programs . Because the release of an insect susceptible, but ot.hervise superior 

variety may achieve little, breeding nurseries are now being established where 

o insecticides are used, thus providinq early evaluation of breeding lines for 

insect susceptibility. 
Several excellent reviews ef sorghum insects, insect resistance in sor

ghum and its role in insect control have been published (1, 2, 3, 5, 6, 15, 27). 

I will not attempt to discuss the many inrits of resistance except to say 

that its proper utiliz;ition will be as one of several tools in a pest irnagenient 
litogralrs. 

Breeding for insect resistance differs in no fundaruntal way from breeding 
for other characters. Consequently, any of the various inthods of breeding 
appropliate for sorghum can be used in developing insect resistant varieties 
once resistance las been found and efficient evaluation techniques have been 

developed. Weare conctrned with a minimum of three objectives: (1) to develop 

agronomically suitable varieties resistant to insects of economic i lIortance as 
rapidly as possible, (2) to continue to find new sources of resistance, and (3) 
to improve the level of resistance over that presently available. 

This paper is intended to provide information on resistant sources and tech
niques to best accomplish these goals. 
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GREE"5UG
 

In the United States the greenbug [Schizaphis _qraminun (Rodani)] has been

recognized as a major pest of sorghum since 1968 and causes 
significant damage

in Brazil in some years. Resistance to this pest has been reported in the seed
ling stage (7, 10, 18, 19, 20, 21, 
23) and in the adult plant stage (8, 9, 10,

11, 22). Cultivars reported as 'esistant 
were not suitable for conmrercial use

and considerable breeding work has been reluired to incorlorate this resistance
into corivercially acceptable material. Lines that have been reported as resis
tant are given in Tables la an(l lb. lgronomically improved 1ices can be obtained
from the Agricultural Expe)r 1nt Stations in Kansas, Ok1ahoriki, or Texas. 

The inheritance of greenbug resistance in lines that have been studied isdominant or incoiipletely dominant. The resistance of several breeding lines with
resistance derived from Sorjj]hum vi r Uetum was reported to be conferred by dominant 
enes at ,i.ore than one lcus-T). SCLudies by Johnson (10, 13) indicate thatresistance in PI 264,153 is si imly inherited and incOi-pletely dominant aro that

resistance in IS -09, SA 7536-1, P1 220248 and PI 302236 is inco,1)letely dominant.
Studies by Weibel, et al. (23) of F1 and F populations fro susceptible varieties 
and SA 7536-1, IS 209 and PI 264453 indicaie the inheritnce of resistance from 
three 
lines to be incopl ete ly dominant and simply inherited. 

TABLE 1a Source,, of Resistance to the Greenbug 

Des i-onqatC9j eScie s 

IS 11109 S. bicol.)r Grain 

11I 26,1453 S. bicolor Forage 

KS 30 S.Ltirgatu-I- Grassy 

SA 7536-1 S. nigri cans Grassy 

P1 302236 S. hewisonii Grassy 

P1 22024,2. S. sudanense Grassy 

PI 301976 S. sudanense Grassy 

P1 38108 (T.S. 1636) S. virgatum Grassy 

Bloomless Combine Kafir 60 -- Grain 
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TABLE lb Agronorrca1ly Improved Sources of Resistance to 
the Gr. nbug
 

Designation 
 B or R Reaction 

TAM BK-41 
 R 

TAM BK-42 
 R 

TAM BK-43 
 B 
TAM BK-44 
 B 

TAM 2567 
 B 

TAM 2568 
 R 

KS 41 
 R 

KS 42 
 R 

KS 43 
 R 

KS 44 
 R 

KS 56 
 B 

KS 57 
 B 

OK GP-i 

OK GP-2 

OK GP-3 

OK GP-4 

OK GP-5 
 -
OK GP-6 
 -

OK GP-7 
 -

OK GP-8 
 -

Tx 2734 
 R 

Tx 2735 
 R 

Tx 2736 
 R 

Tx 2i37 
 R 

Tx 2738 
 R 

Tx 2739 
 R 

Tx 2740 
 R 

Tx 2741 
 R 

Tx 2742 
 R 

Tx 2743 
 R 

Tx 2744 
 R 

Tx 2/45 
 R 

Tx 2,46 
 R 

Tx 2747 
 R 

Tx 2748 
 PB 

Tx 21,9 
 B 

Tx 2750 
 B 

Tx 2751 
 B 

Tx 2752 
 B 


Source of Resistance
 

SA 7536-1
 
PI 264453
 
KS 30
 
KS 30
 
SA 7536-1
 
SA 7536-1
 
T.S. 1636
 
T.S. 1636
 
T.S. 1636
 
T.S. 1636
 
T.S. 1636
 
T.S. 1636
 
SA 7536-1
 
SA 7536-1
 
SA 7536-1
 
SA 7536-1
 
SA 7536-1
 
Is 809
 
IS 809
 
IS 809
 
SA 7536-1
 
SA 7536-1
 
SA 7536-1
 
SA 7536-1
 
IS 809
 
is 809
 
SA 7536-1
 
SA 7536-1
 
SA 7536 .1
 
SA 7536-1
 
SA 7536-1
 
SA 7536-1
 
SA 7536-1
 
SA 7536-1
 
SA 7536-1
 
KS 30
 
KS 30
 
KS 30
 
KS 30
 

Since it has been established that greenbug resistance is 
not complexly inherited
and can be retained through several backcrosses, the prindry need is an effective
evaluation technique to identify resistant material in s regating populations. 
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SEEDLING EVALUATION 

The technique described by Wood (25) for evaluating small grains has been
modified to be used on sergiui. This technique consists ot culturing greenbug
biotype C on a susceptible sorghum hybrid grown in one-gal loncans. From 30 to
50 seed are planted per can in soil and covered with sand to a depth of one inch.Before plint emergence, they re covered with a cage inserted into the said ineach can to protect them I premature greentug infestation and to prevent infestation by parasitic wasps. Capes are constructed of c!-ar vinyl plastic 0.015inches thick, 13 inches higoh and :.5 inches i,!.lianeter. enti lation is aided bycutting holes 2.5 inches inl diameter in two Oiues of the cige. The ventilation
holes and the cage top ire covered with fine mesh nylion cloth. After the cultureplants have reached a height of 6 to I; imhes, each can is infesteo with about200 greenbugs. Aft er about two weeks, these cultures are ready to use.

Breeding lines 'Iat are to be evaluated for resistance are planted in galvanized i;etal flats N . '0 x 3.75 inches. This flat will accoiruiodate 10 entriesin rows 14 inches Il;',. A resistant and -usceptible check is planted in each flat.Approxiiiately 20 seeds of each entry are planted per row arid thinned to 15 plants

per row one week after eii.rgence. These plants are infested from the culture
plants by brusirng approximately 1,500 greenbugs on each flat.


Ra ;ny firi resistances beqin when the susceptible variety is 
near death. AI to 9 rating syster, is used where I -quals no damage and 9 equals dead plants.Rows segregating for esistance are -ecorded as such and a rating given on the 
.,;ftresistan plair iinthe row. This procedure permits evaluation to begin on 
,-ed r m plants selected from- 2 populatir,)s. 

ADULT PLANI PESISTANCE 

Resistance if anst lines ar 'sily detected in the field if natural greenbugpopilations are it ai
1 

aderiiate 1c. ' Natural populations averaging over 200 perp ,nt are requitroid to ohbtain reliatoe data on adult plants. Tire rating systemgiven in Ta. le 2 is tiseful ii evaluating nursery Material. When susceptible checks 
are rated as 5, resistant selections should hve a rating no higher than 3. When;:usceptible checks are iated3 or 4, resistant selections should have a rating nohigher theii 1- li nirl'should be mide when greenbugs are present. If toomuch tic, elapse, h't-een maxilumII jreerihug infestation and the tite evaluations are made, it i- difiicult to disti,.luisli natural leaf death of- the lower leaves 
and death u,' 'ay greeibug fee inig.

[Cecause c'ftire low riber of green!ugs occurring in tire late planted .zorghumat Lubbock, a t-chnique his been dceeioped to artificially infest selected adult
plants in 0r1 fi''d. Maleri,,Js needed in this procedure are clip-on cages described by Cate, Pottrel! aid Teetes (1) and a small irtist paint brush. Theca'-ts !rv i cli .-- n type constructed of 1-jMch sL1uare plastic boxes. Screencovered holes, 3/4 inche. in diimter in opposite sides of the boxes allow ventilation witLin the cajes, live adult greenbuqs are transferrezi from culture cars into eac cage with a swill artist brush. Two cages are attached to a leafof each plant to le evaluated. Wenormally use the third leaf from the top of
plant. Cages are inspected t1c day folIswi-iq attachment 

the 
to the leaves to insurethat five greenhugs ire alive anridftediig on the p1ant. Additional greenbugs areadded s needed 'o brino the total to Five. Re'sistant and susceptible checks are

included in the test. 
Snap cages can be used at any tiae, even on iature plants. This providesflexibility to the evaluation progra,, and permits the breeder to determine when 

evaluations will be made. 
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TABLE 2 Proposed Rating Scheme for Rating Resistance of Sorghum to Greenbugs
 

Score Description of Damage* 

I No red spotting on leaves
 
2 Red Spotting on leaves
 
3 Portion of a leaf killed by greenbugs
 
4 One entire leaf killed by greenbugs
 
5 Two entire leaves killed by greenbugs
 
6 Four entire leaves killed by greenbugs
 
7 Six entire leaves killed by greenbugs
8 Eight entire leaves killed by greenbugs
9 Plant killed by greenbugs 

*Data may be taken at any plant growth stage when greenbugs are present. It
 

is suggested that estimates of greenbug nunbers be taken if possible.
 

Ratings of the leaf area under the cage begins about one week after infes
tation and are taken every two days if the greenbugs are reproducing well on the 
susceptible check. The rating system used with this technique is as follows: 0 
equals no necrotic plant tissue in the caged area, 1 equals 10 percent necrosis, 
2 equals 20 percent, 3 equals 30 percent, 4 equals 40 percent, 5 equals 50 percent, 
6 equals 60 percent, 7 equals 70 percent, 8 equals 80 percent, 9 equals 90 percent, 
and 10 equals 100 percent. Plants that receive a mean rating of five or less on 
the same date the susceptible check receives an eight or more are considered to 
be resistant.
 

MIDGE
 

The sornhum midge [Contarinia sorghicola (Coquillett)] is a pest of sorghum 
in almost all -cions of the world where the crop is grown. Varieties resistant
 
to the insect have been reported from several countries (12, 14, 16, 17, 24, 25).
 

Identification of varieties resistant in the United States breeding programs 
in the past have been relatively fruitless primarily due to the limited amount 
of ger.plasm available in lines adapted to temperate regions. In addition, breed
ing nurseries were planted at a time designed to escape midge damage or were sprayed 
with an insecticide to control the midge if it became a problem, thus eliminating 
the opportunity to observe resistance if it were present. 

Interest among breeders and entomologists at the Texas Agricultural Experiment 
Station was renewed in 1969 by independent observations by Dr. D. T. Rosenow at
 
Lubbocl., Texas and Dr. F. R. Miller at the Federal Experiment Station in Mayaguez, 
Puerto Rico. They reported that partially converted selections from IS 12610 had
 
less midge damage than other lines in their nurseries. Since then, we have elim
inated, or greatly reduced, insecticide application for midge control in our
 
nurseries at Lubbock. 

The absence of midge control provides the opportunity to select lines that 
have resistance. Using this approach, lines are identified for entrance in midge
 
evaluation tests. Ccr erted and partially converted exotic lines from the sorghum
conversion program in' their progenies from hybridization with elite U.S. material 
have been evaluated since 1971. 
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Resistant sources adapted to tenerate areas of sorghum prcduction are listedin Tables 3, 4, and 5. These lines 
were shown tr be resistant by evaluation of
replicated tests at several locations during 1972, 1973, and 1974. During this

time, several rating systers have been tried, bit we have now chosen the rating

system shown in Table 6, and encourage others to utilize the sami system to aid

in compiling data from international nurseries or tests. 

TABLE 3 Midge Damage Rating of Selected Sorghum Lines, 1973 and 1974 

Midge Damage Days to 

Line SC No. Group Namie 
Score 

1973 1974 
Bloom 

1973 1974 
IS 2501C 52 Nigricans-Feterita 1.8 2.6 63 60 
IS 12603C 108 Ze razera 3.8 1.8 65 65 
IS 12612C 112 Zerazera 3.4 6.3 65 63 
IS 2816C 120 Zerazera 3.9 6.1 64 63 
TAM 2566 175-9 Zerazera 1.8 3.C 69 67 
IS 12666C 175 Zerazera 1.2 4.2 67 65 
IS 2549C 228 Zermzera 3.2 3.1 59 60 
IS 7007C 268 Caudatumi-Ni gi cons 4.0 8.4 63 57 
IS 1309C 322 Ni ric,ns 3.2 4.7 70 66 
IS 2508C 414 Caudaturi -Ka fir 4.3 5.8 70 63 
IS 2579C 423 Zerazera 2.1 4.6 69 62 
IS 8100C 424 Caudatu,-Ni gri cans 3.4 6.2 57 60 
TAM, 428 - Zerazera - 8.0 67 
SGIPL-MR-*1 - 4.5 6.7 66 63 
Tx 2536* - 8.2 9.7 67 64 
Tx 7000* - 8.7 10.0 69 66 
B Tx 378* - _ 7.8 9.1 69 66 
Tx 7078* -- 6.9 9.7 63 62 
B Tx 3042" - 6.2 9.6 64 57 
B Tx 3197k - 7.6 9.6 67 63 
Tx 415* 8.6 9.5 76 67 

**Resistant check 

*Susceptible check 
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TABLE 4 Converted Sorghul with High or Moderate Levels of Resistance to the
 
Sorghum Midge, 1978 Georgia and Texas 

IS No. 
of 

Original 
L.ine 

SC 
No. 

Working 
Group 

No. Worki ngoGroup 

Country 
Seed 

Recei ved 
[ru 

Mhdge 
Damage 
Rati ng 

IS 12666 
IS 3071 

SC 175 
SC 237 

39(1) 
31(1) 

Zerazera 
Dobbs 

Lthiopia 
Sudan 

1.6 
2.6 

IS 12664 
IS 2579 
IS 12593 

SC 173 
SC #23 
S C 84 

39(1) 
39(1) 
1 

Zerazera 
.erazera 
Durrd/Nigricans 

Ethiopia 
Sudan 
Uganda 

3.1 
3.2 
3.3 

IS 
IS 
IS 

826? 
8337 
12676 

SC 32;1 
SC 574 
SC 185 

33 
41 
39 

Caudatum 
Durra 
Caudatui-Nigri,:ans 

India 
Pakistan 
Sudan 

3.3 
3.4 
3.6 

IS Y142 
IS 8231 

SC 564 
SC 645 

33 
23 

Caudatum 
Caffrorum/Darso 

Uganda 
India 

3.7 
3.7 

IS 2508, SC 414 38 Caudatun-Kafir Sudan 4.0 
JS 8233 
IS 2403 
1- 12609 
IS 2862 

SC643 
SC 103 
SC 109 
SC 655 

23 
33 
39(1) 
22 

Caffrorum/Darso 
Caudatu n 
Zerazera 
Caffrorum 

Uganda 
S. Africa 
Ethiopia 
S. Africa 

4.1 
4.2 
4.2 
4.8 

1S 126183 SC 221 41 Durra India 4.9 
IS 1261r 
IS 6446 

-C I1' 
S 586 

39(I) 
46 1) 

Zerazera 
andyal 

Ethiopia 
India 

5.2 
5.4 

i ?'713 SC 6; 31 Nigricans Feterita Sudan 5.5 
IS 201L, SC 114 33 Caudatum Uganda 5.7 

IS 7064 SC 420 38 Caudatu/Kafir(Heg.) Sudan 5.7 
IS 12612 
1S 8134 

SC 112 
SC 590 

39(1) 
47 

Zerazera 
Durru/Nigricans 

Ethiopia 
India 

5.9 
5.9 

IS 12577 
IS 1260 

SC 
SC 

68 
103 

39 
39(1) 

Caudatui/Nigricans 
Zerazera 

Kenya 
Ethiopia 

5.9 
6.1 

IS 2569 
IS 6394 

SC 60 
SC 491 

33 
46(l) 

Caudatuni 
Nandyal 

Equatoria 
India 

6.2 
6.2 

IS 12535 
IS 8100C 
IS 12573 

SC 15 
SC 424 
SC 63 

16 
39 
39 

Dochna/Honey 
Caudatunm/Nigricans 
Caudatui/Nigricans 

Ethiopia 
Japan 
Nigeria 

6.5 
6.8 
6.9 

IS 12674 SC 183 27 Caffrorur.,/Feterita Mexico 6.9 
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TABLE 5 Agronumically Improved Midge Resistant Sorghum Lines
 

Designation B or R Reacit 

Tx 2754 B 

Tx 2755 B 

Tx 2756 B 

Tx 2757 B 

Tx 2758 B 

Tx 2759 B 

Tx 2760 B 

Tx 2761 B 

fx 2762 R 

Tx 2763 R 

Tx 2764 R 

Tx 2765 R 

Tx 2766 R 

Tx 2767 R 

Tx 2768 R 

Tx 2769 R 

Tx 2770 R 

Tx 2771 R 

Tx 2772 R 

TX 2773 R 

Tx 2774 R 

Tx 2775 R 

Tx 2776 R 

Tx 2777 R 

Tx 2778 R 

Tx 2779 R 

Tx 2780 R 

Tx 2781 R 

ISR I R 

Source of Resistance
 

* 

* 

* 

* 

TAM 2566
 

TAM 2566
 

TAM 2566
 

TAM 2566
 

TAM 2566
 

TP8R
 

TP8R
 

TP8R
 

TAM 2566
 

TAM 2566
 

TAM 2566
 

TAM 2566
 

ToiM 2566
 

TAM 2566
 

TAM 2566
 

TAM 2566
 

TAM 2566
 

TAM 2566
 

TAM 2566
 

TAM 2566
 

TAM 2566
 

TAM 2566
 

TAM 2566
 

IS 2508C (SC 414)
 

AF 28
 

*Derived from TP6BP, an unreleased population composed of exotic and
 
partially converted sorghums. 
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IABLE 6 Proposed Rating Schen for Rating Resistance of Sorghum to the 
Sorghum Midge
 

Score Description of Damage 

0 No damage

1 1-10, danaged seed
 
2 
 11-20 damaged seed
 
3 21-30. damaged seed
 
4 31-40) damaged seed

5 41-50', damaged seed
 
6 51-60 ' darmaged seed
 
7 61-70 damaged seed

8 71-80. dalaged seed
 
9 81-90 damaged seed
 

10 
 91-100. damaged seed 

In order to provide a uniform iofe;tL.ion of midge over the test area,
spreader rows" should be planted throughout the nursery with not over 50 feet


between rows. These rows should consist of a mixture of h)brids classed as early,

mediur and late in the location that the test or nursery will be grown.
 

The use of a large number of susceptible varieties as checks is required.

Every effort should be made to include check varieties th, t overlap in their maturity

and include the earliest and latest varieties adaFted to the area. This is espe
cially important in areas that have a large fluctuation in midge numbers throughout

the blooming period. At Lubbock, the midge population generally reaches adequate

levels by mid-August ann stays high unti I frost. 
 However, in other areas populations
 
iay be In rgo one week and very low the next. 

Io our preesent program, varieties reported as resistant are grown at Lubbock 
to evaluite them for resistance to the ridje and for their maturi ty in the U.S. 
Most xindge resistant introductions are ' j lJ,- in blooming for proper evaluation 
of resistance and are entered into the conversion prograiri. Partially converted
selections frcm these lines are evaluated fer m4dge resistance as they, progress
through the cnnversion program. 

BANKS GRASS MITE 

The Banks grass wite is normally a oamaging pest only on adult plants. Eval
uation of lines for resistance is difficult because oF a nkturity plant suscepti
bility interaction. Rarely does this pest damacc sorghum, until after bloom and 
damage generally occurs during the seed filling period.

Because the mite is normally o,problem after the plants have blooimed, yield
losses should be rest'ictcd to decreased seed size and losses due 
to loding. We
 
have evaluated lines first for their ability to maintain green leaves in the pre
sence of large mite populaticnns. Lines that are above average in this respect 
ure evaluated for their ability to maintain live stalks and normal send size with 
mi ces p resent. 
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In general, grassy sorghum such as 
'Sweet Sudan' and 'KS 30' do 
not receive much mite damage. However, observaions indicate that the grassy types
are not preferred by mites. Possibly because each plant usually has many tillersthat have not reached the bloom stage. It is doubtful if this apparont nonpreference can be transferred to grain types.

Two lines, SC 599-6  a partially converted 'Rio' 
- and a partially convertedIS 12568 selection, have shown resistance to the Banks grass mire in preliminarytests. We are evaluating SC 599-6, its F hybrid, and progeny from crosses with
resistant sources 
in field planting. Weare attempting to establish methods for

evaluLIting material in the greenhouse. 

SHOOT FLY 
The sorghum shoot fly (Atherigona soccita Rond.) is not a pest of sorghum inthe Americas. However, because of the importance of this insect in many sorghumproducing areas and the demnstrated international usefulness of lines releasedby The Texas Agricultural Experirient Station, we are conducting work in the area.Lines that are identified as resistant the shoot flyto or other importantinsects s-ich as the stem borer (Chilo zonellus Swin) are being entered into thesorghum conversion program. Select*ons will be made of partially converted linesfrom the segregating F, populations that are adapted to temperate areas and evaluated for resistance 1 cooperators in the area that the insect is a problem.Lines that are resistant will bc cowrbined in a population with elite lines from
the Texas program. Distrihurion of the pr-ulation will 
be made tu all interested 

breeders. 

BREEDING METHODS 

The breeding methods that seem appropriate for the arthropod pests discussed
in this paper are outlined below: 

idge 

Pedigree Method: 

(1) The highest level of resistance should be transferred to agronomically
acceptable types by hybridization and selection. 

(2) Agronomically acceptable lines with the least susceptibility to midge
should be used as 'he nonr, istant parent, e.g., TAM 428. 

(3) Grow a large F populatir at least 4,000 plants. Selection can be
accoiplished h~re withea.t 
has 1

4do,e being present. Our limited experienceshown that se ,:ctic, in- small-glumed tyres should increase thefrequency of midge s~antres fpes from the 2 populations. 

(4) Evaluate F rows under lar,e midge Fopulations. To increase the probability of-iarge r;,idje nopulatnrs diring blooming of this material,
it should be planted at more than one date or location, 

(5) Evaluate F4 selections in replicated progeny rows and backcross superior
plants if necessary. 
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Population Breeding:
 

(1) 	Selection of the proper genetic male sterile may be critical 
in
 
establishing the population. We have found is to be 
satisfactory.

Populations containing genetic male sterility an be obtained from
 
the Agricultural Experimient Stations in Kansas, Nebraska, 
or Texas.
 
Antherless has not always been successful for use in the tropics.
 

(2) 	Four types of populations should be established:
 

a. 	for, 'rapid' progress. B and R populations should be established 
corbining acceptab'e agronomic types and high levels of resistance, 

b. 	for long range improvenlent, establish B and R populations using
elite varieties trom the area the material will be utilized and 
al'i resistant sources avilable. 

(3) 	Utilize the appropriate selection scheime best suited to the area,
i.e., noss selection, r-ciprocal recurrent selection, etc. 

Greenbug
 

Pedigree Method: 

(1) Select lines with the highest level of resistance but suited agronomically
 
to the area of intended use to be hybridized with elite adapted varifties.
 

(2) 	Fackcross F1 plant of cross between resistant and susceptible lines.
 

(3, 	Evaluate larme F populations of cross between F and elite susceptible

variety. Use either seedling evaluation, transplanting resistant types
 
to the field or evaluate F2 populations in the field.
 

(4) 	Backcross resistant F plants or select for evaluation in F3 rows
 

depending on agronomi desirability of the plant.
 

Population Breeding:
 

The -aineoasic plan outlined above for midge resistance breeding should be
 
used 	 for greenbugs. 

Shoot Fly and Banks Grass Mite
 

The sawnwbasic procedure outlined for midge resistance should be an appropriate
 
approach to use for these pests.
 

SUiARY
 

A coordinated international effort to imnpruse the insect resistance of sorghum

is imperative. Interest in this endeavor is high and increasing, especially for
 
midge resistance. We pian to increase our efforts in this area and request sug
gestions from participants in this program for ways that cooperation and information
 
exchange can be improved.
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Table 2. Sohum. Resistant to Insects and Mites. 

Insect/Mit- Specie; Variety/L ne Location Reported 

:.h,,h ,*a'nm I3 S09 (PI 221613) USA 

FS 30 USA 

SA 1536-i (Shallu) USA 

PT 2614;53 USA 

Lho)2josjzls m maidis Piper 3udan 428-1 USA 

TAM 425 USA 

Spcdopt,--ra frugilerda Freed (PI 29166) USA 

O nubtialis Kafirs (several) USA 

Feterita USA 

Shantunu Brown Kaoliang China 

Diatraes ;-r ndiosell y-h ('Y-e) 63 x Kaura) USA 

NK x 300/ USA 

Diatraea .;addhlrina King's Dia-nnd USA 

B I ssud eucoptru Atl:s USA 

Axtel USA 

Dwarf Kafir 44--: USA 

Redline 60 

Oligonychus prat, nis Rio (SC 599-6) USA 

IS 12568 (SC 16-6) USA 

Cntarinia s,).rhicola Nunaba Africa 

Huerin Inta Argentint, 

AF 23 Brazil 

SGIRL - MR  1 USA 

TAM 2566 (IS 12666C) USA 
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Table 2, cont. 

Insect/Mite Speoies Variety/Line Location Reported 

:(s 75!65:}) USA 

18 2508C' (eC .ih) USA 

jS 25491 (S p] USA 

IS 257< (IC h23) USA 

'l 071C (1( 237) USA 

IS 8100C (' 2i) USA 

IS 26l (6 ]12) USA 

Solubea puimax White Darso (Kan-. 33 - 1'8) USA 

Sitophilus oryzei Doubl Dwart' Early Shallu USA 

Sagrai n USA 

Sitorhlilue zeTlais Double Dwarf Early Shal lu USA 

Early Kale USA 

Early Sumac USA 

Sitotroga cerealella Double Dwarf Early ShaLlu USA 

Ear!y Kal USA 

Early Sumac USA 

Rhyzopertha dorninica Double Dwarf Early Shallu USA 

Early Kalo USA 

Early lSumac USA 

Tribolium castaneum Double Dwarf Early Shallu USA 
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'Sorghum esist~ance to nsect and mite pests isbest viwed as &, ocmpo
.;nentet y em wh al _ L,', , ,, Y. 

com4poert~i he.::stec nsc-eitn ogu a
, nii a,pests a

aituti her natuiral bjological contro 1agents are more f4e~ 

mutalc- heps
a ~ec "threshold" 6fpeaion or parasiti.sm, Low 
dsi of the pest speciesp a rvd a-'ivotal reservrefodsplfo 

esstntAls, aretesmay cotibt to he effectivenessof insecticides or make itpossible tooitor reduce treatments. 

Pr~ocedures lased to screen sohmsforrssac oiscsai ie
 
ae bas ed ohn.the~na,ture-ofs damsage 
 lting: injury
~ pests. >Progress 'in. aele'ction -for, re ist nt~plav ,types is',dependent, 


and~r SueI sypos-causedby the 
unif ''~ina~a sufficient~selection~ pressure' pon

Altoh s1tiVcb 

undra tural. infestation, :frequentlj_;,the 

dn
 
pest population ndorcrop mnust.

-~~e~~iiuatdto insure, selecti4on pressure ad'to Pfoid'-clhance escp of. 
'~~susceptible plant typn nvenJ'n ezeral' ro6du 'e poie..for- pest, groups ormor p~ rspecie., Modification ~e 

a~vauatonproc~.fed tr-~qi~ 
i '~ 

Te technique6 described area''
compilation of those~repo tedl h~itew-ture-and 'teinoun1& deta~il
 

SSeveral 'aphid i i _ 1 -ogu .edig~eistai'l 
and mature ~plants &api be es fully evaluated -ude " . tt ~ taion,--royided populati'6 hreah uifo M; highvesi aprpitetms
D~'ueto ~the fluctuation and saso'aiy ofnatural aphid pojJltions,; tech-S niques are often requird to* eauate see3dling and adult sorghum plants for
resistancelin the, absece'fnatra infestations 'The followjng techniques
~are common' for evaluation of 'sorghums resistant to t he greenbug, 6chiza phis
Eraminum (Johnson Stel 19y16 , Starks and Burt'on, 1977)

'\~ Greeinhoi-E ngscceenng, Aphids ar"raei a greenh~ouse on 

metal"cans. .A ll ojf Soil' 'Sand' adpal is th rfrrdgvSmedium. ('If soil'aoe susd sand should be used to cover seed _-'A small
Qamount of complete, fer'tilizeriis added to *hesoil rnediusr SBoil~mx
ized~ ifaresessae e are 
'sterilzd. ~ ~rbem'Se~~plnt' di ~ ~ itu~should be treatd~W'ith a~ 

~a~e, planted to a depth 'of2 5.cm''orcoerd-ith' a~do that, dept. 5Sand.
preyents eiicess water evaporation and~aidsri keepig cage~bottomd 6iean .:
'Prir to plant esergence, .bottomles~lcyiihirical cage is."inserted.,into theroil-or.sand to10prot~t,esirging plants from prematureaphdIi

t~oexclud1e extraneous insects e, pecially predat~rs and parasite 

etai
.CgsA cobstructed thileavn1 areof, 0-0 38l' CML tcrrasaen
 

nitrocellulose film, "0 e vaisb cgpapproxim~ately
Li cmc

3S~ihgh.,and 14 am in diameter are, commonly used.:,Vetlio 'iI provided-q
~by-cutting two,6,3 cm diameter holes in 
 opoigsie,0fTh1 Izti
the'cage'.
lation holes and cage6 tops are covered'wt . ie ehnln lt ih 
ubber cement, These cages canbe washed wihaml c adrue.Oc
 

s ca n
 

'Vg 

i 

http:adrue.Oc
http:parasiti.sm
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plants attain a heitght of 15-20 em (ca. 2 weeks), they are infested with ca. 
200 aphids. The culture should have a maximiu munber of ahi Is two weeks 
later (Fi1. 1). 

Plant bale- Seed flats 
nSoghum mix 10 rows-SOseeds each 

in 9"pots t 

/p14 days for 
plant development Thin plants 

to 20/row 

Infest new cultutw pot Infest 
with 2-3 plants v.kh 2days fter 
greenbugs ptant emergence / 

2- 3weeks 10-14 days 

for devlpmn 

V1l Rate plants 

for resistance 

SCREENING FOR
 
PLANT RESISTANCE
 

FIG. 1. Screening for plant resistance. 
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aTemperaturie and-uidtrql~iemnt are ofe& cat moreby' the' 

tua~eeac'Ovovi i~aoy semal produces n arage
 

of 00 nypoaver 20-da eriod;.
 
nl g ZedBreding-5ines o uatetpi eaq ar-aneE v 


meta fltr35 wise 'x50&.long x . mde lfilld wthioi to I bot
 
'Fabot.2,' a2.5 c from the to e, qalysaedrw 'c ep i0ar'me in 

ma acmoaelentriea if4 ne entry isplan4 per .row or 20 entrie in~
 

rows17.cmlong A est c n nany numb, of ifiatsa, peunr po
 
th 'uppl ofalah an vailabfljehia@ spce 

ApproteXl h03 e planted pe o and' thinined
 

to bobut 
 twio-tirds that number n wek ter plant .emergenoetWeee 

flat aa control. If breeding selections f±rom resistan~t crosses are to be.
 
eluated, th reistant parent used iin h rs so~uldb included as the
 

Afer thninplantsar inetdwt pis alae,'n insta'ra 
by brslgo~hkn ahd rmclu plants-fairly uniforml overfas 

and allowingpoIoeifse, 'cutrelantsbeween rows~pl.aIcIno

~ cawt~e tatplntp plnt ~re,examined~aboutwo days, after 

apbids are applied to,,fats- which nave inadequatebeinginfested and additlonal 
considered adequate.
infestations, FoInou to tend greenbugs per "lant'are 


'~' T before andafe neb tiA
t~fX~Tta aele1,uncovered 
Genera3y 'plant in each~ flat are:,ratedfor 'resistance 'when plant linthe. 

sapost infts-~
susceptible,'contrl roware.ne-rdeath', usal~~..10l-4d 
viua rtting of an enti.re row'ia -possib e or nsegregating mpta a 

Ins'egegting rows,' individual ylants can be rated.'" ~A 0 to'Lrating sstem 
frseedling ,evaluation is feasib~le, Lwhere *0- n?: damage 1=i-g0 plantb ne

crosis,,2,=72l-30%' 'etc.',and 9 = 91% necrosis o( a dead dyinig plant.or 
; Adult Plan~t Screening. .Leaf damage ratings' are, fairly easy to mIal-je and~ 

' offe Ira' good~ measurement of' resistance if an adequate;' natu.ral, 4'p.$d infesta
tion occurs. "!The following .rating system isfeasible ;for field evaluation: 

no d$amage; Il=,red' spotting 'on 2Laves;,~2 =.portleioni of l~eaf killed; 3~' 
I' leaf killed; 4 - 2 leaves killed; 5= 4, leaves ki~lled-, 6'="0 leave'i killed;J 
7 =~10 leaves 'kifled;.and'9'=.dead p~lant.t Daa'may e~
7",":leaves killed; 8_= anmeaphids are present~l~~iollecte 'growth sage, when 

ou1''hilb etimated. As, -pan ro h-k hud.b recorded atlh time 
aphid'. ut n dage r ag are mae ; stagqes~deacribed by Va~nder

ipL( hid' p I umarletly among entries, 
andcation~fth&'le ve, f 1fettoin y qan bemade usIng the 

~following- code .after the rating: 1=lowi4ncid'x ,ce, 2 average Incidence, andI. 

' -, *3' _3high incidence .~~''" ' 

), l late'iative~to na"ural infestationsof, aphbids',in, the fed sthe use of 

cags.Cage a e relativel, large to tenclOae groups of~pntire plants or they 
can-bee'smal plastic,,cages attached to aiportion of a 164aq",, arge cagep should 

' be; constructed of rnetal~ frames cov -eredL with small mesh sck,,en to exclude para 
sites, 'yJlarge cages" aphid -pplto eesices rap~idly, often ~to' un
naturally high level&. Populations~of~aphids on artifici'ally infeste plants5 
unider ces usuall ic-s ail nddn~~ a ~accentuated.- a1Lla, 

-'tic c~lip-oni cages~can be used in the field for. evaluation of reaistaxi'ce "mall! 

4 A'. 
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t e ~~ b - ~e # -4,o 

etC o at 'leat ne' ie. -Fv41 aphids, ual' y 
d.t"A rah'~aewt'a'sal rsl keepte4r

-a bnu'sh.eg The" s 

s t rd~ted~. folowng a1tbachmert l aonth oImnsetat*eave a a' 

Ily 'ncesaryt cae, Igs-fbie xae eaersu-e -qu Ra 

-dah easibl ratin sceeI as follws . 0 noncoi panf~ 5 

msPnce Cateillars, andAm yw Borers. A~ag~ope~fctr
attac ~ grin feeders oras ~stalk bo 

ferent pecies are ecQu ed- difrentgegrahi loaios Most sor
 
ghu screenig triasnvvngepioptrouis seishv.encnute
 
the fiedusn natubral petinfestations.- Greenhousesceng t chiue',


havbeneported for ;a few fthi speci.es attackIing sogu, a 9nd m 

to orhucos deabl mreprgrs ha~been ma~de in 'screenin fo rxea s-;
 
4tance to lpidoperuspest inicrn. ;
 

motlpdpeosspce hni al plantedsogumu (Char1962).'r'
Fi
 
sceeintias late wer~subleex3tarO piously pln t ,
 

helps. anurnatural infestations'o 'iakbres Pat saeisapoe
 

Severalt caterpillar species can be reared oni artifical diet, somnetimes
 
allowing mass rearin~g for use~in screening when- natural poplation of2the
 
pest species cannot be 
 reliedf upon. Using diet-produced isets, i is aa-?sible to ensure unif'orm t'ast- plant infestatio In at -desired.-pl3ant 1growth Stages 
71ieplants ar infested~w ti'h eg &n/OL-arae , In gi-eenhouse screening ,

tris, vih 'foliage.feedi ng .caterpillars 2ndor 3rd instar larvaeae placed
on--plants~-grown in flatsa aIIsd'escie ale o pi
 

-~and Starks 1.967). Generally;~ 'eerity,bf~darae~is recorded by- viucl.ass ificatio,nof Aama a Jrainmsyte etl- a1. 19)geusing a 
 f 197(W
Aor 'chong Res'stance to paniclo Wiseiestm0-5 1:(Hi 167) feedinrg "larvae is based on 

1_ relative amounts of damaged seed, (Buckley'and I urk Iardt. 9624'163Y) . 
--Commonly,- especialj1y for several-lborer--species6, -egg~massiLes' 'iathe "blIas 

V head"stae are placed on the underide of±tte'top':l1 es ts 
-(plantse , atc 1963).' Reactiont bri
 

tage infested taJi_ (cavities in the peduncle area5,1 en otunne and
 
-percentage stl Vbieakage and lodging. :'Early leaf. feedingk1by borers miay or
 
may not'be highly. coreltdwt-se and:1ength- of -tunneling-may
aunneling, 

ntibiaated to yield-.y>~ 
 -~~-c 

,s~orghum Midge -,Greenhous9e techniques for,,screen'ing aorghums for rss,
~tance to the sorghun1ide are not'available becuse':techniqueas fo riii


~ally:,rearing the insect have not~ been developed.. Presently,naturally occur-
'4ring,in festat ions in field plantings, mustbe irelied upon.A The unxreiability,
and/or 4fluLtuations of iiidge po andtvariatio n~of maturity in;_
~test, plants, as insegregating row art prbe s sociated w~ith'
 
field screening sorghums for this pest.-----~~

~-ffj-~~ YV~  -~~ ---- - V1, 

0~44 <! -4~--- ~-~ 
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:Qmr ingmd'ts atan'' by d'elaye Panting,-

hia"~ n rdich'midaplatin~of- etbi soisos,' bl QhPopulati o s c m aih'elbyth' me htts.eInte'lte
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IW r ssishobrae't ifeetiate~midge~s m grains birddamagema'~r 

S4and evaliit.Iort'g , h presenc of.-humidge co'o n 
 thl ctpoflth~edbylumel tdl 'tatSh"se was? damagd&tic'b mige.wide 
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DETERMNATION QNCESIECHBCE C H 

PIanvt resistance to insect an mit pest 0only is divided i t~ thiree 
1958Y, esistance6 mechanisms invo!ird-tLzi host.j-j'ft -clZonsiphs-anb-dter-

&-vElT-at-1-tb -_66n 'n mlyused ir s~creening diI ezsegempa. R~esistance isus sallysaresult of more thanone seh-

Difretaleer'dth ,ae cage, sects nd itiai.of inecs~ a reistat 

sst ibe sorghm lll~e
sis~ . rind allow the perI.eatchi e f
 
doe by rndo' t~ nt, andsusucpilt eet
resista 

arrangemet'tbre reosisrttac ~can s teemrgnce, easpen~pst'i ;tif .
oftelce of plantsiat, a rivi'es~timathsnm o est plans."'; Tesj, pla arlconteent . withn aecage nec speshe, on s bendvdl tet,"nedant S
 
ar rit~rasf atulastfurdysate.n
 

corparTe roleuoi'oty'slan reistnce ionsghu in4etmngmnt fmletoso' an te ia opnn~~~~~~~~~~y ande res alit4
 

related to 
sibl damaghan -eventually toot
y i. ~u~ 

pThesoghu ofht ant me sHvvr~±orghmt nteUtnc petmngmn 


largely, an insignificant consideration in sorghu production.4 &It" i",,nspeIculation, bu~t possibly'chinch _bug resistanit soghm were,4- t..e Plyre sponsible~for the decreased severity ofteps. 'nam-r a; dIuringmost years, resistant sor~ghum vaIieties KprQved tr.be4 a' inosttractic al, neisof, control, and largely, replaced~the creosote -barrier's whih'er1endedfr cot~o~f oulations migrating '±ron small grains;.3 
once recomir 7 

2Rsaccnducted prior thte introdu~ction o combine-type sogu
' hybrids revealed that most milo varieties of, sorghu are highly, susceptible
toci~~u aaeo'(ae 
 92. Several o th e sorgo~varietieBs are rela~ jtivelyresistant,' Aglas sorgo being 'one o±'-the miost resistant. Most -of-thei4
4
444ftr'varieties~a1so exhibit resistance; wb'ereas,the 

i,? feteritas aressep'tileo~nem~it 
in reaction (Dalims 194~3). Data collected 4 for the: period~y70 192313 to shwdta osdrably more kafir than nilo sorghum was grown4n' the _chinch bug infested areas of Oklahoma., Kansas: and Te~ "s,whereasThmore<'
- milo was in wheresorghum grown areas the pest-'was less serious (Snellinj~g7 ta4sl. 193Y) . ~ 
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al fthe sm~aiino rae-ared~ comoe'h ngasadaein theMaigeenv tant m ilength, G.
 an areat din alowreivieltS_shr~~ ' alfitod o nyady rto 

s elt or avlbttredy. Te'njr: .cue.bo 'he h larvae- fteingay-rui'y-revinticidral 
 o ndreeat pment entu1o inTyin "hese seedtos,~Judemet-' ecis2insfrainscic9 n~1~rb~durin~sseasonc onero'i'Jihin andsh
permit theebuldu ofshigh

plantin or~i
mgeureiy, dates,i , nieafi gt1',fl er tt i'i'6eS i~inceer of cmdeto daagn in e cs~ onie. isdpnsi i recomm e to eaea e coipnen in th n bea~madteg.- Th pree' 
midge destea. tre~ iedyitras a~ Jsiidil~a rea
Rel tiv ly esma f 'org um~ re owpla ted l 
 e u t e nthaar a reur inbecticidal reaement torvnlsFrteestainjugmet deiios f orhu'ins vetiid ' contro am erebasdi co noredthaeresold. 

an (Jrofnofl oer u midge alt' per' (ale 3)edsoe Iheauti gmsa tillprsetith e e tof v _dy t r a s c n tr a m n h u d b m de e( tpicto t 
 :al 

-A' La '' i v -d ,i h t e r v m 

a e *A~tutfidie a; ' s y i l o e t i a , e,ss a ir ~e ha bn~d d am d n' g 

- 4V'A*ohr atcmyson-eaddt 

th 
 g maaemn 
 statg.Soghm.
 

m ~eJ i n e t f r .,T x a s 
 r u v s
S o h m o n e i~n p og r m v e~e i s c v e r d t h t ea r si s
 
totb pe-,onsne'\ . I~4~i97 ) (T e 3)I. h s ei t 
n og uswl
 

http:recent.ay


taeospatcul1arlyr during sasns whenwah dto -a uifa v-'
 
ablfo eal planting. Insomear!~s of~ ',htate, espec
 

mre efficien seo natua'ranfll oreri soriwn
 
th cole, partof, the :sea~o_n.T i :advantgeous yXeld-wisel-e
due ridinirqieet and prvdeont~ential ppr!oach~t b ea]


ingwit . ras'ui.t w~cK. increa'se ,in abundancez after> th.hed
th ~n~., 

sge ota' bm urn pbid of bQVt, dry~ weatiih
 

"~Piesrt,research' jin Texas dt of'.comneris' directed e~veloment
~cialy acepabe~umdge -,esisitant! sorghum hybrids.,n t59he deterinion
bof
resistane mecnism Re istawde4n isot as oiatihrie laatr,a n 
is apareql~y lygenic in nature. Bohprna~ie ut:okesterss 
tant character ~pnd experimental 'hybrid's of resst xrsstn parents haveexhibited high anid effective levels~of midge resistahPeiiar6eerb
 
cwrslsanc mechasrsiatesantibiosis to be t~e'sajor, resistance mech-

Pnism (Table Zi&~Pbut levels 'of norprefeienc'e also are exhibited (Tabir
 

TABLE' 3,UMidge damage ratings of tight sorghum selections from con~verted1 exo
r' A$,tic lines and five US cultivars; Ltubbocki Texas, 1.972.; (Johnson et: 
 -


Group---ae'7 ,Man. forDays, to bloom 

IS 12612C' 112 ~i39(l) Zerazera , 3. 66."IS 12666c w 175 ' 39(l) Ver azera 1<~.0 ~ 66.59~ 
I.Z
Is5 2508q~ 41 38 Caudatmm/Kafir 30680
 

TS21C120 39(l) Zerazera' '3-. ' 2 70, 0"'~ ~US 35,74~c 239 W:39(l) Zerazera , i3.5~- .to 0 

is 1G664c " 173 V39(j) Ze'azei'a > 1 .5 ~~> 69.

IS~ Z23,o 4 39(l) Zerazera )4.5 68.
'-2597C 

P Tx 378 6>' 66.o 

'i an IS niumber in' given to, all 'srgnzms in the world col ect on;~the C'follow- "'
 
"2'Ing IS, numbe' denotes that-~the sorghum 1ineas has ibeen~ccnvertea.K
 

-, the''code by which thmese sorghuma ve~elidentified duyth~e SC number denotes 

SIng conversion."-
 ' '' 2 ''2' 
2the, group nube~br and names of~the exotic variety-based on a'Modified, n' cr
 

~~classification.' All selection~s a"re 'In the race Caudatum uigclasdtication

by.:Harland and deWet." '"
 

<U~i'5%damage, 2 = 5<1l0%, >10l<20%?, 4, 20<~30%, 5 >3C<C60%1"16 >6O070 ' 
- '7 >=70<80%, 8 >,8O90%, and 9 >90% " ',""1 

_,A 
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TABLE 1;. Number of sorghuvi id(,, alult s eser, i n. from sorghum 

Li ne 

TAM 2566 

Sc 423 

TAM 428 

Tx 7000 

TABLE 5. 


Stage 

Egg 

Larva 

Pupa 


Adult 


TABLE 6. 

Line 


TX 7ooo 

TAMI428 

SC 1423 

TAM 2566 

panioles. 

d t / Lml .e CoUN.,IrJd to Tx '7000 

6.6 0.6 

) .7 91 .3 

)12].8 68.6 

,513.8 

cFerce0!,ac (," c, !4pi- of' TAMpielets 2566 and Tx 7'I 0
fjutl, to 1e witathl each Life rtage of thew1fih sor

, aJtri doe. 

Ti S )i flerenc- twen ]i] 1sT' '( 'ATiT25h6 inleatw. i ci.v 

2.2 7.8 61,, 

lO.3 5.1 50.9 

6.6 0.1 98.8
 

0.5 0.1 85.2 

Comparii on o:' oorf,htmi. mdre adult members per panicle
colleetel by pltlc bas To deterrine rnun
preference a!ron re.sitant1 knIi :ala eptil o'i 

ean no. adults ol lected ail, 
1976 
 197
 

0(.(. 35.6 

I1. 7 19.0 

50.3 11.3 

11]. 8 2,5 
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Greenb 'g and OhrOth Aphids~ Thrafrt~ outl reak of hSeenoug in sor'ghum"
o&irred~in 1l965rin? almost all areas of the United Sttswee,,rhmi 

d_ 2 .b tp,,d;,eriA,,ho 

2Thir'igrtj~n
smal grins ter, cangijh.9681' (Daniels 1977).
SThe greenbug is'appoimatil . en' in color with a16'immjog;-ighit, gi

darker green:46rssil abdor~ni stp rbgsge anid tipa o~f
~the once:ae:lhk' lt~n~ Imabe.presert the sane ~-ii in 

~odce'iv'nj ptimsumcoloy emaes oun 2i'al.'d une 


ofs~in-duiring a"25 day perio(Alm'd iid a.,1969.,_
 
,;A~Infesttions'are; detectable'b 'Aedish pots onithe leavesL cau~sed. by. >
 

2 toxiOinjected'iinto the plant by aphids fddn~nclneso~h nesd
 
Sof 'leaves.~ The reddened- areas enlarge as greehbug' ini'ricrease, and the~
 
leaf may, die, turriing brown from the outer' edges toward the: center' -'lso,
~4greenbugs transmit ~maize ,dwarf mo~ai6 virus (MDMV) and may predispose sorghum
 
to ciarcoal rot. (Danielg and Toler 972, Frederiksefi and'Daniels 17,Teets~
 

"Genbgispesnlyakey pet;f sorghum~ in most are s of the'United'-SStates where the crop is grown, especiallyte ra pis. mll ri'"'
 
primarily wheat, provide a winter host. Where the growing of this.
season 
crop does not overlap that of sorghum, grasses 'such as,-Johnson grass Sorglum
li aleipense, Linn--serve as intelim hosts (Fig. 2)(oe~n Teetes 1976).1'.

lGreenbug may be a pest during the seedling stage of sorghum thoughicommonlyp

~it~does not~rea'h damagng 'roportions unti-iafter heading, Ineither case '
 

~Ysorghum generally. becomes infested soon aIte~leiergenee. Th , aphidla rate"-':_~

of increase'has' bee~cr de ni.fedt e-shg s 20 'fold-pe' *week:
 
with~an . verage of. 5-6,foldper week throughout the season .(Fig. 3) (Bottrel
 

197)., prngrais ndpredfiles cansuppress this ;increase.
 
SSeasonal.<abundance ,pofie *of 'the pest, in 'orumIthe?,Tea H~igh ~ Plainis heown peak density levels to occur in late July to early ,igust-'


(Bottrell 1971, Teetes:1971). Abundance oi' natural enemies has shown.-a churac
'- teristic lagtime of about one-two weeks, and native aphid ipredators often do
 

r~ in check _ The maj~ior, seaona~m 0
not, -hold greenbugs (Kirby and, Ehler, .,977).

Stiity factor of the greenbug has~beed-parasitism 'by Lysiphlebua teataceipps.
 
(C res~h)'whiich usually causes a rapid decline in~greenbug population levels~
 

ty i&-ugut (ig.3), Teetes et. al. 1975, Walker'et. al'.P1973)I~cne

'c.uentlydinly about a two-week period exists in 'which greenbug'numbers many,'
e&ced tie-damage'tolerance level of sorghum." ' I .~ I4 < r
 

i-'th soles of~persistent systematic' insecticides yiere -initially reliedeon
asth slcontrolling agent of terebg njhm.Tesvtreatmen t . 

Swere-highly effective, but at the s6m.tm ee,'raly_'xc ideooial 
di Iruptive. Consequently, a s ystem q-"in'egra developed.u,;Eco,j,ed control was o 

~ logical selectivity was achieved by dosage rate manipitin.o. several-approved ~ 
>' organophosphorous insecticides (Cate et. al. 1973Y'.' Extr~mely low dosage rates 

~!~~lb vided greenbug control,ye,) spareioto aualAIacre)1pr h

occurring beneficiaJl'species (!Te'ees'92,.Teetes. et. .al. 973)? Treatments~ 

Swith'selective insectiicide rates~hv thL tFthrowing .therba'lanc'e back~ 
in'favoi"'qf'natural control by preserving natural enemies- 2 Such selectiye&' 

Streatments are applied when the aphid population reaches to~e er'onomic thre~hold~ 
S (Teetes and Johnson,1973, 1974i)., When'properly timed, only onedinsecticide ap~

plication is r quired and resurgence of~the greenbug is prevented by parasites 
an predators. i 'j '' - T< *' 2 

C -"--'' 
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FFG. 2. Searonal aibuwlar {es of' 1,ruunbuj arid selected beneficiaL species instrfhimr wheat and Johnson irass and tmperatu e nd rainfall., 1971-73. 
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FIG. 3. S"asoatat] abur~Jar,, 
 Pi i ira of the i-reenbug in grain sorghuni
in toe Texoa:; h 

RIc~~ de''op',, fI in t icidef
t r(o' i Stance by the greenbug greatlyhivepe" the e";'2 o ' 1
'ied oe' rvb'- on 

s ,'t'c c t1ieraeS. Laborato-y tests confirmed
' '-: develupment at leveis cf about 30, 10, 3 
5 . :rid' 1- ;aI; )tl, Jirithoate, phorate, and11parathion, respectively

('[ "' e. Ii ) AAcontinuing. efTectiy is b)eing made tc, ideotia i'r;'n-,, :','" 't ie1n'.;ectic Ae:; (Daniels and Chedester 1975, 1976)..oIon ter ', oi rreenbiis resistant g-elr'm plasm were Coundor-h., ich " (.-5,1-, I 0 iE 800, and 
in 

PI 26)11453 (JohnsonI ). 1 .!e; et. a!.1, ' ; breediF m'aterial'-, were made to eommetc£Il seedc -7 Ialeo , i,;bo-atory an( 4 fniell xp-Iments have identifiedof .l0i;tncv, in tl',:e("1 , 
the mechanisrus 

:as moderate levels of nonpreference and antiho,;i s. Aitibiosi:i I!; e presi;ei as a increase in the durationl/t -, of the develop:11 pIrofe,'y per adult, adult longevity and durationc,I the reprotuctve ,.r Io. Tle primaP-Lry ie-;istane mechanism has been shownto be tojer-ce Teete-e. al. 1075). Oreenbu, rc;istant sorghtum of Tunisgrass bck{[roini rediu.U; gr(-e'nbuf numbers as a ren-tt of non-preferenceantibtio:is ind'Lo ron- the ecoi.omic injury level through tolerance Teeteset. al. 1975). iesi;tant :or' ums -'re complemented by greenbug mortality
caused by natura. enrie. 
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4 greenbugs, en o 
~ cause n equal am~ount of 4'ield',oss (Table 7) oee the a mopn odaag,ha i,'te amaiourof iwaf loss oeresi~ ~Jsrhns~in sini lar amounts of yield loass wheni compared tco ssccejible, sorghums Unde~atnral conditions ,resistant sorghumns were 'not severely d 'aed, and oL y underutfcslyp~~econditions such asciE, ec de, predaKtors an'd parasites yas'this accomplished.


Biol'ogically', thle resist~ant. sorghums~had been shovn.not to be, ecological,di'upte. ',Tot determine this attest 'was -conducted in 1975 where-res ian ' nd suscetble 'sorghums were separately isolatdinW ahatnfedwere theL 
as in past .experimelits, 'greenbug~ number~s w~ere lower iii'resstnsorgAum tha,a
insusiceptible sorghums (Fig. 5) Similarly, as 
w .bbe e,"etd~peao~numbers were"2ower4 In resist~ant than susceptible sorg1um'(Fig 6). nter'in
 

Ineetigy 

$:1,x 

A
 

r 

-l "1' 



Gr~eibg denslities'and daag t 'esi.stant and suscepile. sorghum, 
hbrbiids, Liubbock,4 Texas, i75. 

Greenbug/plant, Leaves/plants. Yield/ 
1[lrd rior to treatment, kille acre S-s~ 

tilej 61 Q -a. 7wF a4 

JxITX236 640a JTOa:5667 3 

(A T39 xTAI 256) 151a 3.QQa~ 5000a 33Na' 

~a O'.Oa'> 
(ATx 439x MTl 2568) 88' .8 5850a 29eb 
Resistan 19 ~ 66a 26ab 

copare 5 

Resitea an thea hii~h 


howyer,00 o.6,'th , 27atgva 
5oeIi~rae~i 5eit~~s~gu~uc 

howve, wen comp Tes cotar,in ratithe riloiatol afredaost entary, caes was 

clude predators anCparsits'provided a Aratceap o the vaiiie of
 
:nr1enem esiin-assisting greebi restunit plants.~
 
Biigcl-an.'cl caitdehave';beeni conductedi on bothnativle and.
 

et al 93, 17" ail adC-'eti17);to improve, thie 6ntribution tol
bilgcl b h, et ingmntporm-,IdigenouqThto, primary-parasites 

.1 Dirtel~aa M'Intosh) and s d~y~rsites Chaip rhp., 
1 si hon horae;(Ashie ) A'ph lcn (Pirvanhr); Aphidezncyrtis aphidovoruis 

(XMayr , andThtrasti hus ;inutus '(Howard)~Y 
B .01e beneca o hel.d~the i,indigenous ne'ave las greenbzg 

o eo ca i sucW as Aphiilinus1 

licum .(8Story), a~ p~du a~ne(Hi nd Dr dstorosj;POpylea T.1 ta 

Basic studies have~led,,to, biologicalJsm decoiogical kno'6dge and provided 

InJ~cx's ;'-sorghum, and dctton7. are the two, majo.,_p ad*ndare ecologically'
 
-reiated;, Intensive anA'widespread'use of: ~e ~V nsrhmcud upset
 

the balance'iof predator's and'parasites1 creating''iS pra~n da
 
t" by~&atges, of, habitat diversification 


planiting,!uLjacent alternate, crops- or increasing-predator densities are well~
 
kn own.<i evad 1as 'the major;suo&na naie em-ies which later are
 

acivn cotton.B, e-eriienain Ltwas 3hw~ha hr WRO~aeasonal
 
'relationship in~au ei~ con liahum hidei1 Rhxid 

~- aabn e ff grcenbug an -- con ler-

1$ A' ~ ~-~ . &0~, 
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FIG. 5. S-asonal 

hyL 'ids. 
greenbugr populations on resistant and susceptible sorghum 
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FIG. ". 	Seasna! predator-to-gr,-enbug rations on greenbug resistant and 
susceptible sorl,hu, hybrids. 
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FIG. 8. Predator and pest abundance in grain sorglm and cotton, 1972.
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it~a La1c d~~aoaon ield plant'dl urgn,'wI a
nd vol ~nteerJ onc rass. As aphid nuibers incre ased u "any'host 'ped at s

RIBo nO" A 5 arasiftism~ decreased~ aphid pouainlvl' in grainsor-,rea~ed ' 

6di, r"e$tbao populaine 4 1 in'
eator 

con beian o incre at' aout the s ieti' e tiiat redaor. bea Dai o 
~~~~~~ -Q~'6~ ' Bsed'on thiete '197) laie

5imili'y' of the 2, h~abitat in bi n' 3tpecies comp6's t ch,,te' 

le~ased in gain degi~5'r'.0) ~ jiue ~ ery cotton, 
urghm 51 or0
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9. IPlative similar'tyboI' grain sorghum~ andFICXG' cotton in tzerms or species' 
'- composition, ~''-44/;Ar4 4 1,972. 44' 
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Ote bpids that infeat j1ran 5sorhum :incl~de the,,corn l hfapi
d.ow sugarcane ap~d Sina, ifava,'Forbes;. The'~r a aphid I ~lra4gnrl ~ 

wti-tepatwol Large~p at cant olerae arge number.y 0 his 
in~eo t itu auff-- &io-dmage (Hrding.19 . H'owc'er .adgpopulations may d cas5plant~eath da 
Large populations ifst'in pl.t dugt'botin 5 stageu ycause pr, 

inet.The corn .iVis 'also a vco fMR 
Sinre 968;thepreeloe~ofltbe. corn leaf aphidyin sorghum baa at racid

increa-sed attention as a ' resuit of conf'usion with Agne nbg , sea 
tatth'secies is genshwn a ius~r of~og hbutum,' inesome-producerslappIv insecticide, .to ?ontrol it", does become' an importanit',c~sdeiatio I ifl sorghum~ pest management

~Somecommonly~ used parntal lines, are more su~sceptible .to corn
-. leaf apd',damaige, thai 'others.-f.For example, B' 'Redlsn" acohmon parent of4 

-c 
 orghum bridsis etrene1ysusceptible.. Howvr ~eral sorghum lines
Sespecially some Zerazera 'type> 'arebihly-reitaii to damage by~corntleaf, 

The, yellow sugarcane aphid is lemion yellow, covered with~2etae and hai 
t§wo double rows, of darktiuberacles6 down 'the dorsunm. w-eedinj aphids secrete 

Aa plant toxin and relatively lighit populations have beenknown to kill sorghum,>in the pre-boot stage. This aphid~has been.,observed damaging sorghumn in the
Gulf Coast c.ounties and Blackland areas of Texas , although it also occurs in

''~the.Texas Panhandle 
S8ymptoms of damage in se'edling sxghum are expressed asprln ofth 

(~,~leaves,,while in maore matuzre, plants,' the leaves generally turnW yellow, Pre' 
&.~liminarydata inidicate thatisevere stunting of aor hum-IrestUIl, .tp ' .rmahld~ 

feeding nd toxin~ injection. ' No resistant sorghum lines havebeen identified, 
'~~~althoughicontz'ol tactic and economic threshold-lev la 'e'are. g esalshed.
 

SpiderMites.P Several specics of.s'pider nit,-0 goiikyic)us'spp., and
 
Te a spp.'j infeat,,,sorghum in Texas. The Baks,.,graass mite, (amm)o0 

'~ ~sianks is~sthe moat frequently encounter speciea(hirl9T
 

BM xhiitmarkeld sexual diophismAdut fter feeding, bt ee~;becomne ddepgieen, with the exception of the pulpi~ bnirttotpars of
 
wlegs which -remain light salmon, ' The'female, whicfr is'much large than themale reaches viowrall body.lnt' taou Q0~2~4 T~ieylrequires ll~days at 8o'F and as many' as 621daysi zde iaar
 
, conditions , ~:' y;
 

*Spider mites are 
usual3.y along the midrib~on~the, L-nderside of the lower~''functional leaves. The infested' areas ot ~he leaves 'are pule yellow :ntially-,~y4 and later tke on. a reddish color on the top aide o uber cotine f"th . If mit nt leaves~'5 
b$rs~continceetoeinnrtaze the entire leaf -mayiturn brwn s ,itefnmbers~crasI
o telower leaves, the' infestation, spreads~uwr thrughthe planit.yy2The uxlderside,of heavily infested- leaves: wall be'denaely webbed by the mites.

Intefinal stages ofinetio nh mies m yinvad soguhnwbheads. 
~ Plant lodging may occur. ' -'
 

t 

A" 

~ L~Y 
6 

* ~"' ~ ' '>", #4' r ' ' 4 
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Based ondq~btinrcrs they BGM is4 av oNrhAeia 

Africa:and Asi are mo~re thruhydescribLd (~Ehl r41<pest is enerall,y1estricted to monoctyledsous Th
 

SPiderrilte7~utbre'k are loselyicorrelated with!'reproductive mnaturiy.
of, tit .(~lr.17 '~te an 98) v$eth 'raid c'rase 

moiiur'stessd'plafis:Jig 1) (ntes and ,Teetes 1978) M~1 inf~pestationsaippeal, to be~separat&d.temoal an sptal ;rmpopulationa Ocfeffective
 

''IG 10. Mean adut femal e sp1i4er~ m1te population~levels per\1week,on water stressed and non-stressed grain sorgbum.
4 ~ Q~4~ 
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N~atur~al enei es o'spider m~ites iniblude .severa1. species of penral 
-,aors ,alwel assme which areprey' ecd1c fo~ Fyoh ous mite ie,

Bsoo rhip (Pe rand Ae'tbh~, d ato~sus,~c la t us o lPwitu1imfLeqnt., 
VaeyA ei~stfa~~~i A esminus Dean, ronematius ubi uitis 

and cecomls (D ,l _ 'hef93,Ho_' , predaor,
complex ha itpoie adqut cotoo t?( 'tetanychidmite pestsa n' 

irdicate varyingdegrees of succesi Qr t and~ Botel, 191'lPate anid ?eeb' 
197, Teetes i73, Ward et ai i72). Inset±ic3de rtefistan8'e was accounted 
forccntrcl failiirl~,i 'Tm arieias (Ovens et. al. 2976 'ard.'et. L1 972,, 

n. som rIs- of-.Texas~4he BUN acts, as a secondary pe,s.tI hr trcii 
'all paathonap iedfor aphid control,increal~ed th
 

dal' paahin ap.e artint0 ete
 
~resulit ilitedipre of miite populations, co-n sequently releasini~ithe rep'ro
ductive inhibitory effect of crowded mited colonites (Fig,1)(Kte and 

100 ----41Paralhion 
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(Ml 

of mit coo 
 4~l 

4~ ~ '44 

FI6d 1 eletin frostherI s witeucoviao4'eprorpat6aiprath espco all 
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~tye~ hic maintains green? leave's~and~healt hier

stal~muh 'ongi ,Ithan 'most, lines. intere'stinglyl, it continuies" to maintain
 green leaven-,even, when infested with inites,',consequently, the reistance mech-'


anisapparso'b~Qftheo~e~an~-pe. Thelne is 'higher in total sugars.
thrisanad gai ighums and Ahis~may be involved in the resistance'mecha

4nism ,(F'steriet.al 197.]4' 4 ~ : "'V---" 
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TAL.8-Mt dwaage rat ig ofeleted 3orghumhlie,1975" 

Days to, Suar -


Entry bloom %V mie lef, stal 29gh 

AT, 618xC 599 ~j71 8 7 2.9 < 30193ir 14T 

4ATX 378 x SC 599 718 7 1-974: ~741 , 7., 5
 

.1-no lesf, orstalk deatb,.,2 -,2 _ 0 f,1aa ed 12% 1 

(Difference in seed weight of achi-1'e g1row at Pecos witb high mite popula
tJon ad
te 'ae lnegrwnat Lubbock wvith no'Tnites ~present . --

Wirworsiheecoomi iportance of~ false -wireworms' (Tenbrionidiae)~
and~ ~ ~Elateridae) as ~pests ofsorghum pl~anting seed~1~e1 

Yknown. The seriousness of- these seed pests has been masked~be'ause of thle 
extreme 'err, ife' a rtain hydroca rbon~nitid'ides,ies~ of chloIrinated such 
as dielcdrin whichhave benapidto seed' bet'ore planting'. usualyb cm 

-- mercial1 seed compa ies~ Wirr hav beenj eote prai t o~f 
n~ es. W reo-sape~sorgtiim in the.Texas High Plains and contr~l has been possible using several 

(Dranoel 1g69 ins des applied as seed-o '- soi1%trgatments or~by r'otationj
(Danels196). oiltreatments of' thiofanox, ,Dasanfit ,and carbot'uran were 

more effective in controlling wireworms, in grain'soirghuin thann disulfot 6n, aldi
carb, phorate, or a one-to-one combination of disulfoton-D'fsantl(Dsnfies' and 

MTe current action by the Env!Aonlaental protection Agencytoward banning
certain Ichlorinated bydrocarb.onIins ricide a for- use in. 6oil,,est control has 
-~createdthe njeed to find replacement insecticides in the phosphate or csrba 
mated-groups.~ Seed treatments versus, ip t'urr'o or bartd'applicAtions would re
duce the -amount- of~ toxicant and would not requireiextra fax i oertons.
Also,,there, is aneed, for a oass the wirewrsintemethod ,eertof 
abshe',,6f treated seeds and a monitoring tool for 'determining the need for 

~bntrolmeasures. ' -- > --

R'-~ecent research dealing with these~issues has provided suffticient resul~ts. 
Both mecthods'-for monit'oring wirewori populations'-prior to planting asndalter. 
nate~seed tramn~heiashv been studied.- ere 

SPopulations of the true wievom eus Imellillus(Say),:.were i e
 
-with baited'traps of sor',hum 'seed.' Trap catches werehget1o2wekaf 
--terltrap establishment. The number o6fwire irsfund'~nt~i t1~ twa wece 

number present rw oo Tabe 9)PlnaApopuation'level of~one
wiireworm linear foot of-row-'usuallly ;aporsae percet ofala aprximately.10'per

A~~:the planted seed, which caused a reduction In plant staxldtbut not~in grain 
yield (Testes 1976).~~ ~' -~ - U A 

http:aprximately.10


- -  

'2 11 . 

TAkEL Corn)L n umes of 'i'rewrms aught~ inbaed' raps and wir 
Wo'_er lnear-row ft. and subsequent plant populationsand yild 

'iewdms /baited ' . 

after indicated Wi i7s :~rcet /acre~ lb5/6ace' 

Treatment ]1 2 34 ft~ . seed decrea ,p ' deeras, 

Di1.4 ld i 	 4''4.: , a ,36 6 

Unt~td ~2.1 2,3"1.0'< 2.0 0 3,8(71 26i~ 

a4nsfollowed'by the same letter re~ not' significantly different at thie 5 
leel(Dnal mulipl range'test'
 

.Wireworms were effectively attract,-, i Jbaititraps placed'<12. 7cma (5,iches)
'f'Indepth and which contain~ed 120 gm of bait (Table 10) (Foster and Ward,1976). 
KTraps baited with a 1:1 mi , ure of vheat ard corn jwere. equafiy as4 attractiV'e4 as, 

.~ 'traps~baited'with s~orghum.. Wireworms~dd tapa nr iil'i 
milstu and. depeadr requ reme ts atiered I utua pr act ces, o.;t ie ,fild
stdi d idnot'.eliintnate wireworn populat~ionsrVbut'popul~ations w~ere generally below the ec'nomic threshold (Daniels andChedester l976,.'Fotei, and.Waird "" 

1976)..4 .' a ~' 4~4 4~' 

TABLE 10, 	Number of wireworms found in traps with~ differen~t depth'p'lacenients and 
different size~sorghum bait samples, field 105, Luzbbock, Texas,- Feb

a~ ~ 	 ruary ~23 anid April4 27, 1975.1/-x ,~q.~.''1''V r **. 

Avg. number of wireworms/trap 
Depth placement (cm) Size of bait sam ple (gm),

4
 
"''''4- 4- ~ '" .1 20+500 ' 

.?aeo'r lcmn 12.7 20.3 ,27; 9 6o, 120 ~'2)140 ml~H20 

Apil2,19CTet,) 2.19 ~63' 1'.25 1.67 2.J1 1.3~58"2 

Sevra inetcd see treament reue ieom7ubr aae 

:mntse reter frtetardetet "eloriucedhyrcbovin"'secicde 

4-444 -4 



TABLE 11. Effect of insecticide seed treatments applied for ccntrol of wirewCrs in grp4n sorghum, Lubbock, 
1975, Test 1.
 

Plant rp.

Oz. A! Wirewcorns/ Percent /acre 
 Yield/acre
 

rate/100 lbs linar damaCed and and (')
Insecticide Formulation seed 7t
± 

see2 incre nd 
sce, incrase ncrease 

heptachior 3#E7 
 1.5 0.5 
 0 hE533 (21) bc 3700 (14) a
Chlordane 40i D 
 1.5 0.3 3 
 d 3 (1) 3333 (4) a
Chlordane 8#EC 1.5 0.9 
 7 2c20 i c 3b00 (Ii) aCarbofuran 75 WP 2.0 0.5 0 50267 ( bb 3633 (12)
Carbofuran 755 Wr 

a
 
);.0 1.0 
 0 d8967 (22) bc 0366 (27) a
Dasanit 64EC 2.0 0.3 0 51 25) ab 
 3300 (5) a
Diazincn+Lindane :1+16.65 Wp 1.5 + 2.3 1.3 0 3767 (0) 3200 a
Diazinon 0#EC 2.0 0.3 0 7 cC 2300 (0)(0) a 

Dieldrin 50" WP 1.0 1.0 
 0 550 3 ( 3900 (18) aCheck 1.4 16 813 ( e 3200 (-) a 

l,ireworms/baited trap 2.2. 
2Means followed by the same letter are not significantly different at the 5l level 
(Duncan's multile
 
range test).
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W~hiteGrubs. Species of the genus Fhyllonbikga are ifliuriouB a~a.vide,'range ofbr liutra'r s in Texas.; Dwaae by~the white grub,~~lohgcrinita (Burmister) , to6 Gorghurl has increased in~severityinsome areas.Appro irately lo,00 'acres ar damnaged annually on the Texas HJigh ~Plains.,Adul'ts are brown to brwish-blck,1 13to .9 mm long 'and, are~c-o~molyrrerd t6oas Myor Jne beetles. Larvae 'are C-shaped with br~own heads'and1hie bodies. 
 Dieted food can rbe seen through the shiny and transpareni tipo' he abdcmen.
 
_DaageLourtimayr 
ooocn'.in- several- different-7a. -The b ja aY~_6--dmge ape W, tles~ignificant, is death~ of seedling -plants from
larvae feeding' on .the roots. 7Seedgermnination miay onc'wr and aLsatisfactory
stan&estaish d,"but'within ahrtp'o tsren ortosi4n

cheo ta-11, seedlings. begi n to die' LStand loss ca.,-occrr ithin one week t~od4intens seeeyinfe ited areas . One 'grub is' aie alo plntwithin one-two~feet' iro.f Plants not killed as sedlingsare severely-~bunted and in may cases neve prduce'seid. 4 A third,-type of damage zeSllts 
'~~from rot 'pruning' by. overwiteredas 'Well; EMcretsao
Aplants able to produce seedheads'.af ter ;such< damage,. frequently 

6v 
do not 'have;sufficient- roots to pentld~ii , Occasionally,'lodging~is, increased~bby~,secondary stalk rot organisms. ,


I "JSeasonalfield data indicate 
'
 

delayed planting as a possible mast
esaeseedlinig damageby overwintering larvae'(Fig 13) (Teetes andWade
'-9kt~Ho'iever,:the crop remains susceptibleto'attack latr in, the~seasTcn.'These studies also hae dvaethe fact,thatsome- ndvliduals have a-lifeL

Pcycle longer than one year in contrast to the.'one year life-cycle ,reported 7.W~ali -rLight ~trap data have shown only one major pak i.n' dult~abundance. 

7 az aseassments'tudies; show thatheeonomic ~Injury l1evelgrb is twop) ur foot and the economic injury has been, set at onetgrub per.?
sqaro,(Tee' 973). KBecause of the naueofh grbifsttos"ma~prepant broadcast incorporated appliction ofinsecticide ist required-for' nio "rhen the economic threshold'is exceedd -Effective insectiideds .include diaznon, carbofuran and- Dasanitl i(Teetes 1977)., J
 

Rootwormsa RIootworms ,'especially, the, aouthern rootworm,
corn Diabrcii aKundecimpunctata howardi, may prune the 'roots bfsorghum.. Thda geuuallyr'esults' in, platsutn,,ldig'o1 ''da er" odto;'Ltl esarch has 'been conducted on this spenies attacing 'sorghum ., In-furrow, at;plnin applications of inetcde.rvd4,fet

~The fall armyworm,i' Sndojterafrugipera.J
is
ione of',several lepidoptero6us insectsknown 'as 'armyworms-which E' mth)yattack sorghtin 'Texas., They often cause extehsi'eaf' ragging ,to sorghum com
 

Pperforated-with holes tcaused by the feedinof'the insect.,*The' 'corn 'earworm,
Heliohs zea (Boddie),'may cause similar damagP.Damage':rareiy ,justifies
controlof these insects except ,with heav)in~festations on small plants6 and1general] y those, planted'late in the season.," " .:,"FalseChinchB~. Infestations ofa lyaid"bug _____________,_(owad) 

ininsrghumexasarespoadi 1,but,,they caujseducrsbeaue considerable concern tp6proofthe, occurren1ce of'6e~mely- hiigh population' levels."4 Populattions of the :false chinch bug are normally' conjcentrated in 'smal1'rea of- a,&fieldf"hldand general infestations over an entire-s hiiii.field are rare. They.infest sorghum by immigration of mature' and 'immature forms. Reproduction. liltsnot been observed on sorghum.'" ~ '' ' '' ~ ~' 

'1J 

''4',-> '' 

http:seedheads'.af
http:ooocn'.in
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FIG. 13. Seasonal occurrence of the various life stages of white grubs. 
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Dajnale resul t; fram h11%;Suckil, Joices fr-omt the immature developing seed,
Cormmnl y, th: dIsed acoltue infected with a fungui (Alternaria ,p.) which 
causes the s:ed oll ilto he I'k color resltinF: in further etcrioration of' qual
ity. Dl!1iaced a;el rarely 'levelop fully and are -n-foiderably smaller, softer, and
I igl tcr ii weli'rnt t hroii rlllto l1 e,,t;eed and ar-ei;ubjct to los ii lharvestin;.
False clii ticIb' a in cliu;il;o :*'el tort; on the leaver of ':r, us! howeve r, no 
apparent lent' trots the 
moot lblt , 

tesnIt fr:o.ml:e population level a experience in 1973 when 
,s wtme cola e , te e rltr'hI henls.Ian 


Detructive in.."tatieron
nt 1aclt Iua' th-2 falrse cliinoh b o,,nrain sorghun ariaother 
crops lave bee.trl ret. et t'ra: :;eve 'c"lpartto o'Tiexa: (0iiliels .1958, 1969). The 
pest is most inji iou:; white the jraiein i ; in the douigh atage and Inntifaing i 
festations usually atre concenttrated in !;pots 5 to PO0 feet in diameter within a'iel Id. From maiII lpot and aerilift I d tests , malathi on, and parathion provided
higl levels of coltrol. 'oxaphene, phosdrit and difeldrin 'ore less effective. 



.4 221, 
'4' 

,Al 

Dap ,! to sorghum by the falge chinch 'bugws assese byconfining dif
ferent populations in cages on porghum heads. (Tes -. ,'al. '19h). Redons ~n grain yield -were evident only whe~n1200./bugs ;per head d~amaged 23 percenit of.

"te ee.-Inresei weigh' of wida ed~ teed apparntly -compensuted for, yiel' 

Egd~e~asgratrthan th sedweghtwas there ei,,,t~icra(i 


roint,-ofce efet cure~t7. 
percent, damaged seed or a-pproxi maty 1140 buigs per head (Fi.1T 

SFIG, 14, Compensatory' effect6 of sorghu Ee at vaiu level 

of fil sdaage,1973chfch 


15 

0* 25 k~ 

0 10 15 2 

~ 44' .8 "'4% 

0( I LM ERP WA)Ii L . 4,, '"'4A4'~'~-"2 



~Anumbe 	 of ihcr~aeed-suckcing -bugs'attck S~rghinn;.but l'-,, 
on ±raiet.- Thsea ' iilu'sec sahas been 	doe th1rim1ae~
ies, 	 ThsIep It-icue s~evera~l at nn bugand th)e~la 

~~ Corn -or cor~n "eBoullBddo, i-agneim. The earworm," 
'-dr io (Bdi- i eeaxd injures~srhu ways."lohs 

f o d' ' " l~ f i ti~ ~c u s es e n s ie'e a ifr a o f e nging. n aqrg~f~ d:,com only e ed hib a t v oL 61a e am-ae'iS 

lesLt 	 l e iar more 
:hlo ut tee erel an later e humlur i i1 oliin 

vac prefer watureed 
~ns who e eal ~aconr 

va ree 	 eciieMoeatur~enl' ran'e~depoleiu

~---~~Nucelear polye'tdroajsyhrues e 
 effctienes
valuaeetd ad incorolelineg
cornea6rwlly orhni.,Effectinss o c-heclvirchi"thn6tatc apd~oeab
bu stn"ente rh c i 	 ta cot n ~~ ~~ nsi" 

, oevirn] ga sE~ arnown tha tpearatho paniclpenaedoe~~~ dapgda 	 een~eeeya hos-vithompacy pnile 	 4.Ilb"op-pni
efetieThe 	 cor rcan inarioidm'. t oi asvrpobepresents inorhn residue',.-rhatm,Nuclearplyherosibagvpareuoer shum panices to ins re ellertil ieeftio 

__ the grainll tha re~be, asenirl,.esrye, 

theohi
a ~ ~ ~ i larvaitel 
sorghmincrea~Isethie 	 tefetienes'corn 	 control.i~ fromem~aT earwo'provide'

he 	 i meanseoerecprlxiLm in soguCreig 
 in that
 

enemies.rInecticide treated oie'lon 6agsprvdemeansiof4 conrolling ' 

.,Several" ulse-wihrlt oadonreot 	 Baebe denrsiy. 

' analysis~'of data collected foll6wing'aitificjal infestation,an, "eq uationhwasdeveloped fo reitn~t6nme ,f kernels' that: a 'known numberloIdf' larve 4 .woul d destroy '(Table 12) (Buckley and, Burkhardt jl962) 	 VrhiEstimates' o±i
~ .grain 'losses due to' earworms can be4,made' using the" reitivee4aon,y Y
'71 +~102X, where X==number of larvae p6r 'panicle The,' perc6ntage';*of infetd I
panicles must be determined,.and that v~alue, multiplied by the to- theanswer 

,'Also by regression analysis, it~ has been Ashown that4 as th leve finfe's-Qtation increased'-one'4arvae per pa lce~h il~ecreased4.3.~,perpeicle 
. Ji'.Oinzerand lienderson'.1968). .The mean. yield'per,,paxicle 'at populain'levels~4
'p ofO0,,b,8" 12, and 16 aarvae per panicle was j95.-	 ' 79.5,, 63.9,' I48.l -nd 32'8,gesebblly, 
for one test and 121.3,:105.6 90"7#3?,aid;58>7 ' for a second test. 'These data compare, favr..ably with that of later resed ch-.wh~i-e 'fori'~eah ddtonl-.armigera larvae, aderaei yil '-ocre
(Wjli'on 1976). 'Consequently, "ith]as ~been 'suggested th'at'Lforflso in. 'rowspac'_in; ouain of l'1.~l5, 2, 2.5 and 3 5 larvae per, panicle.'would'6o'nstitute ~ economic :thresholds with' 4,6, 8,12, and i6'-in. 'anicle spacing, respectively. 

. 4 , 4~~4-4 -' ' , ' , 4 - ' ' ~ ~ 4 , ' ' ' 4 . ~~~' -' 4 ' ' . ' ' 4 
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Ml_,i2. Corn eror damage-to sorghum. 
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Wher~se es;wer.e increased bysx:~tlt~a igiiatyafce
alcases., Larval mortality with 20 and 30.laveprail was 71.6 and

83:2perc'ent, rspectively.A 
BDased on the reerhata available,-and cosdrn tact.orscusdaoe teeooi threshold of Heliotliis in sorghum would appear 

dis-
to 

be~llarae pr panicle., The number of bushels of grain that must be saved~~ ne y~iv~3n rcaentcost -by the:aluushl ofi~
rain. If a mare price" '2/ n a treatmen~t 
.cost ~oi0ac 'a dJa avjng o~f at least 2. o gb~rrain/acrewould biemayto c4h&os n Woo 0ra a~grower produced~50 bu/acre at 42.20/bu;4h perac re value, would 0areticfl :, 6
 

~o~~~<rva/palcl ss: ( arvae/panicle)~ would 
 result'.aImancturyloss~of $6 '6o6 ad'$li.bb/acre, reapectfvey,, provided' thatall. ara 
damage could be prevente'b oneitreatment' ,The~losses' express, the maximum' oeta~aag'trbtbet ie level of infestation If it isassume&d 

t rvte.lral stage is c&npleted by' alli individuals and that no environmentalfactors adversely affect te-laivae. (, I1Direct controlr tactics applicable, to managing Hellothis, in sorghwn include~growing open-panicle varieties, manipulating planting time, and the use of 'cheical contr~ols based on~the con~mic threshold level. Another; 'prhpbrodercorridor ofredress to Hfeliothis in sorghum wru~ld seem to ie In ex-Sploitatio f the polyphagous feeding habit'oLftbesezisects. Manipulaio ot~he- secies b~y cultural, biological or. chemical meansin one crop'host: in the~agroecosystem could mitigate In~festations in other~cropsA.\ Studies-,on-,the rein-~tive similarity dPfsi.hum and cotton in terms of species composition, haiveshown a~closely woven relationship, one that through the season,,progressively
acquires greater intimacy. bAn uncharted opportunity for pest manag'ement'seems 

~cThe fall armyworm maty also feed 'In the panicles of sorghum. Their natureiof injury is aimilar~to that of the corn earwom.., '"I'
> Srgu wewom Th Eogu ebworm; Celama sorghlella (iley), Occurs 

'~primarily. in the more humid areas of Texas. It fjrequently- occur s~in4lar'e ,um-s* burs- In sorghum.'head wherei as rcl hlsI th nd fd 6 tistarchy contents. Observation indicate'-that each-larva may cosue as many as12s~d~iV 24 ioure, -resulting in seveeIrop loIs Ises~ (Randolp and arner,_1961)-.
Moths~deposit froml 100tto300~ eggs Bingley an~the flowering pars'ineed~othe~host~plat. Tere may be,,up to isix 'generations, aiinually. For makoir~g''eainsY~for, chemical~coitrol,'heads should be Inse116einfi n-th- lom stage asnd
continued unitil-the hard dough stagehbs been.reached. Ohmclotn~s ut
ified whjen hneads' are infestned with an average offvI'raprhed

and Rand~olph 1960; Randolphi et. al. 1961)) .- Planting sorgieary fenprovioes.
a mreans of escaping, the peat -Al;' "opezad" "so'rghum- ar eealyls


-~infested than~more compact sorglum panicles 
,4 ;tak-S Borers. Stalk borrsinam th . southwestern cr borer Diatraca 

Sradiosella (Dyar), sugarcane bor~er, D sachxai(F)an uaanrot
 
<stock..weevil, Anacentrinus deplanatus (Say) 
 may cause~damage from extensvtunneling arid girdling-of the 4stalk which often 4results in ~stalk- lodging' Only:
lihtifettn hav 
 ingeneral been 4repartedin sorghum.:'Although pfforts~~rat cheiaical control of~brr insrhmhv eeal given sporaticreut 



4QInsecticides may be justified In--late plated or'iatoon soighum Soil,:applica tionsv are required to control suigarcane roeevil. 4~ 

Y, 4,4~ 

S,, ~ 4, 

http:result'.aI
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practcesapear o afford the-most efetive

04ob~qi ai1k destu ii~oi~i~~a
ticesucas:d~ub'q d~c aM'&d~''edbrai 8n, den tioy. the plant crown which 

f'nict thte~y lnigmy saeifsaina are 1l6ss susceptible~ 

stalks ilong wihpoe~riiai n dqaeirgto help preventl2odging 9f borer -infeted stalks. Crop rotation, usneof early maturing vanie. 
ie3 s,an~d early.liretwheqpmn designed to pick~ up' lodged stalks alid 

ani s aiated p sts arg in al'dynuimic state. The progress 
- ithat has been made with Iregad to soghum "entomology will undoubtly 3cniu 
3at mn'acecrated rate, aitjat ee'eee ifcrasingpest proles7

The area cofgreatest, need l~ies iny-the
£t'rerhold levels in ore oeiiaeneln netcd treatmenta'ad" 
to gain~ maximum benefits from the other components or pesi ,managemen*A ' ThisY
will reur nedicpiay problem-oriented, integrated controlapoce
based onl sound ecological principles - 3 piahs

Insecticides, at least in'the foreseeable future, will rerana major~managemnent tool as~they are generally~ effective, econ~omical and can -be adiini
s4tered- quicIkly to curb pest populations In emergency situations.:Nj'They,m3ust ,be 

3-3utsed judiciously on the basis or the potential positive values veigbt-aginst > 
3possible negative valiues occurring fromz hazards-to'non-target 0rganisz'>,K

M anagemen components such as cultural practices, biological control and
resistant plant varieties must be given greater~ cos~rto~ ooutr 

<' production of sorghum. 33 ,3~3,~ The current, literature on3 sorghum entomolog~y reflects the increasing~attention being given to the crop as the world faces tht.humnan'population
r:ood supply problem.' There is 'a tremendous potential in sorgmfor inasd 

,. production of food, feed and fodder in the tropc tht'a e Ahee"vt 
p34'intens.fieoJ research' input on all aspets'ofit prodtion, inldn fe 

maagz of pest3343o 333-.3* 

- %sal~hnn'X 

3 

' 

-
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LAQTRACT 
Sorghurs is an ilmortzit .;:ar im't-d idhlo'0d crop. it is grwi extensively 

l stths.:r 
tion h; inseOCt pat'stdM!Pij'e. R'ih( coraneruial ot' the crop aind tue f'act 

it'mdi and Ar'ic:i 1i. One ui'the ieriou; constraints on produc
low valuae 

that it is 1pr,wn by rarers ilubsjat,2iig.ii rilrglril aprilturaL situations is 
0 ,Il51 0)iet t,o I irumcticijI latu. ]lcorporat,)n or -esistance to the main 
pasta by p[urnt r ef't i,; aftar 'sIi itractive puss [bi I ty Of' Dcat control . Work 
ha:;baa'rii'i 11 r a-a;,1 ya'ars i In dia and Source s(A ' iaistLncge to several 

I,' thU Lrp. atast pas Lt have beun fund. Those are already being utilited in 
Lre din" p rtu fIio tes ase d screunin techniques.%rop of' t'iel 



S~orghum (Sorg um bIicolor) is aniJi;,tanit food and feed crop,~grown on neax
';14. m~ilion ectares in different parts, ,oI' 4 helworld. 'In the' sem-ari&dareas oQ1' he worldf i4toccupies 15.6% of te ciztvtdae nj~dcs~ o 
~ic' Cereal Sri ci of thetota sown, to Isorgl~um, as R oo'm6.8% wr?d Area

((ex ucldin therPeojp~l'ea3-epublic ofXChina), 42. ,million h ctarsi"' 

.1.' h6ti' wee tlioorms a staple

3 cereal' Aet;'of,.millions of people. ':Util, qite 'h nly" 'onilythe td1 slate
 

mat)urink4locals were grown and the average' grinield aaas low ss 600. kg/ha i 
The" release- of'I±first coii-aercial hybrid, in India,~CSH-l"in 1.9 65,' ,shiowd the tremen
dous' yield: potntil' f 'this' crop wit prpradh ieyiputs, 'since! yields as 
high as 5,00-to 6;'000 'kg per hectare 'were'btined. 'Generally acceptability-'of"'~
 
the-fii.st, '7ell~ subsequent hybrids wa~s low and 'until, recently the'are
 
under highyieding ctAivars was only aboittepr cent'of the total sorghum
 

~.area aoim., Onie of the major factors affecting the' popularity of earlier hybridss
 
'~'was' their exremely high 'susceptibility to insect pests..
 

%Alarge number of insect species have been 'reported 'as pests of sorghum in, 
~q 	 Asia', Afrdia, Europe, United States, South-America and Australia' (Young, and Testes,~ 

1977). Over 120 speci.es have been recorded from India (Seshu Reddy and'Davies$.~' 
1978), most of them are of minor or loceal importance.,? However-theshootfly,
(Atherigoiia 'soccata) aend the midge (Contarinia Rargicla).are idely distributedi~ 
and the 'latter is found practically 'in ,all the sorghum growing' areas of the world. 

'~In India, in addition to 'these two p'ests,' serio6us losses arecased by'the stem->~ 
-borer (Chiloi partellus) 'and the earhead bug (Calocoris angusatuis". Other borer ' 

species and'hemiptera are important elsewhere in the world.'> 2 
In view of' the. economic constraints 'on the' average, uorghum 'grower' in Asia and 

Africa and the climatic and edaphic conditions under' which the'crop' it,grown in 
'~these areas, any'monet Ary input for the control of insect. pests' does not find 

favour. The~ available option has'been very'aptly summed up~by Dahinsviz: "The use 
of resistant Varieties' to~lessen injury from insects that attack sorghumns'would 
Ippear to deserve more attention, because the' control of :insectsa oni~aAco~ o o 
value per acre precludes the 'use of insecticides. Furthermo6 ropa of osbi 
-lity that growing of resistant varieties would reueteisc ou aoss b
 

S~(in Painter 1951).'' "'' '' ' '- '"v-


BASIC REQUIREMENTS FOR HOST PLANT RESISTANCE STUDIES v '-

In developing 'a plant resistance program on any prop, certein basic requ ire-4'~ 
ments must be fuflld th major one are: J '> . 

a.- Correct identific&ation1'and'kn~owledge of biology and'bionomics of the pealt.
Unless the stage"orstages of~a patclr:isc! asn amage, thenature-and '' 

extent of injury an'd'the 2 stage 'of plant'attacked~are jknown, it' will not be possible.' 
At'-to fix parmeters'for evaluating~the degree of resistance' 'in a'particular hose 

Plant.' 	 1 
A b., Availability of varieties with diverse genetic base. The 'chancesof'4~' 

loaigadequate and' desirable sources'of resistance will be greater,' if Varied"' 
,~geriaplasm from differenit locations is 'available.'' 

c.. Standardized: and accurate techn~iques-for scree-ning under naturaan
~>artificial infestatior. condition's, inclu~ding' selection of apprprat pand >er 

for correct evaluation,"prpiteaanti
 
~d.Facilities for conducting multilocation screening trials. LThesefaili-m
 

ties will not only hasten the program of identfying' 'stable resistant sources,, 
~utb~2will .'also. provide evidence on the possible existence of lbiotypes! of a parti

'j.cular pest." "'' " " I'
~The Indian 4program on insect resistance in. sorghum'startedon~ solid found

§ ationa in' the 'early 90sbcas hs mao rqientswereet .~ The' basic' 
Sbiology and bionornics of the three maijo'r pests ~'iz.-, shoot' 'fr'"'stenborer and p

~-''midge were sufficiently known, over 10,000 cultivars were available ina 

-Th 

http:speci.es
http:the-fii.st


226 

germplasm collecticn and tile facilities for multilocation screening were available 
under the AI-1 India Coordinated Sorghun Improvement Project. Some International 
screeoing was also possible with the help of Rockefeller Foundation. This work 
has now been augmented by the active programr undertaen by the International Crops
Research Institute for the Semi-Arid Tropics (ICHISAT) at Patancheru, (Andhra 
Pradesh).
 

Resistalnce t,-, Shoot fly 
The existticu f resistiace in sortJIas to shoot fly (Atheriona soccata) was 

ii rot reprted by Plononiya (19,la), who screened 2111 cultivars and selected 15,
which were relatively less] attacked than others. Most of these "resistant" types 
were local cultivars 1'rom South India. Ran and Rae (1956) subsequently conducted 
similar work ani sereenei ); sultivars, 1; of which were selected as promising
resistant sources. No attempt appears to have been made to capitalise on these 
findin, anti' the 19 

6 
0',s when work in several coint-ies was initiated (Blum 1965, 

1967, 1)66, 19', D)oggett et aL 19'(0, Starks et al. 19(0).
Systemati scoreening of the world sorgln collection was started in India in 

1960 r l itfe Aolf I Taforgllniia improvement Project. More than 10,000 cultivars 
were evualijtei at different locations and results of this work have been reported 
by Singih et !1i. (1068) and ( None cultivars asPradhan N191). of the selected 
resistant wa:; found to be inuaisie to insect pests, the level of resistance was low 
to afr:te The of plants was consistent riot only at the Indian locah reaction 
tions, but i, ooe cotitries Thailand, Uganda ard Nigeria.iion other viz., Israel, 
Some of the re.: Ist:ut saurees re listed ill Table 1 In general, these lines are 
tall, Iate mats ring, susceptible to lodging, usialmly photosensitive and low 
yielding aod thus lit. good agronomicaliy. They were however of use in breeding 
pru'-,rTno . 

TABIE 1. Irom i Entries frm the Sorghum Collection which Consistently showed 
Resi staice to Shoot fly in General and Replicated Screening in India 

I.-. 1Io. Ped igree Sorghmn Classification Group 

103)1* 71 0 i6 Cernui (119) 
10511*lo61 M l did iN3-38 35-1 "' " (49)(49) 
1082* 
2122 

Barshi 3-8-2 
Pl 195681: 

" 
Durra 

(19) 
(41) 

2123 
21146* 
2265 
2269* 
3962* 

Pi 195683 
PI 221569 
PI 217683 Shiidadia 
(;A 1850 asuto Red 
PJ5R 

Q2/2/53 
Q2/1/29 

" 
" 

Cernum 
Durra 

" 

(li) 
(41) 
(9) 
(Ill) 
(Ill) 

1i507 
4522 
85 

1
45 

1553 

Sivallu Rabi Phulmary 
Bedri Perdgaon 
lMaldadi Neknoor 
manthi Nandtpur 

Cernum 
" 
" 

Durra 

(h9) 
(119) 
(119) 
(Ill) 

4567* 
14646 
14664 
41776* 

Khond Tarparkari 
Kaoli Vedala 
I)atr'i lDahere 
Maj evari 

Cernum (19) 
Durra/Membranaceumn 
Durra (I1) 
Durra/Caudatum (40) 

(1i3) 

5251 
5285 
5383* 
5146) 
514(0* 
51480 

Ralihi, Shiap,ir 
Kaki Mutani ,onna, Toarpalli 
Karu lur 
Ifinter Jola Myanathi Shimoga 
Yruiagar Jola Sorathur 
liesilgai Jola 11osehalli 

Iurra (Ill) 
Durra/Membranaceun 
Cernurn (149) 
Durra (41) 

" (ll)
" 041l) 

(143) 

51483* Besigai Jola Kadur " (ll) 
51490 Besigaf Jola " (141) 
5566 Allu or Alluna Jola Bapur Durra/Membranaceum (03) 
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TABLE j (contd... 
I.S. No. Padigrce Sorghun Classification Group 

0"* Alin Jolia Jowargi D(rra/tembranaceui (43) 
~
 

i 3*~ ~iLrjad Tenai Jol a Durra (141) 

5615 Katg i Muthi Jola, anJagi Durr/.enbrauacetur (h3)0i1 

5622 Kaba Jola Tadawalya Durra (41) 

56 A i u I., Aj Ilta J.l a Durra/!embranaccum (13) 
Durra (41)5636 ka, dii U 

Ia onor Durra (1) 

5801* 11101 1'pari Durrait/embranaceum ( 3) 
5658 

*Incioded in !, tcrni:tiovol Trials alao (alter Yolig, 19"(7) 

un uinthe r the existing- 1ermplasm base 

by a ly.easi '. -I i:ccti las f'r sorgh0n growirngp particuarty in Africa 
Thie ICRISAT hV ; iurtalt task of broaodening 

am countries, 

ai!dby no acrirb.i jI, %zi breeding noaLer1iiJ . variouos progrnspe.Ppiasim Vini ongoing 

throuli alt,t ie w ,rid, inc iudl ";uch centres A&M. The screeningop as Texas technique 

duvlelpd by 11tapk!; (1l"1') ioLu bCe'i nmuli ied and used on an extensive scale. Fish 

meal rpplied betw c-l test rows g'rownj between spreader rows of susceptible sorghumn 

resul ts ill heavy buiili op of fIy popdftion which mlimises the chances of escapes. 

Grade ew I Id of'afh0o0t fly attack can Laso be Obta rinldby itilising a cobination 

o. ;owilii- Pit aprtcale rep amd fish meal. 

Ireedii,I or Ii'o t flr Resistro e 

to shoot fly starftei iniIndia in 1968. InitiallyBireedninig a teI tc 
susceptiblethe ruistut lid popular local variCty M-15-1 wan crossed With five 

lircs -. i. CK P0-V "'1- , S675-h of re.,ased hybrids) and pollinator(parents 

;irs, ?-H I -ilil91. Since recovery of dwiar plants ill F, was very low, the 

FI plant. were back or,ssed to the dwarf suscepti Pie 1inc. Shlected plants from 

ilu bc 
0 

or prot-eny wore sefod for two paenerations. Uie selections when 

itti lli l,,t infestation ton h' fly proved be highly susceptible (Vidya-

Lltla ii 10 ). hui prop,ran thus reccived an init ial setback, but tile on-

I ain .,lit,:; y h, trom Israel by using the curoe resistantI it iid luTn (i)i9) 
parerit, loll 'oteto t: !,.oiil'Icatioll ii tthe breading approach was necessary. 

The imp pred p. lah; yie!del :1 rtier or prorising terivativea (Table 2), 

which 111;sllca., oily J:A,Plrate level of' nhoot fty resistance but ilso tile 

b ot'eao mediur height, high yield arid early maturity.lea irable 113r a IIIc a.ttr 

TABLE . I ri:;la Reaistoit Parent, Durivativesr and Hybrids 

Elitries Averige eggs/10 seedlingr Average %deadhearts 

Parent 

VZM 21B 2.00 2.62 

lerivati ves 
114.101.33P 151 
16.881.66cSV 5 
11.36lPV I'( h.33 

2.00 lh.59SPV 19 
15.10
3.66
DPV 58 
i4.935.33
sPY 60 

0.66 13.06
It,7 

6.00 17.5 
17.74
spui6 3.66 


CK 6u, x hBP53 3.00 
 10.06 

CSu-i (Check) 9.33 58.7 
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Thus, it has been convlnP-i:,gjy established that shoot fly resistance be transcon 
ferred from The donor parents and maintained in the successive segregating genera
tions, Ii this connection, Rao et al. (1973) have stated that due to superiority 
of hybrids ovr parents and the additive nature of inheritance of sh(ot fly resis
tance, it can be advantagoously utilised in hybrid breeding as well as line develop
ment. They have also concluded that resistance is due to gradual accuinulation of 
desirable alleler rother than due to Ipresence of one or two major genes. 

In the breeding progrmis in progress ut different locations, it has been
 
found that resistant x resistant crosses did not exhiiit improvement over parents,
 
indicating that in the available resistant sources, there i:: little diversity 
 and 
also absolute resistance is lacking. However, possibly continued screening of 
resistant types under heavy natural or artificial infestation may eventually enable 
plant to be selected with an immunity mechanism. 

Mlechanism of' Shoot flylesistance 
Studies conducted by Ponnaiyc (1951a & b) Indicated that shoot fly resistance 

was associated with the deposition of' irregularly shaped silic crystals in the 
leaf sheaths. Blum (!-168) confirmed this observ'tion and reported greater density 
of silca bodies in th- subuxial. epidermis at the base of 1st, 2nd and 3rd leaf 
sheaths in the realistzajlt varieties, lie also reported lignificaton of cells 
enclosing the vasculat bundles i some of the resistant cultivars. The exact 
effect that these factors have on shoot fly is ntot clear, bul presumably they
affect either rmvement of the yolng ilarvae to the growing point or their establish
ment at the feeding point. 

In addition to :siljca deposition, Ponnaiya ( 1951b) also reported that same 
cultivars apparently had fewer egLs laid on them than others. Observations taken 
at diffcllent locations indicated that nonpreference for oviposition was possibly 
the taijor mechanism operating in the case ol thoot fly resistance (Jotwani et al. 
1971, Soto, 197, e:hu Redody and Davies, unpublislieu). The resistant varieties 
were generally reo, to be nonglossy and pale green in colour (dotwani et al. 
1971). By conducting specific trials in isolation, Jotwani et al. (197q-'[ estab
lished the utility of nonpreference mechanism in developing sorghum lines resis
tant to shoot fly (Tables 3 and h). 

TAKZE 3. Oviposition lesponse of Shoot fly on Resistant Lines of Sorghum 

I.S. No. Aveage ,number of eggs/10 plants Average % deadhearts 

2123 3.00 12.)41 
21),6 2.67 11.33 
4538 2.67 1h.29 
,66h 2.00 8.ii 
5359 1.33 
 10.60 
51470 2.33 19.61 
51483 2.67 19.011 
5490 2.33 10.58 
560h 3.C0 34.1114 
5613 4.33 
 27.75
 
5621 
 2.00 28.57
 
5612 1.67 15.01 
5655 3.00 
 19.72 
5801 2.33 25.17
 
Swarna (Check) 12.00 66.140 
CSII-1 (Check) h.67 83. 45 
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tiiyof' Nonpreference for. Oviposto i n Shoot 4fly Resistance 

Isolation Block~ Main, lock~ 

~V~it Average ~1o. of Average %' Average N6o, of Averaggg/lQ p'lants, deadhearts /Oi~i 

5801 , ~ 8.~~~~ 6.8 13- 330.~ 98 
Swara- 38 82. 

Studies inprogress at~ICRISAT ~have indicated some link between nonprefereince for
~toviposition' and the presen~ceof trichomes (minute''leaf hairs) on the undersurfaceL 

oleaves (Haiti and Gibso, in pr'ess). It can be' postulated tha-ttriciioms culd 
hav6:'n~'effect in, two' main was:/ a) by'; discouraging_ settling 'of,the 'adult fl~y for. 

~.~~oviposition snd<,b) making movement of, the larva tfrom',eclosion site to the leaf 
shah ~h:ifcl anid haiardous for the delicate first stage 'larva.i Stuidies 

oritheinhritnce of rcomes ave indicated that presence or 'absence of tri
~homes Isccontrolled by a si Ingle recessive gene' (Haiti and Gibson'in press) .42 

Further work on this" aspect is'in progress at ICRISAT.~~ '' 

Sn a series of trials conducted under glass house conditions ,the resistant 
an~'~dsusceptible lines were artificially infested, thus excluding nonpreference
It'was observed, that most of the resistant lines showed 'lower levels Of" suscep

,>tibility (Jotwsni and Srivastava, 1970). .It has, therefore, been 'concl'uded that 
iaddition to~nonpreference, there is ceti ere ofani iijnvolyed,1 and;

the~observed field resistance is due'to'combined effect of,, as a minimum, these~,
*two-mechanisms,7 Existence of asntibiosis has also been-reported by 'Ses1hu Reddy 

'Ver little work has' been 'done' on the factors 'associated with antibioSis. 
.! (1973) shoot on and'susceptible1,oshan Sin~gh studied the biology of fly resistnt 
varieties. He found that the' larval and pupal periods were' shbiit&riad weights

;~and survi'val higher iiissceptible 'varieties as compared to-those reared nnresis
~ tant varieties. Theestudies' indicate the existence of biochemical 'baiisof3li

~resi'stance to' shootV 'fly.2 :imilar observations have also 'been recentiy~reporte-d
<~'by:Singh (1977). He found a higher percentage of nitrogen,'1 redI cIig sugars:, total" 
' 'sugars and chlorophyll in susceptible checks- Very little' differ ence was observed

~the aino acid complements of susceptible and, resistant'varieties.,5 'Howv,'; 
'~vlysine, which was present inthe leaf sheaths of susceptible':lie6k ''(CS!C'l')'i~Ws' 

t'not detected in the'three resistant yarieties vI' IS lOS4 v IS-51469; and 'IS,-%O
3 Preliminary work on other, chemical's involved .in antibiosisl effectsis in.

S3prugrecss'at3ICRISAT (Woohead, unpublished)~"' ~ 
Resistance to:Stem Borer'.'"4 & '2i' 

' Two'borer species'iz., Child partellus 
, 

snd Sessia inferens have been rec-' 
orded on' sorghum 'in' India, however, the ibr-mer is 'the dominant species an is 
the one on'which work has been carried u'., Th-- existence of resistance ifn 
sorgum,aieties to' Chil:6 was' first reported by Trehan andj Buai3!49 n

~confirmed: by.Pant at al. F961) and Swarup and3 Chaugale, (1962); ,'t~k' n
 
Dfoggetti :(1970) :in'Uganda~'made significant 'advances withboth breeding rneiiidoiog,

and-incorporation of resistance characteristic s, VfXu.were'. uAnfor bnat el~y &b
 

-to~continue,'their 'studies. Some of their lines were' suibseqentlincdororted~ 
iA6d_'tte 'rogiams~ at'.the 'Institute of Agricultural.Resear ch, SamisuNra nd 
the' ICRISATI screening programs at Hyder~abad. 'InAfrica, the species'invo'ed 3 3" 
are Busseola fusca, Acigonia ignefusalis and Seamia app. in, additin to'Chilo 

SUnder the Indian program,' systamatic screening for borer'resistsncewYas, 
<~ startediby'Singh at aL. (1968), ,who'screenad 3,953 sorghum varieties from -he 

worbld germplasm collection. Thestudies were continued by',Jotwani'.and co
''workers who~ screened additional 6243 'lines available inI the world collection 
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and finally selected 26 varieties as highly promising sources of' sstuance
 
(Table 5). The screening was initially carried it, uinler hish trntura infesta
tion conditions and the promising sources were eva]uated by artificially
 
infesting with egg masses. For obtaining large number oi' eges, an arti icial
 
diet wa:s developed for mass rearing of the borer (Drorrt i .,1970, Lnkssni
rtarap'et' lin] Sote, 1971.). An improved diet giving 60-70 -ocr cent recoveries
 
of di1 haqu been r,'cently dovelspd at ICR! AT. A dispenser ise] at
 
CIMMYT (Centre h.ternacirl dcoejorarito de Ma,%: Y Trige, Mexico) is be]n[g
 
used for artificially infesting the test Il.Pnts with ' to 7 newly hatched larvae.
 
This methdii has been Colnla to be rapid ald accurate (,e;hu Rieddy and Davies, 1979). 
A raetue o1' tiet world -r'riaiih goras. is now he lll" subjectedi to intensive 
screelnin11 in bt, 0 Its oSq al]nd pos t-molls onr ISIg; 1'irst st ate1eati; "'lack head" 

larvae prodilce odt'ol tli l"a (1n 1det . ISN]y ,fit- treatment witi I arvae
 

d ter Js ii'i'icient, to- enSuIre attack, IIt so metimes a
at A'5-Cb %y'S I rmei natiI f ll 

sectnl . treiatmenI-sitt i.s noc-!;Sary,
 

There itrs ben sotIe :uetbi eiLty ati rcarlti the pattareters fr 'Ilsssin1 'ers' 
re:is taihce. Earlie." workers evaluated the linestrll i1 the bas is tIf deadi:rlats Cauiedi 
by thl borer 1trvae. Howevo ', tit 1aj'aimter wt: flC nil to eti unsuitable as unhder 
certain condtittii even heavy bore-' iniostation di not rslitt it he 'ormalation
 
of* deadlioai'ts. II the sliiseqri(lht work tie v we:W l ' 1r
rIrietlei; ga'oied 

TAtlit. 5.C- i'g:,itum; I. ines: Thiectee its Etra] cint ir Eiirltt(eu to) Irtes.lfg corer 

'hi Lro piral'tel l1i 

T.S. -. Pej ; -I;, ' 

104; ('.,up 4] - Durr sodila;, Parbhaii, .Mlaharashtra, India 
1056 C. id-' "'' r 'itil tr , India
 
1115 ;, ''hd:b 1 P;t:iilbar., ] nil
 
1 L A i s 1)u ri , E. Kianl el:t , tf rashIitra , Itdi a
44Lh (Ahikiii '"ajinjr,In i 
It 52 Dagri it tii apur, Parbiatti, I.I.-lara;litira,% i rn~ India
 
465] Hurda tibhendi, flayyad, arwade, :I1 papur, Maharashtra, India
 

, )
1168(r I' ,11111lril ibtkanale, India
 

47lD7 Deo Targadha, Rajkot, Gujarat, Indii.a
 
I,7(D4 lIesi Eiijaria, Jaasar, Gujarat, India
 

'((76 liajevai'i., Jtin:ig:tdih, Gutjarat, India
 
782 2ui'en d'antaai', ]tij trat, ili a
 

827 Rabi Jowar, rlanpur, lnliia 
,;i1 Yellow type, Alpal, lndita 
4875 cahni '..,Gtdtlt, india 
14934 aed (arv, Khanipr', india 
h9 9i4 Yani Kavaj, Akol]%, Manaraslit ia, India 
5030 Onji, dardlia, M1aharaslitra, Inuaia 
5031 Lal i Arni, India 
5470 Yanagar Jola, Sorathur, Shimoga, r.lysore, India 
5837 Group hl, Peela Pedra Kawldi, Narsingpur, M.P., India 
601;1 Group 411, ainsu, Patiala, Punjab, India 
3C96 tiroup lii, Sorighnm lchna, PiJ 2l)6592, Georgia, U.S.A. 
7273 Group 3, Al 9, lligeria 
8314 Mindra Katch, inriia 
9136 Group 36, E 94', Kcnya througithtUttaida 

on the tisis -f bea' injury and stem tunne]lint,gauSed by the borer. There is 
evidence to show that both these parameters may be acting independently as there 
is no direct correlation between the two types of damage. A similar situation 
wal reported by Guthrie (1975) who observed that since borers have more than one 
geleration each seasoi and intestatiun is continuous at vtrious stages of the 
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plant growth, *the biologica~l rela~tionship between the insect~and host plant may. 
note s ,"each generation.Breedi fr' 'orer Resistance~
 

tk n.Aumber~ of identified sources of resistance~have beeniutilised' in breedings,

programs, by crossing with dwarf~ exotic type6, vhich ae-highly susceptible 'toboe-tekibtae' rcnoLra'1y-y resSe--pa~derivatives have been' developed fr6s'.tlies6 exotic x Indin sources. , wo-o t~hesederivatives viz. F1 (Kafi'B~x BP-53) n&d D303'(I '3954~ x:BP 53),haveB302 not~only sh~ns'ifcoylvl:o o rerre'sistance but also 1are'medium tell i4 

1abo-2mentr.es). w'ith~high yield potenti.. sand early maturity (100-110 days).Some oI' the other~borer~ resistant~hi gh yitWlding derivatives selected tram the~'India ar
 
A series Qtftrials ere conduicted to determine the extent of borer resisL
 tance acquired by advance d'rivatives such as E-302, E-303, U 358,~ P-37, P-151,
47' and.'F-333 Coprsn wer made by growing the derivatives in two separate


blocks, one block was :provided with effective chemical control' against~the bore 4 ,and the other>was~ unprotcted. Susceptible checks were-i'ncluded for comparisbn.

The dataon bredmage (eaf injury and stem tunnelling) did not 311ow sigii-'

fi at diffeences between the protected and unprotected blocks'tf'rvarities,'.hile r'esistantboth parameters' indicated highly significanit higher damage, in

thecas checks. simzilar trend was aso observed in the caseofsuceptible rqh'e
'ofavidalegrain loss. it was concluded that undr oderate levels o borerinfestation, itmay not be economi,l to recommend chemical control for the stem~4-borer in.resistant 'cultivars as the Increase in yield does not cover the cost of~ 

TABLE 6. Agronomically Desirable Borer Resistant Der1iati'-es 

~Entry Pedigree Av. leaf injury. Av. %stemlength
gradingtunle 

169 IS 2954! x BP 53- 3.1. 4.3~~ 244 IS82954 x B?53 3.8 3.8
 
602 ~ IS 8! xcBP'53 3.6 6.4

'~ 832 IS 3922 x Aispurl, 3.8 9.5
)D124! IS2954!-x BP'53 3.0 2.5
 
'D 365 IS295 !'x BP 53 3.1c 1.5
D366 IS2954!.x BP'53 2. 3.1
 

', E 302 (D) CK 60B: x BP 53 3.1 41 l 
r E 303 (D) IS 395 x BP53 3.0 1!.6 

P 3 CK 60A ~x is 4o6 3.5 ' 3.6A P-108 '1 IS.20j3! xBP 53 3.1~ .6.6
~P 151 IS 254f ~x BP 53 2."9 5.4,


KP 235 J" IS 2954 x BP 53- 3. .9.4~'

'U 369 .16I2954,x BlP,53~ 3.1.
 

CS- K6 s84! i 5.3 3'
 

"~Genetic.-Basis$ of Resistance
 
aaandMurty (1971) investiated~t{e gntic bss'o r lre'uistance, and


concluded that it islpolygenic in ifiheritance, They found that F1 hybridsaee
;intermediatel for, primary damage (leaf injury) but were better than midlparental.values for secondary damage (stem tunnelling). They concluded that resistance~~"
 ~for primary dainage was governed by additive aznd additive x additive geneation~4'
~'while additive and non-ad~ditive types 'f gene antions were involved in secondary
damage. .They confirmed that inheritance patterns of primary,'and secondary damage
were different.' 

4' 4 

http:mentr.es
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I-chani s or.Dorer Peaistance' 
Thie ovpsitioao behaviour q the'borer 'indicates tat noinprefeirence isnot afactor, Jiowever,,t~hX1 mptmne leXaftexture ~h.s~

from~agai ie~azrvae l ,emerging from -eggs saince hce-moye -awayJfrm te elooo'n,.''it 
 tothetips-o, 1eaves.~and are subsequeniiy's is4 rse byivind,,npn.ia~t whc theyiattach to the tips of leaves.;' Obviouisly nleafbharacterstic which ownwlava moeetepssteyuglr 

Shmechaisms' in"tlio borer reIssan' utvas Kalode. an~d antrt '(1967Y'firs reantibi'Qsis.i 'ThsomLaaize ',(c-r) and 'sorghum cltiiirs 'and thi wasonfirmied~~'by Jotaniiet~ial:(1970): h codce dtie ''stde ntedvlpe ofS'2'Stem borer , arvae on re Astant and eu~pil-utvr of orhum~.' Thiey.~->observd that' oi reaiutant cultivars su'cbas ISZll 5l, 8, 14 q6 5016;
<i 5072) -5200' 560I4 and 5629 thr wasirhigher martclt in~f~ ely larval stages,lrvl'pe~d~i' te asprolonged,and te number ofJiet4 reuistant-cuJltivars pu wapetsingas compared to the~susceptible ,check, CSH1-1.-,~Very,, little',wo~rk 1xas'been dne"&i"the, biow-chemia ba-is 'of br resintance' A preliminary study conuctd'tc ICRISAT on: th HCN anid phienoli 4~~~'P~$levels in sorgtium cuLitivara (wohd-et al.', in press)'tia ndicated that 'theiare no distinct and clear-u dfencsor'aige7of~clivars in levels, of."-'thesechenicals' in resistant '±1ne's compared tosuscptIble'. H' eve there are.'compli'cating features in that phenolic levelisvary yith timed and'posai;bly i'oist-i*ure status of siUa Frther4work is~plarined-on these and othfur chen~icals.

Mutil Reitne q h fly'and Stem Barer '' '"' , 

--n of~Jth constraints in' developing a host plant, resistance rogrmmes in'orghum-is~th'e occurrence of a . series a, incects as seriotis pe'sts_ at differen't 

~ ~"' 
may 


{resistance 'to diffrn pests
 
'~'~'Prograese have 'been initiated in India~to develop 


, ~ .,~ growth'stge. I't. not be.,practicable~to 'de'velo different clivars. for~ 

aommercial cijjjtivars'
S::;pos-ssn reitnet at leastl two major pests viz. s~4hoot flyr'(and stem1borer."Some sources hiave Veen. locatedith, resistance-, to both. '~These lineshv b~e'n,:_1

Sfurther"testeud ndr moderatelyc heavy levelsafsh6ot flyand-stemtion and the" lineslisted in Table 7 selected bore infestawere as promising rources-of muiiaiLp1 
'resiostancend ~e 

TBE7.'~Sorghum Sources PaaSeGsing Mult~iple tiesistance to ho l n ta.' 

Variety Pdigree 

TS;547o Yanasa'r 'In' Myor~~A~~~'I 
E-87 

E~T'Ki~ 3922 xAispuri 
4 18S 2031lx Karad local 

E-2 , ~~IS99 B 5. 
''. - 3 ~ 1Raja sathan l c l

-~~Aiapuri 
 '~l""' ajatharn 'localR "' Si<E-3021 "'> 4KafirB ) B 53' 

IJA 
E-303""4 
 IS 95) x P5
 

4' """"'4'14,44'44"'' '44'~4 
4I,4' '"~"~"' 1 ~ A. 
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inrecen~t years a number of identified rei'stant souce -- ave benuiieinbeeigproramnmes. The materalenerated haa ~been, 6elected fox' desirableagronomiic chfaracters.- as, well as rst . o tOmOderae ie~vil _ 

folo'ki i g ltivars:iSPV.8, SPV-1.3 PV-1)4, 29, SPV- 3)4 SPV-70anld CSV4. '!Te latter has already bee coinerci[aLly~ reledaedd.iesistancet orhp ')
 
9, r 
 So. far. only, a small, number;o f lines ifrom''thewvcrld gerinpiasm collection ave~been~cefr. -During 1965770, three hundred andStwenty two lines 'wr seel'l~yJtaiadco-workers-(Jotwani et~al., 197)and twenty two, lines were,"selected wfthless 'dazagpl than susceptible checks.Some of these linec ,which were less damaged in multilocatio'tial er selectedfor further studyand use incluading IS Nos.8 2151, 1510, 3%472~'308, )4111'L747,4832, W4o,14876 s5230, 94&;6170 )end DT 65l)4;IEfforts have been made t6 -improve the) screening methods~and develop -rparameters for scoring the entries.Atcnuefrceni~ elidble~

undr~artificial 
infestation co7%ditions was developed,,but) there were *difficulties;.in obtaining a,

Scontinuous~ Supply ofr alarge numbers of adult'midges, at the time'ofiflowering.Previously selected resistant soucs aong~with a number 'ofexotic prom-Sising lines were rescreened under natural, and artificial infestatin~ coiditioiisand. varying leveis of, resistance' confirmed.~ The exotic lines S-GIRL-M-ODC-19 series proved'to be very promising under 
n 

arti ficiLl infestationLConditions~in India.K These lines were developed at Tiftonr, Georia (U.S.A. The~worker~rhav also made some significant 
beTexa ,

cdintribution'sfrom the Puerto-picol~'~ronversion programme.,_The converted~linea, vsa2 C(Zra zera) and IS ,2508 C)(Caudatum k1afir) are,, reported to be highly resistant to;idge end have shown 1V7some ~promise~ifl India and elsewhere.x~~-: 
GenieticBasis and Breeding forMide 'stance~Widatorm et a! (1972) concluded that both additive, and, epistatic genej~effectawre i~ota based on anialysis ofrgeneration men. IThe are of thopinion that simple backcross techniques would 'not be sufficient~t6 transferSmidge resistance into breeding lines.
 

- In) India, crosses have been made between S GIRL-MR-1 aid <IS 1)8 asnd "Karad
Local".,. Data on percentage midge damage'in- F3 lines indicates some, gain,~in midge resistance, the damage-in ,the selections~being only slightly )higher ~
then in the resistant par~ent (Rao'et~aJ. " 1978)., A'crossng-programme has also
been initiated at.ICRISAT,- using these and other sourcesrof resistance. , Curr 

"in 

ently lite factual information is 'available on resistance, mechanisms to mi~dge'
tropical sorghuzms'.. Various far't')rs such-as 
 tight gluinds havW been cited as,beneficial. Further i.nvestigationisiarequi red t ,o establish theatual, mech-
-Resistanceto 'otherPests -

'-

Prelinay, bservations~haveben made-on resistance, factors in-relation.to thto..leaf, worm1'Mvthinaspaaa hea bug' C crsavsas,Perigrinus~sp. , and- various' aphids'e.,g.Schiapi :gaium. -'K 
Sot u
 

' ' Little, directed screeniing ofT the 'germplasm aas,hhoever,, been carried oii
twbut -differences~in reitne-av:be obevd >A forltitous naatural, but ve ry.p heavy, attack of Calocoris' enabled. preliminary 6creeninjgqf 9,000 germpiasmentries grow atICRISAT. Excluding 'lines~which 4ee'likl'.to have eiscaed' . 9 ,Loe10'ee'ee inth~fs'fuh~attack by setting seed tesdting. A
range of head types adseed colour's was present i hsslcto"'reasons for the apparzot 'resistan~ce amenot"'immediately~ clear 
u, h 

''

-0.' 

http:4ee'likl'.to
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"CONSTRAI NT3TO RIjE8ANWBEDIG J SOJGHUH -AND ITS 
11,divdcun -yjr ig' p or aaare oftn hfmnpere-- L~ac 4 aonly a-limited amount of -IiripJsm'I j3"'ia'l to natcnalth4e sorghu breederiand thiatc even tlis narrow basas oftert4lotor otherise to the been' fully creened or susoepii

lclpest' uw.ilbQ8oa 0i1i~'aspectrum.'~ strain cn nceaingy e.'',by expansion' of the' world saorghum g~~pas -bagrssie 
t come 

colection aznd by~~~ ~~of, the- ftindings' i1 o ~i~,acsto inomtciad 
ed-willib~e.c.oe.aasie.r an Ld'Interatonalixft1tute8, ,suchl as 
, ICRISATYAre, ideall 'suited, to assi-st' hentonl''orm- s anhEM.:.Anfl;important' brake ,'n-rogress-ii many~counire ifsof th aiu theh lack bf interticpiay areas inote reitneeedingprgameSresistn i''wlIol eoti . G66odfaF' ~ oknas:Iri on b ot~i~eil f ea 
Sihip god m1utidisciplinarinwhich ntlogists and plant breeders 7rigracooperat6 fuflyij fostered,~tothe full.-~? ~; 

-v Progreuss is likely to be, sowif resistnce for each inldividual pest isworked on separately, particularly~as 'many of. the tat'fr~rsistance w~hich'aebeen researched todate, appear' to be both recessive6;and',quanititatively~i...~ herited. 91freaper theefoe tobe oodgrounds forexpoing breeding' atefto a range of peat species and incieasir'gthe pest pressureiin latergeneratioof the breeding progra~m, ~ cJV ~ 
2, ;'~ Progress made in'the field of~insect: resi stnce in'sojghum indicates tliathe breeding. approach is very~promising as ans ps cotrl Somehighi'-yielding derivativesa possessing;moderate levels o ". I entc.1 Aee 

already. The major thrust in'the, future- shouldsources beLa ),'earc for~diverse. geneticofpresistazice espeially.those. possessing resistanice to mor6' then oneL,pests ord ae )uiiigsucsIo ihrlvl~f multiplaereistc ein the breeding programm for d~eloi ~hi,12telig ~s~~hybridsand cultiyars. ;Soe progreso~n h is diiedtionr ant cmeiaL ybe.resorting:to, mutationlbree injg J~wiIe J7)-', Aiib7th aprah-h' 

toppltoscetdwith' geml~~o1 otiigmt~i aigdesirable quality and agoomc 
 a"eitc~n reitac.
 
In vie ofteeconomL ic~leonditioni"n~-hih 

;- most cultivtors',in developinig andtoia te s6gumco's rwb cunre the is cnodoutthatw thotpan~eitance aprah,6temst 
atcl ~d o' poetn ogfromins tdamage'., It' i~ also undoubtey'2,onof the~conerstno~f~tefu pplication of the, much vauia inertde6 ctolaproach,. Reistn
cutvas w1ill': have wide 'acetaiit: y'<al;fam' r in' mrginal agicu'tur,Ssituations as2,their ue iJntinvlve anadtional~mo~ntary inputs. 

Aj' P 
i 

"J' 

~ - >~ -4 ~ ' ~ - ~ ~ L ; - ' 
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BREEDING FOR GREENDUG SCHIZAPIIIS GRAMINUM (ROo,\NI)
RESISTANCE IN WHEAT AND OTHER SMALL GRAINS 

J. P. Gardenhire, Professor 
Texas Agricultural Experiment Station 

Texas A&M University Researcn and Extension
 
Center at Dallas 75252
 

ABSTRACT
 

Since the discovery of 'esistaice in small grains to the greenbug

SchizaPh-s r-inum (Rondani), several 
improved varieties of barley, Hordeum
vulgare (L.), have been developed and released. These varieties continue to
be resistant to biotypes A, R and C. C.I. 
2898 oats, Avena sativa (L.), ha,

resistance to biotype A of the 
greenbug; it is susceptible to biotypes b3and

C. Oat lines P.1. 186270, C.I. 1579, and C.I. 
 1580( are resistant to biotype
C. Selection TX 64D23-162R is resistant to bioLypes A and C. 
Dickinson Sel.
28A wheat Tri ticum aestivum (L. em Thell) is resistant to A but susceptible
to [1and C. Amigo wheat, developed from a wheat/rye cross is resistant to Cand obtained this resistance for Insave, F.A. rye Secale_ ce-re,-le (L.). 

INTRODUCT IOi
 

The greenbug, Schizaphis qraminuin (Rondani) , has been a serious pest of
snall grains in many-pa-ts-of t-h-e-world. 
 It war first described in Italy in
1852 (Hunter, 1900), and periodic extensive outbreaks resulting in lossesamounting to millions af dollars have occurred in this country (Atkins and
Dahms, 1945; Dohmls et al., 1955; Daniels et al., 1956; Kelly, 1917; Ruggles

and Wadley, 1927; Walton, 1944).


Greenbug resistance was first observed in small grains in Texas and
Oklahora 
by Atkins and Dahmns (1945) during outbreaks in 1942. A classicliterature review on insect resistance is given 
in Painter (1958). A more
 
recent review was published by Gallon et a]. 0l975).


According t) Painter (1958), 
use of resistance is dependent on finding

mutant plant forms carrying resistance genes. lhe search for resistant
 
plants must not be considered as hopeless until all available germplasm has
been surveyed. The plant lice, or Aphididae, have been the most 
conmmon
 
group for which resistance in plants has been reported. The presence ofresistant genes may be detected by genetic tests, by observation of differential 
levels of resistance under different environmental conditions, and

by the use of different insect biotypes (Painter, 1951). 
 The components of
resistance, for example, nonpreference, tolerance and antibiosis, have beenidentified in the laboratory and found to vary among resistant sources 
(Schuster and Starks, 1973: Teetes et al., 
1975; Wilson et al., 1978).


Chatters and Schlehuber (1951) made an 
intensive investigation into the
mechanics of greenbug feeding and subsequent damage to small grains. They

found that the st3let entered intercellularly and appeared to be directed

toward the phloem, the ultimate site of feeding. Wood et al. (1969) found
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that biotype B feeds in the parenchyma of the leaf in contrast to the phloem
feeding of biotypes A and C. 

Initial studies to develop greenbug resistance in small grains were begun
in Oklahoma in 1947 (Dahms et al., 1955). These tests were conducted in 
greenhouse where temperatures ranged 16 -270 C. The greenbugs were descendants 
of a single aphid collect-<(* near Stillwater in 1947. Various cultures of

greenbugs were frequently compared and no differences were recorded. Arriaga

(1950, 1954, 1963), Chada (1959, and Wood (1961A) reported insectary techniques

for testing resistance of small grains. Numerous studies have since been under
taken to develop improved varieties of small grains having greenbug resistance 
(Chada et al., 1961; et 1960; and 1958;Curtis al., Daniels Porter, Gardenhire 
and Chada, 1961; Gardenhire, 1965; Porter and Daniels, 1963; Smith et al., 1962).

Studies on greenbug resistance at the Texas Agricultural Experiment Station 
at Denton, Texas, were conducted in a controlled enviromental i'.3ectary and 
described by Chada (1959). In 1972 
the facilities were transferred to the
 
Texas A&M University Researzh and Extension Center at Dallas. 
 ildditional
 
studies in Texas have been conducted at the Te,.as Agricultural Experiment 
Station at Bushland.
 

The insectary facilities at Denton and Dallas consisted of an 
insulated
 
roaon in which temperatures of 220 -240 C were controlled by heat pump. Fluoa 
rescent light fiAtures with two 40-watt daylight and two cool white bulbs 
placed 30.5-35.6 cm above the plant flats provided ample light for growing
seedlings. Plants were orown under 16 hours light/8 hours aarkness. Humidity 
was 50-60 percent. 

Cyprus flats cm used seall Each57:39 were for grain seedling tescs. 
flat contained 14 roes of 10 plaint each. A resistant and a susceptible strain
 
were sown inr each flat for cn riparison with test entries. Since variation
some

occurred between flats, the PUatCrial beirerg
tested was compared against the
resistant and susceptible standards grown in the flat. A growing mediurinsame 
of equal parts of sand, soil and peat was used. Cages covering the flats con
fined the insects. in early experiments cages were made of cell ulose nitrate. 
Chada (1962) found that certain types of plastic were harmful to both green
bugs and seedlinIs, and recently cages have been constructed of Lexan film 
wficn is non-toxic and readily available. 

Aphids used in the tests at Denton were from the original source used by
Dahms et al. (1955). katings were made 14 cays after the seedlings were
fested with aphids. Ratings were based on amount of injury using a scale 

inn

of 0 to 5 with 0 being no damage and 5 being dead. Resistant plants usually 
were rated 0-2 and susceptible plants 3-5.
 

During the course of these studies in Texas and Oklahoma, changes in
greenbug populations have occurred. Dahms (1948) found that greenbugs from 
Mississippi reacted differently from Oklahoma greenbugs. Wood et al. (1961B)
reported a greenhouse biotype capable or destroying Dickinson Sel. 28A wheat 
previously resistant to Lhe original culture. In 1968 a third biotype was
reported that could withstand higher temperatures. Three biotypes, now 
designated at A, B, and C, were described by Wood et al. (1969).

A biotype capable of overcoming the resistance of Insave F.A. rye was 
found in Argentina recently (Salto, 1976). 
 The original source of resistance
 
in barley is resistant to all reported biotypes. According to Daniels (1978)

and Starks and Merkle (1978), C is the only biotype presently found in fields.
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Schwissinger and Wilde (1978) suggested that resistance is associated
with optimum temperatures for plant growth, i.e., 
 greater resistance occurs
in cool season cro0s (wheats, oats, barley, rye)
and greater resistance under cooler temperaturesoccurs in seasonwarm crops (sorghum) under warmer
 
temperatures.


Juneja et al. (1975) ,
barley varieties, 

working with greenbug res istani. and susceptiblereport.ed that. benzyl alcohol was one of the plant componentsresponsible for gieeobug res istance. 

SARL EY
 
Atkins and Dahms 

in a number 
(1o45) observed a high level of resistance Lo greenbugsof barley varieties (mostly from 

strains were killed. 
the Orient) when all surroundin1g 

gates one 
Bulk hybrids growing at Denton showed resistant segrewhen parent was a resistant strain. This indicated that resistancecould be transferred to adapted varieties Dy crossing.In Oklahoma from 1947 1953to stiidies were nimde to find greenbug
resistant germplasm for 
use in the suall1 grain improvement program (Dahms
et al., 1955). Simultaneously, an effort was made to citaract.erize the iri-hLltance of greenbug resistance. These studies were
t.,here temperatures ranged from 

conducted in the treenhouse

160 -270 C. They concluded that resistrnceappea rod to be dominant, and that itwas controlled by teo or more genes. Noapparent correlation between readily visible characterts and greenumlg resistance was observed. All highly resistant varieties except Dicktoo 
 and Kearny
origl;iated in China, Korea, and Japan.Smith et al. (1962) found that resistance in Omugi, Dubaku, Kearntv, andC.I. 5037 was controlled by conmriona dominant gene. No ,elsurable differencesin degrees of resistance were observed among hybridsDobaku and parents. althoughhad previously been classified as having semi-dominant resistance.Chada et al. (1961), from 1952 to 1959 screened a total of 10,010 barleyvarieties and strains. 
 Of the 76 varieties having resistance equal to Omugi,the major ty were from the Orient (Japan 16, Korea 15, and ChinaKearney and Dicktoo were the only highly 

12).
resistant varieties origiltating inthe United States. 
 In later tests, Ludwig was 
found to be highly resistant.
Chada et al. (1961) in testing F4 and F5 progenies from Cordova/Omugithat a single -erie conditioned resistance. cytoplasmit 

found 
No inheritance wasfound with reciprocal crosses of Cordova and Omugi. Gardenhire and Chada(1961) found that resistance in Omugi, Derbeut and Kearney was controlled bya single dominant gene; this conclusion was confirmedArb by Ar-iaga (1963) initina. No associations were found

sistance and 
between the gene for greenbug regenes conditioning kernel row number, rough awns, hooded, black
pericarp, covered seed, stem rustand resistance. These characters c'-e onlinkage groups 2, 7, 4, 5, 1, and 1, respectively. They concluded thatresistance can be 
transferred arid
maintained in resistant. strains. 
 Gardenhire
(1965) concluded that resistance in Cmugi was controlled by a single gene; no
association was 

green-seedling, 
found between the gene for resistance antd genes conditioningpowdery mildew resi stance, leaf rust resistance and orangelemta. Gardenhire (1969) concluded that in crosses of C.I.C.I. 1080 and Omugi,5144 with translocations TI-6c, TI-7a, T2-4a, T2-6d, T3-7a and thatthere was no T4-5alinkage between semi-sterility and greenbug resistance. 
These
 

http:report.ed
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results indicated that the gene was not located near the centromere of any

of the translocation chromosomes. Gardenhire et al. 
(1973), usinq primary

trisomics and tertiary trisomics, found that the gene for greenbug resist
ance in Will 
barley is on linkage group 1 and is located on the centromere
 
segment of chromosome 1 in the T1-6a translocation.
 

Presently grown varieties of barley having greenbug resistance are:
 

Kea rney
 
Will and Post, resistance from Kearney
 
Kerr, resistance from Omugi
 
Era, resistance from Ludwig 
Nebar, resistance from Kearney.
 

OATS
 

Observations by Atkins and Dahms (1945) failed 
to identify oat varieties
 
with a high type of resistance in experimental test plots grown in Texas and
 
Oklahoma. In tests at Lawton, Oklahoma, where injury was less severe, Walton
 
(1944) observed some differences in injury. However, this resistance was less
 
striking than that found in barley varieties. Dahms et al. (1955) tested 221
 
domestic oat varieties and strains but aund only small differences and no
 
high degrees of resistance. Chada et al. (1961) screened a total of 5,105

varieties and strains from the world collection. Eigh' varieties and strains
 
that exhibited the greatest amyount of resistance were of foreign origin.


Gardenhire 
(1964) tested F2 and F3 plants from the cross New Nortex,
 
Avena byzantina 1nch/C.I. 2898, Avena sativa L., 
and concluded that inheritance
 
of resistancein U.I. 2898 was conditionediby a single gene pair. However,
 
none of the resistant strains hao good agronomic type. Numerous crosses were

made using the resistant strains with good agronomic strains from the oat
 
improvement program. 
A number of strains were obtained that had resistance
 
equal to C.I. 2898. However, in 1974-/5 these strains were tested for re
action to a field collection of greenbugs, and only one strain (TX64D23-162R)

showed resistance. According to Daniels 
(1978) the earlier testings of oats
 
were made with biotypes A and B and many of these "resistant" varieties are
 
not resistant to biotype C., thieonly biotype presently found. The single

resistant strain was obtained from the cross of P.I. 186270X P.I. 183990
 
inwhich both parents were resistant to the original greenbug source.
 
Although TX64D23-ib2R has not been tested against all three biotypes; it
 
was postulated that itprobably carries resistance to the three biotypes.

alto (1976) using the oat variety La Prevision reported that itwas suscep

tiole to both greenbug populations inirgentina. He designated the two green
bug cultures 1975 and 1976 due to their collection dates. Daniels (1978)

tested 4343 oats for reaction to greenbug biotype C. lie reported that P.I.
 
18b27U showed more damage to this biotype than hao previously been reported.

liereports that C.I. 1579 and C.I. 1580 had the greatest amount of tolerance 
to biotype C. Wilson et al . (19/8) tested four oat strains with two biotypes

of greenbugs. They found thac P.1. 18670 showed antibiosis, nonpreference,

and tolerance to biotype C, the predominant blotype in the Great Plains.
 
C.I. 1579 and C.I. 1580 showed antibiosis to biotypes B and U. C.I. 488H
 
showea antibiosis, nonpreference and tolerance to biotype B. U.I. 48U36 was
 
the only oat tested that was significantly superior to all the rest for
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resistance to biotype I. 
Similar results were reported by Daniels (1978).
Wilson et al. 
(1978) concluded that if antibiosis, preferencL and tolerance
were controlled by different genes, P !. 186270 would be valuable H-eeding

stock for development of resistant cultivars.
 

In a recent study by Gardenhir using Sel. TX64D23-162R crossed to
several conanercial cultivars, resistance appeared to 
je recessive and controlled by a single gene pair. 
However, when progeny from resistant F
plants were tested as F3 lines, resistance was not completely recnvereg.
This may have been due to modifying genes, or some F2 plants may have been
misclassified. A number 
 of F3 plants exhibiting resistance were transplantedin the greenhouse and will be tested is F4 lines.At present there are no cotuiiercial oat varieties with effective levels

of greenbug resistance.
 

WHEAT 

Atkins and Dahms (1945) observed a number of wheat varieties having sometolerance to greenbug feeding, but concluded that none appeared to have sufficient
resistance to withstand heavy attack.


After the discovery of resistance in Dickinson Sel. 
28A by Dahms et al.
(1955), it was used extensively in breeding programs in Texas, Oklahoma and
Kansas. Chada et al. 
 (1961) indicated that 
crosses with Dickinson Sel. 28A
 gave a 1:2:1 
ratio in F3 families and suggested that resistance was conditioned by a single fat.or inheritance. However, segregation in a number of crossesdid not fit a 1:2:1 ratio, indicating that other factors were involved.Dickinson Sel. 28A and other resistant wheats were damaged severely in 1957
by a culture of greenbUgs which in
dcveloped the greenhouse at Stillwater,Oklahoka. fhe varieties were retested at Denton with the original source
of greenbugs and again showed resistance to the greenbugs. It was leter
shown that the Sti iter cul ture differed in size, and in ability to damage
formerly resistant wheats. Discovery of the new 
 biotype emphasized tUe need
for finding sevural sources of greenbug resistance.

Daniels and Porter (1953) ieported that resistance in Dickinson Sel.28A was controlled by a single gene pair with susceptibility dominant to
resistance. However, it appeared that modifying genes tmight involved.
These results were in agreement with those of Painter 

be 

and Peters (1956) andof Curtis et al. (1960). Curtis et al. also reported that the single recessive gene in Dickinson 28A and C. I. 9058 was conuion to both parents.Perter and Daniels '1963) studied the inheritance and heritability of greenbig resistance in F1, F2 , F3 , backcrossF4 and generations on Concho XO ckinson Selection 28A. There appeared to be an absence of dominance forthe factor or factors controlling greenbug resistance. They concluded that
resistance can Le transferred to conmiercial wheat by comonly used breeding>i.thods.
Arriaga (1963), using Fl, F2 , and backcrosses, found that resistance in Dickinson 2U,was 
governed by a single recessive gene, corroborating
the results of Curtis et al. (1960) and Arriaga and Ree (1963). 
 Starks and
Merkle (1977) reported finding a low level of resistance in common wheat;this lc','l was of doubtful value in a breeding program if biotype C waspresent in the field. They reported that dense and long trichomes did not
confer resistance to greenbugs. Salto (1978) 
tested Dickinson 28A with two
greenbug populations found in Argentina. liefound Dickinson 28A was resistant to the 1975 culture but was susccptible to the 1976 culture. 
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Biotype 1976 showed a reaction consistent with biotypes designated in the
 
U.S.A. as B and C but visually appeared more similar to C.
 

Wood et al. (1974) reported that Gaucho, an octoploid triticale develop
ed from a cross between susceptible Chinese Spring wnedL and resistant Insave
 
F.A. rye, was resistant to greenbugs. Insave F.A. rye had been reported

previously to be resistant to greenbugs (Arriaga, 1963). The transfer of
 
this resistance from rye to coimon wheat would be of great importance in
 
improvement programs. Iowever, the recentl' discovered Argentine greenbug

biotype capable of overcoming the resistance of Insave F.A. makes the long
term effectiveness of this sou-,e of resistance ve-v questionable. With the 
discovery of a biotype capable of overcoming the resls 'ance of Insave Rye,
it would be desirable to combine the resistance of Ami lo and Dickinson Sel
ection 28A as a new source of greenbug resistance in woeat. These studies 
siould be conducted in Argentina where these two biotypes are presently 
being reported. 

A number of workers have been successful in transferring genetic material 
carrying genes for disease resistance via alien chromosomes to wheat (Sears,
1967). Starks and Merkle (1977) indicated that Amigo, a wheat derived from 
Gaucho/common wheat with a high degree of greenbug resistance, had been
 
developed at Oklahoma and had been released to plant breeders. 

Preliminary daLa by the author indicated that this resistance from Amigo 
was inherited as a single dominant gene. BC F1 and BC F2 plants fit a 1:1
 
ratio and F2 populations segregate 3:1 for rslistant ahd susceptible plants.
 

Table sununarizes the reaction of cereals to the different biotypes
 
of greenbugs.
 

TABLE I. Greenbug Resistant Cereals
 

Biotype-U.S. Argentina 
Variety A B C 1975 1976 

Dickinson Sel. 28A R S S 
 R
 
Insave F.A. R R R 
 S R
 
Amigo - - R 
Barley R R R R R
 
C.I. 2898 R S S - -

C.I. 1579 R S R - -
C.I. 1580 R S R - -
P.I. 186270 R S R - -
P.I. 183990 R S R - 
X64D23-162R R R R - -
La Provision - - - S S
 



243
 

LITERATURE CITED 

1. Arriaga, Hector 0. 1950. Obtension de centenos resistentes a la saliva 
toxica de "Schi zaphis nraminum" Blanchard. Agron. La.(Rond.) Fac. 
Planta, Labor, Zoo], Aqric, ano 1949. Bol. no. 11:39-47. 

11954. Resistencia a la toxemia de "Schizaphis 
2.-ramim ond.-)-en (ereales finns. Rev. Fac. Agron. La Plata (3 
epcaL,-30(1 ):65-101 . 

3. 	 Arriaia , Hector 0., and R. E. Ree. 1963. Comportainento hereditario
 
de 1a resi stenci a a 1a toxemia dol pulgon verde cr centeno, cebada y
 
tri go. Rev. fac. Agron., Univ. Nac. La Plata -9:35-50.
 

4. 	Atkins, i. M., and P,.G. ahis. 1945. Reaction of smal1 grain varieties 
to qroCreebug attack. USDA lech. Bul. 901. 

-arvey
5. Chada, L. 1959. Insectary technique lor testing the resistance 
of siuj1 1r-ains to the yreenbuq. J. Econ. [norol. 52:276-279. 

6. . 1902. Toxicity of cellulose acetate and vinyl plastic 
cajes Lo barley plants and greenbugs. J. Econ. Entonol. 55.970-972. 

7. 	Chada, H. L., 1. M. Atkins, J. H. Gardenhire and D. E. Weibe . 1961. 
Grierih,i resis taince studies with smll grains. Teas Agric. -xp. Sta, 
Rol . 1,S?. 

8. 	Chatters, k. 14.and A. M. Schl ehuber. 1951. tlechanics of feeling rho greinug Toxptera rami-niiiri (Rond.) on lordeum, Arena. -,,cTrticrm. 

(N A cTri:nical Bul. ho. 1-40. 
9. CurLi s , B. C., A. M. Schlehuber, and F. A. Wood, Jr. 1960. Genetics of 

einbwi9 Toxioptera (irUT.nur (ond.) resistance in two strains of conmnon 
ilhiat. Agron. J. 5:91-602. 

10. 	 Pahmns, R. G. 194F. Comparativc tolerance of small grains to greenbugs
 
from Oklahomra and t-issi sippi. J. Fion. Entor'rol. 41:825-6.
 

11. 	[hahos, K. G., T. IH. ohnston, A. I'.Schlehuber, and E. A. Wood, Jr.
 
1955. Reaction of sirull grain varieties and hybrids to greenbug attack.
 
O lahoma Arri.1xpt. Sta. Technical Bulletin No. T-55.
 

12. 	 ian iei!, t oris F. 1 . Greenbu resistance in oats. The Southwestern
 
Eintoiji)loiist :,10-214.
 

13. 	 Daniel , N. ., H. L. Chada, D. Ashdown, and E. A. Cleveland. 1956.
 
Gr,'ntuqris arnd some other pests of small grain. Texas Agr. Exp. Sta.
 
HUI. 145.
 

14. 	 lanIels, N. 1., aid K. B. Porter. 1958. Greenbug resistance studies in 
winter ihi-at. ,J.[con. E[tomol. 51:702-704. 

15. 	 Ga 1 Iun,RI.I., K. J. Stark., anid W. D. Guthrie. 1975. Plant resistance to
 
insects attcicking cereals. Ann. Rev. [ritomol. 20:337-357.
 

16. 	 Gardorhire, ,irnus H. 1964. Inheritance of greenbug resista,, in oats.
 
Crop Science. 4:443.
 

17. 	 . 1965. Inheritance and linkage studies on greenbug 
r05istante in harley Ifordeuri vulgare (L.). Crop Sri. 5:28-29. 

18. 	 . 169. Li nka9 e studies with greentbug resistance in 
barley. Barley GBne ics II. 524--526. 

19. 	 Gi rHiribire, J. II., rid II. L. Chada. 1961. In;ieritance of greenbug resist
amce in harley. Crop Sci. 1:349-352.

20. 	 G1rrhir-, 3. It., N. A. Tulen and K. W. Stewart. 1973. Trisoric 
analysis of rertLiq iesistance in barley, Hor-de-u v'ula re (L.). Crop Sci. 
13:61.-685. 

21. 	 tluter, S. ,. 19(9. The grieenbu and its enemies. Bul. Univ. Kansas. 
9(2) :1-13. 

22. 	 ,unja, Prem S., Susan C. Pearcy and Robert K. Gholson. 1975. Chemical 
Basis for greeni g resistance in srmll grains. I. Identification of the 
wajor neutral metabolite of benzyl 71cohol in barley. Plant Physiol. 
56:385-.
 



244 
23. 	 Kelly, L. 0. G. 1917. The greenbug Toxjtera graminum (Rond.) out

break of 1916. Jour. [con. Entomol.-1-:23-240.
 
24. 	 Painter, R. Ii. 1951. Insect resistance in crop plants. The flacriillan 

Co., N.Y. 5 2 0pp.
25. 	 . 1958. Resistance of plants to insects. Ann. Rev. of 

Ent., 3 267 290. 
26. 	 Painter, P. H. and D. C. Peters. 1956. Screening wheat varieties and

hybrids for rrs istance to the 9reenbug. J. Eccn. Entorol. 49:546-548. 
27. 	 Porter, Kenneth 13. and horr F. [laniels. 1963. Inheritance and

heri tabiity of greenbug resistance ii a cormn wheat cross. SciCrop 
3:116-li8.
 

28. 	 Rugoql':. A. G., and F. f.. Wadley. 1927. lhe gr'eenbou in Ilinnesota. 
Jour. [-con. Fnt al. 20:321-327. 

29. 	 Salt), L. E. 19/6. Miristerio be Asuntc, /qrarios De La Provincia De 
liuer i Aire'- flob. TecoicaN1o. 4, Biarri , X111976, 30 .

30. 	 Shuster, D. J. and K. J. Starks. 1973. ureenbugs : coml;onents of
host-pl ant r'is tance in sorughurmI. J. [con. [ntomol. 66:1131-1134.

31. 	 Schweissing, f7. C. and G. Wilde. 1971. Ter,,oerature influence on green
bu resistance of crops in the seedling stae. 197R Fntomiological Soc. 
of Aveerica. 7, 6:831-834. 

32. 	 Sears, F. R. 1967. 1nduiced transfer of hairy necL from rye to wheat. 
7. rflanzenzucht 57:4-25. 

33. 	 Smith, 0. D., A. 1,1. Schlehuber, and B. C. Curtis. 1962. Inheritance 
studie of p rehnbwjr lnnIoera oralninrln] (Ron(.) resisLance in four 
varioii i of winter ba r v. Crop Sci. 	 2:489-491.

34. - , K. J. an ). G. f-tile. 1977. low level resistance in wheat to 
renh 'j. i ron. I riti ,,l. 70:301-306. 

35. Walton, P. R, 194,. Grenbuq injury on harley varieties at Woodward,
011,. in 194 1.Okla. Acad. Sci. Proc. 24:3,-4?.

36. 	 Wilson, P. I., I. J. Starks, Pass E.II. and A. Wood. 19/8. Resistance 
in four oat linies to two hiotyies if the orriuniu,,g. J. con. Entomol. 
71 :ift - (M /.

37. 	 Wood , F. A. , Jr. (1961 A) . I)esc ri pt ion and re,, 9 o f a new greenhouse
tLhniirr , ion oatiio to1erarnof ;:,1l 	 o I or , to tie (rcebuig. 
J. (oilc . I ltoll I l. !,4:3n -1 5.38. 	 Wood, F. A., Jr. (19611B). Ficl i cal st.udies of a now (J e niug biotype.i(]
Jourrnal of [con . hiticocin I. 54(6) :1171-11 73.

39. 	 Wooid, 1. A., Jr., I.. Chad,l, and P. N1. Sixelia. 1969. -eaictiol of
5(1111ijrain sorqhImma to three Ireenbuq biotypes, Otla. Agr. [xp. Sta. 
Progr. Repo)rt - t-61 0-625.

40. 	 Wood, F. A., Jr., F. L. Sehsia, and K<.J. Slarks. 1974. Resistance of
"Gauhio" rtiticali to Schiiip)is 9rafilinunl (Rond.). [Dv. Ent. 3:720-721. 



BREE-DI FOR RFIESISTAN~CE TO ISECT IN WUTEAT_. 

USDA-F-AAR, Purdue University 

WEAT 

Ori~jin and Classification ~~j 

SThere 'isarchaeological evidence that~wheat was among-the first plants
 
tobe cultivated Bomne; 8,000zye~rs ao and &long with ~barley became a:,major.
 
sore6~nryfrtenwcvlzto in AsiaMin or .(Le lley ,197 6)'. Domes5
tication 'of theee:cereals led to rapid population increa~ses ,, commuinity a'set~Ae

-menT ,and' culturat!development f I 
Most moder vaieies:of wheat, the ~bread and, pastry wheats~ belong to 

the.,hexaploid spceTiiu aetvmL em' Thel; rwhich is widely dis
~tr ibute d. in I an ara f environments fromx67ONi~,n Nurway, 'inland and R~ussia 

BoDth winter 

specieaX
 

ItoeIi-sin'Aj ,ti id~spr nvarietes are found in ti 

Thr r pigwet and winter whea1..s.~ Spring wheat is differentiated
 
from wintex keatmaiilyrby heading hiabit. -Spring wheat, sown: in the spring will,
 

Sheadi~but' sprin sowiriwinter ,wheats usually, remain in'the rosette stage, and rail 
thiead. Springhabitisa dominant and cnioedboe4torthreens 
'Di1!e or winte? growth habit, plus 'geesfordominant' or recessive' genes -for spring 

fdate ofheading' and, maturity,, both of~which are 'dependent:s on'.tbe -date of seeding 
(dy'lnt x temperature~ response)Y, have tended to isolate the' cultiad~ x
~ploid'-int hs two, maj or groups, ,~ 

~Wheat Production~ 

-Wheat 7is, grown over a-.wider area in the world thian, yother, rajor crop.
 
-Its spring and. winter, habit,"wide. temperature, tolerance,. hibility:-to' grow under
 

variet ofpatterni.s ,has- endowed':wheat idth ,a wide
 
~ranige of-Aaptability.- k a ood cropY
Whetrns-ex'orci porteaice:Q&'s 

wand isth principalfo fo~bu n hird. of./the world's people (N~ationsi
 

Aemyi6f Scences 192 .1f Th iljrcfcos feing wheat yieldsax~ie cli
-e~ (empratii~distribution and amount o rifl) of ied e
 

tility, plsnt pests :variety, nnd fsrmifng practic'es . '~ V
 

Wheat Germplasm Sources - Th4 

~Substantial collections of wheat germplasmcovering a wide-range of" species
 
mare held b'y-th'e; United- States Department, of Agricult'ure at-Beltsiil'e, MD.',the6
 
N. I.VavilOV LInstitute, at Letningrad, the. - nternationai Whectv and-Nize Improv Ie 

~ment Center (CIMMYT) in Mexico,, and the FAO. at.'Rome. ThereeaIbmiany
 
national, ineicvidual~ andwspecial working'''ollections thogo' -wrd
 

.tium of gnetic:.variation1 of "the sp~ces.~-T~ecoleto' sip~~he h 
breesand entomologistsswith .the exotic germplasm Deeded in'bedng- prc

- grams for~host~plant resistance.-

L/Most of this'paper is taken ehtmAfo h chpt r redin6 for RHesistance. 
tsonsects ,in Wheat"-.by E. H. L' Gallun,,&Everson o be published in the textl 

-book ' BREEDTNG 'PLANTS RESTSTANT TO INSECTSI_' John..Wiley &:S6ns-JIric New' York, 4 , 
NY. 10016. Edited by.Maxwell'& Jennings. Estimated pulcto aeDcme 

-20,, 1979,
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~Wheat olants thr bu~out the world 
 cons t nt.1y are being~attackedbymrthan ICO species f' .soga~mts.~ ,tqi~B &q4{Lnnual losscs6 
7Y 

1baVe ben estimat ed to be $4 ~l~ D si Qisenbrr an~dR~eitz 19
_b_______ 

s~~~~ed-~~~ e-t eavs",nle~ajoeonro mesuei fo 
 sectt' and mite pests of'wheat hiave~been 
mainly. cltural; iological,, an'dobhemipal. ,: major, programs to dev'elop resstnc6in' ybe tb'tinsect pests have beeni ztplted' throiighout~theword, but, .as yet
r, sltn vbeat ivrieti.es haeonly'been developed for proection' against -te~Hessian Fly, Cereal Leaf Bustle rWha:Stmswl-'o 

ao
th net n 

M 

iepsl of wheat that 'ocurf tough t~the rld.'~?ites 'damage'pants by'suc1king r'ap from the leave4 and head, c~ausinig the~ plant to showdamage resembling that from ~dr~ught. Sevreinestos a
 

20ras i,er cauise greatest damage to wheat'in the fall hen they msigrateSinto the ed.ges ofiQely planted wheat fields and consume the plants., 4SThrips caums a. damage to'.wheat plants by remo~ving chloro hyll from 'theleaves reaultizig lii typical symptoms of streaked and blotched feeding. '~~~The stink buags cause some damage to wheat: in the United'States, ,but-theisct a cause considerable damage to wheat,.in 'hirope' and the Middle, East.TbSenn Pest fEXi~yaster jaegr p and its companion'species of Aelia are ofmajor importanice in Afghanistan, Iran, Iraq, Lebanon, Syria,. Turkey, Yugoslaviaand' Greece <X~7 
and
'The aphid, eafhoppers~ thppr are serious'pests of wheat, both.


4from 
 feeding damage by the adults and nymphs and the serious. diseases of wheat~ case viue en~rnmte by these insects.
The cutworm adarmyworm: are Lepidopterous pests4 of. wheat , alth.ough theyare not considered' serious. ;Cutvorms feed both above and below~the6 ground,4consuming :plant parts whereas'the armyworms consue th plant above the ground.'Of the n roiisbeelesthat attack~wheat,,the cereal leaf beetle is tconsidered the hids injur~iousa to wheat in the United'ats Euop an ot
 
SSawflies are the major Hymenopter.ous pests of wheat in the United States,'Canada, Europe, North Africa and Turkey. The larvae tunnel ,up~and~down thestem feeding on:_the soft inner tissue.., Sawfly infested plants have reduced~&<yields due to lodging and shrunken kernels . 

'~ &~i Num~erois flies~attack wheat but-th'e'1essian ~fly, Maetola destructor, theawheat bulb~fly',.Hvlem:Ya (Leptohy -i)coarctats.-and
4~~~~~~ theGouti~fly, Chioropsuiins~ aeconsidered, the most injuiu ntiwrd~ 

RERNGA4 EVALUATION TE-CB~IQUES < 

Sucss'in breeding for resistance to insect and~mite:pests,,has been de'~oeficient'rearing-andevaluation techniues.q~ ouations of~insects must bemaintained in large numbers either inthe field 'or4 in' the' laboratry, prefer'abli, both,' and methods should be'~'eveloped to evaliiate~wheats for resistanceboth iii the seedling and mioeI mature ,stagesI.The genidsc'of;'othlthe plant~and insect~should be studi6e nd techiques 0e'do thsmus develoFi~~ur'~~r~{,radaga ofisgenra bea prga bt."~'~~loped.:" Figre ~s~
dagrm'o~a enralproramtofollow inthe entomological4phases'of developin g plants for resiatance to insects and mites.A I4n:,order '~ to develop rearing aind 'evaluation techniques',' there must be'~insectI populations to work with. Insect' populations can occur' gcographically 

~ ~Il~IA 

http:wheat,.in
http:ivrieti.es


eadtonthniqes 

'tifici ~ L.aboratory I&t~a 

Iniida Po~pulation mass.
proaenies raring5- &A
 

Biotype selections Homogenos" 'Heterogeneous 
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~2Basic research BKasic research ->~4valuation 'E for 
insect plant~ resistance~ ~~' 
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- FIG. -1.Etmlgclpae ofdevelopn plns.for resistaxICe t oinsects
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oriloally and cc lections c an be made from tese lo9catioQns. Aft~er th~e insects 
haebeen collcted 'Inthe field, reaing anzi& al{ation techniqcues mst be' 

ac.Those iuic, to -develop'*ruslstanx-c to"tbeHrea"l be l,,stes~~srcerealAa~d oher anwty,, 
adivprs eaction to the insect and death or Alteiation,,of'uidlantI In, r
 
of~th'essianflyernbug; e1tem sawfly,'the
nd wheat mehani fe itace 
V4sive'ssusceptible plaitsa). 4~it onion I add the plnts respond,1isfe 

%"de ath''or .stunting forluuscp ib,le-and 'living and normal gIrowthfor';resistla,'i.
In- the. case of<.the cer'ea l~eaf beetle, resistance' is tbe~reault'of th6einsect no 
 rfrigteIpat o vpsto- and hence nio ilsiuage occurs rrom',larva~l
feedingasice no eggs- are laid,~~" -~~'' 
"'*, "Insects can be reared in the laboratory, both on axt1ificiai' media or on~ 

' 

niatural host plants. .hArtificial'media;leads to more refined studies f~or basicresearc~h,'but: naturally occurring arehosts better selectors' for, insect biojtypesi~f they should occur. "In the labovatory,. inetern~c6bb

SAindividuagl progenies from single pair matings or by' mass' rearing.. WithlindJ 'idualv progenies or'clones in the of aphids,case biotype selection is'favored~bythe use of wheats having different,,genes foriresistance., When uusi ' massBrearing methods, homogeneous populationis-can be reared~if wheats' aiig 'S'P'ific 

e, for. resistance are,gnes used as ,host plants. Homogeneous populations-can,.
also be derived fromi'bulking progenies of individual of knownrmatings bioty-pes.'Individiual progeinieso, spcfcboye a be 'used in 'basic research studiesto determine- the geneticn of3 viruzlence and the nature of resisiance.. H1omo
geneousjpopulations can be used to determine' the genetics muid nature of .resis"tance' in the plant. , .
 

Homogeneouis laboratory populations of insects 
 can also be used along withiheterogeneous field populations evalrrhaafrto atssac ~e ln
* introductions,' preliminaryr and advanced ,breeding, lines, va ieti.es,%arid urjiform'
nurseries can be evaluaited for resistance-to different,biotype populations if.
 

"i available, 'The heterogeneous field populationno should be Unsed to~yerify~resistance under natural field conditions and collabora :t hose,.findings ,in
the'laboratory.' The value to using lmboratoz'y populations3 ,as 9pposed' to 1natu.,al,field populations is that more critical penetic' and physiological research can 

-~''~be conducted when the purity of tile insect population is knwn"to occur. 

'3 BEEDING'TFQUNIQUE ANfDMETODS . 

The wvheat varieties grown commercially in the world- are predominantly 'thecommon het species', Triticusmeat ivum -L. 6em.Tfell. ;'or;the durum 'wheat 
-, s1ecies,,Tri ticum durum Deaf -The, r "pce 

P
efPliaig(uoaOS 

andthe~aritie6aregenerally~highly inbre i~rd',tikie 'Ireding ;,'c'onsequently,selection vitijin' a ymriety 'seldom provides significant genet'ic 'idvsaneuiint ofa chaaicter' such an insect, resistance. Herittibec(gntic)3ariebility forSselectioni purposes is !usually obtained by crosing adaptd varf'iis''i re
 
e,ealines with.uiadapfted, exotic, 'resistant, varieties'. - .~
v,

"ointonalnn~ plant 3 breeding program the. female psarent 
' 

is cross-pli
Sno~tedwi'th 

3polle'n fromn a male pet.'.Plants 1n. the -folloig," gnrtonsar
allowed to sefpliaentrlyrdcn 'a ~iverse population through igeneticirecombination ~in the secohd ene'ration ,"'Theoieimlffy.e et
of th' gene' I.ci' in ever'y ~individual n In th 2'eeainwudb
 



k ome posibe'lcrosaes involvn tw dpted, i.ns ect-ms e~tible
vareties ~a n- a__ 

ti~akrudwt dptblt hrceitc and i.nsect - esisaexe inrepctv populatilons.> 

W~ ~ ,<p4~Per Cent Of Geneti4Ba~ckround 

Ty~pe of Cross Adpablt Insec 

l.Two way (2X) - ~ ~ ~ f7- -

Three way,(3X) 
-'-


A/B//A- (Backvross_) ~- ~75%-
 --- 25%i 4 j 
M//C75% (25% A) < 

(50%,C) 
B/D//A ' 50%50
 

-Four way (4Jx),5%~%A 
9 A/B//C/D 50% '(25% A)50 

A/B//D/D 50% 50o%- J
A/B//A/C 75% (50% A) * 25% 
(25% C)
 

S .:-~2:K~3-~t 
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hoozyos an nec subsequent generatio of~ the ie1terootself-pollination
z~ostyould decliue' by fifty percent. Fy the ifthgenerationl approxi--aely 93 per cent 'of tihe7 gene loci ~Of eah 41fxA_ P Inat1,oin.-5a Ioi~ygo u .

iniida iWnWapopulat6.biint. from a
Stwo-pprent cross becme icesingly-m'ore ird and t n ac"subsequentgeaion, 
 Vt~a
 

Selecting for' Resi~tEnce 

eplant breeder ,is oncerned. with Dsystems or. selection w~'chcr be em
,ployed on bhei egregating 'generationds6t~a population ,to.find kthe~occasional j?pln'wt ' eie new -combizjation'of characters.: 'He~is usually interestedtinvhodno retoin mst ofthe~ desired characteristics of the,,adapte~<
parent which already has aprahd h'da agroebtype in ssetiajl'e_~tuiresahd recombining only the des',red iioriters.(t..i~c~rds-s

~resistance) with them..'I reisac.i dmntai hecsofthe Hessian

orf~ly, resistant plants can~beid ifediteF'n hi rgn~ae gi
in the' F3 - Howeverl,most breeders-sel1ect -F3 families with 'good-,agronomic- typSand-'subsequently rate 4and reselect families~onanthose indi.vidual plant',basis$forHessian fly resistance. If reitnei 'Iesveadcnrle ymrtha~on
geea lrgeparofthe F2 generatin would be discarded~if only then
 

-- rsistant' plants were saved. For resivchatrel ios'
made in thefF 3 generation,, The F~lines c'onsi~'ered. for fute rgn 'i
 are studied on the basis of indiy~ual piants rnd rated by' their progenies''i Qi, 
- action. AMany genes, in additionto thosa for insect resistance and suscepti_bility, are segregating, assorting, and recombining in the~d 2'a sub_

sequenti'generations to form complexes of cha ,acters. If the breede~cdncntrate9
his selection only on inoect resistance, only: the. very rare-homozygous, Individual ;.will exhibit much potential in advanced generations 'due to,,th 1 -lack 'ofadapts-"' 

1Adaptability nd'Insect Resisance 
 '''- KK,'  -_ 

-~Most-


is 
breeders~have obsIerved that a delicate'.genic balance for adaptability,,easily destroyed by' genetic recombination.in' a'two-parent cross ,between ~ a6) pted, "inInet-susceptible variet isd'anon. 



adapted, insectwres~isltant yarieLyEarly atep t retain adpablt inc luded -the use.,of lar ,ge ouaioLnD' 
K,coupled withnIneeselection pressure for-'adaptation in-early'generations.
Only the more ,adapted'linea would be screened 'for insect' resistaiice. ,'Manybreeders are~now'p.,ploying,3-way and,47way' crosses to'maintain~a w'iQrkable TLevel~of 
4,stability'or'adaptability\ in'
their breeding opulations .4 Table ,2-illustrates 
;t,,mprac oftecoieo arents inintroducingexoic, ona-adaptc gerM.
,plasm into breeding poplt6nb$-4, i6iie' adapability': i a complex trait 'con -

'K"trolled by many'linked genethe probab~ilit' of selectizig adapted,- insect-K
resstntlies~from segregating populations, whiteh will be released as varieties','increases mesrby as the per' cent of the adapted parehtts 'genotype inthe genee
recombinations increases, "especially 'sine Insect-'.esIstance, ~Is:often dominant

and simply inherited."---~ "K',--i ''' 

Breeding Strategies ''~''''- ~'
Ln-embreeding strategies are presented in Figre2.Inal .e.ia
pasm'rernt A-represents, an adapted varioty with a char.ce.Kdeficiencyr such 

as inis'ect susceptibility.iParents Bl,'C-, D,:E, F, 0~ and H each' contibute aK 

~ <~~'" K' " ~ K ' K K'y - K',-4 
K'"j , , 

http:recombination.in
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dl~feren d.,sinatgn fo $,nsect 2resi~itanc with nQ lin? ge Iut Iittle Pa Iapt&
n iew~sshe~s 'breeder'Yg' 'assume no electon rby (thef~or.a _tqb L3ty or~e~ n ~ i &to ressure--i4B app;lied-forcij41er- chract, iure;rpe cetadpato and Insect esist'ance ~fwould increase with~each conlvergent,, cross,, g "'I 

1.Convergenlt Crossing wi'Lh Maxmu Reomiato
 

Scheme' I in Figure 2 illustrates convergent crossing to maximilze recombi-~nations. -In'the third year onl .13% of the genes'of thd adtieAprn
in the population, The 'breeding' program wilLbe' of little~value since'resis- ''tant varieties with little 'adaptation:')r stability willbe produced.~ Mny~'
diallel~crossing programs use -this approach t, asta lihpopulations ,with great


( genetic' diversity; however, with this approach agro-ecotypic stbiiy'etr 
~ Y 

Convcrgent Crossinig with Modif'ied Recombination.' 

(Scheme 2 illustrates convergont orossing to enhance transgressive segre~gation., Thiis'approach will give results very similar to a 
two-parent~hybrid -- " 
4but will result in greater diversity. Varieties with insect and/or disease
'resistance will be developed but adaptation will be impaired, 

3.Convergent Crossing with Modified BacIkc'.ssing
 

.Scheme 3 demonstrates convergent crossing .sng transgressive segregationand an incomplete b'ackcross scheme to enhance adaptability. Several genes' for, ~''" insect resistance could'4be combined in an adapted genotype to produce a success
4 ful variety using this approach.''' 

It Convergent''Backcros'sing 

SchemeA is convergent bakrsigwhere a number of±akrs programs "j4.' 

usig hesae cnegdtruhhybridization.,date,.ecrr Aparent areThis last schemie' would be',excellent where a number of' genes for 'eitheri'nsect-i'"~ 
o<r jdisease resintancearenwn anid the breeder feels' it isdesirable t'ode'velo i~avariety whih hcombin'es a number of resiu,tances . ,'~ '~> 4' ,4,4"'AVariationi of; Schene 4 ould be'to use differ~ent closely related,- adapted AV tparE t Varieties, in 4 place ofpar'ent A;in some of "'the rgn~bccos pro- '~ 

'g pms. 'With'(selectio both adaptability and insect rjsiLtance 'could be i sproved
,.a± in the-1iontainedat' levels above those 'shown 'Scheme' -in,Figure .2.~"~''~ifferentd strategy must-be employed where insec resistance is' r(juantita i vely inherited anid a polygcnic 1system is involved. A,.variety, with 'a 'highlevel'of insect resi.tance is crossed with the adapted, susceptible, Variety. 'Alarge ziumber'-of F2pat re screened for resistance and their' progeny rated~ -"again in the' F3 . The ten to fioenms eitant' lines with plaittypes most'-."&l'6 uely.resembling the~susceptible adapted parent'are selected and~recrosse'd''in.'all possible, combinations. :The bulk F 2 is again' screened for resistanc""":""and their progeny rated again in the F3. This cyclic recu'rrent,'crossing andselectio~n continues.:until no further progress is 'made for adaptability and~in-S'3ect resisatance. Should adaptability b6 unacceptable, the most resistant'

4.lines would be crossed with the adapted'parent 'and the'recurrent cycle, eeInTusing'recurrent selection, ,it ,important to continue'the' cyclic crosii?''4 
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Crossing Scheme 

insect1. 	 Convergent croe. tag with max [murn Year Adaptation Resistance 
recombination. (M) (%) 

A 	 13 C 1) E F" G 11 

x x x x __0-50 
 50-00\ / \ 0-25 '(1 00 
x x 13 87 

2. 	 Convergent cro:; zig with modified
 
recombinltio n.
 

A 	 Ii A A ii I A E 

x 
 x x 	 1 50 50 

2 50 50x x -3 50 	 50 

3. 	 Convu-14gent 012.; 1' With rmoi l'ied
 

ac k :i ni.
 

A 	 Bt A (\/ \/ \/__\/ 
x 	 A : A x A 	 x A 1, 50 50\/V \/' \/ 	 7 

x2 75 25 
x x x 3 75 25 

\ /1 75 25 

.\ 

4. 	 Converg,.ent lore-k r" i;u. 

A-x-B A-x-,: A-x-D A-x-f- 1 50 50 

x H __ C A ' ,I 2 75 25 

A3 x B A3! C A:x I) A 'X E 3 88 12 
AII : A4 x[I! AxE!1' 4 914 6A x Ii Ali C A x1 ") 	 1

\x \X/1
 
x 	 6 9 ) 6 

FIG. 	2. Long-torin breeIing a trat gi.,s involving convergent recombination. 
Parent A represe, t:; az wapted variety with insect susceptibility.
 
Parents B, (, 1), I, F, 1 and If each contribute a different dominant 
gene for insect rosiltance with no linkage and little adaptability. 



an'-'seecticn in ELc sdpopulation aind o ~retrict the recrossing~ o l04'5' 

M,--heat 'reedingw Program 

Fi'ugrwe_ 3 ProDvdes a -generalized' wheat breeding 'prograzoui~ ~ne which'. erve
a~' afo al- point ofta reeachi o ntegrate'desireditrai . ..sto.oue higy

Z--Q Q'tibIe:varie e. __T 'ere. are-sea esxia con n n-nthi-u Jne.-, 
common, to al progras-': 

1..re ro --units which wvork on. enooQ
plant pathlogy,';' plant ph ii62b y,,cerea chemistry, and. gnet ics of'valuable 
chact era. The "s''''i.{i~ esearch groasa estron, idependent,: eerifih 
it 'n the roblm,'airas' o hli-crp:,kin'scct resistance; disease: eistu~e

winterhard ess, d~crought .resistance 'milling bakigan nt~tiona q'a-Vy.
These groups maintain bas.icd recrch ini their respective I~cpi'Stsuy iithi natur~e' _ofLtie. poblm. As' des4.ra'ie traits ar 'd~tf6irp' n
expensive -nondestructive, (if- possible) screening test "~'ae ldeyised~to identify'
th chrce.,Geriplsm, collectiosar e -then screened t1oidentify potenial'
parents showing intense, expressin ofthe charaicter -

Breediiig for 11 isects: in wheat~ like any other crop breedinige 'taiic e"-'z 
prgaivle rcdrsece and those dpted from 

reerh naaii~dqae,'sc'~ua!evauingd efficienrt ~ech
-niues are prime~ reqisites fo bvein~hsc&Ieis c whas,,For well
esalse rgas h8_ ehius are: already av.ailalble .Frporm~withne {'insc etnwta' ah 'i es ust ~be developed.-'~~ 

2.4Gene Donl'of~exotic parents--lines that shave been rcreened, for~intense 
expression± of. a desirable trait,, such as 4insebt-resistance, 'but;re'generally.
unadapted. Once the insect~resi'stance 'islocated in.an~exotic ,generally non
adapted variety it eoi.. acomponent~ of the gene pool.((A'tc 4a'~is. 

'~<t.-..Gn-'pool',of adapted Darents -vari'eties' thaJt'are systemLtical'ly orfreqenty Vsedin crosses to increase the gene 1 .fuecy-odpt
 
trs so as to 
 skew the ~iopulation in the direction of agro-ecopic,3,ap1taton. 

F#~arent crossing lc eei lns rmbt adapted anid exotic
 
genei'pools , F, and recycled. early~generation4 seetons 'fo reigpro- 4
ga-are recombined 'in, two, -three and fodiir'a cro~des~t i lon ter ob
 

5. Hybrid segregaTing Dopulationna-the F s through F~generations are grown
insp~aed 'bi,j or ,headrov-plantings,; depe nding~on the me'~od: of.breeding
(pedigree,,budk, backarosses, ec)'Used to-manage the segregating' populat ions
during selection'r Non-destructive screi'g'(C in Fig. '2) ,of,, egregating~pop. 

_, iiuations are carrie~dou )hoi1indiVidual, pants or their progeny'(if'te screemgi 
is a' destructiveone) for, any 'desiredjiae (includingw"yield). duringany or~all of these generat ions, but usually_; fro h 3 onad n&n r-a
 

toa line deficient tin aome~trait b 'witi a, high fintensity of aIdesired.

character can be -recycled to the crsig blck to a th desirable ad'p'ted 

Par-ent'
 

- -'~'Y-" ~ '7, 



'ATELITE RESEARCH TEAJI EF ORTS 

hxe~iGe e r Adp e ~~ t Pt.Ie~o l 

B showin dn e esisteance Ntrtoe 

'~of~edesirable traits 

I a' t as p
 

05rnt'rssing Block~d 

i~;V~ ~ population dur ng selection' 

No-destruIctive screeningc 'Pidt.n

* Aof segregFating populations ~ some adaptive trait]. 

~ 	 ~~ Lines, with high intensity ofdsr,
characeitic~s dee 

'' 
*,JI 

-',4a,a~,io Trialsi FF1, 79 

. ; ~.* 

j~Screening of' 
~individual lines A 

-

i'

-. 

-

Non-adapted. lines'with 
-ihintensity I 

yfer 

f5j~s~or breeders see 

~" A 

>- '~f: ~.~. '~'J~'. 

~~''J~- .~ 

Adapted 'lines with {high intest 
of .desired characteristics 

V5 rits Lines55" c~V'5j' 

FIG.. Generali ed outline ofra 5whatbreeding prdgs oitoga indicating pons(A,'c D).iat' which physiolgical'and genet'ic 5tests for desirable charactrerae applied. 
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TABLE 3. Five wheat varieties, the resistance genes possessed by them, the 
eight Hessian fly biutypes with virulence fenes carried by them, and the insect
plant interactions. 

I.eossin Fly biotype anid the (ines f'or Virulencee 

lfheat variety 
snil the In,:' C F G 

TnO:) 3l .(hi:) (lk) (s ,klt) (.i) k) (m k 

e t' . 0;,. us. boe; . ii';;. es 

(s . Clies. i . l:u!. iues. Sus. 
Knox (Pl( ) s ' e ,es. ht . '' bee. :;Us. Sus. 
A I H, ) .ic:, l s lies.hies . lies. Bes, lies. 

ue. = resistat ; 	 L~us. = 7tucpti) . 

':'Ai. '. ;, i typl; " icht essian fly biotypes (Gallun, 1977). 

Whleat Varleties a 

hiotype 	 Turkey Sce,:a Moron Knox 62 Abe 
(nonef) (iy &i1)3 (1i3 ) (f16) (h5 ) 

Gi tt 	 s- I.- K- A-
A t t 	 II- K- A-
B 1t s arn K- A-
C tt ss M- kk A
) t t ss Iln kk A-
E t t S- rmn K- A-
F t t S - 14- Ink A-

Lt 	 S- NO. kk A

aSymbols designate recessive and dominant alleles that represent virulence in 
the insect and susceltiil'ty in the plant; and avirulence in the insect and 
resistance in the plant, reepectlvely. 
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6"zField~deValuaion trials an dva,riIetal 'elease-Be , ection i's' s'ecj'n_ I
 
throgh the advanced generations finishing wihquality adfed eaut


.til in thVF'r18 depen1ding on th rorm Hi efomin nes def ien
'n sosi .haraters are recayled r:~thessi 6 eeie-" or~rbr 

pzb nations and i nprovemet whereas rc~ye~~og
 

he gene -poo:J. of, adapted varietiesa .o'the cros~i~g blocZ
 
tUsi'ng a onvergent crossing approacm o tis general description~,adapte
 

-esistan~ce have been devlo6d. 

Utilization'of' Biotypes 

'Biotypes have been extremely~ useful in breeding programs~to devel'p'.in

Sect resistant wheats. Biotypes are nalagous ,to path6genic races of, fu1ngi in
 

an e. 	 ifee1~~a
 
InteCs ftiejSillfly biotypeditnioisbednthvru

lec raijeb:fla'Lraekto'd ~ h6t having kong sfr'
 
tac.Oelit~emyb iuettl specific wheat ': ariety or germspl.sm~

line ~I esiotherbotype may; be avirulent~' Thusb viryulence and avirVence,


ena dscib I' 'eacionto'the jaii~a~ead

susceptibilit~y:are, terms 'desorib4ngth' lats ation -to 'lleinsect, A bio
 

s, pb OPAtyeB~ etc' ~a~e'detem ned&%by pln' rctiodn to
 
larL~ae of'thedme rgenyandtthe .abilityof the -laraet, ii~v_ al

511owS he rect:o n of:.wheat vari'eties 7haviig differenvt genes for' resistance to


eihliotypes ofithtthI exception of heH''gn;frr
sistance foud inheYa ivreyteeare now 9'genes Ai.entifedta dr
 
doian o pats1 6ia for resistance'.. The tabl lso -shothegees 
 :

irulencei 
-As- is 3h viiu encein-the fly is governed by recessive genes berause aviru
lencesiodoini' v~i ence.L 

SBiotypes develop iii the field when extreme selection pressure, in the 
xform of-aresistant, variety,.,havinga:specific gene for resiatance,'is applied ;1* 

,6 ea biotype with respect, to the'res itat ai&ti e 5 -sown, 

to a-'heterogeneous, popultioii~of Hessian fly.~ The more- etezogieeous A~popu- 1
1 lie 'ieaaer,the possibility is that new bictypes willlation !of Hessiani fl ', 

occur '->he~i sel6ction, pI esuize ~is apid. L >-'

Table-4 gives-thegenotypes ofeight Hessian' fly biotypes with reopect Q
~ having spcific' genes 'for resistan'ce. With, av eiue en' ~i
 
nant to aviile'icen~heterozygositj ioc ''ing~itis' seen that eertainimatings
 

ofprdulise-p~geil i sth-t haei aividul--_differing'from their~~parents as regardto bi~y eotyp'. i~~i h~~j eatso± one kind 
*9 esi±st nejlse*.their~abiltyA controll Hessfan~fly Pu ±ons particu

* 	 rylwCheni these'wheats 'are, grown:for, the fis naes hr eeom
geneosA6 puaiys~occur bn ianizie6e that a ~ulto of Gret Plains, ~bioI pI ha 6tntial ,of: , biotp,,a.eoerthe foriiingmany -. es. euse ofthe~ posibility

*~ yoe ms oiweesapplt on of Diotype ~D will-not
 
- iee~~amoxe~ ~fixed by th d6~b~edoot
For geneti , es'erch; pure ~line progenies 6f~mstbiotypes have beenestabli ;jed he ar'ketifi'rserve~to',build up -lar~ge "working! popula- 

tions. Populations of different b iotypes ar!se'd'rigular l'y"' to screen the
 
oloLeto~o wheats for newsources of resistance, vl ebedn

lins and 

Hessaian fly biotype a are: valuabl e 'tools to conduct genetic studies when,
 

Puc r invlvd especially if the genes con-.
 

-% conduct genetic studies,-eautebedn 

'toning r'esistance are ighty-iin iJust recently we s'tudied the 

v~

t - *,It - - - -o ',' - q 

V 

http:devel'p'.in


2 259 

N'. ~ .S Fu4u Unv,} CI171,4iko~m to av at'17) hesis,Agron. 

siglpgenbredig lne 22-4 as. seleoied'from Cl 177X1 that is al so, esi s-,
 
v- tsait to itpe D, Abe. whai alsoa eitn''i),ilp.'l t~ heHgn on
 

Abwhat <stesteCd f~or identity orl 1s t~
 

Althcough both' Abe- and selectionb2- 34 are eitn to Bot p- --te11 
a p seecin:gene acks-express'ioi -i hJa emperature (27C) :~so -1' a 

rnore pr e ere tsuce of rebane. , yogen,y riowsof 153 ando 2 lat 

tuesgeae inoa,; 1rt of~eiant:; gegatinE: susceptible 
clses bis 'cnimd:ta twop genes were present: and that the 1i5 gene is
 

differn indpe ofotn gentic factor'ciitainud in 822 3 H4ad

~all progen[es been ciassifi Ied, as redistant', both 'gee would' have been cn
 
siderd~simll.ar ori..tgtlfkae 'ccos' data from I a' cross" Blueboy,
 

82-3 ,C~jbiotype supported the,previoushy i~tesis th it',xp gnet.ic factor
 
was responsible for resistance of, 822- 1 to iotypes C and:D of the lessian
 
'fly- This factori'was designated H '.i A ~
 9T~o'determine~i th 3fatrad the Hq fact'or weein separate linkage'
 
~groups-'9F3 families- from the cross Arthur/822-314, previously found. suscep
tible to~Biotype D,.(--hgh9 ) 'were 'tested 'for reaction to Biotype C. -Being a
repulsion ty'pe crssth expe -cted genotIype's wouldiinclude H3b9/'" 39"'
 
h3lhg<.Eid h3h9Ai'h 9 . _Theparenteral gamete'was,[HP9 (from Arthur) and~ h3h§~''

wale the recombinant 3amete. '12:1ratio of resistant: segregating: susep.'

ti le~progenies to Biotype C was expected if the H3 idHgeneswr i>.
 

~separate',linkage _roups' however the'-observan ce of rdfi -excessive--numiber of. 

resistant-F2 plant , progenles and.'no susceptibletones~ indicated linka~ge.

'Previous research using'rnon6omic analysis showed linkage 01 the H3 arid~
 

t'H6"geneson chromosome' 5F.(GEL11un and Patterson 199Patterson. andGallun<- ~
 
l1979) ,',The recent findingL that>linkage occurs between the h3 sxid, Hg~nes
 

<iilao places the'H 9 .gene-onIchro~m ooe'5A., 'S> '"~,4~,These ~are a few exampesto show that Hessian 1iy biotypes even tho-ugh J 
'they present~problems in the field, can be,utilized iJwheat breeding pro-. 
grams, to learn more about the genetics of resistance 'whic14 ultimately'lead''-

Sto varieties withlbetter protectiorgainst this inso.t pest. -"-~-' 

F~For-the' greenbug,-,research on the, genetics of re,Xistance kaa beenoliied~
 
because of the.'lack of-resistnce lin"wheat toBiotype C. However, now thia~a"
 
ch-.uo e.ro~ylhsbe transferred into a 21,chromosome wheat;'reni'tan'ce~
 
to q occura more ir willt
'Biot;ype ~and thus research gntisof,resistance 

be~ conducted.
 

~Utilization of Morphlogical Chractristics-t.-

SMorphologicalJ characters responsible for. resistance -can' be used as a 

basis of selecting 'resi'stant planTts in segregating 'populatiions.>, Gallun et-al.
 
<, (1966),havY reported thiat resistance to ceeal~ieaf. beetle in 'wheat'-i6 attri
 
buted' to leaf pubes'cence.,. Rigln andEvro (16)kverified tbe'relation
'ship~'nevween pubescent..density. an ete e'sac n dtrie htrss 
tance was controlled-by a number of partially' dominant 'enes, with ,additf've ' 

-'effets. ~Hoxie et al . (1965)''dem~onstrated, thatA leaf hair length, as~wela 
-,dnity is, responsible',for not-e"'alaence f' vpsto ,' nte' of 

suitable cereal le'af ,beetle ppulations, selections have", been'_madeon ' the 
baas of ' "" -erce.', It~is important to metion'he ''tht althugh
 
rthis method'is satisfactory 'frtheselectioriof resistant plants, it does.'~
 

"A ' 2' 4 

http:siderd~simll.ar
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icrease the 2: ako 1'lowing other sources of,'es sance ht'would normally
liop in-.the res'ence of thi~ s c 

~INSECT RfESISTAN~T ,WHEATI PEST VAGEMET 
Thegr~ving. of wheat resi s~t t~to'sa a r cnr iiaal as or is major~bi contro ld 

-b eitn vabyes h Hessciid fly-l wh te w1i1~r and'~d~htatVceistem 5afl orfonrllcdds'it varietiwees09 c1Yi fy o"t teegrown 0n~ dnapb~s,thejial~tgStates inea (betza6d leaf~ngtiesipro fie ritiie,
variiesgr ig on mili 

To dto totle '2wheat 4.w,rleae are rin t 

fly, wreon1 milion cres n ana,.Minnesota,.ouhatIdaho-Uregon and Washington ,and Da~kota, Nforthpribi e e oepoeto againstt1hi8'insectj est,-.7 
 * pt~± 
_,.%oeiin 'wheat 'varieties have been releasdyet fr'r-the 'greenblig, butvariet-ae~bling developed,. Downy~wheat i thirsti variety developed. al 

4released that' has resistance -to the cereal leaf beetle, itwas grown #in 
o theca 
 ifr also be used inV ~conjunction'with 'parasites andnfh'emical c.nt~rol. ) 

4 4-4~Cartwright,,W. B. ad D..>W..Ja]~ueTsigwet in the grehue for
Hessan-f'yresistance, J, Econ. "Ent. 37:385-7.

'<resistance to Htessian 
 fly> derived fro ';riticun turgidun L. Urp8i 

Chada, H. L. : 959.' Insectry technique for testing ,the resiitance,-CurIn 1.a~grains to the greenbug. J Ec'on Ent. 52:276'9Chada H.L. I M., 
>'

W'Atkins, rJ. 11,_:ardenhire, <and-D, E, Webel.; 4 1966.%.9 -su Greenieis~c'tudies with!resstnc 
 small, grains." Texas Agr, Fxp. Sta. null. 782,
Cress, D.C. andH I L.,-Chada- 1971. Develop'ment of 1)a synthetic dietforS4tne.'gre'enbu 
 rnnm ;c~~~i
2) grenb ,,evelopment as affe~ed byzainc q iron anganese and copper. n 'Et S c1)a R. G."-T. IH.Johnston r 4:24-2i'. 'M~ . u E nd E.:' Amer. 61412 -r. ,-- D'bm , Schlhubr 'ad E A ~ r 1955~ 6 

JReaction offsmall~grain varieties and hubrid ogeni~taJ."ka
7,>~4~homaAgr. W.x Sta; Bull-.T- 5'616pp.%Daniela3, N.:E.'&I .iB Porr 198 e~s>~'ii i iner'r~'4~' 'J 

an
~b~ ite. O2,7o9,. Greenbug rstance stuies in t' 

ElmaN V A,-ikoa4n I.D. Sapiro 193 Expressmethod for,'determining rssacelvl of ceel oErgse~n~rcp
~ ccording toAs udahtegi'atih.'rtes 'of caryopsis starch.'Po..AlUin 
Scientific Intiut 
f'PIant 4Protecti~h 39:1ib46 4."4Everson E .- R; ,~ J -VA,-, AL al chllinger'4,'Jr* D H~Smith, and'J., C. "' -4447 ,Craddock'd, 1966. Ge~rapis1 di"lutoo reisac inTrti to' 

,. the cereal lear ,' '. Sta. 4Quar' Bull.48; 565 569.EvercnE. H",173' 4
4 The Michigan 

.. 
State"ivrtylouerSsm fo~'Plant'4Breeding. M~eo 1 Pp -- ~ 4 "' 

n4 4'' 
. ,. ' 4 9 . . 4 4 - ~44 4 4 :~4~ 
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444. '~ 444,~ ' 4~4 44 ~q 



261.~ 
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BRhlEDI NG FOR RESISTANCE TO PATIIIOENS 1N WHEAT 

1). A. lohnson and %. C. G;ilmore 

Assistant Profe'ssor of Pl,it latliologv and Professor of Plant Breeding, 
respectively, Txas A)pr iiultrti l lxplrimetlt Stat ion, 'Versin, Texas; 76384. 

Gellet.ic ros is.altoi[' 'Ii i; 11,1s irot (cted Ilaits trom tatht'gecis through
,

lit e'voltl-ionalr t inle 1i1 1 it i s toii' o lici of tiL l llO:t pr'dCt ical and effect ive 

meaU; (if (c t ro! II ii i,i ,T,' in soi I I ,riline; (StikmTi, 1968). 

s ii,i opposeS c01m1
1)l1 tt'lIV c 11 ,hgr I' f I- t ) 1 :t J);1tt l it'lC , Irmuillt i,1 a o f 

1 t)i a ( l' i ,t 1 j t ivi- 1)i)C,. ii I li 1ii ti' IIIho t , 
in ,,l ttill .t; LtVlet 

rkisit s Litn e, lit t lit t trin has i'i sio .l.h t iiiised,. Trt' ir111iillo ty iiplius nlO 

ott till t ial . exsipg o if ii' pl t Or .v%pt itil of t [i (I ii;t; 01t' . a host Few 

im a es-, i antI , if iIsitilitv iii liet ithild Ior all o ra;il isam paithOyLialic to a spe-

I) ie ; iti ll'e' ini plant. S ii' dif fer ill tipta anid dL'gri'e, indreo;IsIt several 

trm:; hay,' hOUl W-t11 to d cici e (li fernlt kiids of r,-si stancc (Browieling et 

1 1977; CaldIle 1I, 1968; hokCr, IiQi7; Nelstol, 1978; Robiinsonl, 1969). Clas
s if ic,1t i i is bas d oil s i gii o! tei pathotin and svnmitoms of the disease and 

t lic rato at wlich thli alitl,l oil ;)ililtS il the li~st p Iiillationl. 

Rii-CC-S pL-,I C i rss t ; ti is pre:;sld T,'h011 ,iaOty'sps if t lii host react 
diffcrentiiilv to (lI fec Liit iit spes iif the patho'n. An example of race
spec i fic- r. ;iSa t ik lt re!;isania of m;oeo wheat ctltivars to diffi-rent 

races if leaf cast . The wdi-at lii.-, RI,6tOh31, his ract-spec'ii ii risiStallc to 
6

ial til,)tre; U;PI-0)lB and ho-l -O3 Tit luccinia rccondita I . sp. triticiUN-i.\ 
but is fullyvuscipt ibli t i 60-761 (Browdler, 1971). Flotm the standulture 
po inTt of retdult'i ll, tIo-' |tlilu t[ O[1 t ' c ti i i 1t iaI iIllicitl11'. o 1 11 t-)idemi(-, 

BI'LiWooi[Ip it il. (1977), hiv, rta-tchr' to this tvit of resisilo a s; "discrim-

Ri1ce-1S-Cific resistance has liieo useii I)s Ii11it bldrecd s for maiv years 
i 'ih mans di ffercit criois . l' eai't- of ident i fittg resisLtant 1l1ants and the 

ot'is dallat Ic it1cCeraseCs in product iv i ty ri-ma in iii','lnz ives for breeders to ex

ploi t ract-sptci f ic rt's iStasllt' . It is riiit tlucess;;ry to kotw the inhteri tance 
if race-spucifIc res i!tallc,, a I though it is ITelIpfu , Iii order to it iliize this 

t.ypi of risistance ii a1 i.rdiig prograllm. Generally race-specific resistance 
is condit iOlld IbVone or a feW petit pairs . Flor (1942) developed the gelle
ior-gene hypotheisi to explain the inhriltlic of race-specific re:jistance of 

flax (l.imu in i:; itatii sinm ) tii flax rust (Mil .ipsoria _lin!). According, to Flor 
(1955), "Piistul typ,- tht criterin of bith reactiiit1aan. ati)i.tipacity, is 
cond it loted l*Y spec if ic pai rs of guti; , one in the host aid tie other In the 
paris it e". lt!;is tattLe itt flax was fiotttd to lie dottlinant, ald viritletnce in the 

tpatlogel was; fouttd to lie recessive'. A single locus in the parasite conditioned 
vi ulence or avirul,-vce and a sinpe locus Ii the host conditioled resistance 
or susccptibility. A resistatitt react ion could occur oly when the host had at 
least one dominant getne for resistance lnd the parasite had a corresponding 
dominant genle for avirtileniCe. The interaction of corresponding gene pairs may 
he illustrated as follows: 

http:Gellet.ic
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('--Qqotyp ofHs 

- It. rr 

a-
V- Incompat 1b1e(Res;istant) (Nompat 1bLe

(Suscepttill(!) 

0. 

C) Compat i) 1i. Copat iblC 
(Suscept i ble) (Suscupt ible) 

The gene-for-gne hypotlis Is r..vnot accommodate al I hosot-paraslte relation
ships, but it ha; Len t-;tod wi iths-voral other crops (Flor, 1971) and found 
to bo a basic model teooful for interpret ilg tihe g))net ic nIegregat lons in hosts 
and piras IttI.
 

Itil-tFri Its - ;t' ', i x )r s d() wh l the rusi statce of 
 ti1t- host Is ef
fet iv - ,o t Ig,," 'I'llt'?'j5 01 till'~ldthi;eCu Aill i(ln onlleral resis0 'X le Of 

ttla ce ii;rSio +,- to sor i,hi 1969). Commercial
,'l co rn 'tic(.lnia (ilooker, 

cor it.Noon th has i '1] races( of 1'.
,\n rica S1101,11 -oSi:tan11 to 10 1orlli found in 
thu a;rI this Malny bIiot eS arIup I t itm-. of tilt' fungus Me Widely distributted 
Ill): t ytars ill 1h,- corn grtowilligl't 1(07S, aLd -IVI r -Ot'utIllconditLions favorable 
for rust dev, )in'I ntt I r 0w1t Iv occur. soever-, ;evvrl- infect ils of rust are 
tierfound it Co M'j.l,I] ii f r1';i 1111 i var!,. severe " d t L Al though epi
delni 'o IIk-r Hot 1t*,l(ld, il 'l) t. bC J*t-lt-r+ ;it 8 be O Me listrated one1ii vo

+
ClilI", Wo oru ,h- is; .a lt p il I itv oI fali test genotypes to
w lure to 

all p(ottlt rFcl(-(
ial .
 

tWI lt ltill' hlot 1llll aIt it'll !; l-xIpressed by IUL'tIh(lIg the rate
of till' pITI, t of1 thl,palhotrtli p)toultitillI, tillv''tl;~ l(t ist"dilatory"
d "+'i-- 


(Itrowso )1ug ti't ., 1]7). A exatple of di lato-y re;istllt' it;t he resistance 
of I lax cultIiar ; Ito lOO S,. Al I ctl t vars o flax will show symptoms of 
P- OI) , but1t (11-(10lr ti' 1 ondit it(n;sy mptoms develop 1tuch more 
slowl1 V Ol !;010 Ilt IlVti Sl till (t11 . l(rtlInof di latory resistaUcle have been 
idtntl ill I to (t1arrer, 1898; tewell one ;al.1967; Lukeifitd (1181 Jrai;ls ro:t s 
et al 1975; Parlevliet and VII, Ornloren, 1975; Stakman, 1968; Sztejnberg and 
Wall , 197o; Wilcoxsot et ill.,1975), powdery mildew (Shaner, 1973; Smith and 
Smith, 1970), 1usarium ;ca) (,chrovder and ClirIstuilsen, 1963), Ceplalosporium 
stripe (Morto and Mathro, 1978) and l'iynchosporlum leaf blotch (ladgood, 
,1977) . T tellnS), "sIo(4-r-UStitrg'" a1d "slow-mildewing", respectively, have 
)Cell011Sed to descriho type. Of this reslstance In som11ehost-ruLst and 1host
mildew relationships. 

tiletvoluti) of obligate parasite s and their hosts requires an Inter
actin o I O1t, pa(ralsito, anld ,l-,iviro)lllll which does eliminate either1t not 
the host or parasite. C(-evolution ef moderate levels of virulence and non
specific resistance (dii; tory) likely Is the fundamental system in nature to 
prevent elimination of host or parasite. The equilibrium of tile system
would be disrupted by a MUt,tionl in the host for a hvighi level of resistance 
'.1, tile gene1 frequenct. f tilte muta8nt gene for resistance wold increase rap-
Ily. A mutiltation for virulenlce in tile parasite would to some degree counter 

tie selct ioll;O1v~lrlt age(If tilemutant gene for resistance, and tile popt itions 
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of hofst and p.-trasitc agI in sIhould achi eve an qIil I ITrium. Hewever, 0.|, mu
t ;ilt goitw for res is tanio wo 
 I contOllt e to a fford some d gree, of Sie I etc ion
 
advantage and should rLi-nh inl til ' .ost Ioopulation. hode (1958) has shown
 
that tilt parasiti I System would indeed arrive 
 at an equi I ibrium under cer-

Ltai ctondit ioim; which inClode' ,Otl-ftllr--gt, r-l- it
tilt'  o .h p ifir s .tate 
and virulcn m'c. Ihis! ,-uiIib -Iul ;u1 . ti, survival of host anld parasite.
 
Fromli the stan
idpo int of iioluit ionarv t iill' Ote woulid expec t that aI relat ivvlv 
S 1ho1r t "i IILI I I timTiht l r o(11li red ce--s ta ii an , [ itiIiIId I)I i to iii a ihriiiui of the
 
pa riasit SI teIll otnivol iiig I'ItCI-s;[I '('iti I- silIrSt . ,( logical to
en1C ItL wouldI 

'expe'rt hoth r ri Ite i ;t 111. , p -- S tv o It" i. II i lltd ioii-:;).u I iI , to be found 
ill ai latuiral pop' it Oiltn 01 th li t. 

i C, geIclI-e1Cr;lI,I I d dii i t 0 rt - e- i 1111t ;IllI not 'iL' iqllit id wit 11 
lnlrbf. oI i I- co i ti ioiini t I't!;I It. '. U,;ua I I dJ ff,.-ret' it lev -Is. of riceL-

CCI I I C 7i' t , 111 n All I I i I an'; be i;in cis; ' I it t i i id c jI;ited Wi t lt n or 
at I .wIi ,,tll , . 1 V-1j I O t ,,11"t, il aiid lit t i;t;Ih it notdi II'v r In - alwitVs SO .:i-S

iii ivi 'l I f il I[, .,'iii ood Il I ttC,' blii oIC i it ftl \'I iOrtir t;ii tilit 
t Iit il , -1l...t [li I li/ t 1 i1 I C i i;tin l- it ; not OhviOS . GtOl[ td i l [.tol"." ; .;I It ottI - atndi,, , i t Ii i, cd tv" ,lilt t o I I liI Ill , i lies.' l's-i~ t;InCo COTT

..dil i t ii I ( l" Il at h i]n .I III ,',ll.d li f 'iiyn i re-sic;tai'ce, and re
!; i itiT' 0:1h 1t i o i l ' :, VI 1*,il , li-t; I !I C t lIl p lvgci( , iC'L;i; tltl 0 (hIaY, 

I 1 4 ; S i I I;' ).I
 
lht. I I t ic: 1ilt i 
 i d iii c I as;:i I. i I. f, r- ist li-,- !diould nllot g reat lv

c'onIcern tht,' ,)I',' ti l. I I Ili II I 'l I I %"',I ; o f I-l' ; I ;tz l t ' )C( ifI i IndIII(' {l i d cItl cd 

tfit". I ift iI 'll, ; l. i I I II) , .I Ilti 'o l rI doi 1.ll'it for til l'iCsistilli- atnd 
Imlake' pr gl'Oti -!; ill dlv, I op i lni i c-tI"

d itI t Ivl r-s. KihOwliig.-) tit: tile expressi1i1n 

ot th e sfm,;plt". mihills i :,it l l't 'it ll n t, 'ti illt r.o i pthlog l low, 

t It i I is) i , 0:i,I I t a'I - I l il i-pI .- i I , I iii i t I ll Iiii Ito hueh a o )lil i i
 
iI hnog I'I t iu .tI' t iin -t ' l I i,t iuid-n Ii t t ll ,fI tt ii itd c ti
 

ti t, 
t t ! ie- i f ivt f il l1- i iIitI i- t it ve hti , t ,t of aiui l .s
 
iiitIk.rI t l ifr -I 
 t-l I i ftiI et i alli atn- u ii r ifi-o lu- 11ft'L'-i il lt n r iiii M'i r 

r, 'TtuIaII' i tf t i rl i V. Ihl t' 'I r t if I iI Is nlll r;It 111 1 l ;: i t ibl- g i-


Sii .!; l 1. it"iiL. I i st i-ill ,r it, i;r! I u l i ti It,, llIr:;, 
 , wi I I iisii l ly itio re 
i l'tti lil5 t u -d i il l ne ih'ii,t'll t1II HTgin tic; cil t .-iiv ioiut 1 uoiillf'.'Ct ltt I tll- itls",' :111d il , l il(l itllions l tat ill usuli c li it s Ian Lv 'it al' epide 

'I liiiItt 11t i I I nu-lit tIh rl Ii :liI . , at i'ht l l IIV it Il tC is ali, t0 I lti Sf 7
 
1til li-i -, .C 1 t li- ve i IIri I n tl l t iiiIc . d1(ro ,ltlrim lit il 
 I lii typet.
 

i lt li1 t i i an ip-otl, 11in ' - iihit - l itfill f I de iSl;SV siiti i oy I m
 
iL' -ui
t t l it i i ti il i')- lih'ilhu Wl ith t-11iii l'ltiltil[ hu] ot1 ili ioni th at aI lUtIti y 
l(;ivorf.i ,I hI iiOdi , 1't3Y.-I(., ' I.- llt. i) if, l I C, Wti' ItIsIt Iieaif l i rfn st trnd ot ter 
vifI ';i;i ' - i tdoIll l' r ai(hi' I ]11'I ]1111! i " IfmpfIt.oXil ; lca r )DallIa; :as 'Tfd whu reIh) i:l tt] I', i! adcq'ull.1 ct I )t Vll'jl ", lt- (I ;'i t tV ']eI 0I cle t in1 Coo)t1';il t [o t11lt" 
IllIl o r I,'!il I I l I'), I ll , o F,',;,l -; u , tilho RolIn g PI Iii Y ahnd 1ti1,,h P t in.s, where 
I., 1 11 t 11 I 'VCl :I; -t, lit'qt ,i1 F, !; ;id .l-ll t lt I tYv(' _0i- t'p11 d(111i C (iitvP IOJIp tt . Oil 

it t II l. h1;il , I Wlit I ll I Or ,!'1l1r111oll roott l'il tI f h Lt I [ i s do m .it Iv 11 s I tilh e 
Rol inI w , I;I I ti; wht tn lr, I.rluln nt a I c(nd it ioll! favow LrI s., d t'IScL' ,. 

I1luo, IuTim th.tt I I l'i . (wlltaltivl. ot till paithogen po~puI at ioni should hie 
ll~gtcd t¢ I -%,: 11iti ,11d iVl i ro,> ist.alict. . A\ wi4 de ;pl-ctl'roim (it l r 1)lotypesrF~ l'w st 
;Il' il -11' , 11 1tL'!,[ t o it ]illlit lIt t 1wt ' litiVcr-;it I L o M innt,,:;o~t ;I Il,' .so T),, oaf t ines 
.JdjICC['u til h ct it'thlI'l htd11 t whtcrc I' rill izat fitll) and iri'coimbinit i[onl otccur 
(,S;iiri i nlt M oo,, ,, 1 (63 . 1:,, colIlI'-I-t . (.itf l'UW t iSO]I;ItC'S f roml wheaIt t hrotulghotL 
'Icxi~i .1ild wt!{ , I tel~'td isolltl'." tit illOCUI 'l]lt d[ S',il9t' iltl Si'C (S b~lsq d (111 the 
Virl'llolcct of Lht,, i .I lnto's Iin I i;,,t of different ial hos!t gt, not.ypes. 

http:iiitIk.rI
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VALUE OF SLOiW-RfSTIN( 

A highlv dicsirable' ehira it erf it [c of sinj I gralll cult ivars would be
 
a durable tvpll of rcs i:;taicu,at i level capable of coutrollinlip d liicases
 
that IIIy I init pffdlit Jim. S)I}o:-ri!;t
if, h ; b(.ee, found to be u durabli. 
t*'fp1 of rs f!;t Il2ll(c W ho ii oxjio!;d to :I boiol(I s pet rum of race; Caldwel.l ot
 

;:1.,1:)70; Illc Ii antd Motr , i)70; i elI t t .. 10)i; [Iiuko t al., 1972;
 
S:t jIjllhI ', ld 1%1ill, I /f; Wil'ox!;on l i ., 175). In (r'n rast Roy 
Jol ljlj l ( 1 78, 19/1)) ll; cli d cxilllll i t, wh ich it' !;Ill-.'- 133;I. fup or partial 
Tltl;i,;t.IItCt.E)I ".ti l ']ll cl tlivalrc; k i ;pkt ;.ic" ild aIttaclkudco ~ll 	 by certalnl 

WV'; . A1I Ith I t i w t il , 'h-irt'c t '-	 arilt illes hrl;tt l lar iII 

h5'il , 1 , ll I 
 ll5; It hc I li lIt] it h g tt ;w, (7tiltlr11 i li Itv of !,low'

S'l , Moi'll, ', d l ,I I I ' ollif!W H I ". v,Il.l I - l ;i:'.ift i ll :; If -'l 1td ill e llfe-Ic lt

inll,'"'l"l:: '1 ,.i,'A (5'ilu X : nrd S;ki-,i;nti 19174), ;, oat (:,ru ll lit II1. 

i tlil )f .ilIlli III iill I ,llif t ~ii~lit l l' l iftl -t 'lllf-1'Vllf .5 '. ll l,'i ) h Iw 1 ,.' i;it 

rlld Iill , l I I if 1 I .1jlt ,I fI ild i o i" lttl, iililt ; wlli I l I ill l i lvlll fill I. 

t o' 1ld i L ll ifio;. fitatl ffr t l. (1977)t.lidI'l IiI, i pid I%v IvI l.Ji. , 1101

loullldthw %. 1 , Iiuiii! 'id,I I it iII'.,I I h i truF ;ltd s Iow ly w IthI
,I !, ,''It :11-,!;l, 

I v';l I I'l--I 11c' 1 111 w;!p; coi)ll, a1 .s; ic
t'* !:illwl ,,']t h1 [i!; ,p;, r' l ]-,I W ith :;em 

run ll,,;! 	 I Il'l!;o ll u t v~ir, Th'll('her, was 
iTCI -, tS i Ili i ft I fi',f t'lli '; II lfI:; 'f li l I 'd v the ii 11'i ff,I ItI.1 1

11i i \ i tUI fSiLRUSI ( ;I 't - l 

til
Ihli 1(. 1 t' t , dI i ',! t lt'). o , " i'l'trV ' g'e ;t. (t by villi to rW I1; !;olJ'
.il: ii,t , f , il,.'1 il7f; lur 	 I _a;fi, . lit l't l l if ,'ld7 171;:,:ll' 131 1,l t1975)-I' ,n(196S,) lto J-,, . tiu tlt, (it- ct')o o 


I milllt titi: ,wIhollI l h .1 1 onll ' " hl (it amOllit 


ill', Ipi; ct I I. (!1975) 
., ( i llt ;lat I ;tit- tO (ill I,'lt i~fI'l t Ilf i f i-Vlli Il it l h-%. l llm 5111 ji t llf t ficl SiIflI' l tof flifiils h as1f
 

rw:;t litllw i , i It i vatr:: I h;i( ocu i etd (Jil-ioJ ; li i.pldvaiic a'nd thuL S;pWpd
 
w Wit ,i ri
hi -I t!I op i hvpctd. 'Ihe ar-I'am der tlic(Idiw;asc pirogr(,;ss 

'Vo hat!;1'. , t Ivc, Whtil !- 'Iu' ll II 110 ; 1lalt I-O;t IOW'lyc lu c'li t , Ct i11) !;inlllI I 
(I;aIViliItIrt\.It111,t .111dl.;iIox- s0 , I1978; follw :oli mlid] i II c.Ix:;olI i, I 1)18 ; S illJitLoll, 
10)7"; S;k,wrm id ct /81 it(hia; liet) cI"!;t,.I.,I l ,1Ind Iy rtl td wt thI vit-Ild 

(bit' 1 :);Iloti;,; l,1. 1, 1 1)'i i'itlll i(lll ,liltdJ]I t !; I ; I j; (:il zo!;)ll1 1 71) ,t Rom ild Ipou 

s h;11Itt Filil/l",
PIN/ ). It .111d1 11)'/') co't ll ictd I ha I thet ;lrca ilder th ! dIlw;ase 
, 

pr'oF, -'; , ('Il V ' , l . I w,-v'l" al l~ 	 .1 ith tihet I lcrl thaII''ll !;[Lat l.st ic's ilc;.slciallt. II 

l ,J i tt .1l', orml~ illl idI ';.V~ItI .' dIjltil 1lld .ll't qnvl.Tl[I l' it 	 I so'I;! lwplrlor lwasriy 

ol ilow di:kl'.,, di'v 'opruclnt
 

Hit- ilnh-ritJim ra,lt (Vallidrrl H anlk, 1968t ) IIlasltwt'nOso;tdlilassess I tilg
 
o(w-ro~t ing (Ma(,c nii, , 197t); St at Icr ot ;it., 1977; Wilco×m;oa vt itl., 1975) 

ailld )l ll.r t i ,.0 tolrv l'c!.;i cl(t, alld Thutl';Loll, 1977) . Ci'Int.w d iI ";l (sci'llilUillln 
t iVaI , I :1 1! IIl; I ,ow~vI\' ro, c'harl ah' tli;:ld by¢ ;I lower 	 Inif'ct ill rate( than
 

+
rapidlly LO theW !;dIntcl-tivr+,; thalt r'll;t Wll,11 ;lll)jt,-cttvd 1).0I 0.1 l)) IIIulafork 
,
houtud'-rtIn , -Ov,iImimcn a clital iI It; (Matl l i~zic 1 1)6) . ;tal Ier tvt aIl. 

,
(11.77) toulnd Ih1w Jill ection I%+to to he, highl , co-ri t, etd with the per'v ntaag 
I ,'trlI, ;,-v" riLt% t i1 I illill 'V.lllua lltI dail l ild !;Illgges;tod thal. both lnv'iu.mlr

lilt-lit s I ,t I d hc' u ;V,J ;I!; ,ill hllic'oi ionI I Itcilt I c o f ru It dpvvv Iopenllt . 
Wi Ivox.:s;o .I al . (IP)75) l!;(197(j) t(ound vand 1'llmp-;ouanld plz~t the, [[t'f toll 
r, t' [0I lit, I It, iln[olpl-l iv.(- Ifl [1 ;IunmaI o|L w~l'iwrc , th il rva c it1 it t va'; datl; t iol; ; 

u111(.11I !I.l d t:t;: 
s 

IIO 't !! curIIvewai!;ttUllilt ' -0 IiIlhIL' Of-!;l 'W'-I libit r illdI'.X 

-
lihcs vc'ritv ,)I a rut;t t'pidv~lini" oil ;i g.;oootypt. w.ithoutl tqwci(flc res.is 
Litlce, 14 1il in pairt dhepclid ,itthel atent poFr o i (t ime 	 inttvrva IIrom Iitf,,ct I i 
L 8I.i Ip~'ll IL . (,: )sI tItu mllnnhv r (IIfs po r s ca,' si 111 1( ct I o il, tIlv. !; I!t f urII'dI a , 

http:u111(.11
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aiid spor product ioiI p cr itred imln. 'Thio fill lu'- li.' tlioughLI of ;s rorn-

I)OlUltS of diui;iSO d t 1) ttill'- ulldLi'h lit; Ill i l'i d to ident ify slow
rust tig gi'lilitli'ot (Clifbord mindCliotitr, 1974; livdii, 1I'6; .lolt soi ard
 
Wilcoxsmi, 1978; Krull, 1946; Ohmlltid h i'lr', 19J76; oarlv!iltinl 
 Val
 
Ornvnoiroii, 1974; I', itt w~, i md ll-,,i niiij , 11.7k; , :' dits)N'\'ev, 1974;
 
SzIt . j lib rg ,rid Ilt 1, 1976; I.'ilctlx\ ou ,.t itI., 1974 ) . I -I titivI' iW.iS (Ir,'
iii'-t lin t ;ill '' 1 I ;'Illt'it iI I VIl t i i - t t-''i +l'i ;i tIn llSlii t' i it l p'llr}t , b 


i" t i - il l' 't'i Iili' t I li' ; l'l. ll I i I 't I;. i t' 1i 1-1l xIM[Ifi llI'i iI I)Lr
 

i h l{i 'l-l' ii ,I't ltlltil 	 ' ill 11iiSnitil;, - l I t i - I "1 i '"ll tt1 t ti '; I i% ill 	 ]\ I t 

i IIt I t w" t 1 1 I IIi t 1 I 'io t I 1 1 i"t ll ll t 'i l i oi u /t J'll t Ih r t oliii 


lit I It [ I I ; i 'll 1'1 \ I,--ll'l - 1 ; ,tI 1 i i .d.I [irIt[li l ,illil l i,, t h i 
i llt II'Ii itI, )' h 'i 1'ti l v , 1-1't'll It ' iW t I I ; I I' S il I I'l l I' vl l
 

ln tiull t ld wit ' -1 it l' ;titl' 1 1 ild ta
i t it I (.o n;ml ,'iC I ;OiI '78) i wli i'll i d 

I tl ' iii;;tJIt 'I'll (.ut 1 l Vi.l, I
mi iI '; 1 %lIti l l i l ! 1,i t ifII] i r

thl' 1k'''l~li.tli)t 1- A I )ll~g ]:I i -It p" I i ,,I '111d] il 1 he, I i o lI1 (;I , ;n il I a read 

m ldcrt hl , di il:", pti -i it' ,l ; I I :r liiItor 'I' IiI'it iVtt i L i l' -d i t togamil l d 
till- ollit oil i). Ut ll 'liCt I.;0 Stil ' -iqt l t 1t1i' )'A) . . ii' ill InS%.' lu i s it n 


Hii I I p lo t: !; v hc l oill'i'lIiI i , , It< o 11'it Ili hill I'\ lla~ t ill!'. ; lov.'-Irlps4 ilig
 

iwL' L p -~lil lI]F IIIIn ",it)l ;It VILi 


lU;i I e . Iitllrvr, dt' l'4tt:Ic 

LwI--; it I il, ; b" ![,t ld id al mII llilIlllIII .'XpIl ,;eit If t t , 

,J)A '- ;ll1 ;1 .'1-cr:, 1 ;. lIl tol * i~v t l'r il! ic',[ i l h,ivt' h - .'i'l Il nlld [il hotIt llliu ll idt ,h ,ii t,,. L17)4) i;i) th i' it l'l lt 'll; '7 i ' i nt (lIiiki'[i t ii t
;Itl I ielllt Lit d i ,t llltu i:Ih s lo ,w jil~d I;]4 - '], itll, cu lt iv,I ill " i I II s
 

(UiI lclo×so l II , ' . (Vc'', t - lO
c't . I!1 ) I HtOW, r I]:, m 13, l] 11011. 1 -"rI , i''(il I owt~'.- rut i ly 

I, I;111t il h i}1 i ( h ;]Il ill l;i 'l-, tI p I ltI- , ; t ict I;I o i I-11,; I i lu} .1; 11t!; ill1- " 

I'.ollt inu mtl!I -i,' ";hllow ~ - I , . I I'iih il/ llio I l 1l% 1 sr lit'artllYil III ioI i:; 11 11 , I ,I? : I' ilJlg . 

t:;;PIRFED I 101:' d~~I;,lIlI :.,; p I l, I SA ;C I[ 

,S lo %'- 1 1 t 11 ; , !1, i 'It tL'(I il11I Ilt ' ) - Ti It'l 111111d 1t 1, 1 ;11Aitlt i t j t I %,'lI ihh riJ , .I';I it 

M :I A t i11t L'I ( Id 1 ;t, Ill i!!; SlO 'llil ,t I ;t ., 1978) ;wld ],oa l r'us't%1' l 
((i;,Iv l-rItF t ;III(I I P )/8 1 11 V~ i Im i W ilc()X!0Io , ), 1:t IIL'V 11 I -,t' I ed wi th11 1 ',11 r l i;L 

(.iollS0ll cIlLd I' ll ,;Iq 117 1),% , Jm i nl ,.I I I illt '.,i I ., i Ith l " I- I rw (: ' t luktU 

et t 11. , 1 1)7 ,) . Inhl I. iIitl ,IC I hi111 t\VIl' ii 11"[11llil ' it I ( .d whc=!l thct s;L reat-vts 

o i t a cros}";; Ill 11 tI l 1 1 ill I (I i ;., t i i, tl,[hill; .; I I I' I c m it dmiot ri
It~lt i0Ill. I,!;{ II InA t I ; Ill 1101 i I ii I [i vI ,V1'', II t1 " -11 llt ]L' I ltU ] t'td I till]!' V;II'i~ll i 

'olp t...w it !,[ ., clc. V ,r tl 8 II , ill. I,,ti I ,',f'(Iw I tItl I cal I rw ;t ( I,, illt lrt Va LanaI 

;alld tI ;oli I'I , 11 l tl tilll ,,'I cd /ItI 1 [i' :; iialld .ot a1 . I /ox'- , " .', i , c 	 :Itc I~t' (S];ov 

I1) 78 ), , Io 1 , 8 iui~ I ,,,]", iut --'t tLd l.; iti I '-,I I ]w; t (Aho lm :;i.' And Wi I ox!. ol , 
1979A , 0, tit o .,Z i t ,i ill ,('cct'. Ld I:,'i it'ch o,ii l I [ ( SI im, It, -, 197 5) , miod 87V, ini 

-R. 	 If k wll;t[1, ro I l ;1! iu11t'c t t'(I l I i t kIFtl~l 1It!;l' t ([1.1l.t- L't ;11. p 19 75) Tr;['l I ]srllt 
' s iv , - ;I I i i It 11, I ., v, -l ; I !; I ow l,- Wi,t I ll}. ', llt I; i IC ' t -lll 	 .C 1)J t[l )il'MIC l1_.S , 

!IA;] .t'LC O til tdtI 1 Ii1 : , vc'l .11 p lit i m l!; o I !;tnil I l l l 	 c, ( (;it% t11 L t Vil t lla;~pl 
an;d 1 I!',x,;om , 19)78; lohu.i;on ;aml ,:ilI x , 11)79A ; Skovinanud i t I . 197'8 '. 'lTe 
inagi.. iit tde t h,.ri it Ii it I t I I ) l 1 o| Ilh' I t iL ';CV IMIZII;ni I I 'ro_01); i lj i (',I tLii; tll;ilt
 

+ 

'olli i .i r ll) I c pir !,, ; cOll 11 110 ,: It ' d td F0' 1 Wllli,'C I oil ; I 0;W'-l'tL l ilj i', .
 

I ht,, r I' i] t ve Iv h i! lh FIL,[t i i IIv III i; low-rltinig allld t he I o.w c o s L o f t 3I--

ilI (II',l)(111,1-d tLI ,.i , -IId lliti ;llt ',; Ith1.t !", I oc't itll !;1h"1 l1(1 ,11doll"l r i o r t o y,'i Ild 
[t"s tiI I,. "1Il.,' rec'i nig nl,.t hod tI) ,ll. , ','t il l ,it i t b Ii t I F Iit 1 o rd 'p,-tld a]va l 
WI(Id f i 1 i t I I, S I ,'I'-I II iltrlol Ilea;l I \v I1 ,V: %1 ;1 11l1-:; i! 1hi , l y ff i C en11t, 
Ini i ~t 1 rt ) fIit ' met I IdhC' 1u11k tll 110 A 0 1 b ''i I I S v. r i m-]! tc t3ill oI t bult , l l woulId 
I)t ;l I-I - IL j 1 v I Ihort i , al c'o wl;[l t_IULo.i ill 0' i; tl- I it ,
 

[, - g, I 'dll I ;I ol t[Ih b)r L(l' ii 
 In t hod , I 'ir iu11 ;e I I- t i oil o I Lht' pa rvil t 1 s 

Il' !,;I'V%,. l It ;l, I I'- 1'11!; t i lig c Ih rjlt,. rl (I-( I'llc pa i)r l lt s hould be' v'onfirimled thor
mih I " v ,b" fi c Id ;]lld I lbora t o rv e×pe r Iil L , i f po s s;i 11c .	 Ow' oulId espec ially 
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want to avoid clat-sifying a parent as slow-rusting from limited field observations which could be influenced by changes in races 
 during ",e season.
The 	 second parent should have good ag-onomic charateristics and may or may not have specific resistance to certain rac,-s of Ieaf rust. The pres

ence of genes for specif ic resisLatnce, however, complicates selection for
slow-rusting. Specific resistance will mask tile slow-rust Ing character in 
many of the segregates uless care i. taken to test tile segregates to specific
races known to he virulent on tile parents. Some segregates, io-we,'er, shouldbe free of gtlle:; for specific resistance and still have the slow-rusting
character. The effect of goles for specific resistance, therefore, is to reduce tile portion of tile poplulatioti which can be easily evaluated for slowrusting in tile fi'Id. It would be hiighly dlesira ble to breed a clt ivar ilaving
bohL specific res;iStnlllce anld slOw-rust-ing resistance, but tilegelLS for spe
cific resistance call ie incorporated most easily bv backcrossing ifter tihe
slow-rusting ulltivar is deoe(-ioped. 

Tile eXample whicll follows illustratt1s a bulk breeling elctihod for slow
rlsting ishing a 
 a IW-cl1St lIg 

sLsceptiblei to prevalenut races ieaf 


cross of s o )rllSlt 11d dI fast-rllstillg parent 
of rllSt
 

BilltMtLthh)d
k 
1. 	 Crolss plrent-; 
2. 	 Grow F1 plants to setu're. I,00 - iO,00) 12 seed.
3. 	 Incrtase tplIL llt il ill bulk :o 15 by harvesting at Ileast 1(,00 plants


ealch generat io i. IlartveL;tid se d Illily
be s5llpled tlr plalting each genera-
Ci oil. 

4. 	 Rantdoml V select (slIct iup tfor Isolow-ruqtfls il tile 	bulk is probably not
worthwhile ],l)00 indivitlal (itikeS . Select ion may be done ill earl ier 
geiler;t lons if the breeder i; willing to sacrifice iomozyposity.5. 	 Grow selections1 igle rows 1-2 m long ill the F6 . I)evelopsert of an:epidemi, of lt lafiu. durin the 	 later stages of Jointing shlld be 
ellcollrak-gl ttrIl}gl ilse- lIf l;preader rows, inoctliation, and sprtnkler irri
gat I on ,

6. 	 After till epidetiL' i ;StallIt i sh d hot not well Idveloped , evalitat iton shouIld
be repeated two to thl-e times dtrillg till- s;easol it intervals Of one to
three weeks. During this t i(10, notes ott other highly heritable characters 
may 	 be rt'cordeld, and finl s"It- It n ill tile 16 may 1- mad- on tLe basis of
these ntotes as well as slow-rtllsti111g. larvest s'licted l-ows.

7. 	 Sifficient seed should ibe Obtained from tile F6 to plant aItpreliminary per
fol:manI- tesit cosi,ting of tLwo replications. (('lot size may l)e I itmi ted 
to single 31 rows.) Do not ha'vest LIviously litfer Ior select 'ons , and basefiIal Islectionoil llanL t vj- , slow-rust ing, I ighly lie, tabl e charaters
such as maturity, ald yield. Select 1n1 inttensity for these characters
shtuld be iicreased to reduci, the number of selection!i retained to tite
Ilumber that call 	 be grown in repl itated yield tests the following ?ear.
Selection intensity should e lower for yield titan the oLher chtaracters 
because of its lower her I tab i1i ty.

8. 	 Lvaliation for slow-rusting sholId he Ctlltitled througihoult the entire 
period of eviluation prior to ri- lease of a cultivar to eliminate gentotypes which interact with som enviroiinmI-lts to give an Inferior level of 
res is tance. 

If sufit cient labor and land are available to currv out a pedigree breed
ing 	 progi-am, til ied igree method should be untirely s;.il i-tfactory. Also, at any point In tile pedigree program tile breder has tile0i -tunity to sitclth 
to tile bulk method. The following breeding method lilt .ces a pedigreebreeding method utilizing tue same type of coss used tih, bulk method. 
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.ed i_r e Me t'lt id 
1. 	Cross parents
 
2. 	Crow F plants to secure 5,000 - 10,000 F, seed. 
3. 	 Spac F2 dpintAn ,pih. of Ieaf rust should be encouraged each 

g, ieratim (With tlthe XCIIition of tlie F1 ) in te same manner used for the 
bulk mteliii. I thi'heii'C,lr crV and parental check rows frequently 
e'nougli LO dL'tCIri'ie tilt'0pt imum cine fcr recOgnizing the slow-rusting 
chalractitr. This willill:ol,, b sCMe tiine ufter hieling. Tag or mark 
spikes of sClected plant!;'cith pint . Iglilv heritable characters such 
as plant ll eiyit anild in liti' I1141 ;IlSO SL' t ' s elect fun criteria. 
Ilarvr'St t.aili 1"')plIlnt rc'er;tl v. 
'4
PIant sel'tiOll i iii the 1 in rows 2-3 II lo.g. Use onl.' enough seed to 
result in a plaint ;picin, of 4--5 cm. Cull ro.,s obviously inferior for 
agrolnomic chiri,'ter.,. Select for s low--rusting iii tih' same manner as ii 

Li,' F') eXCI'-' t ' lecL'tion1 is;bred f ir:,t on1 the freieCv of slow-riistling 
p1lants iii a -ow, id I l cv, 1 of iow-rust inp. TheIlest plants from 
te seloco.'t, rI'ow r, thlIl tgilged o- lirkel. The number of pllllts to 

mark for lii'V ,'(j[i[ IIWi .' o il the ''iilber of cows; s. lected and the num
her of row:: whi h ciin bi grown the ollowing Vear. The guiding prinicple 
should ,.,"i is m' elfhi''l'it to select fewer plants from more rows 
than I :re pi'its fresi t'e'ir iw's if the de ,lral i i tv of the selected 
character it;e,;sit i I'.'iqu:i in ill rows being, cnidcred." 

5. 	 The plOv'ediurt 'ii i - 11 FI:'i ; ri '.:ted in t!,e F4 and F5 .
 
6. .leet iOiTI from tilt'F5 are grown ti,' folloiwng year (F6) In larger plcts 

If 	 !'ttda''r iulfici,'nt . l'!lnt spac iig I ho that commonly used in 
"I I(n ;Iut mI; ilI % i! til basis1Mi0I.CikI I icid; lIt a i't is of slow-rust ing 

a1; hii I ' rit ai l I'li , is , u i )it tgli I ',t I-t o re 'mpias is mayv li on p lant 
t'oe. eco un iilq d IOVi i averag' or chck plots may be used to 
s.lect 'at yie-ld, hut clt tiii cn,;'l for vield not ' high attitv 'd;iould 
t is LIct'',; I.' :S 5. seleCted bet i1e. t1W elie lihetumlelnWr should 
Lhfiowhich c i b- vi'; : ','i: t.: o IllIowiiig viacr . In sioiie case!; plots 
ma, Ii1:1u 	 ,r;tu-afor "a s,''od oi '' without vi cld test ting tiltfollowing 

A:; illtlil 'lUii Il f.t1d, 'v;l lIut i liifor slow-rust il situlolId i'ontI flUe duriig 
the vi' 11(1 t0. ; n1 m1'r h)11 'i or to tl'a, i-o' f a ciIIt i vir. 
Modi t icat i it-; t tilh' l1k and '1iitec program i],' titiuerOll ind I Imi teid 

tiI "'I y tiliVlu' h)' It i MII' i it t io ailAndC ilib i I it N. Fo r exanuImpI I plants mayF2 
k i plant ,' i nld!;let d as it Lii,' elici'u' method, bit thentbulked for 
ller'le tou Lt ' 1. iir 'ie btr'ed 'r might choose to maintaiin the identity of 

the piO ;cyiVof k Wih ;'lkct l i:,1 1) Alt 1) h Lnilt fatuiy ' generationbulkinig aih 
F-. 'ItCi il ( I 1 dt ' RegardtO tie S CL'l l o t' ti ld t e ll) iL' ati,' gtnLeration. 

i'.;!; ,I' tie ,'l'ct ii ure, s'lect 1911 for sloi-rust utlg he as. proced, will only 
the r, i ut Imim';Ic'essfilis il ied'r Ik in ih'nt i fll;g the t ime for discrimilatlng 

i;(-I"ci io,. D)Ive I ili'lit f i',,v e it is imi r.ci l to the program. 

IRi Ixi; FIORRAC. ;SIKECII' IC R:S IS'IAN(I 

'he tututuer of 'IW,'; ildl' O'ofi jr;Isi te inucrea;e wi thii eXIl;ent buIly 
ilt'nu.lber of Iioci t'otldit liotiu, rc'a isi;ontc'e. If there ar 't lie condi Lioning 
res itantce, th two for r c l'cuts , tlier in'v lie 21 different.i phe ottvpt', I 

races of til t l'aI u tt . lot' 19 lLi tLi; cmqli.; 52,,288 races. The genetic 
v'ariation or itn'lltlc vti ltIon illtile lOliulation 'f the piatsilte is a 
source (If frli:tritioll o llllt rueeders ltili7ilog race-sl ecific resistance. 
Widt,-spreald ri'ouli't oiif a res istant , :litivar oxert; tretiendous seleetion 
prt'ssur' for virul.,'t races of the pathogen whluichi may arise from mutation, 
:;r'xial I r.'prodiit iota,or pat'a;Dexiicl reproduction. 
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Generally the situation that faces a breeder is 
that a virulent race of
 
a pathogen becomes prevalent on a previously resistant cultivar. Frequently
 
the new race is virulent on all the cultivars commonly grown in the area.
 
The first step in breeding for race-specific resistance is identifying a S(urce
 
of resistance to the virulent race. Lines which are resistant in the field in
 
the presence of the new virulent race ould be r-ime sources of resistance. A 
susceptible reaction in the field may be misleading because the reaction could 
be due to infection with another race. Controlled inoculation with tie new 
virulent race tinder several environmentl conditions is often required to 
identify stable sources of resistance. If no commonly grown cultivar or line 
in the breeding program proves to be resistant, introductions, including re
lated species, should be tested for resistance. 

Related species may be a source of genes which give resistance to a large 
number of prevalent races. The reason for this wide spectrum of lesistance is 
not necessarily the superiority of the type of resistance pier se, but is more 
likely toc result of the gene frequency of the parasite not having been ;ubject
ed to selection pressure by tie gene combinations of the related species. 
Cytological difficulties in transferring tie resistance frc.n one species to 
another may be considerable, and the time required to secure cytologically 
stable source of resistance may exceed acceptable limits to meet the immediate 
problem of securing resistance to a new race. Developing sources of resistance 
from related species should not be neglected, but it is best left to a sup
portive pi.gram in development of germplasm. Cenes for resistance which are 
in reasonably well adapted lines should be used when possible. 

The development of the what coltivar "Fox" illustrates some of the pro
cedures and frustrations common to breedilo for race-specific resistance. In 
1947 breeders at Oklahoma State University initiated a program to transfer leaf 
rust resistance from Agroron elrjongitu~m to comonn wheat. This program resulted 
in the release of the cultLivar ''Agent", which carried a translocation from A. 
elpngitum that conditioned resistance to leaf rust (Smith 1968) and was in
herited a single dominant gene now called Lr 24. At the tine Agent was re
leased, 24 gave a very low Infection type to all races of leaf rust in the 
field and laboratory 

Breeders in Texas crossed Agent with "Tascosa", a leaf rut .u;uiceptible 
cultivar having excellent milling and baking elhrateristics. Thelpopulation 
from tills cross was exposed to natural infection of leaf rust in the field. 
The cultivar '"oy, was developed from a F3 plant selection lthat carried Lr 24, 
and was released !nt1970. During the spring of 1971 '0: collection of leaf rust 
was found to be virulent on Agent. The following year "ivirulent leaf rust race 
was collected on Fox in South Texas. By 1972 leaf rust was prevalent on Fox 
throughout Central Texas. In spite of Its excellent yield record prior to 
release, Fox never became an established variety because of the early appearance 
and rapid spread of a virulent race of leaf rust. 

A nib of Fox was used as the non-recurrent par, nt to backcross Lr 24 into 
"Blueboy", a North Carolina cultivar which was very susceptible to leaf rust both 
in Texas knd North Carolina. The resulting variety, Blueboy II, proved to be 
resistal,t t- the race virulent on Fox. Blueboy evidently carried a gene for 
resistance to the race virulent or Fox. Blueboy II was used as the non-recur
rent parent for transferring the unknown gene for resistance into Fox. Con
trolled inoculation was used during the testing of backcross plants to insure 
plants were illoCulated with the race virulent on Fox. Before the backcross 
program was completed a race virulent on Blueboy 1i became prevalent. The 
program was completed but the "resistant" Fox has not been released. 

Race-specific resistance can be an objective of any breeding method. The 
only constraint i,;that at some pont in the program selections must lie made in 
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th;a presence of races of known virulence. In the field this Is frequently ac
complished t)yinoculation of siusceptibIe spreader rows in the nursery. 'li Is 
technique, however, should be limited to prevalent races and rare virulent races 
should not be inoculated in tile field. Also early inoculation of a nursery in 
a commercial production area rlns tilerisk of contaminating other fields, es
pec iaIl if tLie 'liSe ase i a disseminated by wind or insects. hlecausie of these 
risks an tin increasecd conilre of inocillm, greenhouses ;id growtl. el'ambers 
are v ry use'ful illscreelling', breeding thai eris [ for race-specific resistance. 

Iackcross Method 
Tlhebackcross<; ImtLhOd is part iclairlv vlltliablc illbreeding r.oce-specific
 

resistance becatise frequenlt ly tilt,stiii isid isc a !solrce tit rosiLtmocc is not
 
adapted or lsa some glross]y ulndi rirle clzirai, erl ice. lhe backcross pro

graiml mia:,i- C;ll'i'kId 
to tlie poln ef run'OV l-ii tie phlnOtype of the recurrent
 
parelit , or it 1W.' he 1 itni I e ft ti.' or Lthree batkirOlses.
 

Ihielna recurre-nt i;illt clOS:iI to' o parent probai; ! A lIetenl ii'stols the 
bility of failire to translit tie desircd gene is equal to (l-p) 

n 
where p is 

lit' freq(Il cy ofl tilie tra;i mi ttd gamelt c avi n, tile desired gelle aii 'I is 1nl1ll

1nr of croased S. id Oibtilld. It thlere is 1l1t preferential transmi-L, ion of 

1:l101't.s lie probabiliLy of Iiiiiurt. eqril ;I11. Seven secd will reduce tills
 
lIroh lbiliL tO 1, ; t11111 .1
 

Illmost ciii;se re;i stalee is domina5int or part ially domiiuilt and plantsm
 
li-tirozy.gOiS I or restal li-c ill be idnlt ificid erich backcross generation. if
 
re;istance iii re ia iv , el il, tilt-bickcross plalits; i; necessary to identi
fy ti, plants which tarr' tl t,h';ired gulet. 'lie hiicke ross program can pro
ce'id wi tlloiit aiitiig for fit, ' r i g.ncrat ton Oif se llg if secedling s can be
 

iiSti to f',' l ni s A sufiiffic11 1ii ofi pilanits
iileDt 1-esi t; t ilt11 'Cr !ickcross 
1


call ie 1I!;Cd il ( S; illt to itic Lilt-pro glii tv (f failure to all acceptable
 

level (7 riluui .I(i ud t01ie I ,l tec stetd deterr 1) l), iIlc Se ll i,r-al be to 

mille which bickcross hirioil. t Io lit! i li nieilfeil gl'llt 
Utilizat ion d multiple fil Sist ince i rio effr-ctive approaci to,i ': for l 


ire-diiig for r . l it" 01U. iil additicin to decrei-;ing the proba
bility of t i i it rii iiqli>hrV tritation, niultiple I g.ies for resistance
 

increise ti,'pussii Iitv iifinteral lelic interaction (upistasis) whicli Watson
 
(197) ltas I rt ed to lie evident ili stehw rust resistance (if wlieal . Multliple 

Ssni'orlI- woId be most effect ive if the gencs were utilized bhfioreei-tlt,illie 

vilieClt 1-i Cis for eiCh g',enle becimlle prevacitg. IDevelopment of such a variety 
night luir'lve testing; . i rare virulent rat-s which wald require extreme 
iautiOll to prevelot diSSi llillatiol of tilt r'Wes. 

ClililillPin'; resistant '-lieSfor wlchlitn) virtilent races are known requires 
i-xti-nsiw, test crossing. A simple exalle woild be combining two resi;Lnt 

)pelleS intoIlih cnltmivar. Such gene filrst would liVe, to be identified by 
test int, for mil; lei iil,. If tO lioiiiOZm'VOIIS oi are crossed andsouirces resistance 
su,-cpt ibl,-plants segregate iii tHie 1I, the sources differ fingenotype for ot 

least two loci . Each source of resistance could be backcrossed into the re
cllrr-ill parent in saeplate lumikcross programs. The genes could be combined into 
one cultivar by cros;in1,1 the hIomozygous resistant backcross I nes, selfing, and 
selectip, resistlnit seregates. 'lies! segregates could be crossed to a sus
cept ible segregate, eliicliwould ihe used as a te;ter. The Fl 's from this test 
cross CoUild be st fed or backcroissed Lo Lili' suscept ible' tester, rind the pro

geny chcked for a miro or dl-gcnic segrt,,at iin ratiho for reslistance. A di

goiilc rat io from each of s;evll plaLts of the same test cross would indicateF 1 
that the original nor;istant segreltale was homozygous for tloth genes (1'< .01). 

The pedigree method also is useful in breeding for race-spf'cific resis
tance. A large numbir of 12 plants may be grown in the greenhouse or field 
depending on which is required to identify plants carrying the desired gene 
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The number of 12 plants required to initiate a pedigree program can be de
termined by !stimating an expected 
 selection intensity each generation an,
est.Iablishitp the number of lines from tile F5 which tile breeder desires to
 
y iel d test . Se Iecot intensity will del:end on 
 the parents involved, but

sel ect ion int ens i tV for chara-tters cf relatively low heri t alli 
 I ty , such as

yield, should not he high. Assuming a selection intensity of i each genera
tion, the number (N) ef F.) plants necessary to puovide X number of F5 lines


for pre liminary vieli tear lng 
 would he N - X/(I) . For a selection intensity
each gene:at ion of .3 and 100 F5 lines for teating,, N would equal 12,346 F 2
plants. Roe'ietant F, plants should be at locted, their progeny grown in thefild, and selhctlOts made fro the bst rows ,.; iln the traditional pedigree

breeding meth(od. If re:;i Stance- is recessive no further testing for resis
tance is i'lctssas-V Ulti l 
 the F5 whiui the breedter shitould test selections to 
elillliitae iixtrll s a lind i trr:ses whici may have contaniutated tile ropulatlOh.
 
If resist;llt i tlintlit , :el i('ting f,ur plaits from 
 each chosen row reducestie p ibaid illt CIF failure to select S plant carrying tle desired gene to less
than .01 . A s ,hmpli, of the priulety from each of tile four plants should le 
tet;ed eacl, 'enerat il to Idteitifv those carrying tire resistant gene. Tie fre
qihiericv -)i hollol;:vygosl ; istait lines shtuld rapidly Increase. 

Bulk etth of 
lIII bt1k method of I, reed i ng for race-.spec]fic res istance differs little

from the tradit ional bulk method used for other characters. At some point in

tile rogram pln:tns masgt lie selected on tilt basis 
 .if reaction to the specific 
race in ueat iOii. Ibis ifttn eurtires ,.ontiolled inoculation. Tie breeder
 
har tiltl, ption ,f ite t ing for r,_-;I.-;tanct e i any generation, but testing 
 In the
F5 or Iiter gtrerat airs I! iff ici ent because tire frequency of homozygous re
sir;tait plalit:s will I,, near i itaaXimum. Itl some case; individual resistant
 
pli.nt ats >tI-i iii
si o td th, Ei" ld directly from thu hulk, but it Is difficult
to ide, nLify al irk r -;!s.trtt plairts ii a bulk. Furtliermore, other virulent
 
races mcv cotl e !ti t 
 Lc i jij f,'ic tire e;i stanic, soul ht. Rather than select for
 
'er t 
 ati ct, ini tilt bulk, tcoldiom heads m ;I h.,e harvested and the progeny planted

I[: 1Tie 
 -' '. Ilitiri etr of heads to harvest can be determined, as in tile
 
i'd igree tiLhOd, I'V tilt expected seloctiorn internsity and the number of lines to


le tested. In this c;tse N X/i. los can Ie 
 selected on the basis of maturity
and oter iii hly heritabli characters. A sample of tite progeny from each select
ed row she-ild le teestod fur resistanci and reel tatit lines entered in preliminary 
yield test; the following yuar. 

A tied itt d bulk trothod, which is ai compronrise between the bulk and pedigree
method, eliminates repeated distease testing of progenies until desirable agro
nuomic I ii-: ire, obtainrod. F, plants should he tested for resistance and the
rirogeny of eaiiCh plant maint iint-d as a bulk family to tire F5 . Selection among
families may be dne fur yield and other characters in zhe and F4. 

F5 a minimum 


F3 In tire 
of eigiht plants selected from aI family will reduce tite chance

failure to Obtain a hoPrrOzylous r- ;lant plant to less than 
of 

.01. Progeny of
selected plants !;hould be tested controlled Inoculation to identify the homo
zygous resistant plants. These pi,,,eny would then be increased and entered in 
preliminary VieLid tests. Regardless of tihe breeding method used, adequate testing procedures should be uset to insure selected lines are adapted to the region
of product ion. 

STRAfIEfY OF RESISrANCEIUTILIZATION 

Breeding for race-specific resistance is largely a straight forward ap
plication of plant breeding methods. The strategy of utilizing race-Epecific
resistance is not so straight forward and is complicated by the continual 
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selection pressure for virtilviw' fit the paras ite. Muitilne cultivars, which 
are essentially a mixture of genotyptes for resistanco in ;Icommon genetic back
ground, have' bee,n suggested ivy(lBrwnlng and Froy, 1969). Stratification of 
production relion:; b','U I I ill; di fIeIVit ne1s for resist ice filr eaicl region 
1lso is a loss iblI strategy 'If ut i iniog r,1ce-spec ific resistance. Iiversifi
ct ion of l's i lt )v is; approa IC ogLliling tie useful.aic cult ivars slothlor h to 
liffeof ri,:;ist wt genes. 'hots Imthods attem.1 Io otl"r tilt'seletCiol pressurc 
tot vir IIr 1te ll avoidirig ilimllio-resisllt'eCL' rctard de-v'llllI' L tit epideto,!I .... 


tatic it Ia Ii'",aI' I tufo lii. If st ra te, Iv sihort-conti
li M t AlI tfihe ie s gs 
illditiiost' A dil iIlIil prold .,,."for Lint'bre ir, e(eIsmi1, ;lit. producer. 

'111' St rteIt'g' a il'kidCr ;oul ! it'e io breeld inlg,for ral'l'-sj 'c f ic resistance 
Wcii depenld O1 liiS LsotlrlCS, it' degree of Coltro l over -Oid tn-. lo,,, and the 
importalce Ill tilt' 2 isea;Is i ll ' Irodlct ion aitrea. A c'ombii;t !011 .ace-sj|ec i fir 
rI'.si}t;nlco llifIlIII-lp'Je' t' rI' ikt ill;I ciul r o11od leIi ani'' tiv s Id the Ihost I breeder 
co'0ld h71' lr S;uci ii trOill i ifo3Cldi'eI'1 fir ;t breeding cultivarf ill' ilCd bi.' a 

-cific ha' ros Or1ith n;ii-p 'Yi'sltilh :iid lli ilg 1 m10eI., rac-sipeCcific res istatit 
;tlt.; Colt i%',Ir. it t II Or vi 111[1 ) Ci i c rt-sis ta I,C, s tiI dIltII010t A.\tIlea; Iu tlrhV1 1tF 

'ivetLin brlcdu'r fi e t ili'i llil- to ;iifilit ionl r'lci'-s 'ici t iic royLI t;tli*L, if a
 
vi.lliI'll
t rtcto d,5 p11. 
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BIOLOGY AND litEEDING OF COHN 

A. J. Bockholt 

Corn is known only ass a cul I .s p''oeso',eo i' 1..); tilewild ancestor 
is either its clos;est l'l iv , 1 :shlt ( 0 :::exioariu) C', acc'(rltrig to ,somc, a 
wild corh known only uhdroslh it !'ew C'-'O a'eloticnl torn colbs . Corn 

ro oos'.onlyis alsto MMe el erro,;t1) (corn) l'llorgs to tie tribe,

Mlaydeae , it i. c'm'i :, u 
 Howover mly two, ',i d 
00055555, are Ne' o1W I ,
oml' ic, ,' a~s'I'onr- ''itoI t oia so 'sosositly

s;ide'ed to tave l it lii 
 be'lri," ,n t h, ,,r; ' elti cI I- ).cw ~lJ:in n mW;(IO' ~: rm "] jd,' K v,),rl, .i'ts WJ n hu. ji a [ ll ] :t:riwil h. t, _. ':C flowers;pistil l't Iflower's
 

bcrile ill wti, t'hich 'l1sl,11' it ,is ii'h 

Osucth as 


ti ns, ,.-.. :"ilit of its: characters, 
ins thmon l4", -n,.. .,'m, a sin' e l1e'' f :I,ar h loEno leaves wit,h 

mt'Arl 0 . h0 n i ttis'n Iti s' , twhti coult4,t'.i ' a s at"h surouldh
the ster.! i!1111 tI extnusiloe M

C, tt I to the :3hnatth by' a i ado joint, ore comsimon 

to other r;. 

/lAD'PTA'lI' 

('.)rn,l'ee'use of it- :: ,ay ii 'eut tyl s , ";: t0,owliover Si wide ralinge of'
 
climatic COlditi,ls. 'ome ,ulti',ar,' 
 o,'te, othemrs uop to 6 to 8 In in
 
tisgt; 
 so:%,_' t,,uir,00 to (0',tiiy:: , t,St' !ertin lift temrSc ellice,others
 
require 10 to 1J. Ioths.
 

Corn i:7 , widely t,apte,!
. 1 t-hig 15 i 

aiged. is roast il Vr't' jive Ci! fy''l 


, tfti will ti 'iels; if it we1l! man
. s Itlo l! tst,1 'o't best, Oil the


deep 't,'iu'e. OoI ''it'witm ' hij Lt ' ti'll liin ' ''l 
 it, Itwill to. crate
 
a Very wi Is'bt, ,. -,!':;Ci: tli out p, 
,'' b t o''' .; Will ' i ale i htitly acid
 
to rO, ts 'l
t'OrnliL: ", warl:% ',Ifl* !. r' 'ItI tih-t il lI ), I tL ire i.3 !'s '!- '' i i:U(1 1!'i:at wli"'I,, t z. 1u1%frlqtth:ll1 1 , 6 i!"), tniwhere thp: telfll ' illt temperature ur

iLe ' 

0 


i 6 sic es S:C sIi:s :'itl 1b i o ( 1) 1, ) (11) The minls !1Itemperaiture Yir
er"i'5 ti t 0)"); 'stt (5 m isio i't J u'l-'citu i'y ' t'' 'tp''will be f'tr liore 

rapid 'rs Iuniform. at 1;- t' 
>), 

i ''" _ - ,(6's r ''"r' Slsosl'1/ e''',t.'o' 55 1 g'.' ; 
v'(). At. about 20" :

''*: nl>.4i,:
 

il' cliA 's .e t(. for corn i t o1[e ii whic p:,'cmi! it it uloit; sufficient to
'wet the soil to !'iei it' d-owFt'n,,i t: ttil 'ot, i,pth l,is ore 
 tie Sowing 0eason,
 
-.1id it r'ifffa!l 
 lmuu
"I' tit I m Isis Ii-, tiep '.,' il" ''tm h. Tt'e l'tili.'o o onoi' 

s'.jtive use by corn is ur stialy 41. to oi cm (16 t, :ft.in.) (I). Under irri

it ili, Corn tal; tise tid'ivt t Itill-t"1 'ti'lCS 5s' oteltii ' all thte cereals 

a '0 ',:r"wn i; ry regioKns of t-5' low iatitude, ti tile hilii atitudes, early 

that 
tets

pumtil'emi t r' e too cool ansd t'e -W 'm' Uri ,

i:' t C shor' f'Cr suceussIts] Irltize
 

jproduction fo'r rraill.
 
Corn is c.assified tui lypilitst h
- s' .'t-A alth u ,oIst hyilbss'_tS i'sowi I the
 

. teo i to te ruthesr insensi tiv,. to duylen ,tti. In, lays 
 iricr'estse the dUra
t iiie veetative -tai( , tLt itns:lbes' ' ltive, and the size oi' tire plant. 

:;TlAsEl: OF Gtl;o','Ti AND Iti E .si.ETl 

All rio0silli s's1platss i'Oi1ow ttse same geiierl' putte55lSofri'plnLt deve loprsent.
Kiowledge of' growth sequles during the seasi its required 'or the producer to 
rsake the best managetment decisions. This not only toapplies cultural practices 



buau~pss ~~Je (6) and- Paddickj (1) 'divid tie Co'tr 'pat dznen system-raiigi1ng-fi~co-w n-tlbipantip mergcea oii'7th en~t6.,1-;ie ant, iphsogial maue Frdsuiohere, six di1lferentl pases
wiib used. Theewiflbe reeenced-in t Q~aziay S stge (3)1,Panting & emergnce iiiton .6a 

2. Earl2y vegettive rowth fromi emergnceto tassel differentito(Sae 
to~2.-3)~4S0 e e1naJo3 Lae.,vgettivegrowth'from about tbe'beginning of r'aid stmeogtoand earihit.{tion to ,tasseling, Tip of tssel erred(tges 2,5- to4)


4. Tasseliig,-sil g andpollination (Stas 11to 5 

grnjtage , to~j10)16 
Stgrm~lnin
1 6emergence~is one-o~h mscrtaltgein1i'cyl~f h at; It i~r at this time the-be em-ep

tablished.,t is very~tmportant to ge the ycun~edl gt emeren quickly~as pcsiei1.' { The l1engtI .dfrtime 'from~planting to,:em rgeceis influenc~ed by thedepth%of,planting,. sil temperature, soil moistrcodins adth vio of, theseed.. Depth of.'Plaiing determines the depth atvihtepia, ot (radicle~azd seminal. rot)dveo doesu not influene the'.depth at wlih he nodal~(permanen) rot dvl 
p.:ur14ig'this stage the pant'sisteely susceptible'
to~a number of sol-on'seln diseass nd other pet ashriootorinS,wireworms, 1esser'corn-staIk borera etbc.j


Stage2, edrlyvegetative growth nd tasseldifferentiation, ±m~the stage
whete~oot,Etemi is doing~most> ofits developinj. ssef initiation starts.approximsately when 'the fourth leaf becomes visible. .At thisV&atg'thie differentiation of leaf initia s is at an end, and then nber of' leaves that will :developchoI thle.'plant ivs~ alrealdy'been finally deterzsined by gelneticffctors ld?~engthand other 'environmental conditions. This occurs about three weeks after'emer
gence, whn 1 the plant is about ,35-to- 45 cm high; at this tiet~growing-pointr-'
is tl~nya e 
etmtr above the soil surface, leaves accounting for,~mos of the:4ieight, _ ~o~7'

- "Th~e root system is'growing very rapidly, 'During this stage'th1e:plant ,4s ex-,
tremely ;usceptible to a number of virusi1di seases , -downye mildew, and'other ,eaf
disea-is Among the insects, the plant is'extremely stsceptible to attack by.
rootwors, 'cutworms, wireworms, hitegr bs conborers e'tc ;'

Sta Re 3, is the'period of late vegetative growth,-from about~the beginningc
rapid stem elongation and. ear i'hitiation 'to: tasseling." The potential izie o.f, thec, ear, and thd'~numiber of ovules which develop silks-is determined'at this time,' All'the leaveos will1have attaiie d their full an'sm f~ the lower leaves' mayhave ceased to befunctional.,.- Th ttselat'ti u,stg ifuly developsdisstill neYose~d in th~e whorl yade'iby the leaves. .- "
 

Stn eZ , is thi ,reproductl Itgwhen':tasseling7 milking and pollination occur. 'It is p'robably ,the mosf l~caiita~e' inthe lfe of the plant, w~ithipeak requirements 
and is shed 2-3 

for moisture - jt :ects. -At' this timue the pollien -atures'

days, b~f re~ th ig h sane~i
pln aereceptive, therebypromoting coss-fertilization. 3 Th6'ugh~anylinsects visiLithe inflo'rescncew,
most of the pollenda vind-iorne, The~ol the-'silkB with vhichiiti
e comes into co ah olngrain is 'ger~minating at an poiii6.on " the "silk Polnan f A liie amoun
 

of~self-pollThnati'jo ccurs,; 'isually not 'more' than, 3:t 5Ze~et n teh
dr ciae, the period' of- pollination may be 'reduc'~
, dt eio fntmr
 
't e ay.Dly i kingmay-resujlt 'in im~perfect piolliniation. , ny i- 'sc9or
di'seaes Which interfere with cons derable-yeld reduction.', 

the .reji&dctive procesee'will caus~ ~ ' '' 

StLL~.5,i theperio fro fe lzution to. physological matur±tiy Theperid from silhing to-phiilogical miaturity time will' vary' dependfig upon. cil

1i1'average from 50t_0das() Duin t ieiod the ar may be subjecie 

hi' 
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r. re no ~aa and- attack, fro -orn earwors and- ges 

PLO URACTMISIC 

SThe Kernel3 

grain coats, ,nucjei.us, ,endoapennand embryo '(5). -The grain coat are tle percapomposed of epidermis, mesocar'p, spongy paenchyma and tube celad the' 

Thnuel~i ucellar epidermis, a thin transparent1laer which is dif f ..cutteogieln in many grin t eabet enm
Theendsp~m'consists~ of the''iern ae -and, horny ad tcy fdsTem 
or, nstariW.-In crai varieties, th -o f the aileuone contains 'a p emcnt

4Under~the'-aleuronei layer'is the ho iy,and'starchy endosper whoscelis ar il"
wihsac grains. Theccl of the erneL1 may be influenced by the. a araci 1'~of the endosperm (5) . ~ -P 

k.- The emb yo,:wh!6h may vary in size and: ahape,.is~compod of 4three stiuc

one face of the endoapermat te base 1f th kene.The scutellum is a large~>~later al structurei ling~ directly in :contact with the endoperm, and its edges
partially'enclose theem$rynic:6axia:()

Jihe plumule,,vhich is consideredby assome the:.srst Inernode, 'i en,@closed"by the coleoiie whiich spearheads'itthrouzgh the soilupngrnain~When the tipote roep~~e
hclt) 
 c~
rown
 
~~ roots appear on the first'internode~(8).

S~~~~Root 	 ~System>;>,< 

~-The roots of corn are fibroui; ad f thre tye, ,b)(()ein ddv 
tiou5 and (c)4brace or prop', rclts (5). 

.(a): Seminal~roots, often called temporary roots, are initially present~the embryo.' These, roots, consist'-of- the radicle orprimar 
,12" 

rootn a vara~4ble'~,'numberiof lateral roots which ar 'adventitiously at the base of the, -firsitinter-I
node of-~h stiJs bv he. scuteili node. he prmir sinal root, wh~ich
~develops from the radicjl'of theembryo, is always present exQcpt when killed yv
 

* ,*The seiinal~roots are believed to funiction throughout the 'IVfe of the plant-,pn t -pntrt~ioconsiderable depths. Except,,for the last few ,inches they 
aree alwy prfsl branched 

Th sweet~ corn 'the primary riootf system usually consists3 of ingia le 1ntchbranched root (5).~ -- ~ -4-*
 

> (b) Advniiu - h adventitious- rooto 
which develop fromf the-nodes near the ground levell constitute the- prinipal~i part of-'the 'r~l 'syst (5
-~These roots develop about a inh'below - esface n hls beiiii~n'gat ,te 

getiher form~ng Lan inverte cone. , The first whiorl maiy xyhaefuro owih- afew 'of the' succeedingj higherintro avn h ae umborf ro
theehghe'u wlhav an incrasing number (8e)ume.~hiThe ea'nye 	orming adyentitiou rot'i 	lants upto 5wesold whicI~number- about ;1'wl:rn 	 6610, to- - orinaolyfr to0 1 C1(2 t~o Ij - )iefore,'turni~ng downward (5) -Theseroos ar br~anched profuselyfin ill ~1rea'c a l

of5 o toLOcm (1: 	 t)i6'A)L -(8). Lter devlpn adettiuroot5 wii2,grow almnost verillydownwrds reaching~ depths of 130 to'213.cm4 
(5t~o57ft) -5)

- The 8-10 	 nodes bearing funcional main roots will average'85 per .stalk -(5
 

wee con
hs~asimlarbutsmaler~ro system (5)
 
~ j 

http:ahape,.is
http:nucjei.us


aoo2T~3O-that-. at-tC 
ce ms'vr I' e niodes a e th'agoudlee may sen out'wborls 

th nmeoxcylen poits may bedul~ha o~A stl. T~et hek;primaisry~
aeraor Qn .of, these roots ae ,the epidermnis~p s.tent instead of diuiznte-. 
gat 1ng, tbuB deeoin utcesiia o the' stem,' Upon~ entering the sc±l
thserots behave a ziral roots,
 

j ~ ~ " ""~ 'The 5Im j
 
~iese1bah' 1ems of plant~s e 2k al8)~fond'tht~h corn will-' ha around

-traigndsan neroe' withie, exact ninmbr dspei. $ng.on, type, nd envii-'.ronnental effect. ,'The lengt f thtemdsyry, rom .1 to 5 Inm(: tor ft),5
According to Ciesselbach (8) approxcim~tely 8:infernodes remain.very rShort 'and underground , ~ormn an nerted cone-shaped basal -end'of,'tho'stem known as the crw ri hs inendtaiehe adventitious ~root ystem., The greatest di
ameterQ'lo about 3.7,61cm(lk i.n)Jwill be'near'the ground level with the stem'ta\pe-ring gradus2lly ti ;'Both nodes andto tlhe lnendsaesli~ihteitr 
'nodes being furrowed on~the aide'of thieyleaf'-' This furrowing~is a result oftheprsuXr e of'the cluvelop InPg shoot during earl1y g~rowth. The last node ends in~the 

TO ~Incorn " u omsi h xi fecl~y~'~ ''' i o e~b ~eafr with' only> the'ones nearfom thes~cllvlgrowl1g 'to for tilr~ n~some. grqo dcases ., The uppermost of the low;er part oftheplat 'fil'to orare reduced. The buds at igher~evels, asethe evelop~eilythoserii the ails 0of the larger leaves~ form' rh~itillate branches
whs ube ed tovay with variety~and sPacrin-(5)4 ~~t'~k rri emeint of Tissues -The mature corn stem issolid, bot)4 at thenoe d

5),Isa meitlewt vaclrbnlssat dthroughout the 

-~ ~s;-'~The Leaf,~' 

Kieselach(8fond hatanaverage of 171leaves were formed in varietiesadapted inNebraska,' The l1eavea' would not all' be present at' the s Iame tiume.
Ifector (5) states..that the foliage leaves vayfo-,o2 n aearne
a~lt ernately' with a divergence~ofs 180,degrees.. 
 A'4 
One'I efi omdatec~ ewt eachb leaf being rolled around th9 em~In thk, pposite.:direction fromi'that-of the~preceding' one. Tleaf i's attachedin a 'spiral with the*.edge of the~leaf which' is' ntdacied lower on the sten ~over-~~':lapping the ane attached higher. ~~~{ '' ~ ' jThe).eaf consists of a sheath, sacoliar-iike'~ligule, or blade andauicles.

TJhe sheais attached -to the nod and encircles, the ing'rnodc -above for, a' riable distance. It is entire' blow~i~ asplit above. 'The leaf 'sheath~s arestfSand they, give strength' to ;the~youngat, sin~e at 4 1 is'stage tfhe 'internodes are.
too weak to'hoO thIe_ pln upright..

Trhe b~lade, a thin,,flat, alm~ostribbon-like strua.~ure wyith ainacute apex'is contin{us ith the sheath.4'It is parallel. veined withs'cross-connec t.ng' 

is fundontheinner surface of the leaf wlere ' the blades an~d sheath join,, 'I 
lootssu lrikee a salorolar,
 

Th aeote ef otat and then expands as two lateral' lobes,' gen-'*erally teme t-
 5' '5'r-"l' zsStomata -are fo'izon'b'bth surfaces o~f th lefbaebut ai-a more n=merous 
onhelowr'There_ are - pproxfimatelY, 50 ,000 per square inch on the upper leaf'su~rface and 60,00 p'er ~suare nch on the lower surf ce".,'~ 
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Corn,~~~~~~~~~~ st, esetens andinoneiusta pistili ar'e 1borno9 n piInflorescences' buton the same lida'di&f pi 'n~the6,r 

%taminftte Infl1orescence ~- The, tassel iia terminl panlicle. ,,The' centralP" axi~sis.,ontinuoius with ,the main axis f h ~tem a n 'jar'16s' var abl-num borYi -rsned.1itria ranches . Oth ntralxis,~ ~ rge n"rw v,%y n in number from&Ij,to'lEch~'row Iconsists, of a pair or.- , 

,4p'oAlaselb'gnsi shdple I b lnc lhee&4ashedr is~l days tseaond .~ eo.,d pyof~ largl
grans~illbe~hed.b~ as ngl~tasel In~a~ rn fielo ole i ll be 

~Pistilat6_Inn.lrescence2_a~ia lbrnch bud'~at a node develops into. he!pistillate~inflorescence. The' pistillate inloe ecethchd ilke. hichSordinarily develo ss i.:a~d te ea re~itilt p~jt are arranged
in rows Lalong the' axior cob. Both apilkelets are'identica!. 

R.~<eproduction~ and Kernel Development, 

'1P1ollinlation' and Grinaion ofPollen' the-pollen i hdb h asl, is n 
onya

aintercepted by fresh ilks~where it 7germi'nates. s~shd ingepollsen,.igrain' will function in1fertilization. Upon gemnto~teple gri u ,a plle
and travel down into thecoavity;or the oyr'enrosc), :,Then the~ end of'the, 

' tue trouh tegerm pore.- The pollen tube will enter t1hesilk piroper,_ .
 
Spollen 
 tube ruptrihse n fre 
 the tiwo sperms., The nuiu'#or on 
 u ingwth
'' .he, nces omntezgoewt in which 'the 'chromatinc letely inemnl.-hsrsoe fromb ti onrc .~ 

' somatic h diploid :nimier or 20 chrosoni t'cells of the hw'spoo&hyi rersne by thei'erpr~~ntdbythezygote'proebryofrom wbich'the embry~o deveop 
or first cell of the' 

T-he'oter sperm,nucleus fuses~with one of the two*ncesinturn~, fsea, with the3'other polar ~nuclei and t~his ±'used'" poa~uces teeyesalshn'emary endospermi nucleus' with~ 30 chromom nul(8teeb salsin h~ii 

The EraiY vf corn reaches ,maturity a'piroxim-atelY 50 days after' double r4i 
Zation of the ovl cr hmtr rifae eing smooth ex~cept~in i cornis 

will vary 'in shape with, the~'~'somesof and all the Jsw~eet'crs Thicl 1base is' wa h,"i' ndmyraiy rknoff,' exposing asmall,Iimne o scutolltum. The'uipper end f t""e , may,,'-5 e; oundecl, pointed'~orinden 
_ 

ted'The~ 
h 

color is very vari'able,~ranging fro white t','low," ed,s purple-,' blueronand black. On. the side of'the' Cr nx t hearr, tipth~e emubryo is 'Visible',icterrnally shallowi groove (5).as a
Th~~~e 

* and 5' per 
mature ker 1 ,el. is 1composed 1or,85 per cen~t :end'sperm, 10 per dent embryo2.;cent pericarp together with remnints of the nucellus and seed coats, and 

Teembryo of temtr is enl th e sporophyte, w ereas the pericarpand adherna nucellar 'membrane ap.pdco ar'e partios p of'the mother pJint of the 
'4, r, pht4gnrto 

'~ .A1~,1' 

* I'' J 
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Eefrethede-?opment and general use f hybid corn, uchoT-be :esearch
 
o- ihey is se and insect pests wer1e descitv innatur. D.CEeandisc
 

-i~et~ti'nL dascribed, qad heir causalaetswr thebilgclratosps 
"ei ted,anthe ffrectsao differennvironmental factors on~ the path

o0gesandinects. were elucidated', Difrec in~r, o zot oe ~i~~
 
cor areties were noted,, buLa~4dvn in th seof' host-plant resistances wer~e


1s,; ha Wa 5 sdn by aac~bih'av ding selecting~seedIfrom infestedi'r 

blight ,, Ith"drrerntceca seed traig meh-

At an,, exy stagehebasi. stde nIeo nonbred lines anid 
powia~nth,"atendant7approach to. homozygosity, revealed1 marl~ed, differencesl
 

not,only in agrodomic ,characters, but also&in 'reaction to diie8~ses and~insect \iJ ~ 

peasts. Inbredlines'could be' belected- and combined Into hybrids ,that :possessed A
 
desired attrV~t~n ddto ~i~ gor accompanyingxheterosis.~ Hybrid vio
 

case oesm dseases and insect infestations .rcducein part ;.V
th~e scverity -of' injury sustained by the les' igorous inbred parents.>~"


With 'iceased s'eor hybrid corn over-the past, 40 yeas, of 
hotpln reisacehs eome important as, a most~ effective~~means of "biologi

Calconro',o. crninsect pests (9). 'This-is 'true also incontrol'or corn dis
eae %"ee vn raeepa is placed on genetic resisitanca'of the host ~V

beasehemiical iethds 'adohr~en * rotection rrom some inrection r' 



not1 easiflyap4iied' or thrwiS6 limited in their ~u'se.,

Yiel.d in maize is conditioned by a large and as yet undeteaiiine& number
seesThe greaer, portion of thgenetic ai? eu ild or 

gee" h vraneuilized ror i roe
 
A is'or the -additive'-type. lonadditive'variance is: espeiall? imortarttL- , $ 


specific combining ability. -iHowever, thie deter-mination or the generaL conbinj.,w',
ability is conditioned primarily by the additive genetic variance~an Usull
 
take pre'dcce'fini elg programs., The genetic variance as'sociated. with dis

'es nd insec.,eit. is Iaso considered~to be primaarily' of. the' additive

type,,inthe great. majorityr or the, diseases and insects, stdied M7). Although. 



exmlesi~st-.fi'single genetic ')systems capable,"orfcon erring resitac 'to {
 
~~ipmost such , ei tousetiey~ipolyrgenic sys~tems i
 

cobnto~ihimple, forms ,ofr ,tnce.Tesilatyohetpeof genetic

V ance affecting the produoii~~ maiz, adis "aitoetuget
 
tthe'search for 'genetic improvement~ fr1 both'b .. hq, compoents can proceed

iltaesl' Similar, selection procedures~pan be-edoth same material
 

forth to peStsi,(3).>"
iproemntof yield-and resistance 
Cosdrbymr attentionr has been deoe rvrteyasymiebeed 


era tomthd ftor fo
evaluating~lhe~eroais rfory'ild tha teevelopment or 

maeiasTep'roceures'neede 'for such*' dete tion ae reatvey s p andl re
rquTire the ntroduction of signiricant L"diseases and 'insectsto~te site where 
r reigprga1 s condu'cted. WIt'-i-piile'~~ aprpit hius to 

m-e the exprso ofenc eitne''uc -. teknayers an inran hetrity-

G.n con 'CropA., Sc,9:7376
 
GalnaC.197o con nCrnadCr Ipoeet
W heoriin'f, 

rg d) 1G.~~~~~~~~~~~~e-( F.S A-.1ng af o . p -3 

A. J.

-' 
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3REEDING FOR iEs-hsTANCE FO PATHOCENS IN CORN 

Roberts W. Toler 

Department of PllanL S, lects, Tex is A&l University 

Tihe third most importnt cereal crop world wide, i, corn. Culture range forcorn varies from the telileraLe to tropicaI. All parts f the plant are susceptible to disease>s thaLtrdtice v id and quality. Thispip-r will deal withbreeding for i-esisrlti the IariIS 1C d i'it-ic s i- t lS[ib bacteria, fungi and 
viruses. 

Breed iln f1r It';i;Lil LoL La.a< p tima ilciit'tl(,ej llsoa the bioogical
,ts 
 A!;iii'., i Wl .,a; ic!;it'Cl , pathoa cii ind t-cVirilment, 
Ibre lines v ry Itei ri di 'e:l-;C [it mstflnL-. cases -e,.'cral genesdetertjii, '- I IdIin aTic ciS Lhe ai>ub llia ipulait-d to prodice varit.ies ot hir id:. wikh pililecI'C.l ; ,i Isaac r14i -;L- lit or tolerance andioitherdChi C .1,)cir' iS

, 
h ;. Ill 0 , ases a 1'e genlie Is becil founddetolinth r ;i.-. to .- [C.iI or plis;io. tcii rIc Of a ilth01gen,

DiSc a a Vr'A i ;!;IlIC- L Itli m i 10 Callll 
corn dia, hs 

st I (In U f I I Tile;Il af Ofi ' t s control 
Ies' l is t]cntitLi astire tLt is readily acceptedIv I Z. I'OWer noi i [,at1 d iseise's € (liti '-i itr'atilr 

v rie- v ,r hibrid is Ics-taSitil- or tolerant toI ii, Iii ht-; ILtel'', i t ao dcVi>' p 111tIt ipIc disqease 

i[i Lh i:111 t tLhiolli of ]t rasisiiSaLniLet:;LLSt e c;iiiiti.- ti s eal; ' as to kind
oilldil C -r 0, NiO t L, rra la!ei t l ii i; ibi I LylciIts tiileilitlipr iifection nordIscsU c, devol ',TInltpI'es.'S -Lu t ithinLctrferlI d in the plant. Resistance onthe other ,li,d h , s i i ii di-i 1 tllldI-IaLiI-sIipi includig those related toinfection 
llldtII-ei -c Ic tllo e related tL)disease icL' elopiiKiiiit . NcIltaLisMs ofte-i;Ltailic irLLtril til I Ld tLIulti.Lv, Iivpersei t-i vit V, reSis.Cilc t0 infeCtion,
r tsi alice -aeL tc veIopIntnt atii tolearcii,
O ( ii! 


illiv merieliani,
pIv['t.+cii ortcyt a'':tiii i 
.. Itier !tlltiice be 

We ,, 1lI ,' li l withirim,rrlyC2aYlilCSi ,iI , iitid iilv'il',ed in breed'ngdisease resi stai( , illcori. Once the ofiir+it resej,:,!cc Ii identifi-! and 
for 

theitlhierit nc, iceter'mind , th coln[ bre tdeip mIplo ti arlit .- teeu!i)L telestO inc-rpot-ate
teeis aLinCe hiltt, lhiprv V-lt

ilndad;lpteii CtlLjvIlrn.
Bacterial leaf 
Miglit ofLtei called Stewart's bacLterial iIt is the hallmarkof disease ri-sistincu iii corn. 1'rior to 1933 tile Aisease was tile liftiing factorin sweet coin product 'ti, iti the United States. Bacterial 1eaf blight is causedby the b,-acteriun iErwinia st;ewiart ii and vectored by the, oin flea beetle (Anon,1973). An extenitlVe prilgt,,in was bl ;Lti1 L t find di;ease resistilt ,ermplasm in1933. This prolgram included testing field cotri, fIirt, late swet, early sweetcorns houh IpienijialletIIad inbred lines lnd hybrida to identify resistan-u to beused it) dev'elopiig early resistoltr hybrids to reilaice wilt susceptible, popular,early MfL[ttii i pilatedJ )pen ,;weet C0rni. The first stell wis to isolate a pureculture of tilebacterium thit was eonsistent ly virtilept when maintained in culturethi;t 
 imoginotwa, Cell I y huien lind holmozygous. fhe ectond scutp was to !utermitineitollcIIi: all. l:il:cerle t Oilt Set of sulceptible, eitotyi es it order to consistently

produce infe-Li- t hnd S itnn
third stlep wIs 

di ii ell,, M').: of tHe plantsl inoculatea. Theto correlale LgreelliUse wi no.sel- , xih from the field whereilarlgepapulatici- ,'pilait:; could be studi_,J. [sine m!'-s artificial inoculationswith ladermiC_ syr itngeS, resist-'il accessions( of hSF Moi5f, C 123, and l 14 were
identified. ;e lihtat seq (1973) 
 studi d th ie riti ari.o and found rel;istance
seeiling wilt was domillutnt iinall cro;ses, 
to 

ie postulated resistance was due totwo major conlplemditarv ganes. S and Sw2 atilt a third minor gene that conditionedonly a sl ight degree of resisaInCe. lighly re-ilatat plants contained both Sw and 
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Sw2. Resistance was controlled by two major and one 
minor dominant supplementary

and independently inherited genes. Linkage was observed n cob color where red
 
cob was resistant and white cob was susceptible (Ulstrup, 1977).


Golden Cross Bantum was released as 
the result of breeding for bacterial leaf
 
blight resistance (Smith, 1933) This single cross, developed specifically for 
resistance to the disease, is ni no e. onomic importance today in sweet corn, but
 
occasional losses occur in dent 
corn due to leaf killing. This is the classic
 
example of corn disease control through the use of 
genetically conditioned resist
ance. 

Another classic disease that once caused severe losses worldwide in corn that
is of little consequence today is corn smut. Conmson or boil smut of corn is caused 
by the fungus Ustilia _ maydis. Occurrence has been reduced from approximately
20% in the 1930's & 40's to about 2% today through the use of genetically controlled 
host resistance. The pathogens infectious propagues includes hyphac, aris~ng
directly from germinating teliospore.s (Chlamydospores) that produce sporidia or
 
Basidiospores. Unlike bacterial leaf blight where 
 the bacterial pathogen was
 
stable the smut fungus is extre:sely variable and produces many races that vary

pathogenetically. However, definition and cataloguing 
of tile races has not been
 
carried out as in the rusts. The scientists working with smut were dependent 
 on
 
collecting teliospores in the field composed 
 of the wild or natural biotypes exist
ing in nature thus they were working with a ieterozyoous pathogen. Selecting and 
isolating resistance included 1.) pJanting corn lines or inbreds on infested soil
 
since the fungus can survive as a saprophyt, or 2.) by artificial inoculation.
 
The first type of artificial inoculation io,:luded mixing teliospores with 
horse
manure (Iloover, 1932) and spreading over rows when the plants were 3-6 inches high.
Later inoculation included spraying with a water suspension of sporidia every 10
days beginning when the plants were 24 inches high (Immer, 1927). Wound inoculation 
using a knife contaminated with chlamydospores to remove husk also wfis used. Under 
these artificial epidemics, inbreds were selected fcr resistance. Tile first affect
 
of hybrid 
 vior on disease was obserjed, i.e. that hybrids of two susceptible
 
parents had a lower incidence than eith-r parent (Stringfield, 1972). Anothel
 
characteristic was a morphological mechanism of resistance. 
 Kyle (1929) found husk
 
covering was a character assoclated with resistance. Linkage was found between
 
susceptibility and morphological 
 characters as l iguleless, brachytic, ramosa and
 
tassel seed which favor penetration of the smut organism (Immer, 1927).


Type of inoculation affected susceptibility and field resistance was found to 
vary from that uieasurc, by wound inoculations of seedlings,although some corn lines 
are resistant to both (Hooker, 1978). Resistance was found to be intermediate and 
determined by a rotLatively large number of genes (Iloover, 1932; Saboe, 1941). Sor
ghum downy mildew casued by Selerospora sori_ was found in tile U.S. in 1961, and 
occurs as far north as ladlaua. Practical control was through tile isolation and 
transfer of genu!s lor resistance to agronomicalLy adapted genotypes. Downy mildew 
like corn smut is soil borne but has a secondary infection caused by sporangia 
(conidia). Tile secondary inf-t Lion is sensitive to environmental conditions 
requiring high humidity and t emperatures below 20'C (Frederiksen, 1969). Initial 
selection of inbreds for resistance depended on natural infection on infested 
fields since oospores build up and survive in the soil for many years. Inoculum is 
built up for natural infection in field plots :)y growing tie very susceptible sor
ghum X sudan iybrids. In the beginning large numbers of inbreds were screened by
planting on infested soil and depending on natural infection (Craig, 1976 Freder
iksen, 1973; Frederiksen, 1970). Using field screening, resistance was found to be 
dominant to intermediate. (Anon, 1973; Frederiksen, 1973). When inbreds B41,
33-16, A619, and C123 were tested in Tm-s and N cytoplasl no difference in suscep
tibility was observed. In field testing fbr downy mildew, immunity is unknown and 
resis-ance is relative to inoculum po:ential. (Frederiksen, 1977). One phenomena
 
in breeding for resistance unicue to downy mildew is that 
 population selection 
is rather easily handled since infected plants do not produce polle, or seed. 
Greenhouse inoculation for ".)wILy Mildew of corn was developed in 1976 (Craig, 1976) 
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providing"'a new method forinoculating irect with coni&±sa'' This technique allows 
for environmental cotrol ad is correlated wt'h~ecinoiocu~ml and 


'inreds~to~fe Ifcin Rs't'c:to S. soj' iedmiiht except' in crosses
 
w t h~thsucetible line AR200 (Anon, ?l973)''Souther .n'Corn Leafs. light'-(SCI.B)


~ ~ditriuted~worldwide.' 'The'diseas was knot
 
ofmajor economic importance unti! 1970 Iti niomn estv'cuin
 
whei7moist, humid4 eathr previls duig 
 th:gown esn o ahgnc.races ' 

e~~ses seedling7 ' --16de~h fna dtif~ai Ea.ear ,drop.
QIn97O the epidemic of sothr conla lih~a aused: by the new race T.~


n~xi~s race was viirulenton corn witli 1xas'male-sterile' cytoplasn9 '(Tni-s).," About''"
 
§9OiL'of the corn-grown atthat time in 
 the U.S. was"on Tm'cyoliasm(Ulstip

'1977). Thiis disease triggered' the 
natioal study on genetic vulnerability of. scrop plants. Race~0 and T cannotbeseparat'ed on Ncytoplasm-
 On N 'cytoplasm
 
.aceT produces only very small lesions. 'Race 0Oattacks bohT- ndNct

plsCytoplasm other than N shnowing Lesistant 
to Race T includes Sand C (Hoover,~j'1932). The Race T toxin can be used to differentiate the N, S and':C cytoplasms"r

'~?from T. Screenin~g cannot be accomplished by planting on infested soil as with
 
'smut or downy mildew." Inoculation includes spraying seedlings with "coijidia and '"
 

'Nmycelial' suspensions under controlled environment or extracting the pathotoxini

"from 'Race T and spraying the seedlings. The pathotoxin causes a swelling of mito-""
 
chondria and a rapid increase in respiration in Tm-s (Miller, 1971), The first
~~)<observations of, Tm-s being extremely susceptible were from the Philippines some 
nine years before Race T was found in the U.S. (Ulstrup, 1977). "Control of SCLB " 
Race 0:is through" resistance where it'is quantitative in some genotypes and 
incomplete dominance'in others (Pate,' 1954)., A second type of host reaction is 
chloi,tic lesion resistance." This resistance 'isreported as recessive and controlled 
by two linked genes by Craig and monogenic recessive by Hooker'(Hooker, 198)
Resistance to 
Race T is cytoplasmically controlled.98'. 
 ' 

The use of, thpq Texas '(T) soujrce of male sterile cytoplasm negates' the need

for detasseling i'ijIhe production of hybrid seed. Plants having (N)' or normal <'

':'.
 

'~cytoplasm must be detasseled but are resistan~t to 
RaceTI of Il. maydis. .To empi'oy
cytoplasmic resistance breeders are now using different 
sources of sterile'gern~plasm


"'as -B, -C,' -CA, -D, -EK, -F, -G, -H, -1, -IA, -J,'-K, -L, -M, -ME, -MY, '-PS,-R, -RB,''
-S, -SD, -TA,' -VG, .-W and others that condition resistance '(Hooker,'197). Although 

5 

'resistance to Race' T is cytoplasmic' modification of' reaction to infection may be 
influenc -A.-,ty (Ulstrup, 1977). ''-''nuclear genes 

Maize dwarf mosaic virus (MDMV) became economically destructive in the"U.S. rin,~ 
S1964. This virus disease is mechnically and aphid transmitted. Aphid v'ectors 'are- ' 

the prime means A"dissemination in the field. The virus overseasons in' Johnson-," 
"'graas 
ana also is important in sorghum as well a~scorn.' 
Early 'work inidenitification"
 
anidiaolation of resistant genotypes employed nurseries in areas heavily infested.
 

,K'withi Johisongrass'and'natural infected by' aphids.K Mechanical inoculation techniques"'%

using 'airguns were developed for use in 
 greenhouse screenings in order to avoid the,''
."pitfalls
of depending on aphids In the field.- The.airgun technique provided uniform,

inoculum and 100% infection (Toler, 1965).' FllowIng greenhouse use of airgu~ns,

field equipment using' two row tractor mounted field inoculation machines ware.'""
~developed for mass inoculation of large populations (Toler, 1973). ,>
 

Two strains of M]DMV were identified'\ The type virus was designated M]DMV strain-s
 
A and the non-Johnsongrass strain design,, ~d MDMfV-B. Corn'inbreds resistant to
 
strain,3 are also resistant to strain A, ''S~ 

Evidence exists that 'some inbred corn lines vary in susceptibility 'to MDM"depending~on method of inoculation.. For example,'111A and W70 were mnore susc~ptible to~~"'~i airbrush'inoculation than when inoculated with the aphid Schizaphis'graminum, and 
O-1h73- wecne more suscept~ble to aphid than mechanical, inoculation whiere as, most iii-

5breds' I equally susceptible to both (Ulstrup, 1977). 'Resistance to MDMV-A is " 
ve 


domin4 t and controlled by one or two najor genes and minor alleles that act as
 
modifiers (Hooker, 1978); Josephson, 19M1 Loesch, 1967). 
 ' 

514550 , 

http:controlled.98
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Another virus disease and one of recent orig in in theFino. This virus U.S. is Mcaize Rayadowas observed In Texas in 1976 and is a potential threatin the U.S. Unlike maize dwarf mosaic virus, it is not 

to corn 
mechanitally transmitted.It is vectored by the lea fhoppers Ialbulus miadis 
 and ;rnninla nigrifrons.
disease requires methods Thisfor isoaI tion of resistance mIploying ithe vec tor, thevirus and the corn host plants whe re all three are Modified by the environment.Elaborate rearing techniques arc neces;ary for the production of virushoppers. Virus free leafmust be maintained in pure cul ure and healthy host llntsScreoened provided.;reenh1JJOUISes arre liecessary to pryovide 'or hi sl-am. deIVeloprent of the cornplants after inocul;ltion. U.;found true resi tIacL- in ':¢rn to rayado I ine buttolerance was observed in Txbi0l , TxS08, 1a1d T303. IllieritliCe to oitlier corn
disease is shio%-il in Table 1.
 

Breeding for disease 
 -esistalicti 
 ill torn lver the v'tei-rs lis been ;il effectivemeans of disease contrel iii ttis il- . I'l r it was nece-seititi'd by epidemicssuch as Southiern Corii eaI i,ll 'lt aiiHaizcni l)warf -Ni;aic orbuilt chroic problems thatto dralnatic iconolitlose; as Smeut and Ilatel'ill Leaf III ilit (Stewart 'swilt), the basic t-hiiqlhes ke lexplio-d. 
source or io 

'lhe StOpIS !li''e.S;ai-\ to isiate, ,1
rct,s o(- I I'Uskt,oWC aid 
 d ti-r ili till-. i r itlle t e f l)Ij 's:irC a;
I. tdIit il'icatioi Of [i i'' lu la li lit llldd,i ermil it!; pilih I'Clinc variability 
to ri, , or st ilin ,2, Devut2 op

) I,1 ltu'Lij:;Il :lii llltill, lte 
 nI~t;t1111- Lt-11r1tt l' 
L.O p lvide 

lloi llui
3. Dete'rm!inel.
 J lill t[1111pe t i !1i 11 ill,,, !11t:!& AIl itv lh -cssa-~,rV it) Irlodu c
10W, infectiol,). 

1. Peterniin tLh p oLI ,li t t I ,'I i td , I cd , ;ec d I , flower 
or ear. 

5. Determli 
 it , ii Li iii ,lilt i i i 1"iI ills 1 , Ia,or i .6. Pesi g eiin l r- llilt Io'nt lei le-l -C-'gtm r to acllltro Jllii t iLo.7. Produce 1li01 I tli i l II 1 it a1 I-liioW iliiiLVp's 11' SC'tc illi.8. Provide 
an en llilotliolit lCH sItil i;ei-llelitdi;-t Sl eC d l 1)ieyC
9. Provide ;ii aclra t, I ,i ildO'X I or ieim imii ll i i ii1i itIlJ/ll 
r diS,i5Se 

d eve l o pme lit.
Early bservaLioii ii i-is, - afu, u , ll. milealso tlhe 

u Inder I ic id ( oihditiills l lilcludes This
iLit l ioifir-t - ii-va[ ii dii IfeIl- iic,:; isiliouit i-I d ii ease nidievell
resistance. 1i: ld obI : it iii ; aiii ti il l] lliiiut 01i l) proli 
smL ariseand must be tlken intl 1' ainli-!r a lli i [}l-lli lti-i o sfi ;tiiitd i rtificiill 

inOCuilatioii LeChlli UlS M-1 LP;kt Iih ) !r ,r,!T-- l-): 
I. Variabi Iiv iof [o l iii loi , th~lit2. InterCI'I tion [I oii' or lo i,t,ofl nor"~t tllii)lon,. d i ii,a:;'. 'Ind Syl - IlliV be )rCS lt.

l l w 1 I a tile, plantsLc Lvt ; 


being doubly l i -cttd wilh3. Variabil ity' iln the It IV aind SCt,.irlocillil 
 l I I nh It ol" LhoJlI tol .11th]h L-. 
4. TinMe 0o1 i11CO1tI I () Ii . ditI1 15. i , l1itin dit I- !l l iUncontrolle~d tiI,-Iviroll:!,. lii Oiii Lo I Chi.l ludo tort ilIity tress,g sru, floodI~nl; 

hail, is''tiLi e!;tliidJIribicid-- ilII ';Irv.
6. Ilazard s is hliiiSbi lf liO I-s cill hI;Pc'; C i y-Vvalthlab e dat;i.
 
7. 
 Tile q'Ust iOII Of iscapte is iil-e--s present.l'dnerSltanid igi, s

tlt pi tfiills of field obit-rvaios earlyof conl-t-oIll led a:otih' develOplpIntillou-liation Le licluc it) Scree ig fIir resistance ard inheritancestudies. IIowevl-r, ill in-ins- ce--('s we lUst ist- natlriail lifection 

screening 
 is eaily means offor resist;ince Ulnt i more controlled techniques become available. 

SuilIia l y 

We have d iscussed specific examples of' methods in breeding for resistancespecific results. However, and
there are many corn diseasesIn summary we discussed for which resistance is iiiiknoibreeding actually for resistance to thecauses pathogens thatthe major diseLses of corn. In the process we have passed through some five 



uras 1) Inadvert enit 0-lcot ion for ",it11%1 resist;illCu 2) ,I;ilj'Ialioln of rcsisLance
according to ',% I~I ' o,,1 3) Preidin I - ril istall, c t IliV.Lolopic rates of the
pZLiIhogV 4) dlo1 ii 0 II Ort oor,, oft l -ei ,i inlhOrit,mo0 of hlost I l L'h.,li i 
iiterictiot L) ll ,ll Tho, r,l Ii I %o1 ',i L I iiia I: -iiior itII r*,i stIl.,-.

ih bi,S i;i" rL' iiI ,,LoL]t, I o " ir*ld iii L ,-;,'-rL;ist Ii Li1) 1/,- ;11' tIO- i lltIl ioddi 
0 1'. i SO ilL iL tLci ; IU ii;[,ti'L d. til t 1[tC hILLi( u(. ; i r t- oLL iit ii- rusist
1i1i,. Silt i11'P.i r 
 I LI 1 1)t 11 t yii 1)i~ 1~~L Set I~t L i0 I1 t Ill iI~I~I;IsLep 1 1i1 I 7 't Li . I h ; i, - t !I tsLit lli :,t'InI in' r :Li_;iiIt L;urvivors 

I,'LL I Lullt' L 1" I I tit I i LIid i , r, ;It, i I , 11,', I I I ;', r tIIhouIL ;I'S or fii0lds. 

L ill''iL , h L iI!,; LL11 t, ti IC t I 11 ])'pll ;i t I 'l ';.
 
( mL- i , - i f, L1 it 
 i I ,'uI , r I r ,lI"I VtI Iil :; ! ''k }t] ii ; ii I;LtL tLL, (,[LLLI,i~ii Lilhi l.ljiil.iiI iilul- ii- ,-oLLi -

Iii1 , ii 'I11 I i, *,l:iLI I i;-hLL' " ,tL. 3Lid 

i-*- t I, , I Li Ii!;Il.I I ill 1 li li-rc , b,ck-

LuIll i, ' ;iLL i},~il tLL- iini iir ruion- ji ;lIsoa s .l, I itII , I h L 1L IL i IIiL' r Li I I i'i I, U I t I I Io i SiLL I t Til o r r itU and 

Il'W 11 vii t 111i !L,I ,i," \', 1.%.l 1 2,iI1LiIolltI ]I 11;11,t'i I)I't'I ,ILr11' i s S J , t 1c,sIccdijiti t coiijOr'lle ;li ronii rt n t 11 i " [J 'LI: L- lii LL Idi 
'isease, coll

'dI lo ':o-11 Ii ses ;iIld l ih ICuI. 1)i:iv i 1i11 r oi rCs i i;tinne 

SE 1AS: I NII ER ITANCE 

hljhtII_SiudJ Ii, ig 1 

Pytlili1n BI i:lit Complex polygenic 

Stalk rots 

Diplodi. Polygenic dominaint or partially dominant 
(;ibbor> l Iia Polygen ic
 
"ii Lr illuLl Dominant two ge nes
 
Ch,irco,il Rot 
 Unknown
 
Bate:Ltri a Iot 
 Unknown
 
(l I I ,t t r ic ilm Rot 
 Unknown 

Di) I o i .i Po lygoiiic
 
G;il)i r. l Ila 
 Unknown 
Fisar i ut Dominant withi additive gene action
 
Ni rlo:;ori 
 UnikloWn 

Bactt-ri,ill Leat Blight Dominant two Lmajor geries

LIaLu F r eckl-s Susceptibi] it' pirtllly 
 dominant 

Leaf I)a if LL,, 

Diiny 1ildew (S. sorgi) Domiinant 2 to 3 i,,Lios 
Broi l spot Domi ant ilnd.iipit tiic
 
Northerii Corn L1eaf 
 llighL Domiiialit 'oll' Llnd iloLllOelic 
SoutLni lon LCLf Biglit

I-c(. () Polygenic, 2 ili kd or I recessive gene 
I i T Cy'Iip I .;1;i c 

llulliiithos riuorininLoaf 
Spot (Ratc 1) lomiiinl t sLI gpIie 1ne

Yellow Leaf Blight Cytoplasmic resis-ance in cytoplasm other 

tha T alnd I', Lso nuiiclear genes condition 
reaitlt ion 
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Eye Spot 
 Unknown 
Anthracnose 
 Unknown 
Rust
 

Southern Single doninant and Incomplete dominanceCommon Race specific single dominant gene
Tropical 
 Unknown 

Nematodes Polygenic

Wi t c hwecd Unknown
 

Vi ruses
 

Salga m an ns in 
 Unknown 
Brom. mo-; i c Unknown

ZMline 5o1lic 
 Sil'Oe gene locus with no dominance!I, t Sttreak mosa ic Resistance in hybrids inheritance unknowni WlL1 Io I nj lominant 2 genes and minor alleles as 
modifersMii.'- cIi IotL, t i, If Unknown 

Mvc lisnia 

Corn Stun Unknown 
,Mai c Lu shyiStunt Unknown 
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The genetics and breeding for resistance to insects in corn have been reviewed
by Dicke and Guthrie (1913) and by Grtega et al. (in press). Much of the infor
mation reported here for the Host Plant Resistance Short Course at Texas A & M is
taken fLOa these 2 review papers; inforrmation published since rhe review articles 
were written is also included. 

CORN INSECTS
 

The most important insect pests of corn and areas where they occur are: Ost
rinm itibilalis in the temperate region:s of the northern hemisphere; Ostrinia

furnacali s it, easterln and southca;t Asia; Chilo partellus ill northeast 
Africa 	and 
western and southeast Asia; Brusse:Ia Iuse ;_, Sesamia calamistis, Eldana saccharinA,
Spodoptera ex2tT , and Cicadulinn Spp., throughout Africa south of the Sahara;
Diatraea spp., Spodopre ra froiperda, and Da lbulus spp. in southern USA and Latin
Aserica; Heliothis spp. and theIDiabrotica complex in the Americas; and Ritopalosi-J l: naidjs, Sitophilus spp., and Sitotr;ij cerealella throughout the world (Ortega 
et Zil. iln press). 

BIOLOGICAL RELATIONShIP BETWEEN INSECTS AND PLANTS 

Many sptcies of :ialize inseLts have more than one generation each season. The
biological re lmtion hip bet.ween the in:!;ect and host plant may not he tie same for 
vach generation. A knowledge of the iology of an insect on the plant is impera
tive ii host-plant resistance research, For cxample, during the 
 period of egg de
pecition bv the first-sgenetrat ion European corn Ib:rer, Ostrinia nubilalis, most dent 
Coro i1 the Corn Belt is in the whorl stage o pk,,: deve lopment. Tile young larvae 
feed pirimsarily oil the e:tnmrging, spirally rolled la.es ill tile whorl. Factors that

ditteretial ly inhibi t first-generation larval establishment and survival are op
erative aamamnst the early larval instars. A significant rate of larval mortality

i!, interpireted 
 to be aI high level :mt antibiosis against tile young larvae of a 
:irst- ;ene(rat1i[i: inie:;taLtion. Therefore, first-generation resistance rctually is

leal-teediug resistance. 
 Likewise, species such as the southwestern corn borer
 
Diatrat.a randioselIn, and Chilo partellus 
 also feed ol whorl-leaf tissue during

the fir:;t-generation period (Cuthrie et al. 1960; Davis et al. 
 1972; Chatterji et
 
al. l91i).
 

During the period ol egg deposition by second-generation European corn borers,
 
most corn in the 
 central Corn Belt states is in the reproductive stage of develop
sent. On this stage of corn, the young 
 larvae feed primarily on po1len accumu
lation clt the nIXIIs of the leaves, on ear parts, and sheath
on and collar tissue.
 
Because the larvae feed extensively 
on sheath and collar tissue, second-generation
resistance is primarily collar and sheath-feeding resistance (Guthrie Ct al. 1971).
ilike the European corn borer, second-generation southwestern corn borer larvae
 
are not sheath and collar feeders, but are primarily husk feeders (Davis et al.
 
1972). Thus 
 the site of resistance to the second-generation southwestern corn
borer is mainly in the husk. In view of such differences in season growth,
straiis of maize that are resistant during the vegetative stage of plant 

I/Joint contribution: 
 USDA, Science and Education Admin;.itration, Agricultural

Research, and Journal Paper No. J9405 of the 
Iowa Ag-ialture and Home Economics 
Experiment Station, Ames 50011. Project No. 2183.
 



developmant may be susceptible during pollen dehiscence and latter stages (Brind

ley et al. 1975).
 

IN SECT- HEAR I NG METHODS 

For evaluation ol plant material for res i stance to insects, an adequate number 

or insects 1> required to provide a uni foiI level of infestation. Tile entomolo

gist must either rely on onatural field populations or rear tile insect in the lab

oratory (Gutlrie 1975). The development of nethods in recent years for mass-pro

ducing inm;etit: to infest experimenLtal plant germ plafm has materially advanced 

progress ill i;o.st-plant resisLance, research. 

Sig-ni icnlTt [)rtr ;ies l been rade ill developing; artificial diets for rearing 

W,0 1 advent modern era of practicalinsects. The of '.4let ,erv'n marked til of the 

arti ficial diets ior r,,i 0ni plant feeding Lepidoptera. Slight modifications of 

tile Wheat-$Term l liiu' us!V l ien suc cess ful for rear ing many species away from 

thei r nalirIa host plant. . 'i, ,jcce.qs of tie artificial diets results, in part, 

iros till. iinlla Lhemical iinid psly ;ic l food requirements that plant- feeding Lepi

doptcri;T lhire. ConseqleltLly, .1lv eljior changes Of !xistilnj wheat-germ diets hlave 

bet-n iet s!-tiLlV to makle theil aciT r t,bl(- for different species (Chippendale 1972). 

ScelaI ,t ils of glint-Icodin, l.,,pidoptera, such as tile corn earworm, iHelio

tlii z l;ih,- tiall arm-yorm, Spodopte a fruLgiperda (Burton and Perkins 1972); tie 

soutllw :,teiT corn soier, Ii atraea grandiosella (Davis e al. 1972; Ortega et al. 

ill pres); ChilT pairtvl-iulT (miii; et al. 1970); tihe EltropenLoT corn borer, Ostrinia 

ITUbilalis (;utlIrie et al. IT); ijiatrac;a s.ic,:iralis and Diatraea lineolata 

(Ortega et al. iTn r,-;s;) now are reared oTTartiFiial (meridic) diets to obtain 

eggs l' o t aid TatITing planIt plasm .inl Wil MT evTI geC-rrml I 
EILtOm Ol 'iL'; :;litild T 1;0l'l that inlsect CTItUtOeS reTared 1 -elleration after 

leCeration ill tThe lboraitory Ts1 l s 
' 

:reTTei1Ty calllT ,;eTTTT.icrlly SIo tint they no 
O I ites Iral during tilelonTjer suTrvive i a t; T. a T T populationT. Dslta collected 

pat;t 10 years slow tiLtlt the tilOpt~all corn ITOrT'l r'1,i -l'd COltilllOtll;1y OIl a meridic 

diet caindot bT tl.ed for risi 5 ted i t ITTi ecaTl-e the )liilt iT jury they To is too 

IOw for evalTlltijj, r1iti tanlC (C liii Ct ;TI. 1971; Gllthrie et lI. 1974). 

.ilm.,rotl ritsear , p)o.'r,*lrTs are iTvlVved ill variousll aspects for tLie improvement 

. A hiroliui- tI i i -ITvelopmsent project necessari ly requires 

tilot5 of s;evtcr,il discipTities. A iecral iTrilrg,emellL for tile wivisii of respon

si hilit tv ill a coopT-rativ,- iTproach i; for tile entomoit.;lIst tit IlSSTlTTO the labor of 

d lto ( :It ltdi- of bloiioiTjis.l rvlatios ips. The priilary responsibility for the 

study of tlT ;;eiieit lT i iTfi t TesT .itTTCeT lTIplTa ts rests with tile plant breeder 

or In~ er isL, '1ii VTl0i (iio f imTlrVoVc'mielTts ill perlOriTanTce TIl t ITOInibee s a mu

tual probiiT. i this typo oi ,pprooacl tiTe va lois dic iplini can attain a coa
mlon goal I ( Di cke Tld GI th I 7M) . 

o mi i:e n Ol- the 

INFIE.5fTT' ON rI-(;IiN IQUES 

Artifil in iestatiOn tssTlLquie with corn pests have been comprehensively 

reviewed by Ortega et al.Cin press). At present, 'g l~lasses of 0. nubilalis, 0. 
furnacalis, D. grankdiosella, aTd Chio partellus ate dropped into the whorl of 

tileplant for leaf feeding resistance or pi nnei olto tile plant during anthesis 

for studie; of sheati-collar, husk, or stalk resistakte. Eggs of It. zea and S. 

frugiperda are suspended in an agar solition a l olaced oTTvarious plant parts in 

resistance studies.
 
hihim and coworker:s at CIMi YT, Miexico have recently developed an infestation 

technique with larvae (Ortega et al. il press). This technique consi ts cf a 

manual larval dispenser precalibrated to deliver to each plant a uniform amount of 

a larvae/corncob grits mixture and has been used successfully for infesting plants 

witlh S. frugiperda, 0. saccharalis, IT. lineolata, and D. grandiiosella. I believe 

this new technique will be used with otlher lepidopteran speos in the future. 

Some species, such as adult corn rootworms (Dliabrotica virgifera and D. longi
cornis), are attracted to special late-planted, trap-crop corn for oviposition of 

tile over-wintering diapausing egg population. Su,ceeding corn plantings on such 



1992trap-crop ground usually develop infestations 
that are adequate for evaluation of
root injury (Owens et al. 
1974); progress has been made in selecting genotypes

tolerant to corn rootworms. The variability in egg distribution, however, makes
it difficult to 
screen for antibiosis type of resistance in segregating popula
tions (Ortman et al. 1974). At present, largp numbers of eggs 
can be produced in
the laboratory, and artificial 
field infestation techniques have been developed
and are beiug refined (Palner et al . 197/; Sutter and Branson, personal consuuni
cation). The artificial infestation techniques should accel to progress on

breeding for resistance to corn rootworsis.
 

Several methods, as reported 
 by Davis et al. (1975), hla\ ','en used to supplement natural populations of tl:e maize weevil, Sitophilus zeamais. The doghouse,birdhouse, and teepee methods have been used. In each of these, a structure holdsweevily ears kernelsor from which weevils move into tile test plots. Davis et al.(1975) rear-d imize weevils in 25 pounds of shel ld corn placed in cardboard containers; weevil, were eollected with a vacuui from the container and were placed
in small paper bags (200 poi bag). Beginning when most of the corn silks hadturned (lark brown, weevil; were released front paper bags at weekly intervals (for3 w, ks) at specific locations along each row within the test plots. This method
seemilS to retLilt iii a he'JVi r ad more Ulniformi infestation than does release of
 
weevils frorn doghoues
 

EVA L!AT iN(; PljNt'S DAKAgE BY CORN INSECTS 

Miany iiflferent in'' Litd; call be uiseTi or detersini ng degrees of resistance orsusceptibility ol torn plIt, to ilSOtLS, such as size of surviving insects, num
tierof progenv producid, tilme to complete life cycle, amount of food consumed orutili ized, etc. lhes, types of dala are important in understanding tile effect of

resistailt ;eliotypes 
 oil tiie insect. In large oin breedilng programs, however,
techrliques for hreasllliniL iegiret o t istTtane'e 01' 
 susceptibility must be rapid,
ill lily Ohillioi , tit TLT t LtTiportait typ ' Of evaluition that call be raJo is the 

and 
amount 

cauit;di" 

SL0TL II il!etts 


o daml u iiti insect to the plant. 
Co isllge leaf tissue or -. uisiIl "deal hearts" during the vegetative itLjge of plait g'rowtli. Dead heart counts 
 can ie 'iaide and a 9-cl,.,s scale

d isu Tribeld by (;iLthri, 't il. (1960), can be used for evaluatling leaf-feeding
;i;tTIl ; V 1enotvp 

re-
S iLlt Ia an 2 have very little lealf feeding damage and are1 1i lVisistall i ,lii Np.',; I ia ill,,' I and L have shot-hole iinjury On a few to seve-.i iO., i, tt- L
l I ud l iLS t giiotypes r.ting ') and (i have several leaves with


tIloll at, i li ionls 
 itLd ;iTlc iteli 'll te ini rtsistance; genotypes rating 7, 8, or 9Ilart,' 1ILTTng [. II ("I!' "iT I ti all II'l a v; liid a re s U,s eLpt ible. 
SOLe LoiI . [Iser t L ITL 1, . Lubi I a Ii I aTTiil, sheath-collar tissue during an-tl',Si. ,Tlld later o:rAa;T plint development. Again a 9-class scale as described

by Clithrie et al. (H78a) Lan be used for rapidly evaluating genotypes for resistance to sil bti-collar leeling. IIIpr-actice, the 9-class rating scale call 
 be bro
ken down intoinL 3 teL'g , .%CS;la ssei I to L = res istalnt , classes 5 to 6 = intermediate, and L lasses i to 9) tticeptible. Number of cavities (ci 
 of dama ge) in the
st'ill wis UTLSd fLr ;v'ri years LO 'V;lluiLLt resistance or susceptibility to
.Tleatihi-collar Ieedini by iLTcoLLd-geaeratio 0. nubilali.s, but timethe involved indisseL tin ' corni ildilt, iand couni tnI., tV limitsL1 i ties tle niumiber of genotypes thatCTll heit' LIvlliat d 'Licil easoui. TMe '-class ratinig; scale s;hould bhe used instead be
CaiU-!;4 it 1:; laSt, .Tid. il ity C itln s mLiy he used 
 to further detect diiferences 
arLIoI, 'ioty'0'T ; a j i ri t cfO, I to 5. l'ilirance ratings based on stalk breakage 
Illt, I i[-p ClT l Il iLT li Litt'ed.
 

F'ie I proceidlres thiit Lhave been c. 
 luatd in the presence of corn rootwornil'irva I lilts itltiT .ll are rit lodginj rIaLllls, root anchorage ratings, vertical 
p(l TeasLtii'mL'i'tS, and rooL ratiigs ,ifter digginag and washing (W4elci 1977). Digoiand w isig root; involves miLori work than other methods, bit direct examination has the advauftil;e that roots cLll be evaluated for total root volume, amount
of root reigrowth, loot piattern, and the amount and location of larval feeding.Welch (1977) u.eid a 9-claus rating scale tor evaluating root damage to advanced

Class I is often considered in escape; 
corn generatiois hy rootwoim larvae. 
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classes 2, 3, and 4 represent very little feeding close to the base of the plant 
and not much feeding further out. Classes 6 to 9 are bad; class 6 has less than 
a full node of roots pruned, but has extensive feeding on outer portion of root
 
system; class 9 has three or more full nodes of roots pruned. 

Some insects such as Heliothis zea damage the ear. Ear damage, as described 
by Widstrom (1967), can be rated 3 to 5 weeks efter egg hatch (0 - no damage, I = 
silk damage, 2 damage to I cm beyond ear tips, and 3, 4, N = additional 
penetration coward the butt of the ear in 1 cm increments. 

GENETICS AND BREEDING FOR CORN INSECT RESISTANCE
 

Very little infocimation is available on the genetics and breeding for resis
tance to several important corn insects; a great amount of information is avail
able concerning : few species. When sources of resistance have been found, the 
genetics of resistance should be determined; lack of Inowledge of the genetics, 
however, does not necessarily preclude, setting up any breeding programs. The 
breeder and entomologist can usually hypotesize enough genetic information to 
permit some preliminary breeding. Detailed breeding plans should not be devel
oped, however, until some genetic infortrition has been obt~ained (Russell 1975). 

European Corn Borer, Ostrinia nubilalis. More information on genetics and 

breeding for resistance is available for the European corn borer than for any 
other species of insect attacking corn. Brindley and Dicke (1963) and Brindley 
et al. (1975) reviewed research on host-plant resistance through 19i3. Gallun 
et al. (1975) reviewed the chemical basis of resistance to first- 1'eeratlon 
borers.
 

Leaf-feeding (First-Generation) Resistance: Resistance to leaf feeding by 
first- generation larvae nas been ea!:y to find (Guthrie and Dicke 1972). At the 
time the European corn borer was discovered in 'he United States and for some 
15 years thereafter only open-pollinated varieties were being grown. The de
velopment of many inbred lines of corn and of commercial hybrids greatly stimu
lated the search for resistant lines that might be utilize 

4 
directly in hybrid 

combinations or for breeding germ plasm. The term resistance as used in this 
review refers to antibiosis as defined by Painter (1941). Tolerance most com
monly refers to resistance to lodging; and ear-holding qualities. 

Extcnsive cooperative programs were developed during the 1930s by the USDA
 
and many Ictate agricultural experiment stations. Large numbers of inbred lines 
and crosses of Loth field and sweet corn were tested. During this decade the 
open-pollinated varieties were rapidly replaced by double-cross hybrids (Dicke
 
and Guthrie, 1978). Inbred lines with substantial rsistance to larval survival 
were found in small numbers. The prepotency of transmitting resistance to 
crosses was investigated simultaneously, and it was determined that heritable
 
qualities were ineolved. There was a tendency for the component inbred lines in 
hybrids to be susceptible, but a high percentage of inbred lines tested were 
inrermediate in resistance. Tests of hybrid combinations indicated that multiple 
factors were involved in rcsistance. Several lines with substantial resistance
 
were agronomically acceptable in hybrid combinations. Hybrids with improved re
sistance and tolerance rapidly replaced open-pollinated varieties. Prominent
 
among inbred lines with improved resistance or tolerance were L317, 14, 0h40B, 
OhO7, Oh51, PS, K230, K226, MS285, Wis CC5, and Hy. Some of the more agrono
mically desirable inbreds in commercial hybrids (particularly WF9, Tr, A, 1153,
 
CI.187-2, 111.90, A334, A375, Wis CC2, Wis CC6, and CC7) were suscep.ihle. Open
pollinated varieties were the direct source rmaterial for most of the inbred lines 
developed from 1930 to 1940.
 

During the 1940's and 1950's inbred lines with a satisfactory degree of resis
tance were extracted from special crosses (second-cycle breeding). Representa
tive lines resulting from this type of breeding were: A295, A619, B49, CI.31A,
 
Oh43, Oh45, Oh45A, Oh45B, Pa32, and Pa54. During the 1960's many experimental
 
lines with a high level of resistance were developed by a recurrent selection tech
nique (Dicke and Cuthrie 1978).
 

In recent years farmers have largely replaced double-c-oss hybrids with single
 



crosses or modified 
single ccosses. In geiheral, single crosses with the following combination of inbred lines are 
effective in reducing first-generation populations: 
 (a) resisrant X resistant, 
(b) intermediate X intermediate, (c) resistant X intermediate, or 
(d) resistant X susceptible; either dominance or 
incomplete dominance of resistance Is necessary if the resistant X susceptible coar 
bination is to be effective.
 

Working with first-generation, leaf-feeding resistance in F. 
 and backcross
progenies of susceptible X resistant 
(M14 X MSI), Ibralhim (1954 determined thatsegregation of genes at three or more loci was indicated. Similar tests with thesusceptible X resistant cross (14 X N32) indicated one or two gene pairs for resistance (Penny and Dicke 1956). In two susceptible X resistant .'res, Ml4 Xgp17 v1 7 and WF9 X gl 7 v,7, estimates of F2 and backcross progenies showed that resistance dlffer-uces were conditioned by segregation of genes at a single locus,.Tile resistant gene linkedwas with the glT geve; of uHeresistant parent with crossover freque!ncies of 31-3%1 (Penny ikimbcke 19i7),Fleniin et al. (1958) concluded from inieritance studies that relitively fewmajor gene l;(ritrol resistaile to leit Ie'dii; id overall plant damiage . Segre
fgatioli wW; explailleOl Oil tie(,basis of two pairs of Ilmajor genes. Their results indi at a tlhat Iybri d vigor Tiv illtiuei ce the allll :lt r-re istalice.
In most cises ros isLjallce to leaf 
 feeli hg by f irsi.- generl'tioui liuropeaii cornborers Js :oil dit iioned by gcOres it sevc ral 1 ' oci, in ll I 1cts are CulTllllativC ilillongloci. ibrahin ( .), I using cH romiosomaitl interchanges, cone lde d that leaf- feedill,resistance factors- differentiating, the inbred line A4lI from tile see ptible I lineA344 are associated wi Al one gtne oil the 3L chrolmosome, ,le ge0ie -)Ul the 41. chromosoi1e, and probably aiiother tileoil 5U chrolsooe. 'rests of chrollloolumal iltaerchangelines also iindicated resistance ak tors other Lhau those carried by A411. Scottet al. (1966), 1sinii1 reciprocal translocations, rt'porteCd that 5 chromlosome arms itCI.31A and 6 armns in 149 cairri2t 1,eleis foi first-generation resistance. Guthrieand Striihgfield (1961 b) found that sgregat lionl i 24-1illemeasured synthetic variety,by the let variance, diminished altel each sel ing but that 

as 
a siniticilLt
 

residue of segregation reelnille! 
 i ilthe fit tit elid tlnll riOioi. It iti re was ill)average of onile effectual hetero:iygoUIs bllc, iii the S, theoretical ly there shouldhave been '5, or at least 32, effectual heterozy go. oci five gelerations back iithe S Scott et atI. (1 614) dete rained th type ot ,ene action involved in firstgene ration resstaince y usFgFia F and selfed aclcross poplatiotll, of CI 31A(R) X 37(S) inlividual F planes of(CI.31A N T337) X CI1A and individualplants of (CI.3 IA X 137) F2X B37 ,"ost of tile geniet ic var iance was the additive type.Fleming at al. (1958 ) suggested backcrossing as methoda of adding resis tanceto otherwise desirable inbred lines. A modified backcross procedure was used to
improve agronomic characteristics 
 of 0h45 and retain its rcsistance to ceaf feeding. by tie European corn borer by Guthrie and Stringfield (1961a). In many effortsto breed for first-geieration resistance, however, tile direct backcross method wasnot successful ii transferrin, resi;tance to slisceptibl, inbred lilies. The desiredgenotypes could not be ideiitified in tiie segregating generat ions; when more thantwo backcrosses were used, tile neededi level of rl'sistance was lost. Tile level ofresistance could be increased, however, by interitting ainong resistant plants illprogeny of tile first or second backcross (Russell1 1972). Penny et al. (1967)showed that recurrent selection was very effective in increasing the level of resistalice to first- genernaion corn borers 
 iii five corn populations.
Chemical Nature of Leaf-Feedi g Resistance Factors: Beck (1965) discussedthe flundamenital concepts of plant resistance in a review of biochemical and biophysical resistance to insect suirvival. Three substances were designated resistaut factors A, B, and C (RFA, RFB, al RFC). Substances FA and RFC were deterinined to ie closely related anl of most ilsportanc, in inhibiting groath of larvae.Substance RFA was isolated in pure cr 'stalline form ald characterized as 6-methoxybellzoxazoliluoue (6-MBIOA). laboratory synthesis was accomplished, and quantitative method was developed for 

a 
men stir ing its concentrationfin preparations. Otherinvesti gators, particularly il Finland, characterized 6-MBOA at about the sametime il connection with disease resistance (Beck 1956, 1957; andBeck tlanec 1958;Beck and Smiissman 1960, 1961; loomis et l. 1957; Smissman et al. 1957). 



Khun and BrindLey (1966) provided evidence that b-iIUA I of little importance
in the phenclonl o[ resi staLnce , hoc suggesLeI thaL preCliraorIS of b-MBOA mtay have 
an active role. Kldti ,t al. (1907)4 showed that ,h-dlhvdrcxy-7-iethoxy-(211)-,

-benzoxazioe-3( 4 

Hl)-on, (Dl:!B0A) whiicht 
 occurs as a glucosidU in intact maize Lis-
Sue, is a biochemi Ia , (or iI tihe re!iI tancc of ataize to firta-generation Euro
peani corn borers. When plant tlssues arc cuSfitd, however, the glncoside is hy
drolyzed bh a plant lycos idSe Lo yield irce DIBOA (WahI roos and Vi rtanen
 
1959), and h;IMBOA decoMIpo!,i<, stoichiinetri-'t liv to 6-MBOA 
 (Brendenbert et al.

1902). Ti s, tor convetllinc,-, dried plant tisue is 
 analyzed for b-1,1OA as an
inde:.: ot lIFjICA concntrat-ion. Klan andilRobim-;oin (1969) detlriined tile concen
craLionl at- stlhxv-2-icazorailIiane ta Ml(H10A, and indication of DIBOA) in the
whotrl tiS5!,ut, OI six tnbr,lds; attn extended leaf height of H4 cial. rhey showed a 
stll , I itloar r ,alt imoinip btween tin logarithi of the concentration of MIIBOAand
tile It.1i-t icdtn 9 ree lis;tam, ratnis ot tile six inhbrds. KIo et al. (1970) also 
tulrnj '] silnii icant correlati(,n a ,tweti te (ontent.-ttiol of DIMBOA in the leaf
whorI ti l;l, inn resi !stance to th(' f i -t-g;i lt- aot Ion horer . ite correlation cefI
ticientsl; we1e i 1 Irc Aii lot 


RU;Ie I 

J.9-. lot- il , -0.7.. ') i;ttll'ie crosses. 

!Lt l 1 (ii?) t':ill tilt t-f ctE iVvl l ; it d'evelopilelt of corn pro
cI-AiC,; - :, tilt to e . tO [11im ill Sti letI t ion with tile illSt c (artificial infes

tation ith C,, Ii.iS;lC,;) and SClit t i 1 ('11 tile tsil 01 l[iBOA content in ileaf
whorl i!,!;lu. ,ouIt tiol ei I'I ie it! iltce Stlecu. Zivt lll eeding gene rationis,

Stattil i si 19-

,

tI F ilca eni L,,I -rum'" X Cl. f/IA (,F9 i!, 1tL;1ly Sucuilptiblc-;


CI.3i1 A iS i i I 8ly rets stant). ,inal eval 
 tliLions iIi' 15)tiiF fatmilies in the
 
1) II A evaMlUaIrnlOipt ionlitd 
 ntb . I ait Ilies iI tile I1isect iltiested group. Allfaiilies in the iIMBOA rtoup were resistrt Lo leaf l ili,, iad eight progenies
did t.il Sil11 licaltiy iiit let fromn CI I iAn DImBI A ccnitent. Sixty-five families 
li tilt- Ilt1ct lr'_ipi orv te;i StatiL LC' 1(oaf- teL'in/I, ott only 15 did not differ 
signific,mt ly Itom CI.31A tit DIhMO colltt:lt. liII showeidita that chemical analy
s I [it r DIMBOA it tie plant I im b u;cd tt, selet, ttr tile DIMHCA typt of resisLant.0( inl;i t 'r ;I il, I)OIpnI ii on, f't(- 1:ati a[:SO shOW12e that factors other than 
DIB01 UitAiditi, I A eS LIAt'i(t- L0 t'il Iced ilg )%-0te cornly tile lEuopean borer. ;tllivan
et ii. (197.4) aitd Scriit 1l. (1 7Y ) fiound that iat-ilemling resistanc, in solieeXLel( I )Il ;V'Im a:n was nor :ond(ioltold by !hil'h D)IMBOA coulite ,' 


fh,- iDIMBO!, technliqueI Maliy 1,I OS Cc,
e:-;VUlu11rabitt i}:l'e Of thle envirconmevt,
 
It- i ; too Slow tLo ih o! Iracti il va i, 
 11101; t col-1 breed ill; plrojects. 'itecetlraL ionl Of I BOA inl fth plant .; ! IoL 

con
(orreiiited wi th :;heat.- feedinl j (Second

g; il- ratE iOlu ) tcii i1;tcllt . 

Sheath-Collar Fedi,-et(Secat,,ii-i;c-;-tcioil)R'li;iitTICC. The! technique of rear
iiiy Europlan corn hoi rtr l rvet 1 1 iili ri dic 
 di,<t has greatly accelerated research
 
oil secound-ilciitr;tio t Iitll 
 aiti ir; tliLc .end i i e .te.f ln i et al. (1974a, I)

11S11d i-ct al itih-lileili 11,l.v::: to ietertite thil glvnetic bas is 
 of anti biosis- type

Ocf cco 
 i-g iit Ill ' 1i11c . Citme POulaltioIl, owere stiudied: P1, 12, F1, F2,
F3, 1M , ifC12, ,11d ii(tIt d itic; Oiftighotf a nckcrosses. lin four different experi-Melitts;, Bi' I, Ill ' (ItI the t IStAi1t Itrelt (PI), anId B3), L289, Oli/3 , aitd WF9 were 
id ts tilte .cl)LibL, piareit (Id). he data indicated tic simphl t;enetic basis of 
re stitaliice ilil1 aLi;' e tLCd Lhit higl rtts talce LO it St COttl1-g'emIeratiO I itnfestation
 
llay le Lil' result of tile CLI[illlttive citec of ai iitmkiow:m :tuiiber of loci. 
 Additive 
getiletic eflects were predominant in coidi t itioin resi stiilce, bult dolitaIce was significant in all cro;ses. Scot ett l. (1967) shocwed that this hilih resistance cf
 
B)2 a151 s ttra:.rlmt tted ii hybr id coi;ibiinations . itikogu et al. (19/M) showed that

resisLtatit inbred B.52 colntaiis a geilt 
 oit 'eItios for tesisL ;lnice oit the long arias of 
chroimioSOIlte 1, 2, 4, aitd 8 aiid oii tiLi short arlls Ot chronioStoles I , 3, anid 5.
JCtiinint et al. (19/4at , b) 11sed a diale analysis involving 10 inbred lines and
 
their 15 
 single crol;i;vs to denil.ttsrate tUrther chat all almdiLive type of gene action 
colditio s resistaceiic to i secotid-generatloln intfestation. Frequenlc ies of genes
that Condition secolld-ge,, lateriot re:sistance are low in popLilatioIs of maize in the
 
Cornt Belt sltales. A recurrent Ielection program 
 based oi Sline evaluation is
 
ri-coutiiended to Inctease 
 iicies both 

catn tiher be used as a' source for resistant lites (Russell et al. 

tiete to g,[elatiois in a population Lhat 
1974).

Corn Earworm, He[icothtis zo. The corn ear-worm is a polyphagous species widely 
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distributed in tropical and temperate areas. Maize is the preferred host. Varie
ties orig nati i in tie tropical and southern regions of the United States have
lont been known to have protective husk qualities and have been a source for these 
qudaities in corn-h. oed ing programs. 

Collins and Kemptcir (1917), in a study of this inheritance of corn earworm
resistance in crosser btween sweet corn and field corn, demonstrated that char
acters for resistance to e!rc infestation were associated with the number of husk
leaves and the husk exkeiisiou beyond tie tip of the ear. They wc e able to trans
fer 	 these characters trom field to weL varietfies. Hinds (191'., pointed out that
extension end tighniess of husks pruvided protection against earworm inj ury and 
SL 3pquent field infestation of ric,' weevil. Kyle (1918) selected for pr')tective

husk oualiries ii" a varietal development progiram in Georgia. 
 With the adv, t of
hybrid corn, mianN cooperative programs included corn earworm resistan]ce as P -acet
in maize breeding and devw lopsent of hybrids. Ai excellent review of the subject 
has beer publ i shed by McMi 1 lian and Wi.aeman (1972).
 

Rt-cirrent aird contiiied mass selection has been an effective method of fi
proving llant ponpulations for corn oarworm resistance (Widstrom et al. 1970; Zuberet iel. 1971b). ELifects of cominbin ability and relctive dominance were reported
ill .several studiies (Ltraib el: al. 11 73; Widstrom and McMillian 1973). Positive
 
additive or doirninrice elects were iidicated 
 ill theso expe-iments. Some genetic
stiidi ~,n lide ls ing waxy-1ira'-ked chromosolne translocations for locating genes fir
 
resisr l(c ll iilitods vatied 
with re.rpect to numbirs of chromosomes involved in 
'S st Is)ti ilact0r t.r5 (;eurI locations ol most Of the 10 chromosomes have been sug

gestell (Robiert so and W4alters, 1963; Widstrom and Wiseman, 1973). 
Fall Armywornr, Spd ptera frii;ierda . Tie fall armyworm is one of the voc t 

iilportiLt liest,aol ria z, in tropical and 	 s.ubtropical areas of tile Americas. It
 
inl st 
 che 	 torni plint fro.i oarl seedling to grain irturity. Ear injury throaugli

ie mink., is more prominent than with lileliothis, and the succession of grain in
ts :s perh-ips mcre important. Tropical and southern-origin varieties of races

oi mize possess t highe level of resistance qualities than does U.S. Corn Belt 
is-ia plasill. Sources oif cesistaice to hu!;k infestation call be found readily inl 
t ~u 't	i L , I ra e t' .
 

Aln ilicoasin 
1g amount oi research has been devoted 
 to different phases of re

sistance . tLe Iall armywormu. Wiseman et a.. (1967), in a test of 81 Latin
 
Ar.ierican lines of imiize, reported 
 Cuba Honduras 46-J and ETO Amarillo to be least

da:niiaesd it the sheath attachment. Lines originating from Antigua 
 tested in other
 
Ioca Lionfs, wnre ionsider'd 
 to carry a high level of resistance. Comparative tests

ili which Amtiua 20-i50-87 was least damaged showed 
 that corn was highly preferred 
over dastylin byripa actirrm _s first-iiisLar larvae of S. frugirs o. Difference in 
c'sistLance n iiibreds and single crosses were observed by Wid.trom et al. (1972).

l iatr;sa app. Mlize i; a host to several species of "stalk 1firers" that are 
injurious ill Lropical ild subtemperate climates, particularly the southwestern
 
corn borer Diatraea giandiosella, sugarcane borer 
 1. saccharalis, so-called neo
trolical orn borer 7. lineolata, and soi.thern 
 cornstalk borer D. ciambidoides.
 
Dependi )i tie seasonlal life history, 
 all o1 these species can attack the vege
-ative "whorl" or reproductive phases of maize development. Tie advanced instars
 
of tile larvae iwnvde the stalk. The southwestern corn borer on maize has had more

research attention than the other species. A search 
 for 	sources of resistance has
continued lor many years. Biological host relationship studies have been pursued
by 
Davis et al. (1972). In screening for sources of resistance, Davis 
et al.
 
(1973) found two lines derived from Antigua GP02 with an intermediate level of

first-generation resistance 
 by virtue of fewer larvae per plant and smaller larvae.
 
They reported less second-generation attack 
on some southern single crosses and
 
indicated 
 the presence of resistant genotypes iii several Central American corn 
populati-ans. 

Scott and Davis (1976) combined material with resistance to leaf-feeding by
first-generation borers 
into a pepulation and then used 
a recurrent selection
 
plant breeding technique to accumulate genes for resistance; the second cycle popu
latioii, dmesignated MpSWCBL, was released and contains a fairly high level of leaf
feeding resistance. Plants from reciprocal crosses among nine (seven resistant 



and two susceptible) genotypes of 29 7corn were evaluated to- stalk damage (cm of damage in the stalk) by second-generation borers. 
 The resistant X resistant crosseshad 36% fewer tunnelled plants than the susceptible X susceptible crosses and
these tunnelled plants hed cnly '6% as much danrage (Scott and Davis 1978).

Corn Rootworm, Diabrotica spp. The following species 
constitute a pest com
plex known as corn rootworms: (a) the western 
corn rootworm Diabrotica virgifera,

(b) the northern corn 
rootworm D. lonicornis, and 
(c) the southern corn rootwormi). undecimpunctata howardi. Western and northern corn 
rootworms over-winter as
 
eggs in the soil and have only one generation per year.


Most of 
 tihe research has been dirccted toward breeding for tolerance to rootfeedini , by rootworI lcrvae, that is, some lines are able to develop new rootsabove tire feeding po:nts of tih larvae almost as rapidly as tile larvae destroy
root -itse. R,ootworm 
 tule rance dues not imply that the developm-nt of new rootsis as much a response to larval feeding as it is an en:pression of tile inherentroot-Jecelepment characteristics of the plant (Owens et al. 1974). Ortman and Gerloff (l910) reported thaL tolerance is the most promising component of resistanceand that fibrous root production Is riot ;15important as other root characteristics. 
Fitzgerald it al. (19b8) found that rootworm tolerance could be selected for intile absence of a roorworm infestation by mechanically damsaging root systems.corn 


Ort,::,n et al. 1,1968) reported that the pounds required to 
pull root systems fromtle soil had a rolatively high po;itive correlation with visual rtirngs of the root 
syStems .
 

Zuber et At. (1971a) used foor rsit,glc-cross hybrids 
and found' highly significant corre itio'rs ansng root-pulling resistancc, root volume, anc, root classifica
ti. They suggested tha t aii7of tilethree characteristics woklci be suitable for

evaltliatii 1 , 'trcistrains for tolerance to Cort rootworms. 

Eibien and Peters 19oii) :,el tile tlalowi,ig criteria for evaiuating inbred
Lines for troluracce to rcotworr:c : 
(a) iodirg, (b1) stunting (.) number of deadplants, (d) dry weight or roots, (e) sire rating, (t) total number of crown roots,and (i:)pound: of pll required for root extract ion. Pounds ci pull gave tiie best 
indication Oi rootuor- relitLed r-espol.ses. 

hibe 
 arrdi Puters (1962) round sigrnilicant: difierunces au:c ; inbred lines for
rotill nrluber crowna , *Lotalf :oor numlber of riolt nodes, air, potiiids of pull reqcuir to eLtrait root; _rnrci tit- ground, hut they found rio si.'uificant differences
 
1,r the riun!ler of rirLot orm; per 
 plant or total dulamged rootsa.


Wdilsin :irdPeters (19/3) ewv-luatid 
 more thanr2000 plant introductions for cornri)0twol1 ce.istaccte arud founcd rio evidence- for antibiosis, but did locate sources
 
for lterallrc
,.
 

(1.-ns et ail. (1974) evaliratedi random
:, 1 inbred lines devel3ped from IowaSti f S alk .rvntittiitc variety ior rootwor tolerance. rhey used root damage, lodgcr1 irof[ Size, lrd secoriiuy irout griwthr a; indicators of tolerance. Estimates

of heritab IlLy inicaiCted that !,lection con tihe,basis of 
 rootworci feeding damage
ilcrrc would be jnefetttive. lertabi-ity 
values for root cs;i:,e, secondary roots,and root lodg ing illdivate that gal :nscould be expected from selection for each of
these trait:; cnot.ypic, plenotypic, and error correlations indicated that selectin.)i or lar er root systers 
 cay result illsdperior secondary root development,
reduc-d teeiii iasccge, arid rt'duced loigiing. A retes. o 50 superior entries indict,d ticat ionl;eiect 1or rootworn tolerance resulted in advance for each component rat or tolerance. The idvarce for each trait reiniorces the existence ofilterrelatioionhips among tih. tour root traits. Superior lines selected from the
rttest populIa ion have 1ee-n recombined into a single 
 synthetic population that 
should posses.,; tolIrance to corn rootworm feeding.


Ortman and -it:z,,e-ralt
(1964) evalated inbred line,; oil the basis of generalappearance, firn,rss of anrchoring, root lodging, stand redriction, adult feeding,root darrage, root regecrai on, and ge:,eral conformity cf the root systCi. There wre dii:erences arsong lins for all characters except damrge. Fitzgerald andOrtuan (1904) used illrvalcounts, darage ratings, rating:, of root regeneration,
row ratings tot general appearance, firmness of anchoring, and pounds of pullleCdid to extract tileroot system to eva!'uate a wide range of corn germ plasm for 



rootworm resistance. Damage ratings, 
298
 

a measure of antibiosis, did not differ
 
among genotypes, but there were differences among genotypes for the other measure
ments (tolerance). These researchers suggested that tolerance was 
the result of
 
a naturally well-developed root system, the ability of the 
plant to generate new
 
roots, the time of insect attack in relationship to the developmental stage of
 
the plant, and environ:nental conditions.
 

Luckmann et 
al. (1974) compiled a list of 426 references on the northern and
 
western corn rootwor:,s.
 

Corn-Leaf Aphid, Rhopalosiphum maidis. The corn-leaf aphid is worldwide in
 

distribution and periodically develops injurious populations on maize. 
 The species
has miany host among 'he grasses, barley, and sorghum. Dicke (1969) discussed the 
biological relationship and varietal resistance to this pest. As a primary vector 
ol MIDMV,the corn-lea aphid is involved in the incidence of this mosaic on maize 
and sorghum. 

lost- plant resistance has been investigated for many years. Because popula
tion development is erratic, it has been difficult to obtain continuity in breed
ing and genetic studies. Attempts are usually made to elisinate susceptible cul
tures in the process of inbreeding. The presence of differential resistance and 
heritability in crosses is well established. 
The more recent contributions on the 
subject have been miade by Everly (1967) and Rhodes and Luckmann (1967).
 

Maiie Weevil, Sitophilus zeamais. There are wide diffeLences in the responses
 

of cosnercial corn hybrids to the maize weevil. Weevil-resistant hybrids are
 
available that can be used to minimize 
losses to this insect pest (Davis and Scott 
1973). Ten 8-1ine sets of dent maize inbreds were tested for seed resistance to
 
maize wevil in a deL;ign II eperiment (Widstrom et 
al. 1975). Dominance effects 
were importanL for seed resistance among sources segregating for maternal and endo
sperm genotypes. Host of the additive variation originited from maternal tissues,

while cytoplasmic effects were unimportant. A procedure of recurrent selection
 
within Lmo breeding populations, with attention to crossbred performance, was
 
sugges ted.
 

Wireweems , Coioderus falli. Wiseman et al. 
 (1976) evaluated 418 dent corn and 
298 sweet corn inbred lines under a very heavy natural wireworm infestation. The
 
sweet corn inbreds were more susceptible than the dent corn inbredt. 
 A few resis
tant dent corn inbreds were identified. 
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is a cooperative, (losely coor

dinated effort of the U.S. Department of Agricul ture and the agricul tural exper

iment stations of the w;ajor rice-producing states, with support from industry 

and grower organizations. Detailed descri ptions and discussions of rice varie

tal improvemeot proJrais' in the United States have been publ ished (Adair et al., 

197,1 Johnston et a1., 1972; Bollich and Scott, 1975). 
wriiary objectives of the rice breeding orograms in the southern United 

Rice research in the southern United States 

develop hiqher yielding early and very early maturing varietiesSt te,' oe to 
that have <Icceptlil e or iciproved milling, 	cooking, and nrocessing qualities for 

to lodging and major diseases, andihe res[octiwt' I1,ii types, are resistant 
highly ilechanized cultural practices. All federal-state programsadapted to 

second crop yieldinge nuhasi'ze i,!onrved plant type, and in Texas the ratoon or 
abi 1i ty of prorii nq advanced selections is routinely determined because of the 

iciportance of the ratoon crop. 
objectives andThis report emphasizes the rice breedinq vork in lexis but 

the same in Arkansas and Louisiana. All use(;enera l pr'ocedures are essentially 
the pediIree method primarily, but the bull and backcross methods are used to a 

I ii ted ex tent. Besause of recent successes wi ti r",utation hreeding in Califor

in Texas as a supplenentary metho to 

achieve specific goals, particularly the identification of mutants resistant
niw, e initiated rutation breeding 

to 

of :,' leading U.S. varieties.stiecific races . ,:,' v.::, in 
iiprovement in Te-nas is stronoily interdisciplinary,The approach in varietal 

with the biochemist and pathologist providing fundamental assistance to the 

breeder throurihout the level opmen t of new varieties, from selection of parents 

for crosses tirurrouh early-gereration screenini, to final evaluation for release 

is i new variety. For mlxiriUn efficiercy and effectiveness, each cross is 

pl anned with a clear ojective in minid and parents are selected with care and a 

full awrarenes of treir desirable and undesirable attributes. The Regional Rice 

on 
varieties froi foreign

Ouality Laboratory at Beauorrnt accumula tes data important quality attributes 

of ill potential parents, including newly 	develcped 
et sources, for ure in U.S. rice-breeding prograris (Adair et al., 1974; Webb al., 

1969,; Webb et il., 1970). Likewise, the reactions of potential parents to all 

breeders by cooperating patholoinportant doriestic rice diseases is provided to 


(lists in the ' i,.e-producinq state . Such information is essential in planning
 

ound plant breeding principles. At Ceaumont,
a hybridizatron prn9rarl hasied on 


we work iuten y wit aa r, latively 1 imited number of crosses, each one made to
 

achieve sl~e ric ohjew tires. 

of Researc, and EducationCooperitive inves tgtion Ari cultural Science 

Administration, U.S. Department of Angriculture; Texas A&I University Agricultural 

Rescarch and [xterisinci Center at Berumorint; and the Texas Rice Improvement Associ

a ti on. 
Research Agronorist and Research Chlieist, Agricultural Research, Science
 

and Education Administration, U.S. Department of Agriculture; and Research
 

Associato, Texas AOM University Agricultural Research and Extension Center at
 

Beaumot, Route 7, Box 999, Beaumont, TX 77706, respectively.
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S In no othier country in the~world isrice quality given a higher priorjty in'breeding Programs 'than in~the UpitedStates, partku1 arly the- qIit ofl Onggrain .,,arietie, The,,Urited States,,produces ionly''abiV 1.5%:of the total annualproduction' of r ice in the- world, bdt,,t g -e~r~all,,1y6Thdsthle'.orid "in the" Ioumof rice exportedK With approxim~ately two-thids~of therice crop expor~d,,US,var jeties ust be of-the type apd qas efrein 6'fi' aln andyexor 	 as. 
even more-important domestically, aity'sid 'mrreinedakes>~
o in 	 uar 'd57--other 	 -procesiing'7sescontinue- to- 11crV~dS e 

lit 


Varitie deeoe~nUS breeding prog -ramsttr ,A,dition-ally have~quality

a. ti-	



ttri butes that a~llow "iiul pse Iuses.- ;Howverin recet'y 'si breders havedeveloped an~elae vaieie spcfclyaatdtpticu'arIlindutry

Sneeds 	 Fo<&exanp1e,,Newrex 'was devel oped sped fi callifr parboil ickii&6k,
sopcnigpoess In addition itis superior to otherjiigh q'uality U2S.long grain varieties as a 
regular table rice because of its distinctive dry andfluffy cooking characteristics .Lebonnet, a long, grain variety, was. releas'ed'~2because'of its larger grain size', a characteristic desired inprime log gan.
export markets,(Bollich et al., 1974). 
 Brazos and Nortal, .both~superior yielding,<
;varieties' combine good ttaFle quality with superior brewing properties (Bollich et
al., 1974; Bollich et al., 1975, Johnston et al,. 1973). The very high yieldiTii
7ariety, 	LA' 110, wa _riTeased as an indust-rfa'Frice for brewing use unly (Mcllrath
et al., 1977);.' ~'
 

Rice varieties inthe UntdSae 
r lssda og eim and short~
grain types, with each grain type having specifics cooking, eating, and processing 1
 qualities (Adair et al., 1972). 
 To maintain the traditionally high quality standards of U,.rice andto develop .varieties with even better qualities for partic-.
ular end uses, requires a well-organized, closely coordinated quality testing program'throughout. the period of development of 'new varieties. This*need 
 isfilled
by. the Regional RiceQual ity. Laboratory'at' Beaumnit,;Texas, which. serves-'all public~rice 	breeding'programs' inthe United States. :The laboratory 
was establ ished
S 	over two,decades ago and.'pioneered :in 'the adaptation of 'quality testing methods
 to practical rice breeding programs 
to assist 'inthe development of high quality'
varieties. Ithas~served and continues to serve as a"model laboratory for breeding programs inother rice-producing countries. ~ j' r:~~~~-u~~~
The Rice Quality Laboratory conducts a series of ch'emical and physicai. testthat serve 'as indices of rice cooking and 'processing. behavior: (Webb~et'al., 1972;We'ab'et al.,''1979),' For judging the quality of early generation mat-eiiaTas well as 'adan~d"selections, amylose~co'ntent isconsidered the single mst,imprtanrtjcharact'eristic measured.: Next inimportance isgetatinization temperaturetype_as measured by the alkali' spreading test. In eal eeain, hs'w'hrc~,teristics inaddition.to 
grain size, sh~ape, anid translucency are all that ai
breeder" needs'to screen' for cooking quality. 2As lines 'are advanced and sufficient
quantities of seed become available, milliing determinations are conducted The
whole grain mililing yield determines the' monetary value'of the rice and 'as sucdh'has a strong influence o6nthe acceptance'of'.a new varietyi in the Unit'ed States.'~> This isillustrated by the fact that" the leading long-grain and medium-grain~4~varieties 'inthe United States today, Labelle and Nato, have the highest milling
yields for their respective grain types, al'though neither is the highest yielding
variety grown. By world standards, 'all U.S. varieties' mill'well, but within the
United States a difference of two or three percentage points'in whole grain yield
has a strong influence on the(3creage sown' to a variety.:'Acceptable milling,
cooking, 	and processing qualities, and'acceptable kernel'size, shape, and translucency are all absolute requirements for-any'new cormmercial variety of'table' rice

in the United States. . ''' -"-"'~ ~~''Although amylose and alkali values are the primary data required by thebreeder inselecting for quality, additional characteristics are measured before 
-a 
new variety isreleased.' These include 'amylographic gelatinization andfpasting.


"chracerstiswater uptake capacity at 77 degreesC,' birefrigence,'end-point

temperature, protein content, and parboil canning stability. _The gel 	 c,onsistency 



est(Cgamp tal.1973)s now, being used atBeauo nt to0testt
 crof i ighamylose parents

As n d ie , varietyNewre was releaed specifically, f6 par

b fariety Iualtthe firstte ver.d vpsoped

nheUnitediStaies Sficall for thi~spurpose.. ewre/is also a se
 

i tabler n that isoos l e h hi..
e el seeb even th e 
r n teiture is at1 ittefirmer.,than thatofr"o~tIer U ;Sf'onaiiai opossessesthu q desirabe 

Te ;Ru8 andssimailarvar'iete a'I' ___th 

~about1.twot three. percentage po6i U S%'11 <nts~ hiier than6 other og ~graiI wyrietiestesi~htadte
~comb i.ed with a lo "'brekdown" vyi scos~ity~ (~Jdi cati ye of l1ow7am91bg'rapi sol Id's 

oneofthpaens fNewrexki& 4s.thisscom~bin~ation' of: quality I'cha'racteri stics.a d
 
s known'to be a superior processing variety.' Thus ,far,-Newrexand Jojuhtlaare~4
,the onlyvari'eties that have been identified as having the low break~dow viseos-wA~~vs t etiesone 'eal......~ity. in-combination with igh amylose land an internediate gelatinization temp~e\
ture, but itisprobable that'others exist. Joj~tla isnot'grown in'the United~
 
Statesbecause flits long, growing period and low yield,
r~ ~ WT depended _'i tf~kffiSNewrex was developed 'from a series of crosses that involved Jojutla and the~e in ery e highn aitU.,long-grain varieties Bluebelle, Belle Patna, and Dawn, Among the numerous:y.1 n1 gf tot ........iaites'nes' r eoke
nith'cs
poeyderived from these crosses, all that had an arylose content two or more. * 

{percentage points above that of the U.S. long grain variety parents also possessed

the low breakdown anylographic characteristic, whereas no progeny with typical > 
U.S..long grain anylose content possessed this, property, Once this relationship L' 
was confirmed, we were able to, select for the desired quality on' the basis of-.

~jam~osecontent alone. In recent' crosses of Newrex with typical U.S.,longgrain1 "
 

quality varieties this same relationship has been observed,. It'now appears' that4
if one parent in a cross possesses Newrex qluality,' selection for superior process-~
ing quality can be practiced confidently on the basis of ahigheranylose 'content.
 
However, all high amylose varieties do .not possess low breakdowni'viscosity, and?
 
ifthey are _t_,,used 'in gqality i'h It -hngul Th6-dcrosses, the progeny possessing higher amylose will not pssess''"

the superior processing qualities' of Newrex although they may possess the'tradi
tional cooking charactcristlcs of U.S. long 'grain varieties like Labell e. In 

development of Newrex we depended on the amylograph'to; identify 'the desired qual
"ity, which required more seed than isusually available invery e'arly generations.

The gel consistency test, developed 'at the International Rice:Research Jnstitute,
 

I theJareOUp aO!6enccore
 

provides an' additional "tool for screening Newrex quality inthose crosses in
 
which such quality isthe objective. The test issimple and requires minute quan

of seed. ~tities 

PLANT TYPE
 

Next'to grain quality, improved plant type receives4 the mast emphiasis inthe
 
breeding program inTexcas.' Just as the breeder must have a clear idea of the "W 
grain quality, maturity, disease resistance, and other attributesJhe desires to K
incorporate inanew variety, he also musthave a general.'cncept o.the plant 

4 

type desi red, in'order' to 'plan'anieffective breeding strategy;' sinpce his concept
would have a strongjinfluence on his 'choice of palints for crosses and :on his selec- k 
tion criteria insegregating generations.~ Our concept of an improved'plant type

inrice isone th'at is:relatively short inheight,4with relatively small ~leaf: '4"'
 

<"dimensions, an uprigh~t'leaf habit, and a.sturdy' culniresistant tu lodglng.. This:
 
4plant t4 ype iswidely accepted'as'the' "ideal"i'plant type in rc, sal~ t
 
h'fghtillering"abil ity' inclu'ded as'a component for varieties' grown _under trans-2
 
plnigclue hiehg ilrn ability is conlsidered essential'Ivtrans,
plne ieithsntbe shown to-be so in direct-seeded~variete s ;an
 

'~"~since direct seeding isthe universal practice inthe United States ~We did'no%'' 4W4include'it in ourinitial concept. While'semidwarf plants 'frequentiy~pmss Y"~ 
the comnbination of, characters "desired,'our concept encompasses both lsernidwarf and : 
niormal plant types~ ' 4 ''y ~w 

Y~4
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Character 
 Variety
 

Mexican Typical IJ.S.
 
_l utla Newrex Long-Grain
 

Amylose 28-30% 26-28% 23-25%
 

Amylographic "Breakdown 
 -50 -150 -400
 
Viscosity (B.U.)
 

Amylographic "Setback" +500 +200 
 0
 

Viscosity (B.U.)
 

Alkali Spreading Value 3 to 5 3 to 5 3 to 5
 

Gelatinization Temp. Type Intermediate Intermediate Intermediate
 

Amylographic Viscosity
 

C - Jojutla

C:- Newrex
 

-800
 
A C - Typical
 

B /U.S.
 
>1 Long-grain 

-400
 

I 30' - 95°C ' 95°C. -[ 950 - 50 C -I 

TEmpera ture
 

"Breakdown" Viscosity (B.U.) r Difference between peak viscosity A and cooked 
paste viscosity B. 

"Setback" Viscosity (B.U.) = Difference between peak viscosity A and cooled paste
 
viscosity C.
 

0.U. Brabender Units of viscosity.
 

Fig. 1. Distinguishing Characteristics of Newrex.
 



Sinc197, e have conducted suiso~f the relatio'nshp be ' 'cplttpan gri >yieldj to deter-mine ifthereli ,one general plant type tht'onsistently,produced the'best yield~s in the Guif
fCoastenviron Iment',of~thesoth~~rii ted
~ Stte~Bll~ ai Sott,1976a; Bollich andSt 16 an Scott,1970; Scott nd'Bollich, 1969Y.

Ou r~tinttal influence-of planit tpe on yiel~d
erest'in studyijng the was~promjpted-by t'e~differ'ential 
response of varieti es',-nd sel cin~o,,ivre
pl~ant type to.the diffrant environmenrts Re 1owii Eetfornianc
 

Arkansas ;and; their relati Vel16~)W yeosinTexcas. We were also':interested, "inl Jsstudying' the'potentjal~of the semidwa'plant type, because. of>the ex~cellent performance of Tac n jNative ~1in'yield tr~ials da 
 g backto 1962; (B ih~ tal.
 
S1 
969).~ Thi s 'exctrordinary>'variet was the protoitype of the highly> pubijczegreen revoidtion" {rke variet'ies>(Oka,> 1974) ."jIt has broad auaptabil,1y'ano lnin
~numnerous and varied experiments'at Beaumront through'ihe years, it has consfstently>~ranked at or ner o i,o~6f il.Our research to-date confirms the ipracplant type in achieving high grain yields at Beaumont but indicates that$ 'i,~

->respect-to 
 some characteristics, there isroom for flexibility in orcocptf'"
improved plant type Inthe period,1967 1975 we conducted annually a yleldstrial
tthat included 24 varieties and selections of diverse plant type, and-two nitrogen
rates, 90 arid1~80
kg/ha.kIn 1976 and 1977, the test included only 12 varieties
at'two-nitrogen rates, and in1978 the same,12 varieties were tested but'onlyon
nitrogen rate, 130 kg/ha, was used. 
 le followed standard U.S. cultural practices.>~
<Since the beginning of these studies, most entries inthe tests have~rermained the
same, butrsome changes were made as: seed of new important ineernational yarieties
became available, e.g., IR-8 and CICA-4.;'The multi-year means for grain yield
vranged from a low of 4,317 kg/ha for Bluebonnet,50 to a high of 8,037 kg/ha for
PI 325893,(Tab. 1). Itissignificant that both semidwarf and normal plant type~
K.entries were among the highest 'inyield, Ifone considers the two oldest vrie'
tiesinest'
he Buebonnet 50 (released in1950) and Lacr~se(eesdi
1949), as examples of U.S. varieties' grown 25 years ago, it isapparent that con
< sderbleimprovement has been made in raising the yield level' of U.S. 'varieties.K'dev'eloped since then, particularly inthe case 
of the medium grain variety Brazos
and short grain variety, Nortai.


The two highest mean 'yields were produced by Tachu'ng NativeI , asemidwarf 22K var~iety, and PI 325893, a selection of normal plant~type derived~ from the cross
Kof Talnan-iku No. 487 and Peta,' made at IRRI. Althoujgh both are equally high 
 >< yielding, they differ significantly with [respect to 4severa important'characteristics that are, included inthe definition' of> an improved. plant type. "PI 325893,>

.!has a normal plant~ty'pe, ismoderately tall,' has; moderate tilerng ability, and
produces relatively heavy panicles (Tab. 2). IQncontrast, Taichung Native 1:is 

'
 

<asemi-dwarf, relatively short inheigl, 
high tillerj ng, and has relatively.,
light panicles. 'Both are similar with respect to ares 
of the top three leaves of,>
mancls upright leaf habit,'panicle/straw ratio, and harvestindex> 
 Inia
1978 test, both had essentially the same Leaf:Area Index, 8.5 for PI.325893 and
9.0 for Taichung Native 1'.These two entr'ies and Brazos~have produced the highest
grain yields thus, far obtainied infield plots of the varietal improvement program
inBeaumont, about 9,000 kg/ha.' This level may be considered the'" l plteu
_at Beaumont,,under present standard 4cul tural 'practices.":'> 
 >'- ~ KJ'< 
' In the plant type studies, in addition to grain yield, we determnined'the number of :paniclasiper unit area.(a me'sureof the effective tillering ability) and
th'e
average panicle weight (Bollich and Scott,:l976b).,Datajor panicle~numb~erA
and grain yielddfor 12' varieties, and selections~at two nitrogen grates 'n 1976.'>: 

'
 

indicateessentially no .reationship botwden panicle'number'and ,
yield amiong theA
12 varietipsfollowing standard U;S cul1tu'ral'pra'ctices (Fig .>2).'>Witihthe:%exeto ofL 1,asmdafi~sra 
aitsouthern-varieiis~are con-
4' >siee o ilr' n ye. u knowledge ofthe effective tillerir4aility""' 
'presenceo;interplant competition, i e,the competitio presentadn~lat'n,
~adrill seeded population- To determine the Inherent til ering ability of~
 

4" '4 '4 '>4 

4 



Table 1. Average Yields of U.S. and Foreign Varietias and Experimental Selections in Plant Type Studies
 
at Beaumont, Texas. 1971-1978.
 

Variety 


Labelle 

Lebonnet 

Bluebelle 


Starbonnet 

Bonnet 73 

Dawn 

B'uebonnet 50 


Brazos 

N;ova 66 
Nato 
Saturn 

Vista 

Lacrosse 

Nortai 


Taicnuno Native 1 

CICA-4 

IR-8 


PI 325893 

CI 9879 

CI 9545 


PI 2313l 

T(N)I/9545 


Mean Yield 

kg/ha 


5790 

5837 

5954 


4956 

6178 

5958 

4317 


7222 

5940 

5845 

6212 

57d1 

5212 


6799 


7736 

7104 

6961 


8037 

7431 

7181 


5542 

7627 


Years 

Tested 


8 

8
 
8
 

8 

6
 
5
 
4
 

8 

8
 
5
 

5
 
5

5
 

6
 

8 

6 

5 


5 

4 

5 


7 

5 


Plant
 
Type 


Normal
 

Normal
 

Normal
 

Dwarf 


Normal 


Dwarf
 
" 


Undesirable Attributes*
 

Unacceptable grain quality; chalky
 
Poor milled kernel appearance (deep grooves)
 
Unacceptable grain shape and quality; chalky
 

Unacceptable grain quality; chalky
 
Marginal quality
 
Unacceptable quality
 

Unacceptable grain quality; chalky
 

*Undesirable attributes in 
terms of U.S. domestic and export market requirements.
 



Table 2. Agronomic Characteristics of PI 
325893 and Taichung
 
Native 1 at Beaumont, Texas. 1976.
 

Taichung
Character 
 P1 325893 Native 1
 

Plant Type 
 Normal Ser idwarf
 
Plant Height 
 1il cl 84 cm 
Area, 3 Top Leaves, Cm." 114 108 
Panicles/Plant (Space-Planted) 18 39
 
Panicles/M 2 (Drill-Seeded) 496 717

Average Panicle Weight, G 
 1.98 1.16
Total Dry Matter, KG/HA 17,945 
 14,831

Straw Weight, KG/HA 
 8,510 7,010

Panicle/Straw Ratio 
 1.11 1.12
 
Harvest Index 
 0.47 0.47
 
Grain Yield, KG/HA 
 8,497 7,912
 

varieties in our plant 
type studies, in 1974, 1975, and 1976 we 
space-planted the
varieties at i wide spaciw' + eliminate interplant competition. Individual plants
were harvested separately I he average panicle number and weight were determined (Tab. 3). As a group, the semidwarf entries produced considerably morepanicles per plant than entries with a normal plant type in the absence of competition. However, there are exceptions in the performance of individual varieties.For example, Nortai a"'uroaches the semidwarfs in the number of tiller, per plant,and PI 331581, i'hich is essentially a semidwarf Bluebelle, produces a relativelylow number of paqicle,;. Of potential significance is the fact that varieties andselection, that tend to produce higher yields at Beaumont appe.ir to have a somewhat higher innate tillering ability (Brazos, Nortal, il 9879, CI 9545, and PI3259 3). Or the other hand, Saturn and Nova 66 appear to havc romewhat higherinnate tillering ability but they do not produce high yields at Beaumont exceptin years with excellent weather, In summary, the data suggest that a somewhathigher tillerinj capacity may be beneficial in achieving higher yielding varieties 
at Beaumont. 

!YIELD 
WrFANICLES 

0 

7te 

o 

"4-X2 i R o a 

i I 

.-U 
r7 

se Ozz 

5 500 

400 

Figure 2. Relationship between Grain Yield and Panicles/Sguare Meter for 12 Varieties at 2 Nitrogen Rates, 90 and 188 kg/ha on the left and right
side, respectively. Beaumont. Texas. 
 1976.
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Table 3. 	Average Number of Panicles per Plant (Effective
 

Tillers) and Average Panicle Weight for Widely
 
Spaced Plants of 24 Varieties and Selections for
 
the Years 1974, 1975, 1976. Beaumont, Texas.
 

Number of Panicle Weight 
Variety Panicles/Plant (gm) 

U.S. Early Long-grains 
Jluebelle 12.7 3.59 
Labelle 16.0 .04 
Lebonnet 16.0 3.39 
Eelle Patna 16.3 3.16 

U.S. Midseason Long-grains
 
Bluebonnet 50 15.0 3.40
 
Dawn 15.3 3.17
 
Bonnet 73 15.7 3.57
 
Starbonnet 16.3 2.84
 

U.S. Early Medium-grains
 
vista 14.3 3.69
 
Lacrosse 14.7 3.79
 
Nato 15.3 3.44
 
Saturn 18.0 3.13
 
Brazos 19.3 3.01
 
Nova 66 20.3 2.85
 
Nortai 25.3 2.23
 

Experimental Lines 
CI 9879 18.3 2.73 
CI 9545 22.3 2.64 
PI 325893 23.0 2.50 

Semidwarfs 
PI 3358-1 14.7 2.86 
T(N)l/9545/IR-8 27.7 2.44 
CICA-4 31.0 2.14 
T(N)l/9545 32.5 2.84 
IR-8 32.0 2.12 
Taichung Native 1 38.7 2.01 

Another point of potential significance indicated by the data in Figure 2 
and Table 3 is the differential panicle production by the different variety 
groups under competitive and non-competitive situations. This is most pronounced 
in the very early maturing group of U.S. varieties relative to the semidwarf group 
In the absence of competition the semidwarf group has almost double the number of 
panicles per plant as the U.S. varieties, but in the presence of competition the
 
difference is reduced to about 25,'.Excluding the semidwarf group, the very early
 
maturing U.S. long grain group produces the lowest average number of panicles per 
plant with no competition but the greatest number per unit area with competition. 
The behavior of Bluebelle is noteworthy in that it was lowest in number of pani
cles per plant with no competition, but under competition it was second-highest of
 
all non-dwarf entries in number of panicles per unit area. 

In the ,ibsence of interplant competition, there was a strong negative rela
tionship between panicle number and panicle weight (Fig. 3). The 3-year average 
panicle weights for the various U.S. variety groups were essentially the same, 
except for the experimental selections, but 40 to 50r above the average for the 
semidwarf group. However, the U.S. variety groups responded differentially, in 
terms of average panicle weight, to interplant competition, i.e., drill-seeding, 
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in a manner similar to that of panicle number. Under competition, the averagepanicle weight of the very early U.S. long grain group was almost as low as that 
cf the semidwarf group. The other U.S. variety groups responded in a similar but 
less severe manner except for the midseason long grain varieties, the average
panicle weight of which showed an increase. With the exception of the midseason 
long-grain group, the results are consistent with the frequently reported negative
correlation between panicle nUmber and weight. Figure 4 illustrates the effect
of competition on the weight of individual panicles of the varip' , Vista. Under 
competition no very heavy panicles were produced and there was a large increase 
in the number of very light panicles. In the case of the variety Brazos, there
 

was a similar but less pronounced shift to lighter panicles (Fig. 5).
 

* Normal Plant Type 

" Cemidwart Plant Type 

4.2 

1 

.S * 

U 0 

. 2,6
 

II
 

1.8 

18 26 34 42 

Panicles per Plant 

Figure 3. Relationship between Panicle Number per Plant and Panicle Weight in 
Absence of Interplant Competition (Average of 3 Years' Data). 1974
1976. Beaumont, Texas.
 

Our initial concept rf an improved plant type was essentially subjective in 
nature and in our first studies we attempted to place varieties into the descrip
tive categories "leafy," "fair," good," and "excellent," largely on the basis of 
leaf size and angle. In an effort to provide an objective basis for our impres
sions of "leafiness," we began in 1976 to determine the average leaf dimensions 
of the upper leaves of varieties at heading (Bollich _t_a]., 1978). We measured
 
the length end width of the three top leaves of 10 main culms and multiplied by
the factor 0.802 (Bhan and Pande, 19,56) to estimate the area of each leaf. The 
total area of the three top leaves, hereafter referred to as leaf area, is consid
ered to he an index of the "leafiness" of each variety.

In 1976, the leaf area, as defined above, was determined for 12 varieties 
fertilized at two nitrogen rates. Figure 6 presents the relationship of leaf 
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area and grain yield. A non-linear (quadratic) relationship between grain yield
 
and leaf area is apparent. Yield tended to increase with leaf area up to about


2
115 cm and then decreased with a further increase in leaf area. The regression
 
curve calculated from these data is sh(,,ri in Figure 7. 

20 	 Vista 

- No compelition 

1 ............. CompEtition
 

16 

14 

e 12 

0. 10 ...... _ 

to " 
6 

4
 
.......
 

2 

Parnicic Weilht Classes (grams) 

Figure 4i.	Frequency Distribution of Panicle Weight for Panicles of Vista with 
and without Interplant Competi tion. Beaumont, Texas. 1976. 

in 1976 anid 1917 we ohtained leaf measurements for all 80 entires in the 
Regional tiniforin Rice Perforrvance Nurseries at Beaumront. Again, we converted 
loaf dimensions, to average total area of the top three leaves. The nurseries 
arc divided into five groups on the basis of (ir-amtype and maturity. Inall 
nurseries in both years, there was a consistent tendency for leaf area and grain
yield to be inversely' related, i.e. , the greater the leaf area, the lower the 
yield. The relationship of the area of the top three leaves and grain yield is 
piosertod in Figure 8. Inall except the very early long grpin group (inwhich 
there was the least amount of variation in leaf area values), the tendency for 
yield to decrease with an increase in loaf area is qui to distiiict. From the 
plant brooder's standpoint, the most significant point in the figure is the almost 
total lack of selections with a leaf area above 150 cm2 that produced qrain yields
above tlicaverage of all group,; coinbired, 6,705 kg/ha. Essentially the same 
pattern was observed in the 1976 data. The obvious cci.clusion isthat, inTexas, 
the probability of developing a very' high yielding rice variety from selections 
with leaf areas above about 150 cm' isremote. Although the leaf area of vani
ties is influenced by years and cultural practices, the correlation between years
is strong (r =0.81 between 1976 and 1977 for 37 repeat entries in the uniform 
nurseries).
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Figure 5. 	 Frequency Distribution of Pani:le eight for Panicles of Brazos with 
and without Interplant Competition. Beaumont, Texas. 1975. 

Leaf area, as defined and presented in this ,eport, is proving to be a very
useful tool in helping us to identify the best plant type (or tyDes) for our 
region. It is rapid and requires no special equipment, the average values for a 
variety are relatively stable betweenmpl 'catins, and the values depend solely 
on leaf size, independent of tiller number. In contrast, the leaf area index 
(I,)tal green leaf area per unit (IroUld area), which is widely used in and is 
essential to many physiological studies, requires too much time and labor for 
widespread 	 use in a breeding program; it requires sophisticaIted equipment for 
accuracy and efficiency; and, most importantly, it fails to distinguish among
varieties in respect to "leafiness," i.e., a low tillering variety with large
leaves may 	 have the same LAI is a high tillering variety with small leaves. 

Among a group of varieties of diverse plant types, there is essentially no 
relationship between leaf area (as defined in this paper) and leaf area index 
(Tab. 4).
 

In the Uniform Nurseries in both 1976 and 1977, there was an invariable ten
dency for leaf area and number of panicles to be negatively correlated. There 
was also a generally positive relationship between panicle number and yield. The 
evidence from these aind other studies that we have conducted stronuly suggest
tlat large leaves have a direct depressing effect on the number of effective til
lers under conpetit ive growing conditions. 

Since 1976 	 we have expanded our plant type studies to include source-sink 
relationships. Results are to be published elsewhere, but Tables 5 and 6 present 
data on number of spikelets per square meter, actual yield, and potential yield
for- 12 varieties and selections at two nitrogen rates in 1976 and 1977. The 



314
 
potential yield was calculated from the formula: number of spikelets per unit
 area X 1000-grain weight X 85 percent fertility (Ishizuka, 1969), adjusted to 12%
moisture. The lO00-jrain weight measurements used in the fcrmula were based onmature grains as determined by the specific gravity metod (Matsushima, 1966).
The data indicate strongly that sink size is not limiting yields of any of the 12varieties tested, and considering the average cf all varieties as a group, yields

cculd increase by 25- or more before sink would become limiting. PI 325893 was
hiohest in both actual and potential yield at bcth nitrogen rates in both years. 

ia
 
~~JLEAF AREA 14 

YIELD F
 

F~" 120 

00 

'- 6 100 ' 

6 90 

Figure 6. Relationship between Grain Yield and Leaf Area for 12 Varieties at
2 Nitrogen Rates, 90 and 180 ko-/ha theon left and right side,
resoectively. Beaumont, Texas. 1976. 

For this paper, we have selected data from various investigations over 
past 15 years at iBeauriont that shed light on what is the best plant type 

the 
for

maximum economic qrain 'ielJs in the Gul f Coast environment. Many aspects of thedata derived fror the, ,des rierit a more detailed discussion and will be pub
lished elsewhere.
 

As data f'ni t,,s, s.;di es became available through the years, we tended tomodify orur initial cow.ept of a superior plant type (for our environment) and,
at the san:e tin-ie, ),i , jH increased confidence in our general concept of an
improved piant type. ,e ci s- ;_- -ur ieneral i:'pressions concerning plant 
type as follows: 

(1) Leaf size aid habit are the 'iost important attributes of an improved
plant ty;me.
(2) Shorter plant stature is important. but there is a lower limit that
is partly dependent on cultural practices, that is, whether direct seeded 
or transplanted, rain-fed or fieod-irrigated, machine-or hand-harvested, 
etc. 
(3) Sturdy culis are essential for lodging resistance. Lodging resistance
is independent of plant type, i.e., norial or semidwarf. For example, IR-28,a semidwarf, is more susceptible tc lodging under Beaumont conditions than 
any of the presently grown U.S. varieties, even though some are relatively
tall, e.g. Nato. However, other things being equal, shorter plants are more 
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lodging resistant.
(4) The evidence from our studies sugoests that somewhat hioher til lering
abi ii ty (under direct seed irnl cul ture) thn found in wost current U.S. varie
ties may be need,d for- firther increases in y i eId.
(5) Bioth noral and semidwat-f types (:a. produce very high yields, provided 
they possess i- prved plant type char cter ist i cs. 
(6) 1 tflorlh If i ITIr'oved pl ant type is regui red for very higIh yielding
abil ity, all incs inios;ess[noicriprnivd plant type are not hiqh yielding; 

have lrly th'i t I [odue illferior yields.
The atove, itn lions," atre raving a stl'ro influence Oil oLe breedin( stra-

te(Iy at BeaW;r;rt . We lav a fI il-i y def inite concept of the coneral plant type we 
are seelkinl and if every ers', we a ttejipt to choose a parent cocrbination that has
the potentiil to produce segireqates with the desired attributes, in addition to 
pra in q ilnity, disease resis tanc e, and other f,,ctors in tne particular objective

for wi rrch the cross is teing made. As a precaution, however, we attecmpt to be
 
,worlhat f iox ire in ciai rig our selections among the segregati rrq progeny lecause
 
of the orintinq evidence that there isnc one specific "best" 
 plant type for a
 
partirular locetion. The fiiiil judgmrent ,,ist depend on the actual 
 yield produced.
The only point or which we generally do not compromise is "excessive leafiness." 
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Figure 7. Relationship between Grain Yield and Leaf Area among 12 Varieties at 
2 Nitrogen Rates in 1976. Beaumont, Texas.
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Figure 8. Relationship between Grain Yield and Leaf Area in 80 
Entries of the

Uniform Rice Performance Nurseries. 
 Beaumont, Texas. IE'77.
 

Table 4. 
Total Area of 3 Top Leaves, Leaf Area
 
Index, and Grain Yield for 12 Varieties
 
and Selections with 130 kg/ha of Nitro
gen. Beaumont, Texas. 1979.
 

10taI Leaf -GrT 
3 Top Leaves Area Yield


Variety (cm.) Index (1k/ha 

PI 331581 
 114 5.8 4893
 
CICA-4 
 126 8.8 6383
 
Bluebelle 
 130 5.4 5543
 
Labelle 
 144 6.3 5875
 
Taichung Native 1 152 9.0 7581
 
PI 325893 
 153 
 8.5 7306
 
Brazes 
 156 7.1 7325
 
Nortai 
 163 8.4 6109
 
Lebonnet 
 172 7.5 5199 
Bonnet 73 
 173 8.8 5121
 
Starbonnet 
 195 7.8 3226
 
Nova 66 
 274 8.1 3838
 



Table 5. 	Total Spikelets per Square Meter at Two Nitrogen Rates in1976 and 1977.
 
Beaumont, Texas.~ 
 .jz$
 

.~1977 ~ verall.1976 
Vanit~ ~ 90, kg h/ha~ 180~gNh 1 gNh 157A kg N/ha Mean 

T570-
L Bluebel. __ 094_ ___8 50_ 6 6_0 __39 083 37 
- Labell1e'3 W019 ~ .34,378 -39,554 39,v969__-36_,230
 
Lebonnet~,,~ 31 231 : I3 8O 31,-,388,4 7i321523~ 31 5108
 
Brazos 32,375 194 :\36*795K ~> 37 607~ 34i6739# ~ 

Nortai ,~532~~ .44,324~~ 42:49, 391849g 40,516
 
3311581 	 9 B1 4~~ 1)~.28,851 3M523 30,770 - 30,489 

~Moa~6~27,956! 3,89 ~~ 30:742~ 2 h ~310
 
4325893 40,356 ,43 373I 39,720 ~j1,3~ ~41~122
 
ichung ative'1 34,488 ~ 40,615, 40,033 '42,727 j399466j 

CICA-4 39,157 53,329, 45,523 A50,8564 47,216 
45,034~ 46,831.j~Bonnet 73 47,001, 53,181 	 410 


47,405 ,, 37 ,625' 35,199 "39,198KStarbcnnet 36,564 


range~ 5
We b~elieve that it isdesirable to develop varieties that encompass ~a 
of plant types, all within the general definition of an improved plant type, ' "'
 

because of different mirevrnet r~eurdclua practices within a 44.
 

to an area
:geographical region. For 'example, a semidwarf variety might be adapted 4
~where the land surface isrelatively level, requiring few contour levees for irri-"
 
"gation; Itmight not be adapted to fields with' numerous contour levees because com-A
 
fbines would tend to'miss panicles on the short-statured plants when crossing over,~
 
leves
 

EARLY MATURITY 

Inthe past three decades there has been a consistent tenden~cy for newly 
4released southern U.S. rice varieties to be earliermaturing.' Today only one'- < 

southern variety of midseas'on maturity (Sabne)i rw netniearae 
other widely grown varieties being either early or very "earl7$11raturing ,Ear-


Sall 

and the period of time dua~nq which the
'ir~maturitydecreases, irrigation costs 

'cropis excposad to weather hazards. Early maturity is'also~ necessaryfors depend-'""" 
able ratoon (second) crop production in'Texas 4and 'southern Louisiana."" 

Early maturity isamong the most readily attainable characteristics desired I~ 
innew southern U.S. rice varieties because of' the' relatively la'rge'numnber of"4'
 

4
maturing U.S. varieties with good cooking and milling quality that are,-

''available for use as parents. The earliest variety presently grown inthe.U.S. ''
 
4early 

2today isLabelle (Bollich et al., 1973)., Itis questionable whether varieties '~~'
 

much earlier ~than Labellecan~e developed that will produce very high" rain yields.~
 
Wi th very 'short'season varieti es',
good management becomes increasingly'important,~"'
 

.because the 'plants have insufficient time to overcome stresses causeo by poors $' 

management, e.g., nutritional deficienci, indqut weed control, poor water -~~ 

control, etc. , 4 

RATOONING 	ABILITY'4 4 

With"the release of the' very early maturing variety, Belle Patna,,in'1961 ,~s;~s'"
 
(second) crop production became established in Texas and today"probably

'~ratoon 

about' 50% of the annual rice acreage isratooned,(Bollich et al.',1965)., One<
 
reason for the popularity of Labelle, which was grown on 8,Tf the Texas rice
 

5
"V'
~~acreage in1978, is its superior ratooning ability. K 

Annually we obtain ratoon yields for all very early and earli9 'naturing selec

tions inthe Uniform Regional' Rice Performance:Nurseries at Beau'pont.1' In'Texas,
 
an important bearing~pp 4the decision~to \"the ratooninig ability of a selection has 


4release,-a new variety,744,~'
 



Table 6. Actual and Potential Grain Yield (Kg/Ha) at Two Nitrogen Rates 
in 1976 and 1977. Beaumont, Texas.
 
1976 


1977
 
90 kg N/ha 180 kg N!ha 112 ko N/haVariety 187 ka N/ha Overall Mcan
Actual Potential Actual Potentiai Actja] Potential Actual Potential 
Actual Potential
 

Bluebelle 5930 8709 5936 9357 
 6110 8096 6026 8735 
 6001 8724
Labelle 5968 6325 612] 
 6B,40 6129 7374 6571 7366 
 6272 6976
Lebonnet 5900 7596 6254 
 7507 6351 76- 5842 745 6099 7,55
Brazos 6928 8490 6504 8557 7435 
 924 70SC 94aa 6988 8920

684E 7958 6577 9573 /0-8 9572 
 6525 8957 67P7 9015
331bdoi 5227 6902 6029 7028 6081 7255 
 6257 6782 5899 
 6992
Nova 66 5908 6783 5547 85% 6:33 
 8916 6415 7775 607 
 8011
325893 
 8090 10462 8497 11655 7862 10013 7862 
 10330 8078 10615
Taichung Native 1 7652 7579 
 7912 8690 6827 8310 7013 8914 7356
CICA-4 6855 
 7689 8263 10359 6534 8627 6710 9603 

8373
 
7091 9070
Bonnet 73 6591 8853 
 66-5 10355 640] 9100 6246 8663 
 6478 9243
Starbonnet 5642 7159 
 5642 9126 5442 7646 
 5704 7140 5608 
 7768
Mean 6464 7875 66.3 
 8968 6579 8452 6523 8430 6558 8431
 



Stud e on ri Loon anobi in rice il:i beenIi ty iri t~d (Evatt, 1958; Evattand Beadche, 196 ?; Hodges ad eLvatt , 1969). In the Gul f Coast area of the U.S.,
rattoonini ability is best in every early-maturing varieties. When seeded in earl vApril in Texas, very erily and early varieties have time to produce a ratoon crop
before cool tewperat ures and decl ining daylnqth prevent matura tion of the crop.Inr a Lr i I enviiiiiw elt, there icsy be no eleationship between days to oatiirity
and ratoor,n ield. ;<A yield potlotentil aly be hiqher in the tropics Lhrtlin the terperat e zonIeP u e of the year- Cound growinq period. In Puerto Rico,
the Spainsh vli ety Dcel produced a ratoon yieo.id of 4,234 kq/h (Lozano andAbrnir , 1 76). Tn s yie Id is well above research 1l, o r o cim'e'u! ial fuild ratoenyields i lex,ii (Tih. 7). The first (rolp yield of Posol wis I,2'P k!/hl , qivinw
a c:i']bined first and iratoon r-i p yield of 9,442 tb/ha . Iezarci trld lbruli 'I
report does not preenl 
vriities sugges tinttt 
r)'op yield 9,44' k/tili 
lent. 'roduct io s 
( ) tt S. t I',liiw thil. 
(II i where ?Ia tooninl i eIl; 

1r 

calur.:v,y dita by individtoil vwiet, , I :[Iih:l,*'sof all 
thi, total vie] Wa' Irc 1utet in 153 
for) ai 150-da duiton vmlriit, 

to a ratoen :rop are ihi- ,ilfor 
thIne f)rirto 

r i I:i ,,h 

,. . FiiI 

La i 
ill R, 

Tox, q. 

ly ifu situ,t ,;s 
I ,' ." hi ihl ,1f 

'rld i. 'oitll Llo 
hi 'm.Iii I'I 

e it'ch P t'(f 

il 7t-1-)7: 

,r'ety niop-! ) _8d., ij/h. , 
and Year iP I''it 'i __! 

Label e 

woald 
in ci);li 
int tr 
r l . 

Yio.,ids of 
l11ik el,
1eaPi lor(lt{, 

Total Yie-ld 

a'ha 

cylY, M les. A first 
I', coiisderid excel

:i, to cropi.i first 

ialil l'ice-growiig
 

19,' ai'.' .'S I '8410 
Iq77 7L.G 2011 9097 
1975 5770 1'1V 7933 
1975 5388 LI136 71124 
1974 544 f 191'5 7431 
1972 6076 1061 
 8137
 
1971 5761 
 1490 7251
 

Mea 1 5978I '034 8012 

Lebonet.
 
1978 4948 
 1274 6222 
1977 7376 
 1073 8449 
1976 5770 
 1249 7019
 
19;75 58,13 2C32 7845 
1974 5631 152,1 7155 
1977 5930 1973 7903 
1971 70.10 1655 1,95 

Mean 6073 152C 7598, 

Bl uebel I I 

1977 6937 543 7480
 
1976 5427 956 
 6383
 
1975 6209 
 1002 7211 
1971 5612 
 1183 6795
 
197z 6075 1642 
 7717
 
1921 7219 
 1351 8570
 

HeII, 6119 1032 7151 
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To date, we determine the ratooning abllity of selections only after they 
are in advanced generations. It would be very desirah;e to identify ratooning
ability in early generatiors to be assured that pro;;iisirn advanced selections will 
have this characteristic. Since 1976, in conjunction with other studies we mea
sured the total noestructural carbohydrates (TVC) in the straw at maturity for 
early and very earl y entries in the Re rnal nifoi Pice Performance Nurseries 
to determ ine it TNC at maturity mi,,,ht serve as an index of ratoon yield potential.
Thus far, tie results have been mixed but encouraging enough for us to continue 
the study. Finjure 9 shows tie relationship between percent TNC and ratonn yield
for the 16 entries in the very early 1one grain group of the Regional Nurseries 
in 1978. 

16 

14 

12 

o 10 0 
z 

8 

0 0 
6 

4 

2 

400 800 1200 1600 18P0 2200 2400 

Raloon Crap YeId Kg ha 

Figure 9. Relationship between IfC in Straw at Maturity and Ratoon Crop Yield. 
Beau,,Ont, Texas. 1978.
 

FIELD PLOT TECiIQU[
 

rood field-plot technique is one aspect of agricultural research that cannot
 
be over-emphasized. Accurate field o)lot 
data ar, the basis on which improved
techniques or superior breeding selections are identified. At Beaumont we rou
tinely onitor the coefficient of variation for our high priority tests in air 
effort to, mai tain precision ir our te ,tinn retlind,. The coefficients of varia

,tio for grrain yield in the five .rniojp (if the Uniform Regional Performance Nur
sere ao Beau ;ont Wre 7.0, . , 1.0, and 5.7 in 1975, and 5.5, 4.1, 5.7, 
. , and 1.6 i 1 77. 

Ili iditiOl to i inih izinq virirtioni ;nitests, the testingi techniques employed 
are Ire irs(, i or 'ireedin ;iaterial . Testing methods for breeding material 
should ei'iply ti si rh i cultural riethods that are used by growers in the 
rem i or. 

'I.S. varieties, rlatively low in tilleririg ability, were developed for 
direct seeding and hholdreevaluated under direct seeding techniques to deter
notine i,-.yreldin , 11ty. Teiiperate zone varieties generally are considered
 

to be s)oorly adapted to the tropics. Because of lower tillering. U.S. varieties
 



probably are not well adapted to transplaeting because of the wide spacinq between 
hills. In addition one would not e; rnct them to be resistant to certain tropical 
diseases that do not occur in the United Scates. Whether or not they are poorly 
adapted, as a group, to the climatic conditicns of the tropics may be questioned. 
If this conclusion is based on transplant culture, the results could be interpre
ted t dat a lack of adaptdtion to trlanplitin ,il.r than to cl iiinate. In 
support of this idea, ;.Pcite research conducted in Venezuala in which 14 U.S. 
varieti, aind solections were tested under irrigated and Lul and cronditions using 
direct seeding and I954). The yields wee excellent for that1Bollich Walker, 
ti11 - a quarter o ia rnt,ry ago. Irrigateei plot yields ran 'ed fro a low of 
4,9E) kq/ha for CP 231 Lo a high of 7,253 ks/ha for Lacrosso. These yields were 

1love a.,y bein; obtained in tile southern U.S. at the time. 1he upland yields,
 
> ?.
a- hiqh a'.4.70' [:q/hla for P31, -,rregod even by today's standious. Addition

,Jly, t id-scal, experiments i a Venezuela with Bluebonnet 50, harvested by com
llelrci -i;:ed ze lhi ,lr,produced y ields up to 6,590 kg/ha, well above U.S. yields 
at ths +inle(lterson et a., 1 R53) essential ly all of the varietiesemarably, 


ld seleut iolmin th Vel'zuel in e>:!lrilIilts weiie very til and leafy by today's
 
tarldard, and do not fit priseit concepts of the 'ideal" plaIt type in any
 

respec t. 

doebelieve that the breeder mu1st keep i open iii id, seek new ideas, be inno
v~itive, and constalltly str yw to devolo new screenino techniques for all impor
tEl charac teri s tics to a'crnc-a his material as efficiently and effectively as 
possible H should constintly the best possible plot technique,1 use field within 
-he 1i11ts of availab1le time and resources, to llilnliize variation arid gain tie 
os precision reasonahl y aichiev:ible. The "Yield bal-ies'" ttat appear to be 

oer(riq it) 5lniou'1 regiens present formidable challenge. that will be difficult 
to I'lleiln' fhrther pro05ress in developing higher yiolding varieties will become 
in0 0e1 Ily dependenit on intensive studies of constraints to higher yields. 
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BREEDING FOR RESISTANCE TO PATHOGENS OF RICE I
 

2
 
Marco A. Marchetti


Route 7, Box 999, Beaumont, Texas 77706
 

In areas where disease is not a frequent major constraint on maximum yield,

it is easier to envision resistance to disease as enhancing the realization of
 
full yield potential rather than actually contributing to yield potential 
perhaps a fine distinction, but an important one nonetheless. In fact, there
 
is reason to believe that factors contributing to survival of a species through
prolific reproduction and those contributing to survival through tolerance of
 
adverse conditions may be mutually exclusive to some extent. 
 In the case of rice,
 
man strives for more grain; his interest is in maximum reproduction rather than
 
in survival of the individual plant. Practically speaking, improved rice varie
ties - the end product of our breeding program - may be resistant to all diseases 
in the southern U.S., but if they are not the equal in yield or quality of the
 
varieties they are i.tended to replace, their use will be limited to a few thou
sand acres where certain diseases may be chronically severe. Disease resistance
 
is important, but it becomes inconsequential in rice lines deficient in yield
 
potential or quality.
 

The foregoing introduction to our disease control program is not intended
 
to downgrade the importance of incorporating disease resistance into agronomi
cally superior varieties; it merely places disease resistance breeding in proper

perspective with the other goals of varietal improvement in the southern U.S.
 

THE ROLE OF THE PATHOLOGIST ON THE RICF VARIETAL IMPROVEMENT TEAM
 

As the pathologist in a var' tal improvement program, my principal activi
ties are as follows:
 

a) characterizing agronomically piomising lines as to their susceptibili
ties to various diseases;
 
b) identifying sources of resistance to 
various pathogens or pathotypes of
 
pathogens so that resistances can be incorporated and recombined in advanced
 
breeding lines;
 
c) screening for the desired resistance genes in segregatinq lines, some
 
of which eventually may be released as cultivars or elite germplasm, or
 
otherwise used as parental material in further crosses.
 
In evaluating crops for disease resistance we must be aware constantly of
 

factors that make disease screening seem to be more art than science.
 
a) We are attempting to evaluate the interactions of two (or more) geneti

cally diverse and variable biological systems in a spatially and temporally var
iable environment.
 

1 Cooperative iniestigations of Agricultural Research, Science and Education
 
Administration, L.S. Department of Agriculture; Texas A&M University Agricultural
 
Research and Extension Center at Beaumont; and 
the Texas Rice Improvement Asso
ciation.
 
2 Research Plant Pathologist, Agricultural Research, Science and Education
 
Administration, U.S. Department of Agriculture, Rt, 7, Box 999, Beaumont, TX
 
77706.
 



b) Reoui rements fo, screening with different pa thogens can vary because of
di fferent modes of entry, ages of pl ant attacked, effects of certa in cul tural 
practices and 1evels of fertiI ization, tempera ture and moi sture requi rements,
 
etc.
 

c) Reaction in disease nurseries are not always indicative of performance
in the field. Generally there is a tendency for" lines with low levels of disease 
resistance under the higph disease pressires of a nursery to show significartly
 
treater levels of resistance in Coilim'rcial plainti lS.
 

c) Finally, there k, the matter 
 of practical application of informatiorn 
from screening. [conomics plays no small role in decisions on varietal improve
ment. Judl(ients musL 
 e wade as to the balance between exoected economic returns 
and amount of effort repuired, htcause of limited resources - primarily labor.
 
The patholoi t is one of the key figures in judginn the 
 impact of diseases on 
the crops and determir inq wether there is to be a concerted effort toward increas
ing resistance to certain diseases. 

{N ASL !IV WlSFIGAF I0l AT B[AU,',ONT 

Rire IFla,-t. P i e ]lact., iaust, by ".-' - - . ,,.::;, Cav. , has received
 
more attention worldwide tha', any athe disease of rice. Screeninq for- blast
 
resistane ass hoen ,ndrotd tor 
over ?0 yeml s at leaulront. the first "formal
 
hll , t our ,IiV her h( .,'inq hee-ri in ,tructed i n 1963. Since ther it has evolved
 
into the pres 'It I roderi I lix litv-with coeret- walkways, prograrrmable sprinklers,

a.nd a novel, simplified rInd ropid p1 intin systei (Narchetti, 1975). Presently,
 
we :creen lweeders' lines frIr Ararsa s, Louisian 
 arid Texas for resistance to 
o r a0st coij,"io paltol ,r,ic 1",1((' 0 . 1'..::-1.I 0, 


lired iiw? or 'm (if i( (Ir f1jor nene re . tance to rice blast, in many inajo r
 
troi:Cl ri c-(rowinq lie-, ii- 110-IWitheati liecause of
iet th success the
 
seelr-inql, 1 itly lliahi-iii- viiav, ibility replorted in the tropics (Ou, 1972).

C-rliiequentrly, tl'e ha hen I si1ft in e illasis toward breeding for general 
rws ,tan :e to blait it rI ily national rice tImplovement protrars (Toriyarma, 1972;

C,AT, 1 7; i diu., 1970 ). 
 in the U.' . -o; havo ot experienced such (treat patho
oeniri viri iiil-i V, tid i dn ntified perhals P0 rld(es of :. , in 20 years.


',' i Iso oh prv( d t llt sI e of 
 our tail1 widely prowli C:nrIPt-r:ial varieties seemed
 
to he vir Ill n ,(:tedt hI1,t tOW eve tihouLh they we:' uscep)-
I i I In i) field 

t i 1 -) to -lit-o ,101, ra( s hla, f n s ill
oii (-))f ieenhouse inoculations (Marchetti
 
et a(I . I /, l i i76 e th the prr"-,ori i of I dwerree of peneral resistance in
 
SUi1 sariotw
 

I 1 77, ,. init 'it id ,tudiw inl lb ritrsery of eneral resistance to blast
 
arvo; 1iI "is ha'.int 
 no q w', fto r i if owJri - ,i stance to race ]G-1, with encouraging

resuIIs. it If r'ence iir d i -",a, dev e l ii'-, t 
 were Il early di scernitble aliong si x
 
(ol r;ei cia] vat o i e h ,t etr r e ' c susceptible iln
o 1ts erual I y qreenhouse
ti-il (Nar huett i, 197 t). Othe I ti t, i i te 1la t nLurscery w-ith F, arid F, lines 
frorlc :r ti-( hoI i eu pare-t-, - ih (Iia irn w ,a suscept i,il i ty to race IG-I revealed 
d i tferent-. iln di sc , e d ev IlolIment roa i i Ilifror-i 1ss to riore severe tlhtn that 
presentI. in eith er par enta I rte i id ica ti nq t ranrs o resive segtregatio n and poIy
(einic :ft.rol (!ar fi,ti , 197 P) 

Al thourt 11 eXpanIdi 1tt ou r fest.ilat ioris rnieral resistaice blast,o 10 iv of to 
rioso tf our effolo - Ire s ftill dir( ted twar'd inic re s ed ,Pecific resistance 
becauisie of i ts isualy smil e i nher ita nc e ,Irid ease of rtcombai natini. We conduct 
inheritance ,tii' to thracterize resistance genes ii coniercial U.S. varieties 

and in exotic line- th t hav,. shom broad blast resistance in Asia and atin 
America. ituch of our screening for- mul tiple specific i-esistance rust be done in
the greenhouse so that. we cli study reactions to nlrierous laces af . 
separately. 

Sometirles we attempt to inlcori)orato erotic res stance (R) enes for which we 
have no vilielice IP1eIt our isolates, without losnit "domesticated" R genes
already in our material . In these instances we screen F lines, looking for those 
that are horliozyois for resistance to races avirtlent ainst the "domestic" 
parent and segregatinp for- resistance to races virulent against the domestic 
parent but avirulent against the exotic parent. Thes 1 ines will be homozygous 
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for the domestic R ocoe(s) and hetrozygeus for the exotic R gene. All panicle
selections fr: LnOese lines will produce lines homozygous fo, the domestic R 
gene(s), and about 25" of them should produce line, homozygous for the exotic R 
gene. Of course, the reason for not selecting lines homozygous for the exotic 
R gene initially is because of the chance of losing comestc R genes, whose
absence would be masked by the exotic R gene. 
 We encojntered this situation in
trying to combine the P!F-t: 2 resistance gene in the Japanese variety 'PI 4', which 
confers resistance to all the current U.S. races of !,. ,,:::c, with the :-c genein 'Saturn', a U.S. variety resistant to many, but not all, U.S. races of i. wy.:c.
Currently we are selecting F,,lines homozygous for the ,:' ind 7'-c R genes.

Frequently, we try to combine R genes for which we have comomplieentary viru
lence genes in different isolates of P. ,::,:::.. 'Lebonnet' and 'Vista' wiere
trossed in order to combine the and I.-: R genes. The .;'-j ene confers 
resistance to all but race 
IC-17, and the K-: gene confers resistance to all but
IB-45 of the crrent U.S. races. In this case, we can inoculate F,.lines with
each race and those lines uniformly resistant to both races are horiozygous for 
both R genes. In practice, the breeder would tend to eliminate only those lines
 
susceptible '.oone or the other race (indicating the absence of either R gene) to

increase his chances of meeting other objectives, such as higher yield and milling
quality. Orly one-sixteenth of the 1-'s would be expected 
to be homozygous for

both R genes, whereas ine-sixteenths of the F:,
'swould be expected to be at least 
heterozygous for both R genes.

Besides traditional approaches to resistance breeding, we are trying Cobalt
60 irradiation to induce mutations for certain simply inherited traits, including
resistance to specific races of .:. , ::;... Second-generation plants from irradi
ated 'Brazos' seed were screened in the blast nursery with 
race IG-1, virulent
 
against Brazos. 
 Some 20 plants were verified as resistant to race IG-I. Ten of
the resista.it Brazos lines are being screened with other races, and the initial 
results indicate that a number of different genes were affected. Some irradiated 
lines acquired resistance to other races besides 
IG-1 virulent against Brazos,

and one irradiated line became susceptible to the only U.S. race avirulent against
Brazos, race IB-54. In the latter case, irradiation had to alter two genes con
ferring resistance to IB-54: dominant :*-'.7 and an unnamed recessive R gene,

both present in normal Brazos.
 

We are attempting the same procedure 
 to select plants that are resistant to 
race IC-17 from irradiated 'Labelle'. Labelle is grown on about 90 of the Texas

rice acreage, and race IC-17 is the only rice that has 
 been isolated from Labelle
 
in commercial fields in Texas.
 

Sheath Blightheaheath blight, caused by .,:" huhn,K 
 has become 
more important 
in the southern U.S. in recent years. We speculate that increased 
levels of nitrogenous fertilization and the -ise of soybeans as a major rotation 
crop with rice are contributing to the increased incidence of sheath blight. The 
sarme strain of . :, that causes sheath blight of rice also causes a serious

disease of soybeans. In effect, two crops in the "rotation" are propagating the
 
same pathogen. Sheath blight usually manifests itself during the reproductive

phase of growth, around time mid-boat stage. Therefore, screening requires grow
ig test lines to maturity. In 1978, we established a permanent disease investi
gation area where ,-:e can provide icisture to favor diseases throughout the life 
cycle of rice plants in plots large enough to assess effects on yield.

Sheath blight screening requires sequential readings to assess disease devel
opment. The final ratings of two rice lines both may be "9" (most severe), but 
if one line developed "9 severity" a week before the other, it certainly will 
suffer the greater yield loss (Iarchetti, 1979). Thus far, we have found no rice 
line that is imune to infection by !,., 1;a'; therefore, we must find lines that 
retard development of the disease and suffer the least yield reduction. There
 
are a number of lines including several commercial varieties that show fair levels

of resistance to sheath blight. Presently, we are selecting parental 
lines for 
crosses to improve sheath blight resistance or tolerance. 

Brown Leaf Spot. In 1978, we established a brown leaf spot (u',,'tha,;o!',u.n
B. -de Haan-)-nursery to screen the most advanced breeders' lines for resis

tance to foliar symptoms and to correlate foliar symptoms with milling yield and 

http:resista.it
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kernel discolora tions referred to as "peck" ' r "pecl:y r ce. '' An interesting
aspect of thi Ili tia 1 offort' ja. the apparont icark of a<;sociation bet,een foliar 
symptoms of brown leaf spot mid the i dienre of peck. This year we are concctn
trating on eirrht lines tihat s;howed various co inI iors of foliar symptoms and
incidence of peck to try to el icidate the factors inivolved ill c 'S0n1 peck. Inaddition to ratinq folifr syoilptoris rnd Ire , we will rate panicles for qilile dis
coloration and t;tini-buq feedinn incidonco, wi' njio a iiothlrlO( diptvd by our field
 
eno ,)t'iolo(11 _t, ,ewl inq 1979).
C. o. (Bowli in To j rciis te itOrocliulml Coricentro
tion of ::,e vier-y sixth row is piltrld tir a li Iohit ir OS;pecially Si'S
ceptiile to .. , illitaurt ,! ,,r-;ery .hit produhce- huge
: I fromrir the bre edri, 


r lo ttlr-
iedd i brownr iO, 1'; iol, tra t eVeIltUir ] y coil SCco Mrid Vhi r cii y COIiUlliile 

Other [Jrsease. Althwiih we tr ye mo 0)thor rbi;ri s for Lpcific diseaseS,
V' -the -ii ieidiinq rr ,( y mird yield triil plt;t, for" instances of innuall 

u(relt'lhi ty to ethl" c io-t1ll( li rmrlr dii , e <i such as, ri rrow browr leaf spot,
Srin i,~lt, fri it ril , whrite-t t l anio , b' ght, le rf c,tid irrd, 	 leaf sllut. 

UscuaIy rt the idoris lro who ( ll it tenf on to mlry unirusural disease citiation, ,tll 't 
itl;! i i e prtl erii., iiritr ll y hIrvor hon dvr tidcd ill the pat rer tirise lines

w(ore, inlioat',d Ivy lhii ioir r J 

S ilwe t wdy .eet, pxi,, that he hwi riot iibsorved every pr . In act, iany 

<;iiply Incirqe they looked itypical ofi heal thy rice. 
In !) !, ,e inii i l t r inn', n.iq Iror'ai d,,ic! red to 1)u id up qenet c popli

,lit ionn ,vry i h 'vr I',-' d i fff rlnt qe , 
'o ' 'en fit c t ktictrii leaf bhliqlht (BLB).:1ifr di , ,'l r ,';r)oirtfd rii I iin il io'i( o- ii 1976 (.o(.,'a ), 19.'7), but to date has 

rior turn f Ui iin the UI. llitil 1( ,'r, it i, , nlt iron ri wn in tie western heni
' ;)hore . A o i1i1, i oit tot irivolv iv lifi f i l i rrs I.Ril..t i i ri tt i it a tndC.
I. 	 . T .i it ll f ih,- ( 'r!i-r(:i,lI vir ie , Ire inhrorertly ci>cepttil e to Il l.
 

or lirl t I i I ,
t nud , I lidi I ,,irvo' ,i rl ln , r i'( t!lines h ,;o: e i rfor:ted by 
!',[{;I1l,1, ,' i~lt~hflIi (nn y h1 ir ' I rneso n e rlrdriai co11ir tioni, ([.ath et
) rp'l, iTniril 1', hri t i, iCons muiire<rr I m i r i r Oliv mtIjiworndrr irrnr, es pec-

I Iy d I r li t fIll, I ypi l ' i A,Wrr n ( 'n [rit 1 becomeir 1o, I severe) , th s aki ira the
 
'1 f,iroi v IlirritlN oitrriifr trriru. [Al1 II t nine o f our 
 o therr U.S conrierc iil 

v i , i ( tA I 10) <rcn (;I1 brot i,;. 
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BREEDING FOR HOST PLV4T 
IFrJ1V.:iCE TO RICV FIELD .,;sECTS IN TIHE U.S.A. 

C. C. Bowling 

T,'.U Re'search and ixtension Center
 
Beaumont, Texas 7770Le
 

In the early Lintory of' rice research iv the Pt.F. no direct effort was 
made to find or utilize host plant rc:;i stance. :owever, entomologist and 
others noted tliat certain varitie:; iere rore su,ce tile or resistant to 
certain insects that damage rice. l:ely and Sch;ardl 11934) reported that 
certain varieties; of rice had larger jilml,er of rice V.ater weewii , LV13vt
.c:' tr:, y"'a, i'., Euschel larei;c thai. ot hers;. Bowli ng (1963) found no 
statistically sig ificanit difference in larval youlationis anong 8 variet
ius, however, in t:e same study there i,ere statisticallv .ignificart differ
enjces in yield re;sponse from cont.rolling rice ,.ater .'ovil, indicating host 
plant tolerance. olston and Pous (1961) found 2 n.odern and 2 olt:olete 
varieties similar in Fuceptibility to rice water eevil larval infestations. 
liels (1954-1954) reported that the rice i'tinkhug, .,h>Ta ;i:r:- (Fai-ricius) 
produced more "pece,'" rice on short .nd i:ediam grain viricties thanon long 
grain var.eties. In cage studies the redium grain variety GuIfrosc had more 
pecly" gr;.ns than the long grain vsariety Blueoanet 50 ri;, Iling 1963). 
iouglas ard Ingram (1942) and Jodon and Ingram (158) reported that certain 
varietie-. of rice ;,ere more suscetiblh, thiai. others to infestatio ns of sugar
cane orr ,, C ral,ricius) and rice stall. lo,er ;::Zr p Pc

1:av"
inc en .
 
The purpos e of ti.i payer is to revici,''he I iulo ' es cf tile more impor

tant ilsect pe ;ts, tLe various procoedures used for '-creli ug for host plialt 
resistan1ce and recent rt? lts ofitair:ed using tilheC procedures. 

IPIC: IkA'1*1ilVI I. 

1e 1 1,eCVii norral lv a 
darker shade or LlaJe r1rking along the center of the 1icl.. TI'headult weevil 
i, approximately one-cight ic ]long and a;1';lroxllsately One-half as broad. 
The adult! hiI:ernate in clu:'" 0 .rls'l ih and around fields. They Le

iolois - t Idu1ic ,ater i grayi'-h I rown, with 

of o1' 
gin to eserg'e from hiblernation in v It II. Adults feed on the ofzeirl leaves 
rice plants by remoinpg the leaf ti ;sue ii long strips parallel with tile 
leaf veins. 'IThis reeding a.v occum in fields that are not flooded; however, 
the eev. is are ost numerous 11 a .,er, lii Id following the application of 
the first flood vater. Egs are Ceposited order the up idermis of the leaf 
sLeath bel o, the vater 1evc I . I irst srage lariv feed for a short period 
o0" tinec irs ide the leaf, :ath, , o then ercrge tl.ron4 an exit 1:,le and 
move tl.rougl th:e s ater and soil to the roots. To eary stages feed inter
naly and later stuge.; oxternally or, the roots of the rice plant . The ma
ture larvae puipats ill a cCCoIn Itttacdt't to a r'Co . 11e lev, ;,dult emerges 
thrcu;h the 1(oi! and w,''or, feeds fc'r a short time z;jid tlen :over to itfield 
of young rice. No ral ech rice field is subjected to ornly one infesta
ti01. 

The feedi;:g activitN of the 2_nd, 2d ar1d 4th stage lIarvae can ';everely 
reduce the root ;.Nster. This results in reduced tillering, delayed maturity 
and rliuced yields. The relationshits; tlat exist between the rice water 
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weevil and tilerice plant suggests several possibilities for host plant 
re
sistance. 

Laboratory Screenij.j - A proceedure has been developed to screen ricevarieties fur host rlant resistance in the laboratory (Bowling 1973). 1hisproceedure identifies varieties that possess antibiosis to first stage larvae or antixenosis to adult feeding or oviposition. Painter (1968) statedthat 'death of insects on resistant varieties frequcnt ly takes place duringthe first instar". Antibiosis to first stage larvae of rice ater weevilcould have excelle t possil.,ilitics. Selective feeding by adults has becendeorenstratc-d ii. previous stud"ies. Plan nutrition Onpears to be involved,1here se:ectisity was expressed it studYisoported ByIowling (1963)
b)' bang and 'Y'ug,e1 (l97C). Nhoeffort has been made 

and 
to separate tilevariour types of 'e:istance pos;i;iIle in lal-oratory studies. The laboratory


procedure e on, the
du~ejdent availability of large numbers of activel)Ovipositin ' viLI. This limitation has restricted the use of this pro
cI.edure. 

oield'creen ing - Pesearebers; loolking for host plant resistance torice ;,ater %,ee'i to havedato relied primarily upon check:ing the r'mber 
o : tIru l stage i:irvac found oilthe roots of rice plants subjected
te: raI r fc-i ri in te field. Although large differences have
 
Icni! "Ut.11dii of
*,, number iarsae on different varieties, tileresultsi pt i, ; arc ;uite variable. factorsoeveral are believed to
 

t r ci f.r the erraditic results ohtained. Sample size, seedi rt a, plantIi" tritioi aid the tendency of the veevils to aggregate
a r " ai ; t;:at1:j: i!ave effected rIsults. 1'ecentl, tileproceedure

fot 'ld c r,:; ng l.a- iuc rtitnvd :d standardized and is outlined be-
Io, 'Te .ecd:;re lalted 1i 1 .8 M I s 
eparated 45.72 cm lengthwise

and , t. 42 ' c ett.s:,cej. ti r , 'ro A\.seeding 
 rate of 2.5 grams
ptr i(,I,is 11'ed t V'!'atlisl, a ar taiid. 11c plants are then thin* 

ned to I il i t 
 -r 15.2 c-::of roi,. The t st i:;fertilized at the rateefI 0- 0- atit t tst1,otre 'a;tI : pirior to applying the first flood.

litd iv'.idus a0 t> ,ire .;3:7leld tsig '1 10. 1 cM core ;ampler to remove

the tsi! atu root,;. l)" it;2le, larvae pcr 
 plant is the criteria used toilldic!tc rt-; estat Iata ioi.i in talble I are fro mtests using this
 
Irccctdurr in 
 1977 amd l97- . -riytal differences tound in field scrCenin.g i') iiica't . tismt:,; to adult feediig or aitil:iosis to 1st or 2nd 

1Aii I. r.'re Italt licue ior to tater leevil in Field Screening Tests. 
1ct .0 t , cFas .liV. C1,PI 

01 ult.iva 19,, 
 1976 

770l00S Ra/
7705012 R 
 R
 
7701071 
 i 
 R
 
75030-2 
 R 
 R
 
7703073 
 R 
 R

7603069 R P 
Star1onnet 


R
 
Labonnet 
 -R
 
7701049 
 S
 
,702025 
 S
 

12a 711 S 

a/R = Resistant, I Intermediate, S 
 Susceptible
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flost Plant "tolerance - [~icc yield losses from the feeding activityrice water veevil larlae have asually' loch in 
of 

the 'lllge of 224 toYield difference bet'eel: 448kg/ha.treated and trestrI pIts of cosmerci al varieties were comrpared inI 1i 5 )S aInd 19 lD. PeCr1ent Yieldtreated and redut ion bent;conultre:ted Alo:I , tdbich c"Luld he plant tolerance, ranged, 64 to lo. 22 (Tallt. 2). .t vartion 
from 

of til procCdure reported in theceeding 'tud"v I procr t c ny% l'ing ,Uic to test t'or IiOit p111it t(lerence anidis outlilic.'d o, Pair. d ro,!; I.s m lc areil) a;Ceded ItlK/ha. Icrtli zcr ' the late of 112ius i'li iud p mlat cI just priorthe rate to the fir. t flood at 
eof I I L , ,?/ a , Cl loodi ng cle rowJ ; t reat edsect ic id ti0 'I' i 

w t h an ir
0] 1l I Ic.1r The c ofOf 1Yl ao itctund 

pn 'Ic, difference ill
iju rcrd VcC. it :0 
tr'a dlcdil 'icld bCtween

I; 5' of 'I rt it tested is iildicati'e of hostplant tOlel. L . 1.0 ' I' 'l.1ut (lL lukeCV cMIIilte CO ntlc II C ['111111 aid illorpolr;tcdi, !,It i% ni]i ' uiid provide tiuc root ofde li';ite rethod 
Control I rice 5, .t .-1 

.A bl 2. ljst Il'iit I, I "&c tc 1, icc 1lltti hec' I I S.-loI . baeaunlVM,TOllt 

No. Yt l'i1 YieCldVa.-ietv "YicIdTest; Ii: I. /A leductioil 

C.I.No. 9383 ,1 Treated L. 3,7. 6.02 
Ultreited 1b ,8 0 

Century 
 .1 '1reated 411 
 3 17 7 14.02 
Untreated .11.7 2,733 

bluebonnet 50 Trat ed .1. 3,19 11.53 
Pnt reated 37.o 2,82.4 

6u Ifrose 3 '1reated 3.., 6.193,398 
UInt reated ,. 3,188
 

Roxoro 
 3 'ireated 4. 1 2,267 0.84 
Uitreat ed .19 .0 2,248
 

Belle Patia 
 I Treated .1.7 2,371 6.63 
Untreated 29.0 2,214 

Texas Patna ITrea ted S.- 2,973 16.22 
I1ntreated 55.2 2, 491 

-nith "iriated c.2 3,55 9.07 
intreated 53.2 3,269 

Means for all Treated 4.1 3,00u 10.06Varieti es Untreated 4.1.4 2,732 

TME MlltCFlSTINI. 1iC 

The rice Ftink lug, :.::,; ,.c.. (F), is a pest that "a presentthe ric: fields of Texas ineach year. IhC udult or mature form of the insect is a straw-colored, shiold- sliaptd lug thatodor ihen gives off an offensivecal tured or disturled. Another noticeable physical characteri
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stic of the adult is the presence of two sharp-pointed shoulder spines that 
project forward. 

Biology - The rice stink bug reproduces by ovipositing barrel-shaped 
eggs glued together in double rows with the eggs of one row alternating
with those of the adja, ent rows. Newly deposited eggs are gr2en in color,
but become darkened and develop a reddish color Leforc hatching. The leng
th of time required for hatching varies irom 4 to S days depending upon tem
perature.
 

Newly hatched nymphs congregate around their empty egg cases until af
ter the first molt before dispersing to feed. The young nymphs are black 
and red, but change to tan as they d':velo,) through five stages before be
coming an adult. 'Ilie time required for nyrmphal development ranges from 16 
to 20 days.
 

The rice stink Lug over-winters in the adult stage 1), hil ernation in
 
bunch grasses. Emergence from over-wintering in Texas occur:; during late
 
April and early May. 
 The rice stink bug feeds prinarily on developing

seeds of grasses. The first adults in the 
 :pring can usually be found on
 
grasses eading out at 
 the time of stink l ug emergence. The insect feeds .and ieprcdeuces on grasses In or adjacent to fields or Pastures before mov
ing to rice. lactors responsibl for initiating movement from other hosts 
to rice are fot fully understoo'. It is believed that movement to ri :c is
initiated primarilv elien other iho:;ts have diminished or have become unfav
orable for food.
 

Damage - Both the :idult and nymphal stages of the stink lug feed 
 on 
individual grains and pr iTTary and secondary branches of thu, panicle. The 
insect uses its long scylets to puncture and extract fluid frcr the devel
oping grains and pancile branches. A stylet sheath, remia.ir. at each feed
ing site. It is not known ;iiether rice stink bug feeding on panicle

branches has anyN adverse effects on the yield or qualiLy Cf rice (low liny,

1979). Grains of rice fed upon 
 in the earl) milk st:ige fail to continue
 
normal development and the result is: 
 an empty glune or sinriveled grains.
Grains fed u1)on i;l the dough stage may I.e weakened structually, or if in
fected with 
 cer lain fungi, may develop a black spot which; is cornionly
termed "peck) rice". 6rains that are seakened structualv :.av' breal dur
ing the milling process and therey lower the nercent of ihead rice. Grains
 
that are "pecky'" and do not breal during the mill ing process appear in the
 
head rice and may cause reduction of grade.
 

Antixenosis to 
the adult stage, antibiosis to nymphs and tolerance to
 
feeding appear as the lbest pessihi I itics 
 for host plant resistance to rice 
stink bug. Plant resistance to the disease organismns introduced by stink
bug ieeding is another po:;:ible way to circumvent the "pecy'" rice problem;s.

Froceedures have been devised 
 to screen rice plants for the various types 
of resistance mentioned.
 

Identification of Stylet Sheaths - Feeding sites of the rice stinlbug 
can be identified by the stylet sheath ,%ich remaips on tiresurface of 
plant tissue. Styler sheaths can :e seen in the natural state with the 
naked eye but are much easier to locate when staiined and vieicd under mag
nification. Stylet sheaths are stained by immersing the Fanicles in a sol
ution containing 1 part each of phenol, lactic acid, and distilled water 
plus enough acid fuclsinr to produce a dark red color (Bowling, (1979).
The panicles are removed after one hour and rinsed with water. 11he stylet
sheaths may be counted inediately or panicles May be stored and evalurted 
when convenient.
 

Calged Panicle Test - Light weight cages censtructed from nyloni net a 
described by Nilakhe (197o) arc placed on individual panicles during late 
boot stage to prevent feeding by the ,;atural population in the field. The 
desired stage and number of insects are placed in the panicle cages and al

http:remia.ir
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loWtS to feed for tle desired period of tioc. The panicle can then be re
moved for evaluation at the end of the feeding -eriod or may he all owed to
 
remain in thu cajc iid 
 liai vctv tedwen inatore.
 

Field Test-Natu.a 
 opIlation - Pice panicles from varieties grown in
tle field under .l natkl-al tftC5 ,aticl are larvcstd at maturity itnd brought
into the laluc,::tor) for cvalu: it ;on lsed on the nuoler if s;tylet sh'athe
 
prcsent.
 

Laboratory :esi 
 Itclc tI. at hi-e individual grains ill all stages

of develop!ci' t. e d d l 
Art: I'u,;s ced in a petri dish scntaiining a darlp

filter paper. TC I!,iirIad stage 
 of iltsects ir, placed in the

petri dish and almlOt ! to fc d for the des ired period ,f t Ime. 
 Panicles
 
rema in it' gecd od i t i)I; cIi to 7 dew; 
 ,then held at reCL; teMperature. 

TAIILL 3. PIic' ,thl. Lut .jhe;ista t, . ield !Ptud 1 11Y77, LUeuiuiont .eXas.
 
Cultitar, 
 Total no. feedingCl, RU or i',c iC..-- sheaths/5 janicles 

it:1V ti 5.2 
KC1403 (A.5
 
2!17701031 
 64.5

I 0,O 59.0 
I',CI 1;,ia 55.2 
IC02311 48.3 
117002(36 47.2 

Label Ie 44.8 
lllohU3 42.3 
1760Q2033 40.3 

IT.'7O02tu 3 16.9 
I;1489 16.9 

IT7-0104 9 16.9
 
S1512,5S3 
 16.2 

Satirnii 15.9 
N1321,249 15.7
 
ClMs1o 15.5
 
1177020S5 15.3 
'Ci313 15.0
 

I awti 
 14.6 
PU7502 0i 7.6 
PU-701049 7.6 
P11321,248 7.4 
P17703012 6.5 
IU 703075 6.4 
,c5211 6.3 
IU7703075 
 6.2
 
PU77038 4.3
 

,orta i 
 3.9 
Il7603u9 0i 

JCl Cereal introduction number, PI Plant introduction iumber, PU R,egional 
uniform yield inler. 

'lolerance - karictics tolcrant to rice !t ink Lug feed ing can I.e identi
fied b)y comparing ,eiigi.ts of individual grains that have 1bee fed upot, ith
normal grains froi the same cr adjacent plants. (Nale (197(t) ompared
weights of individual grains from normal panicles with itndividu-,1 srains 
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from heavily infested panicles and found a wide range of differences among
the varieties tested. (Table 5). 
 leights of individual grains that have
 
stylet sheaths compared with 
normal grains from the same panicle which has
 
been subjected to a natural pnpulation is another approach to identifying
 
plant tolerance to rice stink bug (Talble 4).
 

TABLE 4. Varietal :'eaction to Pice Stink Bug in Various Tests Conducted
 
in 1977 and 1978, Beaumont, Texas.
 

RU, CT, PI Field Test Field Test Caged Caged Lab Lab
 a
or Cultivar 1977 1978 Panicle PlnicIe Test Tes t 

/
RU7603069 
 R R Rt 
P19810 
 K I IlR P I 
Bluebelle 
 R ii I p -

RU7502006 P 
 A! S I -
Brazes S I R I -
Nortai P P. R 
 I R
 
Calrose S 
 3 A I
 
WC9945 S S S S
 

a/Rice stink bugs fasted 
12 hrs. before they were placed on panicles in this
 
test.
 
-R = Resistant, 1 =ntermediatt , S = susccptible
 

Antixenoisis - All three tests mentioned ihove have been used to 'creLn
 
for antixenosis (Table-s 3 and 4). 
 The .umber of stylet sheaths per panicle
is used as an indication of antixenoisis typ-e resistance as described I),
Kogon and r tisan (197Z), Theecrotically, the fewer stylut ,hea ths found the 
more resistant the variety. ;!owCver, in sorre instanccs tLe stylets do not 
penetrated through the giuae at sites where shacth material is found. 'Ius
 
it is ptOssible that large numbers of t'-d inig s;heaths on a variety could re
present numerous probes or attempt!, to feed on an unacceptable variety. Thiscould occur particularily in studies where the stink I ugs do not have a choice 
in feeding. 

Antibiosis - Growth and deve 'epment of imlnsture stages of rice sitinLbug
eithfr in petri dis!hes or in painicle cages in the field miayLe used to screen 
for antibiosis in rice plants (Nilalhe 1976) (Iatle 6).

Post Plant Resistance "I'Pecl lice - "Pecky" is a term used Ly the rice 
industry to describe rice peait'; with dark discolored spots. These spot!; ca)
be caused by fungi that are mechanically introduced by stink lug feeding or 
by fungi that arc able to ga in entry into the developing rice grain by other 
methods (ioujlas ir. 'I;- I1e" 9Al). Cice varieties were screened for lost 
plant resistanicte to o:. grins at lteaumont, Texas dluring 1977 using tiefollowing proccedure .A io gran sample of rough rice ias taken from variet
ies and selections grown in 0ie nursery inl1977. The sample was soaked for
10 minu;es in a 10% solution of sodium hydroxide at 700 C, then rinsed in 
tap ater and spre;.d oi a , hitecnamel tray in a thin layer of watcr. 
Pecly grains vere identified through the transparent hull (Pai 197.1). Re
suits of the two tests conducted in 1977 are shown in tables 5 and 6. Vari
eties found v ith lower percentage of pecly grains could le either resistant 
to the rice stink bug or to disease organisims or I,oth. 
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TAlI, S. l O 1n " Till'Rit(L t ink, 8113, 't)act 1 CI ct eidIcui CisAn1f (fIro

irc iii \;jlI tI , :I',,II- I . lki15 , -1 7o). 

Ct.IIi It t 'n" C 11 '! , ,t, ,),'Li.no lt 
t 

. *iuii 'l iltl'n) 1, 'tci 3'raIll!' 

S lCCt OI I IuIit',lIII. _o1 ' .13105".! .. )IIi 1di 1iC,1tC11 of illfistledj!L)Ifl v 111,.) kernecl (t jl.I [i, iCle
 
, -)L i. I
I1't)I 
 1-. a UL e 

t , 1 l I. 
 2. t it, 912. ))-c
St . . I I,.0 2.3 a-i 3.. b-

St, t77 I11 : 17.3 2.b 
i-c 71.0 a 
•t , 7(i,'- 1.. 7 .1.,( it- c 85.)1 )3'-d
 
St Il D.011 1.4.7 
 2.6 :1-i I00.0 C 

l'u(3-I>,-, 18.4 
 2.7 a -d 3-)!.I
S 7 9u to. 1..9 a -c 87.1 b-e 
I 1 1 17.9 3.2 a-f 83.5 bc 

(II,(21811 15.5 3.2 a-" 98.,IC-v
 
C I .'7 11.2 3.2 a-f 
 95.2 h-c 
(1 99 192 13.7 3.2 a- f 90.3 c-c 
CI 9.S ; 17.7 3.3 a-g 8,5.1I-d
 
51 3,.) 14.0 3.1 a-g 
 95.2 li-c
 

St , 70.12 17.2 3.5 a-h 71 .Ii a 
1] '.)12 17.1i 3.7 a-i 83.10 all
 
Sotlhro,;c 18.10 .).1, a-j 91.5 1-C
 
ista 18.0o 5.5 a-k 93 . 5 l-e
 
eIU I L' 10.6 5.h, ail~ - 1 ) ._ b-. 
wtur1-1 18.7 5.7 a-k 90.5 c-e 

label Ic 15.3 
 0.3 ; -k 99. 1 c
 
Sta.llliilIet IS.9 6.7 .--k 
 918.7 c-u
 
Nv\v i ,1h 20.o 7.4 a-k 91.1 b-c
 
,o 18.2 7..1 ;a-k ).2 lic
 

Datn 18.8 8.3 a-k 
 933.4) li-e
Zuiit it 23.9 9. 5 a-I 95.2 I)c

(;i ro 210.5 
 12.3 h -I 100.0 c
 
,I1 291(1.7 22.2 12.7 c-I 10 ,0 c


Ca Io o 25.5 13.2 d- I 93.3 h-ie
 
lIi231171 2.1.2 13.4 c-I 
 100.0 e
 

PI '91030 22.0 13.o f-1 10)0.0 c
 
S 053570 22.5 
 1. 1 - 1 100.0 e 

tarose 29.1) 11.1 i-I 38.8 c-c 
II 291.o.I 22.8 15.1 .-I 100.0c
 
1) 2772.4.1 21.1 
 15.5 Ll 87.0 h-c

Co1:)l'.a;i 2.1.39 18.39 1 
 1(0.) c 

illat., a t 5011,ll I-3 iL C I' US uX C Clt i I C;ils'ii 1,;)a rI-iet si a r t l , f c C i i I 

bai ud of) 10 -2') p;alIIv . 

'L-a0( lilt tiliio[I( C S ; I tiion lo .1 I. I t int ro dic t ion no1lili . 

5MC.11 110t C0 lhlt-i,'d Slillie re11' fit' lot teri igli ficint vI ii ffere t at 

1h, 1 ol t l 1 ." 1 t]Y b it ai 'll')S1HIt 311L e'C tcst. 

Iiht i)rlglllit int from Rice I.xl'1litscnt1 Stlt itoll.Stuttgairt,
Arkmili;is . 
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TABLE 6. Varietal Tolerance to Rice Stink Rug, 1978, Beaumont, Texas
 
Mgs/grain


Culti\'ar, CI, Grains with Adjacent grain All grains
Ru. or Wc. ,o. stviet sheaths without stvIcts sheaths %,ithoutstylets sheaths 

Calrose 76 19.9 
 23.2 
 21.1
 
7703008 
 17.0 
 20.8 
 17.8
 
9544 18.7 
 21.6 
 19.8
 
7701071 
 14.6 
 19.4 
 20.2
 
9810 16.5 
 19.9 
 18.9
 
7702003 
 16.5 
 18.8 
 18.8
 
7603091 17.9 
 22.5 
 20.1
 
7703012 17.8 20.5 18.4 
312,583 15.8 
 16.1 
 11.8
 
9945 
 16.2 
 18.7 
 20.6

9910 
 I.9 
 19.6 
 20.6
 
7503072 11.8 
 14.5 
 17.4
 
7701049 !.1. 16.8 
 16.4

5208 17.u 21.5 
 19.8
 
7702033 
 17.8 
 20.1 
 19.4

7502006 
 19.6 
 23.8 
 22.8
 
7703073 18.8 
 20.6 
 19.2
 
7703089 17.0 
 20.8 
 18.9

;ortai 18.3 22.1 
 20.9
 
703069 
 16.6 
 18.4 
 18.4

1403 22.3 25.2 
 24.0

9626-2 
 17.2 
 19.2 
 20.6
 
7703075 19.4 
 21.9 
 19.4
 
7701JUl 16.7 
 19.2 
 19.7
 
Labelle 15.2 
 18.5 
 17.4

Labonnet 18.6 
 23.1 
 22.6 
Calrose 17.0 
 19.3 
 21.0
Belle iatna 16.0 18.9 
 19.6

Starbonnet 15.6 16.7 
 18.3
 
Da,n 16.3 
 19.0 
 19.0

"ato 14.0 16.8 
 18.1
 
Lrz;os 19.1 
 21 0 

9945 19.3 

21.9 
22.0 
 18.1
 

770,1014 21.3 
 22.6 
 22.5

9810 
 18.7 
 19.8 
 18.9
 
Bonnet 73 13.9 16.0 
 15.9
 
2010 16.1 
 19.1 
 17.3
 
770,3005 16.3 
 18.7 
 13.5
 
750,3072 16.8 
 18.5 
 14.4
 

TIlE STALK BOIERS 

Two species of borers feed within the rLce stalk. These are the sugar
cane korer (Licztea (O'Z;:nar31ia, (r.), and the rice stalk borer (Ch;io pze
,azdal;:,o Zincken)
 

Dscription 
 - 'Tese two species of borers resemble one another in all 
stages of their life history. The sugarcane borer moth is of a straw color,
with the forewings showing darker markings. The forewings of the rice stalk
borer moth are lighter in color, having a golden tinge, and are marked with 
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a sprinkling of minute black dots. The hind wings are white. The larva of 

the sugar cane borer is yellowish white with brown sputs. In winter these 

spots are absent and he color Fecc:lo rIore deepi. %Vt low. 'the larva of 
athe rice stalli borer is yellowish white, and L. markel on each side With 

brown stripe running the entire length of its Ibody aiid a fainter brown strire 

below it. ie larva of cach of these iirors is al,,ut 1 t11ong when full

grON01. 

TAI Ll. . llo i lit si:tarce to Pec , Iicc, Beaumont. Teyeas, 1977. 

Cult ivi-al PI CI N. -lg ra in'0 mrams Percent grains 

or NIi I.ith a dibcolorcLI Slot Si it ico ore lotNo. 

a 1686.4 a / 

labelle 7L.7 a1 14
 

7703073 72.7 a 


7503072 

16 

10502 69.9 zh lo
 

160503 68.4 a b 
 14
 
11CP231 	 60.9 alc 

7703005 42.9 abc 	 8 

7703062 .2.2 t, 9
 
7703008 ,c 
 81.28 

5
7703075 	 24.2 c 

/'I eaii not fol lowcd 1w the :tmc letter are ini .ficaItly different at the 

5% leve I acco'di_ to O 1ijw n'ii :!ultiple-: range te!;t. 

"'ABLI 8. 	 l!) t Pla t I Q!i;tid1c :o iotec kice, ?:Liicint, '[,x' e, 1977.
 

('. r IILINit. of r,i;, , '1 O n Percent .riiini*
 

MtUNo. t h i'd. co1 rd .pot iih discolordled stor 

/ 
 25
1 a

77011031 110 al- 21
 
7702016 


2077CGilC0l 103 all 

23
 
77610121 9o. aLcd 20
77o1034 !l zwc 

77%1 l)4 I'5 ad 18
 

771 C14 7' jed I5
 

771L,1027 7 d 15
 

I ,b l Ic 01) 
 11 

7702003 of) i 	 13 

aI/-10IS not :ii tVd ,w the itame letter ore ! igrificantly diffelont 

ol" the ieeI ackcr'dii ei Il0P ;uii range1o carI 's lil't teot. 

.S l lItl] y0 - i'.;'iC f t'orcr-; i;!eid the intcr iin t he larvalii,;0r 

Stage ill ric.'e :ilI ;1bhe t l borer
. 11 ' . ;11C 'Ouiln hil'intates A1so in 

gil01;.% Col;, !;Ilig',ICr!le., illid otelr' plwint: ol thbe p0ra fami lv. The larvae 

lrarsfiti; into pupin i 1.11 :i e it s or the "ugarcane borer ,ogin
It' [rtcc.!., ol I, o;tits, Co1,11, anidt ;Illgailcalle untilto 	 J11erg"lay. ' T is ;p } 

t I it I t,.; ' l C UfIi, ,t I t r; IoI, . t11C moths1 o1f tl:e r'icc 

!;tall lore' n e 1111. 1 ;L I dc 11'1t(-t ' itt ol;r tle rice plant ha-11 
CusI I-C I eI I c 

r(I t 

begun iv' e i ot s tii c i:I. I. i1 l ' eggs on: oth the kip1-i01 or :I,lt to 

iia 1 lra c of 'cc V2 from to, e'. Or .he e l 1C.3 '. Lotch in 6 9 
pupae,days. C11 ruz'Oi'ing maturity th e larvie transo:Tol iniside tie stall to 

from .hich tile ault roth.; 'It' ge. Pott. sQecie lrove t%;o or three gcnera



1APU! 9. llat:-'e I 
 ice Lines aombined Over 3 Iests i'Ilatinlj Dates) BY Rice Stalk Borers. Crowley, 
1. I97. Ilivr, GI ford and 'Ira an, 19
 

Variety-, pilnt iltir dctioln
 
or aurl, callee: ian 
 x no. dania.ed x I.>. plants 
....
nt-::i.. 
 Sol rce of cr1 lantsisarlple,
1 Ni.':.ned/sarnple
.. >o.davs to harvest
 

ful-'rase 
 UTnit ad St ates 1.,3 a 485.07 122
Sturn 
 United States 
 17.- a 47.92 1145-S 
 Pak istan 7.-12 b n,3.
2 .67 144
P1 4- ,Japan .92 bc 63.25 122
"ITb-Ulj India 
 bed
.I. -2 .14.Io 139
123 Ulnited States 
 -1.S eod 44.83 141
2sSS 
 Indonesi-
 .1.00 bode 2 . 33 144

3715 Japan 3.92 bode 30.6 7 

2459 Italy 

1-is
 
3.58 ede 42.58 122
2491 Italy 
 3.5) ede 42.0S 127 

3760 Philippines 2.75 de 64.67 1143t04 China 2.5s do 53.25 122
25n6 Spain 2.17 do 
 46.75 
 122

1219 United States 1.08 do 36.08 141
1541 Japan I.00 de 52.58 
 141
3o69 0.92 de 40.5S 141
United States 
1584 Japan .33 e 44.67 133 

aMeans followed by the same 
letter do not differ significantly at the 5 level by Duncan's Multiple
 
Range Test.
 

b
Nunibar of days to harvest is based on Test I (planting date Apr. 26). 

http:dania.ed
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tions a year in rice fields. Both species have been reared on artificial 
diet and the complete biology recorded (Wongsiri and landolph 1962 and 
Bowling 1907). 

Damage - The larvae eat the imier part of the stalks and continue to 
enlarge and le;igthl',n their tunnels until only a thin wall i.; left around 
them. The attacLed stalk usually rLmaint; green prior to heading, but when 
the pan icVe emerges from the loot of a -;eriously injured stalk, the glumes 
or hulls turn wihite immediately. This conditioi, is commonly cal led "white
head". Such panicIvs produce no grain and are therefore a total loss. 
Ihlien injury occurs I"ter, panicles partly matura hut there is a lack of un
iformi ty in seed development, When tie panicle!; are practically mature, a 
lr'rcciitag of theM are lost becau-C 1i larvae have gridlCd tile uppermost 
node caus';ing tile steol to bc ca!iiy 1,roken. 

Vice arieties acreuuecd for l~ost plant reistance to borers have Iboeen 
evaluated by rccordini' the ericept infusted culms, Ibored culms or wl:ite
heads . (euglas and Ingram 19.12, .1odon and Ingram 19,48; and Oliver, Cifford 
and Trahi9 I- aind 1973). Il a more r,'cUiit study Oliver and Ciffond (1975) 
used weight differieaces dImong larvae that developed from arn artificial in
festation ill a erhoii se to scrccli for ;ll il,iosi!; to both the sugarcane 
borer and rice -talt I,orer (Tal,le 7 i 8). 

TAIiI. hi i0.ir and '.!car i,'eights for Larvae of C;-."!r K', ; ba and 
II :':tv',', :: z Ileared oii .aturn Variety ard 6 lines; of 
Vice rino tie World Collection, Baton Rouge, la., 1972. 

. . ........ 
\ariety 

( liVer,_iffr"iGrrah1n 
oi :No. 

and 
x 

a 
.'eigit 

197_5_r__•Md 
No. x Iiglit 

world collect (t; lirvae of Chilo larvae of 1iatraca 
. !t". no_. .... w, he larvae welhhed Iarviiei (mIv ___ 

3760 5 3.3 a us 27.9 ab 
1219 65 37.0 b e5 23.4 h 
Satu n5 33.1 bc 5 34.2 a 
2500 u5 31.1 c 28 20.6 1)c 
3069 So 29.0 23 21.1 hc 
1584 52 17.7 d 1s 20.1 ie 
15.i1 54 1.52 L 11 14.1 c 

'ears tol lm y, the !;ic l:tter do not differ ,ignificantly. 
.S 'l' lo e; ' stiultilie iie test. 

Summary - !C.sCarc;! directed toward duvelop;ient of varieties of rice 
that are rc:;i tant to the various insucts occur in tie field is in the 
early stagez. Ireliminary v.orl, hi:s demonstrated the possibilities of 
host plant resistance to the rice water weevil, rice st ink bu and both 
species of ;tem lorers. Post plant resi stance could become an important 
part of an integrated pest management program for the rice crop. 
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BREEDING FOR MULTIPLE DISEASE AND INSECT RESISTANCE IN RICE
 

i /
 
Gurdev S. Khush


ABS TRAr 

Rice is the host of more than 60 disease organisms and more than 100 insects.Of international importance are five diseas,, (blast, sheath blight, bacterialblight, tungro, grassy stunt) and five insects (brown planthopper, green leafhopper, white backed planthopper, gall midge, and stem borers). 
 Varietal resistance is the most economical and logical approach to protection of the rice cropfrom pest attacks. A large collection of rice germplasm maintained at 
the International Rice Research 
Institute (IRRI) has been screened for resistance to major
pests. Sources of resistance to most of the major diseat2s and insects have beenidentified and transforred to cultivars of improved plant type. 
 Us~ag improved
lines that are resistant to one or two Ipests, iproved gernolasm w.th resistanceto as many as four diseases and five insect species has bein deveoped. Thesemultiple-resistant lines have been named as varieties in s vera' countries andare widely grown. Breeding methods and procedures empl';eo '-. developing

tile-resistant germplasm are 

mul
discussed. 

I N'TRODIICT 10N 

"lie disease and insect problems in rice have increased manifold in recentyears and complexitlos of pest control have consequently magnified. There isall acute awareness of the problems associated with chemical control of diseaseand insect organisms in rice. The need for alternate methods of pest control
are made obvious by 
 rising costs of chemicaltt, the accumulation of uldesirableresidues, the environmfTntal pollution, the pest resistance to insecticidesdestruction of useful insct,, and alouna. inerefore, 
and 

emphasis has increased onthe developmert and ise of disease, and insect resistant varieties of rice in
 
recent years.


Ilhe resistant varieties provide 
 pest control ;at no additional cost to thefarmer and are conpatible with ot hr control !ethods in an integrated pestcontrol program. Cultivation of resistant varieties is not subject to vagariesoi the wvlther, as are t, chleutqal and biological control methods. Resistantvariieties are especially valuable in de'veloping countries where farm size is
smalI and economic constraintsz and lick 
 of technical kno-. dge limit tile use
 
of chemicals.
 

A.1)1)ISEASFESIR Ai) INSECTS OF RICE 

Rice Is the host oi more than 60 diseases and more than 100 insect pests.In mat rice-growing treas, more than one disease or insect cause serious yieldlosses. in Litin America for example, blast, hoja blanca, and Sogatodes oryzicolaIrt- the major factor!, liLmiting rice production. In Africa, blast and stem borerstake serious tolls of rice yields. In Asia, where 92% of the world's rice is grown,more than a dozen diseasIs ind inlsecs Caulse l;ses of epidemic proportions. Intropical Asia, disease and insect problems are most serious because of the yearround favorable climate and the long history of rice cultivation. During one year,an epidemic of bacterial blight may occur; the next year, green leafhopper andttngro may cause serious damage; and the following year, outbreakan of brown planthopp-r and grassy stunt may occur. "herefore, to minimize the yield losses fromdis.,ases and insects, varieties with multiple resistance to most of tile major 

!/plant Breeder, International Rice Research Institute, i'. 0. Box 933, Manila,
Philippines. 
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pests are needed. Five diseases (blast, sheath blight, bacterial blight, tungro,
and grassy stunt) and five insects (brown planthoppex, green leafhopper, white 
backed planthopper, stem borer, and gall midge) are common in most of the coun
tries of tropical and subtropical Asia (Khesh, 1977a).
 

GERMPIASM RESOURCES 

La-'ge collections of rice germplasm are maintained at International Rice 
Research Institute (IRRI) and at many national research centers. llse collec
tinns have been evaluated for resistance to important diseases and isecrs; 
sources o. resistance for each of them have been identified. Among the cultivated 
germplasm, high levels of resistanc to blast (Ou et al., 1975), bacterial blight
 
(Ou et al., 1971), tungro (Ling, 1 ''. brown planthopper (Pathak, 1972), green 
leafhopper (Clieng and Pathak, 1972), and white backed planthopper (IRRI, 1977) 
have been found. Resistance to grassy atunt was not found among the cultivated 
varieties. However, one accession of Iiryzp nivara was found to be highly resis
tant (Ling et al., 1970). High levels of resistance to stem borer and sheath 
blight have not been found. Varieties with moderate resistance to stem borers 
have been identified (Pathak et al., 1971). Sources of resistance to gall midge 
have been identified by several programs (Khush, 1977b). 

IMPROVING TilE SOURCES OF HE'SISTANCE 

lle donor p~irents have poor plant type, tyoical of tall t-aditional varic
ties of the tropics. As a first step tile sources of resistance were transferred 
to improved plant type background characterized by IR3. iis conversion was 
carried out by crossing the donor parents with parents of improved plant type. 
In the earlier years, T2, IRS, IR24, and 1102-43-8 were used extensively as 
improved plant type parents. Several improved liines with disease and insect 
resistance and with good grain quality werc selected from those crosses. High
lights of the program on each disease aod insect are given below. 

Blast: lich breeding ptogrim fo !ias, resistance at IRRI has emphasized 
the use of diverse sources of resistance such as 1105, talng tonS4, Dawn, 
B 589A4, Kam Bae Ngan, Gam P'ai 15, Sie;adis, and Tetep. (Tosses involving TKM6 
and Or2za nivara have aloe yielded several hlast re:sistant lines. Our normal 
practice has been to test tile improved plant typle lines in the nursery at least 
2 or 3 times/year for several years. 'hiose lines arc, thus exposed to numerous 
raceq of Vie blast prevalent in nature. Only those lintes that show resistance 
for a number of years are !;elected and again used in the crossing program. Many 
highly reslstint breedit.g lines were selected from crosses including Tetep and 
Gain Pai 15. Three of the IRRl-named varieties, 1128, 1129, and IR34, inherit 
their strong resistance from Gam Pal 15. 

We have recently initiated a program of gene identification utilizing known 
blast, races. Major genes for blast resistance will be identified and incorporated 
into improved plant type background. 'These lines will be sequentilaiy ttilized 
as varieties.
 

Bacterial Blig'ht: "lie breeding program for blight resistance ait 111 has 
resulted in several successful varieties and breeding lines that are grown widely 
in Asia and have served as parents in numerous IRRI crosses and national programs. 
The bacterial blight-resistant varieties IR20 and I122 were released in 1969; 
IR26 in 1973; IR28, IR29, and 1130 in 1974; and 11132 and IR34 in 1975. Several 
breeding lines released by the Philippine goverament such as IR36, IR38, I140, 
IR42, IR44, and IR46 are also resistant. All of those varieties have a single 
dominant gene Xa4 for resistance. We have incorporated xa5 into our improved 
materials; Xa6 and Xa7 are also being incorporated in the hybridization program. 



Ther;,Dibreeding: program for trngro resistance was started in 1.976-77.~
eral resistant varieties Pets, Intan, Sigadis, TKN6, 11121, Malagkint sung

'>song, 'Gam Pai-15, Ptb 18, Pankhari 203, and BJI --. w~ere used 'as donor~parentn "" 

:',~Improved tunro were identified from~,plant type- breeding lines with resistance 
the'resscrosses of most *of these parents.1.5 t Seven 1Rlnaied~vritisare moderately">Alane ronesa~a 


dto,highly rests tant ,to tungro. 11120, I1R26, fand'1130 inherit theirf ,oderate' A
 

l I118, 1840, IR42'inierit faim 
Several new sources of resis tance are now being:used, in , the hybrid iza tion program. 
Stron g rnesitance t0 vectors of this virus also protects the cropfrmi0 the ravages 
of the disease. Many vector-resistant breeding tlines, hen screened by artificial 

~2 inoculation techniques show high susceptibility to the virus. Buatin'fieldjeval
uations, theyescape disease infection.
 

Grassy Stunt: earlier, pAsmentioned0. nivara isthe ..
 
, grassy stunt resistance. It is.a wildplant with weak stems, a spreading growth


~AVhabit, shattering panicles, longawns, red pericarp, and low yield P~tential. Q
 

l829 and 'I834 ' I36, and their 'resis tance Ptb 18 

1118, plantsafrom all 
the crosses were backcrossed four times using 1R, IR20, and R24, respectively,," 
as recurren~t parents. For each successive backcross, FI plants with morphological ~i 
resemblance to the recurrent parents were selected. By the end of1970; we had 
grassy stunt-resistant linesresembling 16R8,R20, and Ian24. But those lines 

: 	 lacked some other desirable traits, such as resistance to brown planthopperasnd-' ' 

tungro. Therefore, they were used as parents in numerous crosses in 197, 1s972, 
i 	 and 1973. Mo e than 807. of the crosses made in 1972 hadat least one resistant 

parent. Segregatingpopulations from those crosses wereoevaluated under field < 
conditions at the 11111farm where disease pressure was severe from 1971 to 1974. 
ihe feasibilityof rigorous field screening atIRRI enabled usto select numerous 
resistant lines that also had multiple resistance to several-other diseaes and'; 

p-in 	1969 we crossed 0. nivara with -1R20, and-11124.:iThe.-FI 


insects, as wellias desired agronomic tgrain quality. Thefirst grassy

stunt resistantvarieties, R28,'29, and 1130, were released by IRRIin 1974; 
IR132 and IR34 were released in 1975. ahen:hilippine government released the 
grassy stunt.resistant IR36 and 1138 in 1976, and IR40 and R42 in 1977 (Khuh ' 

et al., 1977). . 

IBrown Planthopper: Breeding for resistance to the brown planthopper was-i
 
initiated as- soon as sources of resistance were identified. -Several promising
 
breeding lines were developed fromacrosses of Mudgo with IR8, 11122, and -1124;
 
Two improved plant type breeding lines IR747B2 -6-3 and-IR1154-243 were found
resistant to the brown planthopper under field conditions, although none' of- their 
parents were resistant. These lines 'were-immediately crossed with'other promising ~ 
lines.- One outstanding line, IR1561-149-1 from the cross IR579-48--2/R747B2-6-3 
was crossed-with 1111737, a grassy stunt resistant line from the fourth backcross -~ 

of Q. uJiyajn to IR24. The F, was topcroased in 1971 with .11833-6-2, a-tungro
resistant line from the cross Peta3 /TNlI/Gaa Psi 15. Progenies from the cross 

~~were' thoroughly evaluated for resistance to all ajoir diseases and insects and
 
for grain quality and agronomic traits.-' Three promising lines from this cross
 
were named 1R28, 1R29, and-IR34. These three varieties, as well as IR26 and
 
1R30,' have-thle BpAI gene for brown planthopper resistance. "The' first of these,
 
11126, was released in 1973 and was widely grown' in the' Philippines, Indonesia,
 

,,,. 	 and Vietnam. I1oi.ever, within 3 years of its release and widespread cultivation, 
IR26 andother varieties with BPh1 resistance became susceptible die to the 
dev'elopmen of a new biotype of-the insect. By then' breedinig linies with Bph2 '-' 

were ready and several,were released as-varieties' in the? Philippines,- Indonesia, 
and 	 Vietnam. Some of these such as IR36 and IR142 are now widely grown. have-We 

also developed breeding lines in which resistance' is governed by krhl and bph4. *



Green lwafhopper: Several parents such as Pets, FB 24, Tjeremas, andSigadis were used in the crosses at IRR1 in the earlier years. These were
later found to be resistant to the green leafhopper (Cheng and l'athak, 1972).
Many progenies of their crosses 
 including IRS, 118, IR20, and IR24 inherited
their resistance fror these parer.t_. 'llese varieties and many breeding lineswith resistance to green leafhopper were used in crossing programs as sources
of resistance. I5lost of the crosses made at IRR after 1969 had at least one
 
parent with resistance to green leafhopper. Progenies 
from these crosses were

thoroughly screened and only those showing resistance were saved. All IRRI
named varieties except J822 all
and the IRRI lines named by the Philippine
government are resistant to this insect. Of the five known genes for green

leafhopper realstance, three have 
 been incorporated into different improved
varieties. 
 We have also transferred some genes for resiatance from O. glab
be_ima to o. 
 sativa by backcrossing. 

Wiitebacked Planthiopper: 11Te breeding program for resistar , to the white
backed planthopper was started in 1975. We used N22 as a source of resistance.
 

hlie dominant 
 gene jjhL for resistance was transferred to improved plant typebackground by backcrossing. I32, 113, and IR38 were used as recurrent parents.
Many improved plant type brevdin;, lines with multiple resistance to this insect
and other important pests are now available. The newly identified Wlh2 is

also being iticorpotated into 
 improved plant type background.
 

Gall Midge: Ihis insect does not occur 
 in the Philippines but is a major

pest in most of the other rice-growing countries of 
 South anl Southeast Asia.
 
india and Thiailand have strone 
 breeding programs for resistance to this insect.
We have developed soei inproved y'er.,plasm at IRI by utilizing Ptb and
18 CR94-13 
as sources of resistance. Ilie sevregating populations were screened in India.
 
132, I3t , 1R38, iR40, and 1842 
 e resistant to this insect in India. 

.Steha orers: l'rM from India has been widely used as a source of resistance 
to striped borer. Many breeding linos and named 

8 
several varieties such as IR20,

lR2b, IR30, IR32, 1136, IRa , and IR42 inherit their moderate resistance to this

barer from TKhM6. Several 
 breeding lines such as IR1820-52-2, IR1917-3-19 and

I11539-823-1-4 
 as well as several varieties such as W1263, MNI' 119 and Ptb 18 
are being used as sources of yellow borer resistance. I36 has a good level of
 
resistance to this borer.
 

DEVELoP ;NGGEi 4PLASM WI TIt 8U LTI 'LE RES 1SIANLE 

As meiitioned earlier resistance to one or two diseases and insects in rice
varieties is not enough. Modern varieties must have multiple resistance to mostof the imp., tint diseases and insects prevalent in the area. 'llerefore, we have
 
undeavore d to 
develop improved germplasm with multiple resistance to as many as

four diseases and four insects. 'Thne improved plant 
 type lines with resistance 
to one or two diseases or infects were intercrossed and a 
large number of top
crosses and double 
crosses 
were made to combine the resistance to 
several diseases
 
and insects. A thorough screening of the segregating populations led to the
identification of multiple-resistant lines. In 1969, about 87% of the entries
in our replicated yield trials were either susceptible to all the six diseases
and insects (blast, bacterial blight, tungro, grassy stunt, brown planthopper, 
green leafhopper) or resistant to , i; one of them. Only 27. of the entries 
were resistant to three diseases and insects. The proportion of entries with 
mutliple resistance gradually increased 
and in the replicated yield trials grown

in 1974, 90% of the entiles were either resistant to five diseases and insects,
 
or to 
all six of them.
 

These breeding lines with 
multiple resistance have high yield potential,
excellent grain quality, and early to intermediate growth duration. They were
 



evaluated for yield potential in replicated vield trials internationally and 

in 1974;six were 	 named varieties iy 1< I (IR2(0 in 1973; IR28, IR29, and IR30 

1132 and 	 11R34 in 1975). In 1975, IK1131 chiped its policy on namrin, varie ies. 

o variteties -:1 fow n,td Iy I RI. ilowvt'er, we ttjour to suppl v 1'ul tip le 

resistaInt Rvrpltl;m to !cient ists workiiu: in the llttion~il o. lii I-eripruilrans, 


plasm is either utili;zed in lhtehyiridization piro;r.rns or is directly used as 

ctcccerc ii "varhctic!.:Itt, !he Philippine g,,!'l:lnt r len. four of the 
3 

mu tiple-resis tnt I Hll lines as It a:nes ,3 8 ,vieties undir n IR 8,ItH 1R40, 

Similirly i, 	 i line releasedintd 1R42 . tes varietis ;Is wv II addit ional were 
ovcd! I i,31, thIIr , 

I , :is - n t I incs Io r t II t %-iv t i oI. A'Vtr,i] of th i :IIItIp I I res is taint l e!; Ihave 
In Ildolles i I; V It i c 1 hIls I I !- 1,1,pr IR,' , ,I,, c e o(thI-r nut i Le1c

,In b 'etInted it n i ,l, I 1t;; Ihsh, 'Ind , p.lI. It di I se IsAnd insec t ratings 
o I lii 1lnmled % Ir i"tI, .!; In IK! i i ic.s n~umod I y the Nhii ipIpini overnmcnt are 

thowll it 'I le 1. it , rI;!;ivi incretse it the leveli ot resiStillice Of the 

variet L's from IN) to I%4. i:, e'vide it. 

IALI,1I. 	 Disease A.tttI Ind t i :; isI n ,iie eactions o1 Vat it ti. i ttmted ly IRR
 

aitn i tt' rtttsetr
11ios Itti'd v Ph ilf .U' ippve t . 

...... -S I;ir7sen-ic un,*
....... .................... isc-, in -RK-t & 


1ater i .t1 (;rssy r voe
n 

Btw' 
n 

FIla St Ll i :ht i 11 ,"' l SteInS t un t ttle: 0 i f Plant- ill 

_hPjer .. I.. _hjLi er Borer Midge 

1(5RSt S; S R MS1 

I R8 S S R S S " 

IR201 1 R MR S S'K S 	 i MR 


1R22 K S S S S S S 

IR21, S S S S It S S S 

I12 11<'!; R MR MR R R MR S 

i128 i R R R t R MR S 

I R R R It R i Mi S 

S(30 MS K R MR R I MR S 

1P32 MR R R MR R R MR it 

1 14 i K R R R K MR S 

IR36 kA. R K R R 1I. Rt 

I138** K R K R R R MR R 

IK4I)kk l( R K R R R HR 5I. 


lk42** N t iR R I R IS R 

* S - SusceptibIe; MS - Moderately susceptible; MR - Moderately resistant; 

< - I sis tant. Reart itons based oil tests condLuc ted in the I'i I ippines 

for ilI 1 tseass and insects except ,al midigv Screening for gal I midge 

WI" tdone ill India. 

k <Niued by ti t, ii iinte gtverntot. 

fiii2i1DINGM it!}} i:h L}tM
 

"le t,t tSVit tile 1d1,irtl{ tsnthod of Irvdltng to dtn, lop gertnplasm wit~t 

multtiple tesist;anctt. Iectioll ist lasid onl ltiCoprehensive records of the disease 
and itlsact re.ictions of each I ine, an1d, inl tilt eas I0' 4 andtl iler -generatLion1 

lines, Also Ot the rteast.C ttt ,i tncestrml I is. lle bulk Inethod is not used 

;is it does not. permit etltcurrellt scriletlin for I numlbier oti diseases and insects. 

Nor was it bac,.cross method employed vtxtensiwIy, because o a lack of suitable 



recurrent parents in the earlicr years. A few backerosses were made in the
 
crosses with 0. nivara for grass), stunt resistance; 1R8, IR20, and IR24 were 
used as recurrent parents, After three or tour backcrosses we obtained graf,sy 
stunt-resistant irredit:g lines similar to the recurrent parents, but they 'acked 
resistance to ether important diseases and insects. However, those lines could 
be used as sou:ces of resistance to grassy stunt in the hybridization program.
Now numerous breedin, lines and named varieties are available that can serve 
as recurrent parents. But we consider it desirable to develop germplasm with 
diverse genetic background, sc the backcross method is generally avoided. 

lhe pedigree method of breedfing is emin,ntly suited to disease and insect 
resistanc,, programs if r-esistance is roverned by major genes. As discussed in 
another seetion most of the resistance traits in rice are under major gene con
trol and the pedigree nrthod has been successfully employed. But the pedigree 
teethud of breeding is not so suitable for traits governed by polygenes. Resis
tant, to a ir! borers and sneatit blight in ri-e appears to be under polygenic 
control. For these traits we are using a diallel selective mating system proposed 
by Jensatn (lo70). 

, are also rxplorin: th1 possihility of employing the single seed descent 
mathod irr impravite the tr. its governed by polygenic variation. Early gener
ation populations irom imiltiple crosses involving three or iur parents having 
mninor geteE; for resistantce tre propagated in bulk. Ilaree or four generations 
ore gtown year. Selection is rot practiced during this period. At thein o 

F5 or Fb Stage, the !,-ilk popul,tion is exposed to the disease or insect pressure
 
ond individuals with better levels oi resistance are identified and grown in
 
pro,:tny rows for turther evaluation.
 

bi h'lDIN; i'iOCEi)URES 

baset on Several ye irs of exaperience in breeding for disease and insect 
resistance we havrt devel Optd i set of procedures for hi ndling the donor parents
making the crosses , crowin): and screening the segregating populations, and con
current evaluation ot tile mterials for agronomic traits and grain quality (Khush, 
1978). lhese procedures are briefly rotlined here. 

1Donor l'arents: i',ich serrron we plant the donor parents into a hybridization 
lock, consisting it 250 to 3W0 antries. both newly identified unitmproved donor 

parents and !rreding, I ites widl sp-cific post resistance are included. "rh1e 
hy) ridization lock entri ir t. planted five times during each season at biweekly 
intervals. Iris sCIeIlI e insures the availability of donor materi'ls fur crossing 
at rdifferent t imes during the crossinag season. 

itybridizat itn: A large number of crosses are made each season. In producing 
the single cross i: hybrids, each donor parent or breeding line is crossed with a 
number of other breedIng lines. TIhus a set of single cross F, progenies is aval1
able for mak ing tihe double or topcrosses in the next season. All of tie Fls 
including tta same dotor parents or breeding lines, are grown together in tie F1 
nursery. flie best are used to make the topcrosses or double crosses. 'lie top
cross prLret is selected to complement the deficiency of the single cross FI 
hybr id . flaus, it one parent of tue single cross F1 is resistant to green leafhopper 
and brown planthopper and tl' other is resistant to tungro, the topcross parent 
should have resistance to blast and bacterial Hight. Use of topeross parents 
that arc humozyous for resi stance I desirable. All the F1 plants then inherit 
the trait. It is also desirable to use improved plant type breeding lines or 
varieties as topcross parent;. If tthe unimproved tall donor is used as a top
cross parent, all the F, progenies of the topcross are tall and only one-fourth 
of the Fr progeny would be short. 
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'Illie main sclection criteria, besides
the selecti~ons are mande tit t~he tfLeld. 

resistaince ratings.
.igronoinie charalcterf-st:cs anid Krai~n quit y, are thie pest 

Ilhree plants are Individually hairv, sted from each promi.sing row. Seeds 

row are bulk hiarwested. T'otal seediromn the rem~lnhng; p/ants of each selected 

5 t sets 	 of 5 gm each.
fiarvest of each selected plant is again divided into or 


one set is r i l-anLed in the pedigree nursery; 
 the others are used for diseatse 
source areand insect screening. Ihe three planL selections frot each comsnl 



348
 

plaitted together for comparison. Data from the ancestral row of the previousgeneration are transferred to the new book where the new data for the reactionof each row are recorded. Thus in andF4 later gL.eratinns, data from twoseasons are available for each pedigree row 
to facilitate selection. 
 'l'ese
procedures are repeated for several 
generations until 
the breeding lines become
uniform in maturity, height, and other traits. More than 100,009 pedigree

nursery rows are grown each year.


Yield Trials: Selected F5 , F6, or 
later generation lines 
are evaluated
for yield in replicated trials. 
 Each scac;on we test 400 entries for yield.
Those entries 
are also screened for resistance to the same major diseasesinsects. All of the entries in yield 
and 

trials are also inoculated with sheathblight in the field and evaluated for stem borer resistance in the screenhouse.Promising materials with high yield, good grain quality, with multiple pest
resistance 
are entered 
in the international nurseriev, through which seed
disseminated 
 are
to other pregrams. 
 Bulk seed of the early generation lines is

supplied to the hcientistsalso in the national programs. 

BREEDING STRATEGIES 

Our present strategy is to incorporate diverse major genes for resistance
into improved plant type background and to combine each of them with major genesfor resistance to other diaeases and insects. If the varieties with a particulargene become susceptible because 
new biotypes develop, varieties with a second
gene would be available. This sequential release strategy has been employed forresistance to brown planthopper. Thus, five brown planthopper-resistant varietieswiith Bphl were released in 1973 and 1974. In 1976 those varieties started to showsusceptibility at 
some locations in the 
Philippines. 
 But by that time, multiple
disease and insect resistant vari-ties with the Bph2 for brown planthopper resistance became available and were released as 
replacements for 
the varieties
witn Bphl. We now have breeding lines with Bph3 and tph4 for resistance.We are also trying to pyramid two major genes for brown planthopper resistance. Bphl and bph2 are 
closely linked and cannot be combined. Similarly Bph3
and bph4 are also linked. However, Bphl and Bph3, Bphl 
 and bph4, bph2 and Bph3and bph2 and bph4 segregate indepen,.!ently of each other and can be combined. Weenvisage that the varieties with two genes for resistance will have a longer
useful life (Khush, 1979).


Four known genes for brown planthopper 
resistance are also being transferred
to 
isogenic backgrounds by backcrossing. We are 
also looking for additional
genes for resistance. When 6 to 
8 isogenic 
lines with different resistance genes
become available, we plan 
to evaluate the feasibility of developing multiline
 
varieties.
 

For traits that are under 
 polygenic control such as resistance to stem borer,we are using a diallel selective mating system proposed by Jensen (1970).
method involves: i) crossing 
This
 

a number of moderately resistant parents in 
all
possible combinations; 
2) intercroa ing the F, populations in all the possible
combinations; 3) scre!_ning the douhle cross F1 progeny for resistance; and4) intercrossing the selected plants found to have better resistance than eitherof the parents. 
 lhe crossing, screening, selection, and recrossing will 
be continued until minor genes from different sources are accumulated. 

INHERITANCE OF RESISTANCE 

Information on the 
geneticb of resistance is useful in determining the
breeding method to be used, the size of segregating populations to be grown, andthe breeding strategy 
to be adopted. Only scanty information was available on
 



various diseases and insect s when the resistancethe gCVetics of resistrace to 
thien i fairly large amount of. informatiun

breedin; progr;,t was started. Since 
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VARIATION IN DISEASE AND INSECT ORGANISMS
 

Existence of races 
or strains of disease organisms and biotypes of insects
 
complicates breeding for resistance. 
 Race and biotype differences have been
 
detected for most of the important diseases and insects of rice. 
 Race variabil
ity of the blast fungus has been well reccr 
ed. As sur.narized by Ou (1972),
many races of the fungus are often present in each Lountry and the races differ 
from country to country. 

Strains of bacterial blight also differ from country to country and often
within the country. Three distinct -trains ire known to occur in Japan (Saka
guchi et al., 1968) and three in the Philippines (Mew and Vera Cruz, 1979).

Because of differences in strains, varieties that are resistant in one country
 
are often susceptible in another. 
 Th1,us, varieties with Xa4 are renistant to

the predominant strain bacterial
of blight in the PhiLlippines but are susceptible 
in Indonesia.
 

Extensive studies on the variation in tungro virus organism have not been

conducted but some varietics such as Gain Pai 15, which are highly resistant in
 
Indonesia and the Philippines. are susceptible in India, suggesting strain dif
ferences from country to 
country. Within India, variation in pathogenecity of
 
the tungro strains has been noted (Anjaneyulu and John, 1972).


Occurrence of grassy stunt has 
been recorded in Indonesia, Philippines,

Vietnam, Thailand, India, and Sri Lanka. Varieties and breeding lines having

a, for resistance from 0. 
 nivara are resistant in all of those countries. Thus, 
grassy stunt strains from different countries appear identical.
 

Two biotypes of brown planthuoper were present, one in the East and South
east Asia and the other in South Asia, befcre the introduction and iidescale

cultivation of brown planthopper-resistant varieties. 
 A new biotype appeared

in 1976 in the Philippines, Indonesia, and 
Vietnam -- probably influenced by
host resistaice. 'lis biotype has been designted as biotype 2 to distinguish

it from the original East and Southeast Asian biAype known as 
 biotype I (Khush,

1977b). Another brown planthopper biotype 
 is known only in th', laboratory.

Biotype variation in green leafhopper has been suspected for some time 
(Khush, 1977b). Rezaul Karim (1978) showed that varieties having G Gh,Clh.,
G1h3, and Glh5, which convey resistance to the Philippine biotypes of green
leafhopper, are 
susceptible in Bangladesh. That clearly shows the presence of
 
at least two biotypes.
 

The occurrence of gall midge biotypes has also been known for 
some time.
 
At least two biotypes are known in India. 
 Biotypes pre-ent in Thailand, India,
and Sri Lanka differ, as shown by the differential reaction of resistant varieties
 
in those countries. 

CAUSES OF RESISTANCE 

Knowledge of the exact mechanisms of resistance and the 
identification of
plant characters that impart resistance to 
a pest is of great value in breeding
 
programs for insect resistance. In rice some information is available on the causes of resistance 
to stem borers and planthoppers. There is reason to believe

that biochemical factors may determine the susceptibility or resistance of rice 
plant. A rice plant biochemical "oryzanone" (P-methyl acetophenone) was found 
to attract ovipositig moths of 
stem borer (C0lldo suppressalis), which laid more
 
eggs on a treated than on an ,intreated surface (Munakata aad Okamoto, 1967).

lhe odor of "oryzanone" also attracted 
the borer larvae.
 

Recent IRRI 
work showed that striped borer moths oviposited heavily on

surfaces treated with the odorous extract of the susceptible variety Rexoro, 
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BREEDING FOR HOST PLANT RESISTANCE TO STORED RICE INSECTS'
 

and C. N. Bollich
2 

Robert R. Cogburn 

Route 7, [ox 999, [eaumont, Texas 77706 

Three insect. species that can destroy whole-grain rice are troublesome in 
the rice weevil, *':':. ,.: (L.),the Southern United States. These are 

the lesser grain borer, :'f : : ,:.. (,.:.(F.), and the An(ournols 9rain moth, 
but the(Olivier) . The three species vary in their habits, 

in sirgle kernels of rice. Forireinature stages of all three develop internally 
a coimplete discLIssion of these and ether storage insects, the reader is referred 

to Cotton (1956). 
Of the three, the weevil is the least important in the southern U S. This 

on the front of the head and by four lighterinsect is characterized by the s reut 
colored spots on the wi ng cvers . The fe::;ale weevil bores a hole in a kernel, 

lays airegg at the bottorm of the hole and then tills tire cavity with a iiucous
new insect develops to tire adultIke substance that driec, into a hard plug. Tire 

stage inside the kernel , hillowrig the kernel out as it grows. The adults are 
eclosion.relatively long 1ive' and feed lor- a month or more after 

The lesser mnrai 1iiberrlso develops inside kernels but instead of being 
mass and, upon hatchi ng, tireimpl anted, the ergs are deposi ted loose in the gra inn 

larva bores into Tire ts voracious This species isa kernel . aduil are feeders. 

miprbrl e of infi ictirg extreme damage in rice and probably destroys more rice than 

any irther species; thus, the lesser grain borer is of considerable economic sig

ni ficance. 
The Angoorso is (rain 1oth also deposits egs outside the kernels , and the 

is not as destructive as thelarvae bore into individual grains. This species 
lesser grain orer because it infests only the surface layer of stored rough 

rice (to a depth of 30-40 cm) and does not penetrate deeply into the grain sass. 

However, it isat lerst as i sinificaint economically because it is so widespread, 

prol ific and visile. 
work directed toward the (development of resistant rice varieties 

a test, insect because it is airimportant
Most of tire 


has involved the Angoumois ,train moth as 
it.is perliaps the most efficientspecies , rel iable techniqies are available and 

seed penetrator of all the torage insects. 
The extent and type of damage of which these insects are capable was shown 

by Coghurn (1977a): Six coiinercial varieties differed in their susceptibility 

to daiase by rice weevils, lesser grain borers and Angoumois grain moths. The 

the other two species. Tirelesser grain
rice weevil infl icted less damage than 

the Argoumois grain mothborer caused more loss in weight of rough rice but 

caused more in mill ing yield,loss therefore, the finarciral loss that accrued 

species was equal . 'Vista' is uncommonly susceptiblefrom infestatio by tire two 
of its value Ifter three insect generations. Thus, insect 

and lost boot 201 
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damage to 
rice can vary from slight to probable total destruction, depending on
 
variety, storage time and species of insect.
 

Breese (1960) reported differential susceptibility among a few rice varieties
 
and stated that he found no infestation in grains that had intact husks. This

hull factor remains tileonly resistance base known for rice. In grains where there
 
is no interruption of the hull, 
the hull acts as a physical barrier to insect pene
tration regardless of the variety. This character may or may not be 
a viable
resistance base for use i,,a breeding program. Apparently, many things other than 
genetics can affect hull condition, e.g., weather, fertilization rate, plant dis
eases, and harvesting machinery.


Although the intact-hull character is the rnly resistance base that has been 
identified for stored rice, 
there is mounting evidence that other resistance bases 
exist. Cogburn (1974) exoerimented with six U.s. coumiiercial varieties that dif
fered in their percentage of perfect hulls. 
 The Angoumois grain moth frequently
deposits its eggs inside a grain with a broken or gaping hull. Of the eggs depos
ited on each variety, the percentage deposited inside glumes was directly propor
tional to the number of imperfect glumes availabl' However, preference by the

moth for the varieties as oviposition sites was not directly proportional to the
 
open glumes available. Although tile variety with the most open glumes (Calrose)
received the most eggs and the variety with the fewest open glumes (Dawn) received
 
the fewest eggs, the distribution of oviposition among the varieties between the
 
extremes was almost random. 

The intact-hull character is not 1007 effective. When Cogburn (1974) micro
scopically selected gr, ins of 'Belle Patna' that had 
intact hulls and infested
 
;amples with each of tile insects previously mentioned, rice weevils starved to 
death within 7 days and did not reproduce. Newly hatched larvae of the lesser

grain borer suffered 9V", mortality but newly hatched Angoumois grain moth larvae
suffered only 717_mortality. There were necessarily small samples of grain and in 
a large grain mass of this variety there are abundant infestable kerrels.
 

Russell and Cogburn (1977) tested about 800 varieties of rice from the USDA

World Collection for resistance to the Angoumois grain moth. Ten grams of each
 
variety were placed in 
a ventilated cage and equilibrated for two weeks at 607R.H. and 27°C. then 200 eggs were added to each cage and the number that hatched 
was determined so that we knew exactly huw many larvae entered each sample. The 
number of insects surviving to the adult stage was determined and the percentage 
survival was calculated.
 

Survival ranged from about 1.5" to 83 
 across the 800 varieties. Thirty to
 
40 survived in known susceptible commercial varieties. A graph was made in which 
percentage survival was 
plotted agdinst the number of varieties that fell into

each percentile (increments of 5 ). There wure two distinct peaks in the graphic

data, indication of bimodal resistance. One factor was undoubtedly the intact
hull charucter. The other remains unknown. Whatever it may be, it seems to
 
restrict kernel entry by the larvae because x-ray photographs revealed either

undamaqed, uninfested kernels or infested kernels where the larvae were developing
normally. There were no dead larvae in the undamaged kernels. There was an indi
cation of another resistance base, however. The moths that developed in resistant 
varieties, on the average, required longer 
to develop than did moths in intermedi
ate or very susceptible varieties. Unfortunately, these experiments were not
 
designed to fully explore the reason for delayed development.

After evaluation of the 800 varieties, Cogburn (1977b) obtained freshly grown

samples of I1 apparently resistant varieties and 
repeated the procedure with these
and six conmnon conmircial varieties. The results showed that for many of the World 
Collection lines, the absolute infestation level was not the same as it had been in 
the previous tests. However, the World Collection varieties tended toward theresistent end of the scale whereas the conmiercial varieties all tended toward the 
susceptible end of the scale. Since these data 
were collected from fresh samples

of rice grown at the same time and under the same conditions, the tendency of the
exotic World Collection varieties to remain less infestable than commercial varie
ties is regarded as strong evidence of genetic resistance.
 

After observing the favorable results of the experiment just discussed, the
 
question arose whether or not resistance would extend to species other than
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1-euirii red to rleveiop 
 fo the' st'r ' r r twi-.l '7 aind days.titi,-u it 5)
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(,, fIii 1,Ii , 'I it ti -', f t di f r Ii itweri varit e i's. Therefore, the procedureWO ' '"' tiI a titir'f ti' i ' t n r b rillrir- 'icr o1 a ' ;mlfr, variety, Ilahelle,c r"Cil irixedwI it t ill , f Yol'i iIth t I. ph oI.fIr 'r vri'ir'ri',t (?:( by i,,,riitf ). i it S tiest., a sep,J0 1Or di'lo the v%,,1,it'irti i ,; - lrr ,d ii !i if, m ti. Hitf It' iew nut sit.,liifi cant atth IevI o pI hr il ify ( ie 


AI tiowl thietf ire ' ,ov, 

(i h,./I si-ririti rrit aft aioul t 6 .)

,t'' ot'''l if', i ti is' r'- .riutef s, they dii sUggest
rr' is t nt bar;1 i rrr li dd iel ' t'hlr irfr1 'ity o f 
 th.- hit Il Is. lnfortunately, theintir 'Ind In or i o f Owt ', I t i 1 , lr ', r'tilr irit ,'i. . orie p oss ibil ities areifitr ito a I I 4iiifor li' ' rli c or ,i oifrii fred it; st, l ants and/or anitillieta
ha lii ll t l
In ,it h hr itII , i t he r f ract ior -, o f+ ht , It ' r ilmolt<, s"i,., fi r r'i( e ..]al'i ,tie'; in It .. ..were "highly rL is
tait" rare oar'i t il".'. No' t t fu i-i', varitv CI 1:?7'3, wh ict ori ina ted in
Ti it,,i, <intl Ila,, i ',rrhowr-, is tanci ll
i j it 1'i, 'IIrn ' I' tuxf'riments and to four

i; r' itf ili'ii Iss. i ?1,"ri'73/ i o i f fi rhl, alii ii ll1y resistant varieties tih t
hiiv btloil c'roh' rd itt ttud.7 fh' I t'lir i] if y if ti' i'fsi'taiIc'C to storaqe inrsects.
Inl 1979 , v<iirt ir CI 7i 
 d! PiiI Iil0"it ir t' is-r -it th Vms ti, all unircOirrionlysr i' itil (. rti i Ii Itr'r i e i I ili, tlh , pruqt) Lniv ii ri-i' studied thruoir the goner-
F 2
,1,ti oill. 1ihell 111ot01 tirvivil t (it10 to iias ' iltited ia iirst the rli til r of line
t "a" fIll II il 
 n I), percni t i tI t , rrviv,)i of Vis'tr rjprai-r'rd as a r'orral (tr llhaped) rurv nIi'fi!1'1tot' i 1) ti 35 . fi vii - 'i ty 160849 , 9' of the I it es fellin) tie 0-5 1d t:!, If r si' t'I o i' det, 'riit ,,-d by a si i Ii'e l ir of ietn+' , tiredata frm oti c er', P!'I lrt SXrOV ,t' ti, ';hotilij have exit i ti d a 3 :1 r i- iI, If 
INiiy qerw w i' iv lviid, it 'h ul i t iv' i xhi i ted a r IItI1ti itr v','. !if fact , datafr lIll ri i'lss S lt(I'I oi' l Yi cr iciI' a ('i towi d th -es i , , irt (nd of tlie scIale;hris, t fit<it r liih ' rirent i( coiveintion. Iit'ierestilrlv t,Owi 'l hic data fromttiei t I -, )/ '.V: 't i t s dlllost identi al . At the 1tt'ttrit , the rlleanill Cf 
this nluto'rOit 'O I t 1 i. y evidr'rt. Prel isiriary, data fronm current testinrjoi t Fi , 'ior- at io ll jlu',ti, Ie t hii the r i,tianr'ce is httri ta)le.


Inill a ttent to iritlisi fy 
res istance ill the crosses, 10t ieed, were takenrfit:l (Iicti plait '(til'iF I anl tti il gallinn jar''- Seeds ti oii the i ti -,' liarrll(tCI (1097, PI' I Cf1( ind 'ista) inld i r t-ito crosses w re llft selpari ta eachlo. wa duol i itt-i. ((ii10 1it 0if' cacti iwa; f''ozr(ir for I1 y t'"r . tie' o hteI- 10tL WdSlittfsted wi fr i 'it-11t i-lre ii irisect iniestifation for- olr- ye t'. Fachi l ' : cur rently bt( filrltirllll ii , hlI p1 aift.i iti llt. Wthen tr is ri-c is 'a rvested, the procedureii l beIx 'o.paftd . > ti1 fItri e tisIy, seeI ftouTI iaI;h tot will 1 be tested for resistance 
Thein ti1' i-( PiL I-e i-ill I.,e

to severa I ill vidll -'o'c its . peated for- sverIalsocces-sivi yer -. Iin tho'y, 'scepti l1e seed's, to itd be selected out leaviitnonly res istanit se''ds to he11 int,f.I Thus, 
, ,r,-rl ticcess rve gerieation shoUlld bettmore res .tauI t iaIt th on' it' tn-Il t -,I y pr ceoi jng. 

iention of a tradeI tar. rr rrlirori etarV lroduct does not consti tute a guarantee 
or warranty of tire produc t ty the U. S. Departmrent of Agi icul ture, and does not
imply its approval to the excl us ion of other products that may also be suitable. 



Variety Cl 12273 has been crossed both with the susceptible Vis'da and the 
moderately resistant Dawn. These crosses are under study but no data are currently 
available for reporting. 

Varieties of rice are known to perform differently in different geographical 
areas. Thus, varieties that appear resistant in our testing might be susceptible 
under different circumstances of production. Therefore, three replications of 36
 
selected varieties were grown at each of three widely separated locations in the 
Southern rice belt of the United States - Beaumont, Texas; Crowley, Louisiana;
and Stuttgart, Arkansas. Seed from each repl ication was tested fIr resistance to 
the Angoumois grain moth by using the methods previously described. Growing rice 
in different environments strongly affected their infestability. The di fferences 
in vi ital performance were significant at the I level of probability at. each 
location and combined for all locations. Highly susceptible varieties were quite
variat, e in their level of susceptibility, but resistant varieties were not. 
Variety CI 12273 was the most resistant at each location and in the combined data, 
was significantly different from all other varieties but two. 

Samples 	 from each geographic location are currently being tested against rice 
weevils and lesser grain borers. Preliminary data indicate that the rice weevil 
is inefficient at infesting any of the varieties. The lesser grain borer is 
damaging nost of them, but there is a wide range in the extent of damage and repro
duction. CI 12273 is among the most resistant to each species. 
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AB1 M1Acl 

Bilol g and etiologiu-. of major iniect- pests and diseases of 
sunflower ',elianthlus airmlus L. flax, (Lirium usitatissimum L.), rape
seed and irlistard (lrassica spp ) Juar [Cyam,sis Letrd-onoloba (L.) 
Taub.], an] safflower- -(CarthaIIuS t i lc torius L.) are briefly discussed. 
These are followed by cur,-rry e Xibirit is of rjerietics, resistance 
echanisiis, and breeding techniques for incorjiorating resistance into 

cultivars of oil ,eed crops. 

RSUilfEEOW1 

Ge11eral. Sunflower (Hel ilrithus spp . toisposi tae) originated in the 
Americas; 5 j species iii lo-th Awerica and 17 species in South America 
( He s 197(i) . Archaeological records indicate that North American 
Indians bejaii cultivatin; sunfflower as early as 3,000 BC in the states 
of Arizona and New Mexico (Putt 19718). Seeds from Indian cultivars were 
trelien frimi Nlew Mexico to Spain by early Spanish explorers about 1510 
(Putt 197 ). Sunflower, as arn ornaiiiental plant, quickly spread through
out urope, but its commercial production as an oilseed crop was only 
begun in the USSR in the period from 1830-1840 (PUtt 1978). bly the end 
of the 19th century sunflower (as a comercial crop) w.', being exported 
to W.estern Europe arid to lorth AMerica (PULL 1978). However, it was not 
until the early 196o's that conmiercial production of oilseed sunflower 
il. florth Allerica beqan expanding (Cobia and Ziimer 1978). Sunflower is 
now grown on every continent, and is the leading oilseed crop that is 
,r'own ifriarily for edible vegetable oil (Siiith 1979). (Although soy
bean production exceeds sunflower, it is primarily a protein crop). 
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Wild relatives of Cultivated plant species offer great potential as
 sources of germplasm for ag onocri c improvement and pest res istance in crops (Harlan 1976 Harrisind 1975). Probably no other major crop has a 
gre ater potential for 1iproverent via wild gerr;plasm than sunflower.Helianthus is an extremely diverse genus taxonomically as well as ecologi
caT1y,- an d is larqelv ;enetical l uexploi ted from the co,,i.ercial point
Of view. 

Heiser tt al. (1P6t) divided tihe 50 North American speci~s of
helinfihus into t a;ixore it .ections (Table 1). Annui, the section 
containinj thi (ultivted species H. ainruus L., includes 9 annual

specie" that arue directly cre)ss compatitile with cultivated 
annuus-types.
lhe 5je( Ie,, a re if. dr ojphyl u Torrey mid Gray, H. bolanderi A. Gray,
i. dqi lri ultil , .- exils A. Gray, H1. neolectus Heiser--1. ni',us

itO/- L rin-le , t. p : .... ..u lHeiser It-r ti olaris Nutta-I and H. 
praecox e ardCliG 'ay Heiser, t a]. 1969)-.- - lerennial, annuuscross coi pLtibie ,pecies of [)ivdr iCat* are I anoustifolius . , H.decapetalus L. h. ij anteus L. , h. hi rsutus  a10 - if. ma iiliani
5Jif"der, h . I,' id s Cass.) Desf., t_ -struiosus L. ar-d-H tuberosus L.('€,'hcliii 1 , rl-criaridler arid eard-1978) Several Helitn tl-u s-eciesthat ar not direLlyI osir compartible with arinuus imayhe rossed via a
hr idx sp tis ,1_,0%iolipaibiil i i i hItari arid niveus-. Helianthus niveus is,i h ;sret, frris all -3--sectionis-cf-North-iieri-cari 

ieliistrieSlus ( ) I I /:). tl'it~idi:ation attempts with annuus arid

Iralother pjie- oi Heli art hu, nave not 
 teen tried. The chromosome

rltUher', ( ;I a'ro I r ii intilius ,;icie , a0riot known (Heiser- et al 

T liUI ..ut r r1'ir Al' can l joiinthus speci or, that have been 
ro'('ssed with ai. ll a. 

No. species producingSection lu!;Iber __hybrids with annuus 
seris of species Artificial 
 Natural 

Annui 14 9 6 
Ciliares 
 6 
 0 
 0
 
Ciliares 
 3 
 0 
 0
 
Pumi i 3 0 0 

Divaricati 
 30 
 9 
 0
 
Anigustifoli 3 
 1 
 0 
Atrorubentes 
 5 
 0 
 0
 
Divaricati 
 9 
 5 
 0
 
Gigantei 
 8 
 3 
 0
 
Microcephal i 5 0 0 

Total 
 50 
 18 
 6
 

Adapted from Heiser et 
al. (1969), Chandler and Beard (1978),
 
and Whelan (1978).
 



ii. I 

Ahi Ie brecders arid pathoIo(Ii sts syIteciatical ly i ilcorporat. re

sistaice to mjor di eas es in sunflower Iybri d and vrieties ( ZiLmmn:er 
and ios !(M ), resistanc:e to insect pest, hw-' beer lar1ely ignored. 
ierc I reviwI lan/yof the mjor iccomcpl ient0e illhreeding for disease 
ci'' i it I, tt-, i ic i vit.edI (ilctilt inflowuv.
 

[Wiendjrl!j.'tclntd i'd 5Aflinwer bnendigiq I',O~ly"1l stress) 09 t1hasS
 
belectio , 'nod t" ' thod o '('nservs' (h is tovoi t. Gubir 1974),
cci ind 

illteri eciI it ll' tic i nit c(Iotip iiccuitity and Irisnokutskayaor, f (ils tovoit 
l'i/0), ittroedinq O i6, l 7i ) , etc., -sulted it. hiqc yieldinitg open pol
linated vi'eti ,. -ediul,tib/t t(?scleinod; r- oLltfd 'it a I atoteilit 
vlti i tiILic., iIq 'eed y ield alnd5eed oil co teitt tal hecotilin i ncreas i it 1y 
d i f it tl ,. Inct 'ic o (, hreede , beian tlt', hybri d I i eed i tq'ystitiL to gat? 

1111ii ,tIvItit pt oI II I'tc ,i,. Siice Ow itti ridle 19 0'1s, i.ieri cant 

tirc it it; oIll " ( i,,, ]iI ; t ito f- iF t' , oithvc out ) have.t v raI er ct rtiIt', 
,,t,, ",,l iw,m'porat ilq 9entti c Ilale
ed h~ret~dlw;~ tor I-Iert iIlehyhifkid 

CtcOnly,tIr i itv (GM,)) iltc ccYtolclacic rIal c ,tc'riity ((PIS). tlt, llani 
tIr' I i tvy U ];,A' hyhr'id ',uriflower product ion WilIi h di',CUssed to 

de ii I I tI , pa pcri.hi i y 

cclu 1934(ineti ilI t -t,t ir Ii tY ili f (ioWC ,'t,first 'i,ncovered i) 
I : lC'I)i) ,'AtOt(ail ( 1970) hca, identifited iOwi' tfc Bi) siurcms of 

Wi.b, ic,. t Of w,i iCh o by "i [IIII ric ,t emca ' iit. I iL 1liid a te ',ive (ts), 

( i cti i I hilI ,t eriIi ty it citf I ,t e st i - ftro cimf roIto ',ottcal alltal les 
thiet occuLtF duri fill I cc',i (PriIIt ic/;) . Touse the 6115sy tstemfor pro
ducilil mflwc r h iii it I,,rwcw,,c.t y to iintaicc the imlesterile 
lu ,i a 'I itic ii,, "oc'lition in tii femiale parent by ,ib-ipolliiatiolns 

c l ci-rile !%,.pclmii, with iti'ro.'yclou, tiale-fertile ics)'i-,t ( ' (Ms 

IthilltciIcc itlc ul iit it u;iet arele n (I 3/, ) mich I lries used 
'it hihrid , ' I- it(,t-lo ts ibe d betforel.'d pcoducticcic 'i plani t;l it'liOV 

IlL . i c I c cic't iit) hyi iI zatiic i Uitctiw 1.411l tdrent . Production of 
c ti' lli t fertiIli',' rid ', ihc II', ',',cc i pe i Ih(' I cLIct.l t cii of hybrid
 

' 

i]i Ih W icl y cn ii Jlc crtil lile a ' et c','l ,It- It til clit.
 

ii 's, o tic I ii, I ' i'c potitit ihi illIi linked
ii ,i 1t tio ilc(iLtc cid 


hm ri'otvpii ci1, ic',icl't i ' i tilte ('1St11,1 c cilt (cit d much ill llIl
puvier' ,ll(] I,,larie:, four ,01r11 jIr0dU(_fiO ()I'lId',..fiw l"V illstA''d 

' )) - ' i ty sfoiIIt II-: ( I i di c',Lovedi cyi ttio I ', itt i ale tttI i in wer
 
ricicc l Irl tr. citi iL ciii icVitlViiiclit . ari uitaitd Ii.petio1a i i.
w This 

,'cl tii 0 i CMi' i ' CU ritIy U Cd iitcr ed;liiit-)roiltit,1 at'und fheworId. 
WhI Iti (I 'c7,; I l ti CMS firioll oft Yi iTi d addictioicl cro sC II. 
IIuct w i tic i I.jij ctu ,t itd Ii.viaximiliani. Hence there is I good 

t c '', cil I oci have to sourcescc,, acci-)s cnet of
 
,I'.,. c1i, i II ii: t t te advancesct II ,unflower
IIIi,,,oI rIIi i wi ic re th 

Hc,t'yo c t,orI, t thcc I IIc', Cccii cacr d1(d Ic(aII 1 )7l). Cytopl si ic male 
,,U tt ticilct,i 'ed hi; le ,ilO cOf l )'I-otlieowo, coils iTItfie 
pi - ,ciotic t lq oI!1 i tuic ccl "icci C citicj i ilpo itle dft cie ieratioli' 
, illl tic l ic4i.1iko l (Icc; 


( "toilcc tIlic l I lI e l c developed id i'cticitained icy the
tii it iteriit, fc'V 

Ci I I i il( normal
cic(Ao',inq rli od. Polene 11 1 c' i I l Iic e ii th cytotiascim 

(t('CLIIc'iiL Icctillt) I; tIc'lc[I Ired I o t Irets oI it Itier I alit. (non
r4,Iciiin paccit *.t) hivi I 1(1cM1. T,,1- ifTIr, pro lj'y 'crie hackcrossed wi tIc 
te CiIu III. paiiiI lih ii l pro eny (tifter 1c- bickcrosses) will be 
identicut with the 1'tctcLir'ricc pcretuct in co0t Characteristics, eXcept that 
it will ne ciale-,terile iitntad of uale-ferti tle(Ficl 1078). 1ii order 
itcucc til IN's y; Iclilc ';ucliiueter a lenelc fertilityricc hb'rid development, 

i iM CO qo im'iccclcIltd/itc'',i t Iii.' i'lc'u t.icdilitO breedili lcO!i'tct; 
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Most sources of fertility restoration tnat are now used in sun
flower breeding programs originated from wild sunflower from Texas, USA 
(Kinman 1970). Tile development of fertility restorer lines requires 
incorporation and maintenance of dominant restorer genes in the male 
parent. This way he accowplished by crossing plants with dominant 
restorer genes to C.IS lines, witn subsequent selection of male fertile 
plants (Fick 1971'). Lines homozygous for fertility restoring - ., and 
With other desi ratle triaits May be isolated by continuous self-pollination 
wiJtlout additional testcrossing. 1he first coeirmercial hybrids produced 
by the Cfl.S genetic fortiliLy restoration systems were available to 
producers in 1972 (Fick197,1). Curretly, nearly all USA sunflower 
oilseed production uses hybrids that are prodUced by this system. 

lhe breedinq techique used to produce sunflower hybrids by tile CMS 
geneti c fertility restoration system is shown in Figure 1. The A Iine 
cortaiiiin9 homliozy(jots resessi lv fertility restorer genes and sterile 
cytoplasm, is nawint,inod b9 crossing it with the B (maintainer) line 

A line I line 

rr xRR 

S 
 5-

A line RIlie1 

Rr
 

Coiiercial Hybrid Seed 

FIG. l.--Cytoplasmic male sterility and genetic fertility astoration 
scheme for producing commercial hybrid sunflower seed. 
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Soviet plant breeders have developed sunflower lines that are 
immune to rust infection by :,nterspecific hybridization of annuus 
cultivars with II. tuberosus (Pustovoit 1966). Rust resistance research 
for North American sunfl-oier cultivars began in the middle 1950's (Putt
and Rojas 1955). by tie early 1960's, several sources of rust resist
ance had been identified and apparently came from a natural cross with 
wild anruus at Renner, Texas (Putt and Sackston 1057). It soon became
 
evident that many physiological races of Puccinia occur on sunflower
 
(Hoes and Putt 1962, Sackston 1962, and Culpf and Kinman 1965), with a
 
separate sirgle dominanit gene (R , It, R., etc.) controlling resistance 
to each race (Putt ard Sacks ton I963, and Putt 1964). [ue to the 
abundance of r'ace, Sac Iston (1962) proposed a 9ene-fin-cjieni re lationship 
hypoth ,;i for u.t resistance in sunflower sih:ii ar to the theory proposed
for' rust re- ist ce in fIlax (Flor 1956). 

Rust i!i k iov,,from 35 spLcies of wild Felianthus (Ziimer and loes 
l tii), i.i th sso',WCtihi I itY to tie races dIi tril -to the suli;pecies
level] (li ene'-'y id Sackston 172). However, wile lieli athus species
celltain I liultiplicity f resi st11anice to 'ust aVailable--for incorporation 
into aillrlu' cult ivai' Zi iiiier and Rihder 19/6). For example, cultivated 
arruus. . -37-3,', tii univers.al suspe'-t, is immune to attack by races
 
0of rust tlrOil 1i tos' esserratus Martens, . Laxiilli liani Schrader, IF.
 
it Lta 11 i To irey and - r ---1 i-r -pidiuj,, aiid II tu---beirosus Zi1i1L!r aIIif
 
14eider 19 /.
 

Sii t Ii] is tr r. s, caused iy tie oh] i gate fusls AIbu~jo tragopogi
elers .) Sci rot. has beeii reported f roml South arid IloirtlI Aiieri ca,


AUS LIa'd ., WIlR, ird severa 1 other coLurtries (Zimlmer and loes 1978).

Ibis is one of the most important diseases iii several South 
Aiierican
 
courtries (Zimmiier and les 1978). Syiriptoms coisist of raised yellow

spots oin the lower leaf surfaces thlat rupture ani aepear as blisters on
 
Sasses of Curliiia are expelled and become airborne 
 (Zimmer and Foes
 
19u) Itere is rui tori trol tl r thiiS disease il sUll fl ower, but resist
,trice is ot i
kI wnit in p)1alt ,pecies (7illinor arild Fle; 197M ).


Althlii il ii]OfsI 00 eciionouiic thireats, suLnflower iiiosaics,

cirgspofs, aid elIowlIr i sir'uses hiove been reported from 
 Africa (Wiitshire
1955), As a (battui arid Phaltak 1965), Europe (Russell et al. 1975), and 
North arid Plluth America (Orellan and Quacquarelli 1968, and Sackston 
1957). Aster yellenws incited iy a iiycoplasrii, is the only common "virts 
like" disease of surfrlower ii Nortih Ameaorica (Zitimor and loes 1978).
this comlplex of di:,eases is usually associated with aphid or leafhopper
 
vectors (Kunikel 19,O arid 1raversi 1949). Resistance to astor yellows
 
appears to be due to a 
 singjle domiinant gene (Putt and Sackstion 19C9).
 
The fact that rusistatoce irs dounnrant should facilitate 
 selective breed
inq( fol" rosis tant IrI hjylrid,;. 

Tie causative a(gent for the highly iiior-tant vertficilliuin wilt of
 
ui fl ear is a runit ]ierfecti, Verl.i lii L lati 1lae 
 Klebatin (Zillilller

arid Foes 1978). lhis disease is soil -borne aind has no Known sexual 
stage (Zirsill!,r atd Fick 19741), and orgallislls reproduce new variants 
asexually (Zimier- aid oes 1978). Tthis pathogen attaic's cultivated 
sun flower ii severdl counitries, occurrinl prii;arily Oi sandy soils. The 
la rge-seeded, confectiornary (non-ol seed) types of S li floiwer are especially
susceptible to attack b.y V. niahirae (Zlimier arid Fick 1974). 

http:univers.al
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Breeding for resistance is the ,lost effective means of control for 
Verticillium wilt (Ziilier and Hoes 1978). Putt first reported evidence 
of resistance to V. dhliae in cultivated H. annuus in 1958, and later 
showed that resistaunce-isdue to the sinqle- domi.nlit V qene (Putt, 
1964). Fick and Zimmer (1961 found that one qene conditioned resistance 
in 'HA 89', iA 124', and P-21 VR id that th is jene imayi, be different
 

i the V (jene. Pot U.. hybrid, produced by the cytopla ,llicrale
,te riI i ty it]d ferJ l ity restoration ,y c,tc;;have wilt re'
( istance derived 
from resis tant. HA ';9 or, related iribro'd, (Ziillllle' aiid i A V974). F s tovoit 

,old Ghoin (1974) repor'tcd that in the UY',R, -eveoral w, ieri l hav wi ilt 
rL I;tan e(e th ,r1Up fllllll ify I 

y t.ellof bi t icploduced t-, 5th ci 
hybridizdL iOl technique. Hoi, t al. (1973) foundr'] rIV ,t Ill: to V. 
danliae in i]lI , ecic of 'i,h osli ,thu5 speCie 1,tes(d.
 

Thie cau, ati ve vien1t for d ,lliy I ldl,, (a furj1 l dis,eai) II rifnlower 
is Pl Hiropara hal tedi i (Far .) Be rl . and de loni (I'le'rlospor es : 
PhycO1I-y-CetI') i ttr VHll rca aird P. lie]iarW1 i N oVeL. ill Europe ( limI:e 
and liueS 1978). Thleepidel iology of th-e d'isease encoll.a5r'u', two primairy 
mud''s oh infectLion, By thi fir'st Iletnod, verw:intered oospores int the 
soi I Iroduce 'oo,.[orani a whih give rise to Di flajel late zoO.pores. 
Tie 11o11I 'rO) l s ' -itttac : sub 

t 
erI'ailleall ['dits of the plants ( lier and 

Ho's 19 78). If seedlings arc in fected, "dampirrg off" ila' occ1ur, Or 
plailt'. illt1,1 IS tli Ult, l ;i produce terile heads. SystelitiC infectiOnS 
of scedlinq,, May 1;o r 'e'Ult in thi( prodouctioll Of irrfected, seeds, by 
which the diseae hai prolib]a y spread to il t1m! eeit' Ilirt-;of the 
world except Alu tral ia ( i iinr ari H1' 1 /1 ). A ,ecoI moe0 of infection 

0 Iirvolw001 wirldblo.-n ,'o0 11(or11 i l IIecoin11q at.t'itlhud to folilaile wimh sub
,00quentIroduction of ml '' , , ( alld toes
'e <'lyl1ptorlioloqyirllmler 1 

l)owlllyti Id11w ia .lsed eri( )u I lt t1 to 80 inI(1 LI1111 o cultivated 

sul it I ower , primariI Y duri 1 le 11r i o, ra atlerprol oil f ped of cool , i ny we 
follovaill pl ntil ( ilm l I ol d -ic:. 19/)11 CrIl rotat 1ionis a cololInIOi 
liaiOn leilttechniquIpe (zill' and Fi1 1974 ; ,1wVec, oVei\,interedcr .) 


l ,

lJ)lTlOIr'. i ay miai vil inl t .o1il for i 1lng or, 14 ye .'; (Zillrler01.11,, i 

arndfloe' 197 ). Feitce, the dlflvlopi rlt Of Iti, tdllt varietil'c amid 
hyolrid' offler 'lil Ierltlelt. 11oLeritialfor effective, 1',tinq colntrol 
(Zillillie~r anld Htoe'', 18l) . 

Ti re I e at lea , 1 1.o If oortihF il' Til, a1 Anericanr race 
oiilt] race. to l dewti~is conltrolled 4xi~ ilr'opeanl Po-,Aarll.ce dotwnill by 

gensrw P P 1 N ' I La ( 'h istance to[1 ,1 Llecolldi tio fIre, tile
 
Lro11 all race,';ut llny je[i I rId IP condition resi tance to tile
 

1 1 . 

oI 4 

lore virIllent Nlorth Ai~ericall t ace (Z1irie0 and Hoes 19/1)8 Resiistance 
am1or111[ortlh AlmlricOin hybrids i controlled fy inyle 0lo'iriont gene., in 
(e of til larelItal lines (zi1ler 1972, 1974, Zimlllller anidZimm!e10r and 
Ki n1al 1972). Whereas re-,is,tance ilnLuropear an1d Rl lli in lines was 
obtained by inters-jeci fic crosse's between alrluus cul ti v ars and11II. 
tuberos us (Vear 1974), The exact naIur e of---'ersistance ' it 1l101.is o. 

lowever, it is thought tLhatresisitance noy he due to ei tler llhys; i0
logical or iiorphological barriers restrictioq irvadinq furigi to cotyledonary 
sheaths, or to lack of effective moosporarlgia emncyStIIrIt lbefore penetration 
occurs (.i/rmer and icfes 1978, Wehitie and Zi1111r 1978). 

http:Po-,Aarll.ce


36 

Rhizopus head rot in sunflower is inci ted by wind-borne spores of
 
3 species of Rhizopus (Mcorales : Pfyomycetes) fungi: (1 R. arrhizus
 
Fischer is a causative pathogen in Israel (Arnan et al. 19uT, and in

the USSR (Ivanchenko 1-76); (2)R.stolonifer (Egr. ex Fr ) Vuill.
 
i ricans Ehrenb. causes head rot in the USSR (Ivanchenko 1976), and
 
s 
is ound indiseased heads inTexas, USA (Yang, unpublished data);


and (3)R.oyae Went et Prinsen-Geerligs incites the diseases in
 
India (S-ngh arWTPrasad 1977), and isthe primary pathogen inthe USA

(Klisiewicz and Beard 1976, and Rogers et al. 1978b). The disease is
 
more pronounced during humid weather, and is predisposed by mechanical
 
injury to tire capitulum (Zimmer and Hoes 1978). Factors that predispose

sunflower to Rhizopus head rot include (Arnon et al. hailbirds 19/0),
(Zimmer and 1978), poor control ofHloes and the sunflower moth lomoeosoma
 
elec'ellum (Hulst), (Rogers et al. 1972b).


Infection of sunflower by Rhizopus spores results a
in systemic re
sponse by the plant that significantly reduces seed yield and oil
 
content, and free acids which in the
increases fatty results production

of rancid oil (Thompson et al. 1979). lN commercii,1ly available varieties
 
or hybrids of Eunflower are resistant to infection by Rhizopus spores.


The causative agent for charcoal rot of sunflower is-t:riown as 
Sclerotium bataticol Taubeibaus in the asexual stage, and lacrophominaas 

phaseolira (T ssi lG. Goid. phaseoli 
 (Ilaubl.) Ashby in the perithecialor sexual stage. Charcoal rot so-c-alled because infection causes the

basal stalk to become a gray to black color) is a winespread disease of
 
sunflower but more prominent in warn, se;liarid areas, 
 where moisture and 
hee t stress predispose Ilants to infection (Zimler and loes 1978, and
Tikoev et al. 1976). In the southern Plains, of the USA, if.appears
that infestation by larvae of the stem weevil, Cylindrocopturlis ad-persus
(Le Conte), luay ,,:iispose sunflower to charcoal -et-(personuI (Ibervatns).

The pathogen for charcoal rot is seed-boroe, with inifection occurrinri 
through root-hairs. Affected ,tes s ubsequently lecome largely hollow 
and rotted, inducing premature ripeilung responsible for reduction in 
seed yield dnd quality (Zi riio and Ioes 1978, and Tikhollrov et al. 1976).
Although breeding programs have not stressed resistance to charcoal rot, 
Orellana (1970) reported that there is wide lierlotypic variability for 
the disease in sunfloier. Orella a (1970) furtler stated that resistdrice 
appeared to be a dominant characteristic. 

Phoma black stem of sunflower is characterized by shiny-black
lesions oil the heads, leaves, and stems (Zilmer and Hoes 1978). Phoma 
black stem is favored by i -curring pe:-iods of precipitation (Zimier and 
Fick 1974), and the spreading of spores i:,believed to occur by splashing
water (Cobia and Ziriiier 1978). Infections may kil young plants and 
stunt, weaken, and redice head size i- older plants (Zimmer anrl Hoes 
1978). The causal organism for phoma black steri is Phoma oleracea Sacc. 
var. hel ianthi-tuberosi Sacc. The perithecial or sexual stage lies been 
described-as--ejitosjierie liridristii Frezzi in Arientina (Zimmer and 
loes 1978). 

None of the cultivated anirruus-tyne sunflowers are resistanti to 
dhoma black stem. However, i greeniquse trials where several varieties 
of i. annuus arid i. etjla ris were fully susceptible to Phoma, H. 
tuberosus, H. grosseserratus, H1.riglidus , a I. trumosus were resiseant (Zimer ar:d Fic 1974) Fle nature of , isistance was not 
reported. 
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insects. Insects associated with sunclower numbers well into the 
100's-6-f species (Walker 1936, Beckhamr and Tippins 1972, Phillips et al. 
1973, and kajamohl,n 1976). fortunately, the majority of species associated 
with sirfilower are eithr of fli' economir iportafire, or are beneficial 
(Robertson 192'). Oly a few insect species are economically important 
as pert to cultivited sunflower (Schulz 1978). Although host resistance 
has played a ia io felt. ill the management of disease;s in sunflower 
(Zimmer arid Hoe, I /31), 'herehas been little emphasis )it resistance as 
tminagoeMent tactic (for i.ecc t . Ho0,t iesis tance offers an unlimited 
potential ill eIconosmiC l (i pest mninarje:rent in cul'. ated sunflower.
 

hloNcuosmUi seie (Lepi Joptera : Pyrt iidae) are serious pests of
 
cal ti vated-sunfoioun four continnuits liin ueosoma ehtilel la (Hubner)
 

II. nehiulul luri Scni if) atta's sunflower-in urope, LuisJa , anid !ran
 
(Pust.ovci-t 1966 and IloradeIaqhi 1974). Sun lower in South Aerica is
 
daiaged by i. ihinrichi Past- cia ('R,,:Zo '970). In lexico, the United
 
Shates ad Caidda , ih. electellum (Ilul t) is a riajor pst nearly every
whier the ctop is iro'n (Or-eta-qon and Pobles 1975, Teotes arid Randolph 
1971, and Ar to r, l), ce biulojy ad life cycle are siriilar for the 
tire specie (if 0

Hoi ouo01, . 
Feina'. of H. elecl 1telurnlay up to i00 eqos among florets or; the 

c'ii'tuuli, a they fetd om- i: tlar (Rnridolph ct il . 1972). After ain 
iicIthdfionI of ;z to /2 hour:,, fir' t-intar lirv e hatch arid feed on 
po IIun for iW /1 (Pioers ,). rostar feed.. Y' " acrJ-i larvae mostly 

' 1l r1odl ,trU(fLWr- fir 2 to 3 iryiY before molting into the third
'',,tir " .a(I. I I -i d-i , ar !.rvae begjin burro,iinl 1 to developing seeds 
,old tfIe p iry CdaI, IturM, arid prrt cfed larvae become earily irrtrune to 
. intx l )y i'ii ec icice'.:. A lar ,a iiray de troy up to c . 25 seeds by 
tire.t feidinir i'ur_,, rod up to ci. 100 seeds ir dire-tly by damraging 
floral structire', cii r f' ili,ition of plant ovariet (FRogers 1978). 

i o c( l 1, of i. , , .te]lur -- aue ilo pc edis ose injured iaiitula 
if r'eccndail , in i r, Iy fi? i pores (Roger,, et A . 19781)). 
( i id inj ii byh i rvae Ind th a s oc ifed bead rot iray dii hilateor 
fields of ciii imt -i' ri'i iipoi et, al. 197 J). 

, i Lancet ' of sitiliiero ariuties to the Lop eall stMiflo, er moth 
(if. rrebul I I ) a. ohtairled cit . 31 yeair! ago in the U SR by inter
'her fitC hyt, 'idizati On, of ilrli ! cultivars with i . tuberosu'. var'. 

ryuie)'l 1d,i ,rcferei (Y', t.-vni-t 1966). 1conoiiic savings tire Soviet 
senflO'e' ufdjtry during the liast 30 years due to this resistance has 
amoune Letto oer 3i0 [ii IIi on rubl es (ca. 4 

80 ii 11 ion (Shap iro 1975). 
The rt, ,stoie recharism iviro protectriro agaist ii. ietolella is a 
phytoiri fanin , (,-irioni' r '), r in wre wiall of sunflower acireires. Tins layer 
iarden ..,th ,ed iaturity (Puti 1944), arid prevents seed penetration by 
S.:rv a of Ht. ntbit, 11a. PIta t (1948 ) reor ed that the presence of the 
phy Lo i la i 1 ladye/r -- intLrol led by a silnge domi art gene. Hiowever, 
Jofison adi Bieard Nt i7) stft . that the presence or aLsence of tire 
riytorneluiin 1,nyer appears to he controlled by dominant alleles (Pril 

;sIn) located it a ,injle locus. This layer was reported bry Pustovoi t 
and Kra' olutskaya (1976) to be present ii the achene wall of all wild 
'iolianthus ' pecies, ard .,as teer incorporated into most USSR varieties. 

l - ori t i Anerican su n Iflower inoti , II. e 1ectel 1l ii, app)ears to be 
ro virulieif toard c ultivated sunflower thanH. netulella, ard American 

sunflower breeder's have largely discounted tie importance of the phytomelanin 
layer as ai effective resistance mechanism. levertheless, there is 
strong evidence that the phytomeanin layer might give some protection 
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against H. electellum if more were known about it. 
Kinman (1966) and
 
Teetes et al.T-7--reported apparent genetically controlled differences
 
in susceptibility to damage by H. electellum in breeding lines. 
 Nota'ble
 
was the apparent resistance of hybrid T-56002, developed frcm male
 
parents HA 6, HA 7, HA 42, and HA 43, and of progeny from crosses of
 
breeding lines with !l.petiolaris (W 47 and W 140).

Recent research in California has p:esented more definitive evidence 
of the potential of the armored layer in affording sunflower hybrids
with at least some protection against H. electellum. Carlson and Witt 
(1974) reported that lines H 2131 and H 2135 possessi ng the armored 
layer suffered 97 less seed damage in 1972, and 98.6!' less damage in 
1973, than lines not having the armored characteristic in the achene. 
Also, 71 fewer adults emerged from the seed of these lines. In labora
tory feeding studies, Johnson and Beard (1977), showed significant
reduction 
in larval penetration of seed with the armored characteristic,
 
ccm';,ared with injury to seed without the armored layer (Fig. 2).
However, the armored layer did not give complete protection to the seed 
since young larvae were able to penetrate immature sr d (1-3 days after 
fertilization) before the armored layer developed. And large larvae 
were able to penetrate nearly immature seed with the armored characteristic 
(Johnson arid Beard 1977). Results from these studies showed that seed 
without the armored characteristic, but which were from lines segregating
for, the characteristic, a-so experienced less damage than seed from 
lines riot having the characteristic. These results indicated that a 
chemical mechanism may have been active against larvae. Because young
larvae feed mostly on pollen and floral structures for a few days before 
penetrating ,eed Rogers 1978), a chemical mechanism against young
larvae would probably be the most efficient mechanism for protecting
sunflower hybrids against economic damage by H. electellum. 

Diterpenoid acids have a general toxicity to iiiany species of insects 
(Elliger et 1976), of which have beenal. several isolated from Helianthus 
sf ies (Table 2). Trachyloban-19-oic acid and (-)-kaur-16-en-19 oic
 
acid, extracted from floretes of apparently resistant sunflower lines,
retarded growth of H. electellum larvae by 50 to 70',,when incorporated

in an artificial diet at concentration (Waiss et al. 1977). Elliger
 
et al (1976) reported that diterpenoid acids from H. annuus at a 12
 
concentition also retarded growth of Heliothis viresc ri-(-Fabricius)
 
(tobacco budwor) by 56 , Heliothis ze-h-Boddie)7bIiolwrm) by 992, and 
Pectino)hora (ossypiella (S unde-rT()-Fink bolworin) by 99'. In my
laboratory, floral 
extracts of h. occidentalis ssp. plantagineus, H.
 
debilis ssp. debilis, H. ciliaris DC, and I. tuberosus at concentrations
 
---6T747 to 2 anartific--aT-i--et significantly increased the time
3n 

required for larval development, and significantly decreased pupal

weights of surviving larvae, compared with larvae developing in a standard
 
diet free from the extracts (unpublished data). Extracts from florets
 
of the above Ihelianthus species were high in the ozic acids, ciliaric
 
aco arid(-)- angeloylgrandifloric acids. Several other biologically

active compounds that have been identified from Helianthus species, but
 
which have not been bioassayed for activity against H. electellum,
include: Heliangine froi H. tuberosus (Morimoto et aT-. T96);-ciliarin
from H. ciliaris (Ortega et al. 1970j; chlorogenic acids from H. annuus
(Koeppe e-t l7 1970); triterpenes from II. annuus (Struby et al- 172-
hymenoxin from H . angustifolius (Waddel 1973)-; and sesqiuterpene lactones 
from H. pumilus L.-herz and-DGroote 1977). 
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1st & 2nd-instar larvae
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610--3rd & 4th-instar larvae
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1-3 5-7 9-1 1, 13-15 40 
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FIG. 2.--Percent reduced damage to sunflower seeds with the phytomelanin
 
layer by larvae of Ii.electellum in laboratory feedin, studies (Adopted
 
froi Johnon and Beard 1-917. 

Several species of aphids (Homoptera : Aphididae) arid leafhopoers 
(llomopitera : Cicadellidae) attack sunflower (Rogers et al. 1978a, and 
Kunkel 1926). These insects feed by sucking plant juices from their 
hosts, and damage crops both directly by their feeding and indirectly by 
transmitting viral diseases (Gibson and Plumb 1977). Aphids and leafhoppers
 
are not considered to be serious pests of cultivated sunflower in Nrrth 
America. However, they often cause extensive damage to sunflowev ir. 
other major sunflower producing areas of the world (Camprag 1976, Russell 
et al. 1975, Sutie 1960, aiid Traversi 1949). 

The use of host resistance for reducing losses in sunflower due to 
aphids and leafhoppers has a great potential. Pustovoit (1966) reported 
resistance to Brachycaudus helichrysi (Kaltenbach) in II. resinosus 
Small ( tomentosuslichaix, H. mollis Lai., and H. strusosus = macrophyllus
Willd). Apparent resistance against Amrasca biguttu-la"-sda) and 

Empoasca sp. among sunflower varieties in irdia was reported by Brar
 
aridSandhu (1974). A high degree of resistance zo Kasonaphis masoni
 
(Knowlton) exists in at least 9 species of Helianthus, with a moderate
 
resistance in at least 10 additional species (Table 3). Resistance to
 
Em oasca abruJtta DeLong (western potato leafhopper) has been observed in
 
7 species of lelianthus (unpublished data). The high mortality that
 
occurred during evaluations indicate that antibiosis is a prime resis
tance mechurnism. 



Table 2.--
Diterpenoid acids identified from Hc!ia.,thus species.
 

Acid Species 

(-)-cis-ozic occidentalis ssp. plantagineus 

(-)-trans-ozic , 

ciliaric ciliaris 

niveus ssp. canescens 

grandifloric annuus 

debilis ssp. debilis
 

niveus ssp. canescens 


(-)-angeloylgrandIfloric 
 debilis ssp. debilis 


(-)-kaur-16-en-19-oic 
 annuus 


ciliaris 


occidentalis 


niveus ssp. canescens 


trachyloban-19-oic 
 annuus 


15--hyriroxytrachyloban-19-oic 
 annuus 


Source
 

Stiparuvic et al. 
 (1979)
 

Bjeldaries & Geissman (1972)
 

Ohno and :Iabry (1975)
 

Ohno et al. (1979)
 

Ohno and Mabry (1979)
 

Ohno et al. (1979)
 

St. Pyrek (1970)
 

Ohno et al. (1979)
 

Ohno et al. 
 (1979)
 

Ohno and Mabry (1979)
 

St. Py,-ek (1970)
 

Ohno et a-. (19Y9)
 



371 

The sunflower beetle, ZygjogcrLma exclamationis (Fabricius) (Coleop
tera : Chrysomelitae), defoliates cultivated sunflower both as a larva
 
and as an adult. Although the sunflower beetle has not been an economi 
cally i, iortant peit to sunf1Iw,,r in the southern Plains of the USA
 
(Rogers 1077), it ha cau.ad significant yield losses in the northern
 
Plains st it'', cinto ii southr'' n Cimad i' .j,1 Ili7Hi. and Westdal 1975).
 

A hi- degree ot re,istarmce to the sunfloirer heemL', larva was 
observed i, o.d'puci', of HolianahruI s (Table 3). A msajor resistance 
'echanism dIoilaiq ti't, slp ciet2 -)pi-'a " to he antios,, as rdicated bv 
a hiig h or talit'y alioirirj ft a't a-ir am 1tlarvae (Rogers and Thoi i i9/bi ). 
Adult" foedi'lo n et of the i teliu thus ";,Cie,, had a siji .antly 
reduced lunvity and failed to ovipoit. Atixeomiiis (non-preference) 

aq a to he n iu)irttamLt eescltaii hi ill secaiitajainst larvae of 
Lexlaiiati ri mi~w'i atne uhitscemi' 'lie cie, of Heli aitlus, e.g., 

neOll , aajoiphyllu , aid ItrtorlibeT L. t' eiceice tin these species 
appear t.o t 'rlnt i effict oi [lob it ty of tie larvae (FickiaVtI' d a, 

1978). Ihie ienetics I i crian imparting reitance to Z. exclamationis
 
al1111j1 derr~e ly oohie',c-l1t ";)et Je%lw ( it l ',jS)eCi LS ha', not heen 

del incat ed. 
T 

he carrot. ieutlu:, 1 itiy ula. (11 Gi er) (Coleoptera : Scarabaeidae), 
haas Caused e'tins lii ,,a ta nal I iattie, of sunfloaer in several 
area, ill ',uthern aItituoev of ti lift (Itttr'all et il. 1973, and Rogers 
1I)74,,. 'JnfloWWi i , (dan ta d by tHie cI'a')l ete tle a. a result of adult

trunima of r ant lil dult. i a nocturnal flyer ,ind burrows into tile 
soil around pla tet wider tt, cover ef darkness (Rogers 1974a). Its 
presence il t, ,r a v Io uriaot iced u ti 1 'I'jddeawil ti ra i d death of 
plants occur. y' u, j tihues a rvae atre detri tus feeders and are ant 
found in cultivwaed I ie i- .-- 'ie camrrot beetle is polyphiagous , and oe 
of it(, pieferied riat ml osIts in Iexas is If. petliolais. s.,p. aetiol:iris 
Nuttal (Rogers 1974a). 

.atbo. atory J',ld'e' havo s'hort that 13 speCies of Htlianthlis are 
highly resis't i!, and i peta' r' ierat ly re,,istant to-ro-t funit ing b, 
1). tibo it aUdil t, (1 alil 3). The major risistance tiect.-inisi appears to 
be Irit Itbuista. at&,i leajmurtality if test insects often occurred 
(aIpublished data). Diterpenoid acids are strong suspects as antibiotic 
aglcats against b. ijabl ..;us kStipanovic et al. 1979). 

Sevral other icellaneols 'pecies of insect pests from around the 
world cause econonitc lise in sunflower, from the pregera;ination of 
seed throuM seed ,to'aqe halus of productlio (Croadley, 1978, Deklhtiarev 
1929, Paul an 1974, Rajairohan . al. 1974, and Rogers et al. 1979). 
Detailed studies oar the role of foist resistance in managing these pests 
,ire lacing, Hiowever, preliminary evidence irdicates that host resistance 
has great potential in the managevient of many of these species (Sclmlz 
1978 and Fick 1978). My observations indicate It streng inverse relationship 
between atiocyanin piamuntction in vegetative tis,, tas of sunfl ower and 
the plants' susceptibility to attack by some insect'.. Resistance due to 
anthocyanin seems to be expaessed as antixetrosis (logan and Ortman 
1970), since larvae of tile panted lady butterfly, ynjthia cardui (!.) 
(Lepidoptera : Iyrrphalidae), avoid purple-pigmented plants if nonpig
manted plants are available (Fig. 3). The anthocyanin characteristic 
could easily be transferred into desirable hybrids because its inheritance 
in foliage is controlled by a single dolminant gene (T) (Fic, 1978). 
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Table 3.--Relative resistance- / of Helianthus species to three species of
 
insects in the laboratory. (After Rogers and Thompson 1978a, b, c, and
 
unpublished data).
 

Helianthus 
species 


agrestis 

angustifolius 
annuus 


arizonensis 

atrorubens 

boan&er--


carnosus 
 ~T~+++ 
debilis ssp. debilis 

d ssp. si v-Nstris 
deserticola
 
exilis 
floridanus 
gi ganteus 
grosseserratus 
heterophyllus 
x laetiflorus 
ionifolius 
maximiliani 
moT1is 
nel.eT6ctus 
niveus ssp. canescens 
niveus ssp. tephrodes 
nuttallii ssp. nuttallii 
c talis ssp. pt-agineus 

paradoxus 

etio aris ssp. fallax 

petlo aris ssp. petiolaris 
porteri (= Viguieria) 
praecox ssp. hirtus 

praecox ssp. runyonii 

radula 

sai-cifolius 

simulans 

tuerosus 

Hybrid 896 


Bothynus 

9ibbosus 


-AduT 

+ 
0 

... 

++r+ls 

+++ 
+++ 


+ 
++
+++ 

++ 


0 
-

+++ 
...
 
++ 


+++ 
++ 

+++ 

++ 

++ 


++4 

+++ 


0 
+++ 

++ 
++ 


+++ 
+ 


+4 

0 


Insect species
 

Masondphis Zygogramma 
masoni exclamationis 

(Nymuphs-Tdlts) -- (Larvae) 

0 +++ 
... +1+ 
0 0
 
0 +++
 
++ +++
 

...
 
++ ...
 
... ...
 

+ 

0
 
0
 

+++ 
++ +. 
0 
++ ... 

+++ +++
 

++ +++
 
++ ++ 
0 
0 ... 

++ 
.. ...
 
... ...
 

+ 
0
 

+ 
++
 
0 ++
 
-

+i-..
 
++ ...
 
++ ...
 

+++ 

0 0
 

1/ +++ = Very resistant; ++ = moderately resistant; + slightly resis
tant; 0 = not significantly different from Hybrid 896; - = 
more susceptible than Hybrid 896.
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FIG. 3.--Wild outcross with i icyanin pignentation among hybrid

sunflower plants tnat were 
 .e Hated by C. cardui larvae.
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FLAX
 

General. Flax, Linum usitatissimum L., is cultivated tor its oil
 
(Linseed-oTl) that has several industrial uses. However, most of the
 
oil from flax seed goes into paints and varnishes (Kenaschuk 1975).
 
Flax seed produces a higher quality oil when grown in a cool climate
 
than when grown in wair climates. There are about 00 species of Linum,

and there has been limited success in crossing conrion varieties with
 
wild species to obtain fertile hybrids (Kenaschuk 1975).


Breedjpg. The main objective in flax breeding has been to :sprove
eIAng a 1 ity so that the crop cun compete economically with other 

crops. In accomplishing this primary objective, disease resistance must 
be an important aspecc of flax breeding programs. Wilt and rust are
 
best controlled in flox by breeding for resistance (Kenaschuk 1975).


The Pedigree Method has bLen widely ued in flax breeding. use
Its 

requires the keeping of detailed records By this niTthod, two parents

possessing the desired characteristics to be combined into a new variety
 
are crossed. F 1 progeny are grown in the greenhouse. F or later 
generation plants are grown in wilt-infected soil for selection for wilt 
resistance (Kenaschuk 1975). F and F e~nerations artegrown in space
planted rows 
where selection foo desirible agronomic traits is made. At 
this point, selecced lines are tested for rust resistance. Most Fr 
families should be homozygous for most characteristics, and breedi~lg
emphasis shifts to the selection of families. 
 All except one member of
 
closely related families are eliminated. F and F7 generations are
 
further evaluated in yiela trials, 3nd are in
rown a wilt nursery to
 
confirm resistance to wilt (Kenaschuk 1975).


A Modified Pedigree Method for breeding flax is now commonly used.
 
This method involves advancing generations from hybrid populations by

single seed descent. h. F (or before) and succeeding generations only
 
one seed from each plant ip used to grow the next generation. When
 
homozygosity is reached, each progeny is maintained in bulk (Kenaschuk
 
1975).
 

The Backcruss Method of breeding is used to incorporatt rust resis
tance genes into susceptible flax varieties. The recurrent parent (A)

containing desirable agronomic characteristics but susceptible to r'Ast 
is crossed with a donor parent (B) having a dominant gene for rust 2
 
resistance. The F1 of A x B is then backcrossed to A. The F1 of A x B
 
is tested for rust resistance in tileseedling stage. Resistant plnts
 
are bickcrossed to parent A to produce the second through sixth (A 
x
 
B - A x B) backcrnsses (Kenaschuk 1975). F2 and F3 generations after
 
the sixth backcross are selected for rust resistance and desirable 
characteristics. Lines homozygous for rust resistance dnd resembling
the recurrent parent (A) are backcrossed, inc:ased, and released for 
commercial seed production. 

Cytoplasmic male sterility (CMS) was first discovered in flax but 
it has not been used for coinercial seed production (Thompson 1977a). A
problem with CMS in flax is that flowers -lmale-sterile plants do riot 
open to allow cross-pollination. Thompscoa (1977a) recently produced

male-sterile plants having open corollas in flax by interspecific

hybridization. The use of iale sterility in flax breeding programs now
 
appears possible since Miller and Thompson (1978) found that a large

number of World Collection accessions contain male-fertility restorer
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genes. A haploid breeding technique via twinning of maternal origin can 
also be used in flax to quickly produce inbred lines (Thoiipson 1977b).

The haploid twin is a product of maternal1 meiosis. By using haploid
twins, horiozygous lines can be produced by selecting halploid lilies irn
 
the F. generation, growr ig them to fiaturity, and doubling their chroiiosorrie 
nuiimbe to the diploid condition by troating them with colchicine. 

Diseases. F sarium wilt, incited by the fungus; Fusariurn oxysporun

schecht- f. 1iin (Bol ley) Snyder Hlansen, a
sp. arid is serious di -s-e-of 
flax in North America (Hoes 19715). tie pathogen is both scil- arid seed
borne, arid irvadeS )IalltS via root systems. Races of tusari uliare 
physiologically specialized so that cultivar,; that may be resistant on 
one soil type are "; ceptible on aothertoil type. lhe p itho]en survives 

on wilo flax species, ,rd is harbored hy .ilt r-;istant flax varieties. 
Flax re',ist oce to wilt in hidia i, ,pecific, aid is cortroilled by a
 
single domin nt ,Jliie (lie, li ). 
 ever, resist arise wilt 

America it;uon-,pcCific arid cultiv11w'a re "fiCld-rt-;i ,tant" 


Vul to iilNorth 
(Hoes 1975).


A flax Ii plot et'tablished in at F rgo , arth
,1d 1894 ri o Ddkota (USA) has
 
ieen uiLjedcOltiniu)unly 
 ince then for, wil L-r esristance research (Thomulosori 
and :iiiiwier 1975). 

FThemost severe disease of flaA ii lorth America is rust [Lellpsord 
liui_.(Per ;oon) Leveill ]. Seed yieldcs i flax ilay be reduced by as much 
as 80 ii seve re rut infectionis (loe, arid borrel1 1978). Melamp sora
 
Iii is an obligate parasite arid multiplies only Oirliving hosts, I-tis
 
aiitoe iOls arid all spore stages are 
found on flax (Floes 1975). Res is
tanici to rust 'va- found in 1928, and there are 
now almlos t 400 races of
 
rust attacking flax. Flax resistance to rust is doiii narnt aridpatho
geniciLy iiirust i,1recessive. the complementary interaction of these
host-pat uuueln genes led to the "oene-for-gene" coicep t of pathogeriesis 
(lor 19711. herity-eight rust-resistance genes have been identified 
occur ring 1') ii1eles ill 5 loci (tloes 1975). It is a conion practice now
 
to stress multiple-tene resistance to rust in flax breeding pretgrails

(loe" 1975). 

riuber of tun i, e.g. Rhizoctonia solani Kuhn, Polyspora 1 Frii 
Liaf and -.., Septoiai inicola (Spgq. 6"al'-asI-c-ause ddmpilig-off, seedlirg
bli (Jilt,root rot, defoliation, and stem brealcage in flax. Some pathogens
Slst ible for these diseases are harbored by wild flax species. The e 

are no cultivars resistant to these diseases but difference- in suscepti
bility by plaits and pathogenicity by pathogen strains exist (loes1975). 

Insecl . Flax -oers in torth /Alerica periodical ly suffer yield
losses clue-to duaua s everal insects, but ro effort has been made to 
develop insecL-resi, varieties. The most economically damaging
insect pests of flax are the bert.ha arilyworili (lamestra configurata 
Walker), flax bol lworm oriormis(Hel iothsis (Derlis-arid-Sciiffeiiulcr), 
potato aphi d [11acros iphuii e -horbiae lIYorias)], webworus, arid subter
ra nearn Cu two riliS 1975(ottnm 
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RAPESEED AND MUSTARD 

General. These were among the first crops domesticated by early
tan but their cultivation has only recently occurred in North America 
(Downey et a]. 1975). Several species 
of the mustard family, Cruciferae, 
are involved but the most commonly cultivated species are Brassica rapa
L. (turnip rapeseed), [b.napus L. (Argentine rapeseed), B[.hirta
Moench (yellow rTmustardT, and H. j-uncea (L.) Czern. and Coss. (b-rown and 
oriental mustards).

Breedin(j. Many species of Brassica are easily crossed and can be

of considerable use iiibreeding. Hcowever, interspecific crossing has
 
not been very successful in improving Brassica oil seed crops. Most

plants are self-incompatible but cross-rh-Ft-h, requiring wind and
 
insects for pollen dispersal (Downey et al. 1975). Built-in resistance 
to diseases are objectives of most breeding programs.

Specific breeding methods tiat are employed m.iybe related with the
degree of cross- and self-fertility of the crop. The high degree of 
cross-pollination among Brassica species does not favor the use of pure
line methois (Downey et al-'_97-5). Recurrent selection is the most 
widely usei procedure for improving rapeseed, although a thorough
knowledge of population genetics is esscitial for this technique because 
the genetic structure of inbred populations is quite different from that
of inteiating populations. Genes tend to be linked in large blocks in
inbrad lines but gene associations in intermating populations tend to 
occur at random. 

Backcrossing is a useful technique for transferring specific
characteristics into well-adapted genotypes of Brassica (Downey et al. 
1975). Incompatibility systems occur in rapeseedb-ut no attempts have

been made to produce comrercial hybrids beause of the high relative
 
cost involved. Recent discoveries of cytoplasmic male-sterility andrestorer systems in Cape may have significant impact on breeding pro
grams in the future. New techniques in embryo culture offer greater
opportunities for germplasm transfer between species. Haploid utili
zation has been limited due to the low spontaneous frequency of haploids
but anther culture is a new technique that has potenital in future
 
Brassica breeding programs. 

Diseases. Brassica crops are susceptible to serious diseases in
 
many parts of the world- and production is often limited becasue of 
them. White rust, incited by AlbuqO cc'idida (Pers. ex Chev.) Ktze., and 
downy mildew, incited by Peronospora parasitica (Pers. ex. Fr.) Fr. , are 
serious fungal diseases of the crops (Petrie 1975). These diseases
 
cause deformatioon of plants, and white rust infections are responsible
for substantial losses in rapeseed each year. Overwintering oospores 
,,ayremain viable in soil for many years, where they release swimming 
zoospores under wet conditions to infect plants. Both A. candida and P. 
parasitica are obligate parasites ano develop only on lTving hosts. 
Considerable biological specialization occurs and A. candida has 7 known
 
races (Petrie 1975).
 

Several species of Alternaria incite the disease "blackspot."

Alternaria brassicae (Berkk.FS-acc. and A. raphani Groves and Skolko
 
occur in Canada A.--brassicicola (Schw.T WTltshire may be a threat in
 
Europe and the United States. Turnip rape is infected by A. alternata
 
(Fries) Keissler. 
 Infection by these pathogens has caused up to 44%
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seed loss in rapeseed due to pod and seed shrinkage and premicature pod
splitting (Petrie 1975). Seedlings may become infected from contaminated 
seed or from overwintered sporvs on overwintered diseased stems. "Pod
drop", incited by Clad-osporicum sp. and A. al ternata is especially a 
problem in B. napus.

Stem aid root rots of Brassci crops are caused Py S. sclerotiorurn,
the pathogenic ascomycetes of -un tiower (Zimmer and toea I1918-.Another 
ascomycetes, Leptosphaeria macu]ans (r)e,;i.) Ces. and deNot, causes the
disease known as ) ackleg" The asexua I tage of L. macu]ais is known
 
as Plenodoius lirlgam (Tode ex Fr.) Hohn (Petrie 975).1-7Vf-ack-leg is a

seri-ri Jiseasis- if arid Anerica, threatens
e botht Europe North and the 
rapeseed crop in Australia. Both ascospores and pycnidiospores occur on 
rape 'A ubbl arid oi the s teiis of cruciferous iweeds, and serve as reservoi s
for iniectio of ,eedlings via wirnd and rain. Other fungi causing


10vre ill [ra'';ica crops 1include F-usar iur roseu Lk. ec F-., and
li'Sses 

Rhizot tollia _olai-ihIn .)irt eve' of lessi im-ortarn 'e 
 are inci ted by
tie Iurrrr Ilcosphatrel la bras icicola (Duby) Lindell arrd tie bacterium
 
XrLrtor 0r1iria'canje rtriS (Pl.1i ) [)iwton (Pet r re 1975).
 

,oth l illO- and mill tigeric rerOi Jarc to A. candi da have breent found

in B. oleracea id B. cmp estricr. Resistance to race / of A. candida

is heen tound ill acess ions of B. c_Ipest-ris . fro liMexi(ii, Chi le, and
 

(Co;ta Rica (Petrie 19/5). Criiuon cutlti 'rs of [. ilajtu_ die irrliilnur' to
 
inftection by wtlit 'LVt 

-

tithogets. Some lines of i. oler acea are also
 

rt, taint A. . rapeseed is resistant to
to hI. -ra, rsicicoI.. Ar reitine 

IFus r uimu.and R1hi zc o ronia,id the I err' variety 'Riuu ses is [ii ghIly
 

e igtant to L. itaculan (Petrie 11/5).

lriect,. Tiher'iijiear-, to he defliiite degrees (f sircejitihilty
 

'11110M)BY ' sr.i ct so d crop't to var its insects. itowtever, detailed oreed
rig ;proirall" for i ts rsistanct' htte ilot 
 oieel'irtessed dute primarily
 

to Lhe a e of control b.,y t 
terlic, ,. Iris ect oef- 1 r-asiiica crops in
 

Cairitda include the Ciiciler flea beetle [Phtylotrett trUiciferae Goeze],

fal<,e i u uegly'. i' r'i ([ ti II nj)] ,cttLoriti, t-u-xo a-.... rotas ter
 
uerite and A,ir tio oL ittoli a Forr iol] red turnip eotle El uteI a
 

; ' ti'l Ia 
 ( I -, h,it t .i1ii -o';1 [ Lo(xo. t t iI ic 1is (L. )j , ce-le1-y
looier Ftr1' q -r,iort fllci teria (Kiriy)j-- iltl tlf I oper- Autpjr'a.,, ha e


I oi-1 n i pct-'pvyir)] ,-ca ,gitjt I 
 _'rl' I Pi -ir ' rapae - (L ) atd l' -. tc-cidentalis], 
lOV(,r1 t(1ttnoT1 'A ofio' atnitlit t r i fol r r (lit 'aqe apihid [B-rivicoryrre 
r i' i . ( a(-ti lt'tir I-r i1a titisid1i [hiiia-t ttf ljt• t a rtnrn-iko-r'- (WPk 

fMlAR 

(ei llerjI ou 'l l I'tmi IIy I (a,< ifi ed. l it l r, i oi Iseed crop , tire 
i

<,ett' I Of 'euJoir l t ij ra 'jtnrt oltti t- . ) Tau .1 cont ain oirly about 4 
oi . trilltl'y ecoi tlltC-ittijcimp i )t a ;eed lies ill the galacto-Hie i tia ce 
niarilai Ul (crt 4w' ) fi irll ill the tl]10 jerlll. (4, ' gUll is iu d for huiman 
C tiOit ltt i eticina , dil dh I !it111lyiidustrial uses (iiyliowfitz and 
latloci, 1963). (uar 'ri.d'a .o cOntair froimi 1'7to 37 protein that goes
into livestock rations.

yaltojprsi-s has 4 pecies,ill native to tile Old World. Tire native 
honie of tetrajonoloha is thouglt to ne either in arid refiofrs of northern 
Africa (iitnorti tz L/-Z7 .) or in tropical Africa (Citowdhury arrd Singh 1978).
Guar was iroltaly inrtrodUced into India the 9th andbetween I3th ccrituries 



378 

A.D. by the Arab horse traders, and was being cultivated as a crop by
the early 1700's. The centers for guar cultivation today are ii the
 
semi-arid areas of India, Pakistan, and United States (northern Texas
 
and southern Oklahoma) (Hymowitz and Matlock 1963).


Breedino_. Guar flowers are about 8 air and borne ,n
long dxillarv 
racemies. lhe smallness of the flowers and extreme cleistoqamy severely

limits attempts by breeders to make controlled crosses ill guar. Flowers
 
are completely self-fertile, and the amount of natural uutcrossinJ under
 
field curiditions varies from less than 1 to 4.4 , depending onigenotype

and environment (Stafford and Lewis 1975). Pollen fortility 
 is onogenic
dominant (Ms) to the sterility condi tion (irs). This type of male sterility
should be useful in the development of new gene pools r guar (Nital et 
al. 1968). Because hand emasculations are difficult in guar, research 
is needed to develop alternate techniques for' making cot.rolled crosses.
Chaudhary et al. (1974) developed an improved emascul ation technique
that is more efficient than direct hand emasculation. The improved
technique resulted ini about 7. pod set, compared with about 3 pod set 
by the usual hand method. Triploids arid tetraploids have been produced
in guar by treating seedlings with colchicine (Kinran et al. 1969) and 
by irradiation of seeds. Sein-stfriiity is como.i in guar and results 
from reciprocal traislocations involving biwLIlelts not assoLiated with 
the nucleolus (Kinnian et al. 1969).

Diseases. Soil-bore fungi are very pathogenic to guar in India, 
Paki stan-, ln the United States. Root rots are most coirironly incited by
Piygatotrichur orinivorurl (She~r) Dug. (Streets 1948), Sclerotium rolfsii 
Sacc.--S{trtee7 19Y4M Rhizoctonia solani Kuehn (Singh _1951), and R. 
bataticola (Taub. ) BLutl--CPrasad 10A -)- lost of the root rots inoccur 

heavy, darip soils, arind cause high plant i ortality. Epiphytotics of S.

rolsfii may reduce guar yields by as much as 70'. (Rogers and Partridge

i973)_ Pre-eiergence infection reduces germination and post-emergence

infection causes cortical decay of the 
root collar (Mathur 1,l63). Most 
4Aerican quar varieties are resistant to P. omnivorum (Taubenhaus and 
Ezekiel 1936). 

Funrgal wilts are incited in guar by soil-borne Fusariun moniliforme 
(Sheldon) and bj F. coeruleui (Lib.l Sacc. Pubescent varieties are more
susceptible thar glair-ous-varieties. Infected stens usually abort their 
flwers and pods (lesai arid Prasad ;,65). Fungal blights are incited by
Alternaria brassicae (Berk. ) Sacc. (Streets 1948), A. c 2cy1)siais
Rangaswain awi PdaiRangaswami a.id Rao 1957), or A.-cuuierina (Ell. and 
Ev.) Elliott (Sowell 163) whenever guar is growr in India and the 
United Stites. Some Indian arid most Aiierican varieties are nmoderately
resistant to Alternaria (Jagtap 1975, and [aroda arid Saini 178).

Colletotrichum cpsici (Syd. ) Butl . and Brisby, another- soil-borne 
fungus, causes stem breakage and pod rotting in glabrous varieties 
throughout India (Rao and Pao 1956), but is not a problem in coirmercial
fields in the United States (Sowell 1965). Cercospora kekuchii (Matsumoto
and Tomoyasu) Gardner arid Leveillula taurica (Lev.) Arn. are also important
fungal pathogens of guar (h 958. 

Bacterial blight, incited by the seed-borne Xanthiomonas cyaiopsidis
Patel , Phande, arid Kulkarni is a serious disease o- ii in both India 
and the United States (Chand aridGandhi 1978, and Orellana et al. 1965).
Glabrous varieties have shown tolerance to bacterial blight, but a new, 



)79 

more v rulent race mw attacks the previously res is tant varieties ( Orel 1ana 
and Kinlian 1970). Plseudoronras sy-r-ionae van Ial' causes a comiron leaf 
spot disease in guar in the United States (Orellana 1967). lop necrosis, 
caused by the tobacco ri'cg spot virus., is lethal to cultivated guar 
(Chester and Cooper 104,11 but wild species of guar are resistant to IRSV 
(Orellana 195). 

Insects. 'everal species .f insect pests are associated with guar
 
in dis ard tire United States (ilooers 1973, and Srivastava and Goel
 
196 ) -lower , only the cecidomyi id midges have become serious economic
 
t, :eto to seed production (Chari 1971, Patel and Chari 1970, and Rogers
 
19/7) ',plhdyliaattack bud; and young pods andssp. Contarinia 

n<,l!I(fIelt) attacks unopened buds. s controlled by-. a A. llondyl ia- p. 

litijr.I neies iii the United States (Ro(lers 1974b) 1,u economic control
 

,
resq10ins (loejer 

indicate that So1 14 uar Ii nes ir liil'e i'. i ,t dnt to ilij'r Y by C. texana
 
t1an curri'ently Jrtowl vrietievn(urIIur , hied dat r and Sosser, personal
 
corrullUllc t ire 


LT0 C. t-;,anat difficult 1976). Pr,:limi,iary field studies 

iti O ). ilow ver, (-olr lIed pe iriitents needed to verify
 
tiese r 'su . nd to 0 i r,ilr ill. Ire-n, taiCe.
i s UlC are ir Of 
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eneIa]. Safflower, it ltor"iiu,I. , hi'01tirarr cultivated 
ill tre -Old-World for vinary c ritjrir i; but-iit the Un i ted States only Since 
the late 1800' s (Weiss 1971). Only retieritly ii<, <afflower been cul tivated 
as an oi Iseed crop; pfr ir- to thiS, it Was cultivated sle ly for the red 
dye derived fromv its flower (Knowles 1955). Safflower seeud ,ritahirs ca. 
37 oil high in linolic acid; but uifortrnatuly, the iull aild 'eedcoat 
cannot be used as by-piroduct feed or food (Knowles 1967). lire oate for 
safflower introduction into tie United States is rnkrnown hut it was 
recorded frum Ma'tssachusetts ill 1895, and first established i1s a crop ill 
California in 1903 (Krnowles 1955). 

The genus Crtlhairiu s i tideliiiic to the genera l areas of northern 
Africa, irddle East. ,nd southcentral A-ia, where ca. 25 wild species 
occur (K0,nowles 195 .d Asiri 1971). Species of Carthihamus are very 
drourhirt tolerirt due cc tue deep penetration of their taproots, and are 
highly Cross comipatible (Knowles 1955). 

br, edi n Na tura 1 cross i rig iinsaff Iower is dependent on insects,. 

ph arliirly bees (Knowles 1958). Controlled crosses are often di ffi cul t 
in safflower, oiut may be accomplished by emasculation techniques (Knowles 
1958). Standard breeding techniques used itnother crops, e.g., Pedigree 
Method, are used in varietal development in safflower. Breeding riethods 
discussed in tire flax section are applicable in safflower. Male-sterility 
in safflower is due to a single recessive gene, and male-sterile plants 
miay serve as feriales in making single crosses (Knowles 1958 and 1976). 

Di seases. Several diseases affect saffl ower seed producti on, iii th 
the econoriical ly irportant ones general ly described as rust , root rot, 
wilt, or leaf spot. 

Rust, incited by Puccinia cartairi Corda, is an important disease 
of safflower in all thre principal p-roduction areas (Zimer arid [Jr-ie 
1967). Rust causes an annual productior loss of fromr 5 to 10. iii California 
(Ziomer and tirie 1969). Although several pathogenic races of P. 
carthari occur (Ashri 1971), there are 2 distinct pathological phases of 
the disease: one phase occurs on seedlings arid the other phase or 
foliage of larger plants (Zimnmer 1970). 

Several sources of resistance to P. carthami are known (Ashri 
1971 ) . Zimer arid Ure (1967) derronstrat (Tse relationship between 
varietal response to foliage rust arid seedling rust. Only 142 of the 
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15,972 survivors of seedling 
rust were susceptible to foliage rust.
Hence, Zimmer and Urie (1967) concluded that evaluaticns for seedling
resistance to rLst could also serve as 
indications of foliage resistance.
Safflower resistance to P.carthami 
races is conditioncd by independent,
dominant genes (A,I,M N, and7y 
(Zi:mier and Urie 1969, and Ashri1971). Some wild species of Car-tihaus are ir : to rust infeti-in
tKnowles 1958).

Phytophthora 
root rot, caused by Phytophthora orechsleri 
Ticker, is
the must serious disease of safflowe- in California and Arizona (Knowles1955) , especially on surface-irrigated land (Klisiev icz 1977). Otherspecies of Phytophtil ra, e.g. , cactorum (Leb. and Cohn.) Schroet.,paras-tica Dast., ind 
 yrptogeaPeTyb. 
and Laff. , also attack safflowerin California (Klisi owicz 1977). 
 Penetration of host tissue irintercellular at cell wall juntions. Resistance to P. drechsleri in 'Bigos'
variety isthought to be oue to the fornation of "necrotic flakes"
inrnediately after infection that limit growth Erid snread of the fungus(Klisiewicz and Johnson 1968). In sisceptible plants, fakes do not
appear and infected hypocytyl become wal-.r-soaked and (ie. 
 Resistance
to P. drechslcri is controlled by a single dominant gene (PH ) n
VF- va-rit 1970), by single
ty- (Thomas and a recessive 9ene (pili) inBiggs variety (Thomas and Zimi,,er 1970). VFRI ir also resistant to


rhizoctonia blight (Thomas 1970).

Saf ioI~er wilts ard damping-off diseases are inided by 
several
pathogens, the most notable of which are Fua -ium, oxysporium Schlecht.F. sp. carthami Klisiewicz and Houston i a.
(Know etw 
 f[6-T, Sclerotinia
sclertior-r-um - ib.) dby Man (Knoles 19o5), Verticilliu,: abo-trurRinie and Berth. (Urie and 'nowles 1972) and sev' ra rPvthium species(Klisiewicz 1968). Fusarium wilt is a soil-borne, iseae, arid thepathogen is dissemenated via irrigat o water, floodin,], farm equipment,and irfected seed (Kliiewicz 1975,. Sever,1 
sources (f resistance
exist for tl 4 races 
of F.oxyjporiuo (Klisiewicz 1975), V.albo-atrunr
(One Fnd Krowls 1972), and Pthium species (K~isiwicz 1968[ 
 .
Leaf spots insafflower ere-Tincited by Cercospora carthai Sundar
and Ramak. and Samularia carthaiii Zaprom. (A-hi '-19 IT. Powd-ry mi ldew
is caused oyLryZie coFacearjm DCex Merat (Ashri 1971). Many
lines ire resisat-to the leaf 
spots and p~s. -ry itildew (Ashri 1971).Head rot in safflower is caused by Botrvtis c''erea Persoor; ex Fries


(Knoqles 1155).

insects. AlthougLh several 
 species of insects attack safflower,none has become a major throat to seed production, and breedig for
insect resistance has received 
very little emphasis.
A tepnritid fly, Acanthjghjus helianthi (Rossi), and an aphid,Dactyno'us carthai li1TeiTRs Lambcs-have be-en the most s,:rius pestsof safflowe n the (ld World (Ali--li 
et al. 1917, and Ponoe et al.1974). Larvae of A. helianthi feec on the flower anr. ii:,talure seed,causing reduced seed yi!l 
 and oil content (Ali-Ali et .1.1977). Also,
a leafhopper, Neoaliturus fenestratus 
(ierrich-Schaffer), vestors a
mycoplasm whicfhcaure tie disease knovn 
is"phylloydy", ir,qlich florets
revert to miniature branches (Ali-Ali et 
al. 1977).

Inthe United States, the western 
flower thrips [Frankliniella
occidentalis (Pergande)], Lygus bug [(L_us hesperus Knight, 
 green
peach--- Mzus
a- d[)-
 -prsicae Sul-2r ], bean aphi-d- _his fabae ScrnpoliJ,
and 3.ieichsrnS eTen attack safflower (Carlson l96a and1972:.
These insectssometimes cauce yield losses of up 
to 40'. in isolated
areas (Carlson 1966b and 197'). 
 Other insects that often attack safflower
in the U.S. include, the two-spitted spider mite, Tet,'anychus urticae
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(Koch) and the sunflower moth, H. electellum (Carlson 1969). 
 Insects of
minor importance on safflower inclu-de Larinus 
flaven-cens Germer (Curculinidae)
Cynthia cardui 
L. and Heliothis 
 -eltiT--7-is
and Scrffennaller).

(Lepidopter -)-,and Limoniu. 
spp. (Elaterinds) (Knowles 1955).
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INTRODUCTI ON 

The soybean is generally considered to be native to northeastern Chinaand Manchuria. Although a crop of antiquity in the Orient, the soybean wasnot cultivated extensively in the United States until the 1920's. Its ad
vent mportant in areas asas an crop such Brazil and Argentina is even more recent. Until the earlI 1940's landmore area was planted to soybeansfor forage production than for seed production. .nli!sequently the proportionof the hectareage utilized for grazing or forage declined steadily. Virtu
'ally, all soybeans planted t,:sv are grown with the intention of harvesting 
the seed. 

Man- of the varicti es introduced from northeastern China perforlied wellin the eastern cornbelt. These states of Ohio, Indiana, Illinois, Iowa, andMissouri formed the nucleus of the developing soybean industry of the U.S.These samie states are st.il the leading soybean producers. Soybean hectare
age in the U.S. douhl s between 1964 and 1978. Much of this expansion oc
curred in the southern stat(.s of the U.S. This phenomenal increase in soybean hectareage wa- led by states such a,; Florida, Alabama, Louisiana, Texas,
Kentucky, and Tennessee ;hich recorded increases of 731, 722, 675, 370, 3,12,
and 308% respectively. With the expansion cf soylean production into the
lower latitudes of tie U.S. as well as other countries, insect pests are nowrecognized as a serious threat to successfulthe cultivation of soybeans.
The longer growing seasons and milder w'incers of lower latitude environments 
are conducive to the buildup of damaging population levels of many pest 
species.
 

SOYBEAN ENTO()LOGY 

Only in the last 1O years has there been much interest in soybean entomology. As the soybean production area of the U.S. expanded into souththe 
ern states more insect pest problems were encountered and finding the solu
tions to these proLlems, became a research priority. Hillions of dollars are
spent annually on the control of insect pests of soybean, primarily in the 
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form of pesticide applications. 
Insect pests of soybean number eelI into the hundreds of species
 

(Turnipseed, 1975). Most of these species are, however, 
 of minor econo
mic importance. According to Turnipseed (1973) many insect pests of soy
bean utilize alternate plant species as hosts early in the growing season 
and change to soybean later in the season. The soybean plant also has the 
capacity to compensate for danage caused by' insects. Research conducted 
in South Carolina (Tu.,rnipseed, 1972) demonstrated that a 33% defoliation 
occurring at the mid..blnom stage did not reduce yield. Nor did a 17% de
foliation during any stage of growth reduce yield. Removal of 67% of the
 
leaves at *he beginning of seed enlargement was, however, responsible for
 
significant reduction in yield. Simulated insect defoliation severe
 
enough to reduce yield resulted in reduced protein but increased oil con
tent 
 in the seed. Pod removal had the opposite effect of reducing oil but
 
increasill protein content in the .ieed.
 

Fer the saKe of convenience insect pests, of soybean are often broadly
 
categorized according to the part of the plant on which they feed, for ex
ample, leaf-feeder, pod-feeder, or stem-fecder, leaf- feeding or defoliat
ing in.ects of soy'Lean are comprised primarily of 1epidopterous larvae.
 
The most important species among these include velvetban caterpl liar
 
(Antie~lr"'ls 
 clovcerworn e':dVC-llw 

looper (Fcal'a'lul inc I wanG), caliage looper (.rihoPZuia iit), corn
worm (LZ-ctin, ZcC), fal 1 armyworm ('I CL'7 ,:) r'Crj), yellow strip

',:at), green (I a;), soybean 

L 

ed armyworm ("'cCl ,.',j ,n'tzcc ", garden %ebeorni'r<;'ccq cz 
 z' , e),

and salt marsh caterpil lar (L';at-*.T7,e,?zo zI'c Other important leaf-feed
ing pests of soyeean are 'lexican lean beetle ' 7 z>,lrltectto,cbean
 
loaf beetle ,ndt. '.J'inmioz:.: , l'e'"V, thrip (LeriCothryp
(C'i'2o"'' a), ia 

varz! ,11;:' ), and potato leaf hopper (u'.:: l0''<'+ a' 
A iaiml,er of soybeaL n ]eat- ecdcrs are irneportant because the)' transmit 

diseases as well as feed on the leaves. Several species of aphids, includ
ing .:in:l;U. 0''. ':C , ' II :, .'. arb r'' , -Thio" I,cileow B , A. la',lj, 
and ;:toi: a, ;, a vectors soye'anr mo;aic virus, the mostare of 
connion and economically important of the viral diseases of soybean (Dunleavy,
1973). Fean leaf ieetlea of the genus, C"erotor., in addition to feeding on 
Ieaives as adults and on nodules as larvae, are vectors of cowpea rmosaic 
virus and pod mottle viru,; of s;oybean. The sweet potato whitefly (IPemiesia 
ta7aci) transmits "cilom, mosaic vir''" of soybean, an important disease of 
soybeans in the old world. 

PES ISTANCL 'I0 I- F1FI) INC IN'SEC'IS 

The Mexican bean beetle, _'. ,. :ic'i<3 (Coccinellidac), was a pest only 
in the southwestern United States lcforc 192) (Metcalf et al., 1962). Since 
its introduction in Alabama in 1920, F. i,,:'jevmtsii has become a major pest
of soybean in the mid-Atlantic and southeastern states (Elden at al., 1974). 
The Mexican bean beetle restricts its feeding primarily to )'1mamcZutl, oc
mtnodiwr, and 0I':7oina genera (Kogan, 1972), or, which both larvae and adults 

defoliate plants (Turnipseed, 1973). Severe defoliation of plants occurs 
more frenuently during the vegetative stage, and sone plant introductions 
(IPI's) suffer less defoliation than commercial varieties (Hallman et al., 
1977).
 

Several sources of resistance to larvae and adults of L'. vin'ovestij 
have been found in plant introductions as vcll as in commercial varieties 
of soybean (barney and Rock, 1975; Clark et al., 1972; Elden et al.; 1974; 
Elden and Paz, 1977; Kogan, 1972; van Dluyn et al., 1972). Soybean resis
tance to the Nexican bean beetle is expressed as antibiosis, antixenosis 
(nonpreference), and tolerance (Schillinger, 1976). Antibiotic effects 
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against . Variveasti 
 have been found in the variety 'Shore' (Elden and Paz,
1977) and in plant introductions 229358, 200450, 200498, 224269, 229321,
90481, 906089, and 15713 (Barney and Rock, 1975; Schillinger, 1976).
effects are These
expressed as prevention or retardation of larval
and Paz, 1977), growth (Eldenweight less and high mortality of larvae (van Duyn et al.,
1974), and 
reduced longevity and fecundity of adults (van Duyn et al., 
1971).
Antixenosis has been identified in plant introductions 229358, 171451, 227687,
and 243519 (Kogan, 1972; 
van Du)y'

jected as 

et al., 1971). Antixenotic lines were refood by adults 
(Kogan, 1972), unacceptable as
(van Duyn et al., oviposition sites1971),

teristics (van Duyn et al., 

or impeded larval movement due to trichome charac1972).was Tolerance to injury by E. va2"ivetia
exhibited I;yplant introductions 
90421, 96089, and 157413 
(Schillinger,

1976).


The potato leafopper, E. Jalaie (Cicadellidae),
soybean in the mid-western and north-central 
is a serious pest of
 

1972). Feeding Ly both 
United States (Broersma et al.,mymphs and adultswith translocation in the phloem causes interferenceof plant nut.'ients. Snptonscharacteri 2ed of leafoprer damage are"vtip hurn, margin curling of(Eroersna et al., 1972). leaves, and stating of plantsAlthough 1(olfenburgered and Sleesman (1963)that factor!; other reportthan pubescence

to "hopperburn" are partly responsible for resistancein soybean, resistance to attacL by leafhoppersmarily to pubescence. Oviposition, is due prin)mphal development,leaftoppers and populationsare always ofgreater on glabrous plants(Johnson, 1935; Kogan, 1972; 
than on pubescent plantsRobbins and Daugherty,appears to be more important 19691). Pubescence typein resistance to the leafhopperdensi ty. Tuhrnipseed (1972) than pubescencereported that relativetermines degree of resistance length of trichomes deto L. fht?, and Broersmathat trichome orientation is of greater 

et al. (1972) stated
importancethan trichome density. in leafhopper resistancePubescence type in soybean is determined by five independently segregating gonethe interaction of genes pairs, and pubescence density is determinedPd (dense) and byPs (sparse)Isogenic lines (Bernard and Singh, 1969).which differ only in the genes controlli;.ng pubescence tyTewere developed by Singh et al. (1971).tions They found that under field condithe dense and normal pubescence

the glabrous isoline. 
types wei'e taller and y'ielde more thanThey attributed these Cifferences to greater infestation of the glabrous plants by L'.fabao.
Fccjio;hf (Noctuidae) species


production 
5 are commson defoliators of soybean in manyareas. hefiot:hi 

19
zcea has been attacking soybean30's (Bell, 1978), since the earlyand is considered 


eastern United States 
to be a serious pest in the south(Hlatchett et al., 
1976).
soybean h. virczrcens Although commonly found inis not considered to be a serious pest.
is a pest of soybean H. arrnigerain India (Panda and Daugerty, 1975) . Larvae of 1.prefer imature leaves and pods over more mature leaves and pods, and they 

zea
 
may weigh more, have less mortality, and pupate sooner when feeding on younger leaves and pods (,cWilliams and Boland, 1977).
that T. zca Kea et al. (1977) found
larvae feeding on the resistant genotype ED73-371 is
ceptible te more sustreatments of methyl parathion and EacilZus thuringiensia, 
illustrating the value of relatively moderate levels of resistance. Complete immunity to attack by insect pests should not be the only goal of breeding programs. Moderate levels of resistance which permit the useof insecticides cf lower dosagesare also economically and ecologically, valuable.
Soybean resistance to t!e7*iothia species is expressed bothagainst ovipositing females as antixenosis(Clar 
et al., 1972; Panda and DAugherty, 1975)
and antibiosis against feeding larvae (Beland and Hatchett, 1976; Hlatchett
et al., 1976; Schillinger, 1976). 
 Several genotypes, including PI's 171451,
227687 and 229358, have multiple resistance not only to tfeliothig
but also to F. includens, 4,odoptera exiqua (beet armyworm), 

species 
vestio (Turnipseed and Sullivan, 1976). 

and E. valn-
Antibiotic effects on larvae include reduced weight gain, greater mortality, and interference with molting
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from the larval to the pupal stage (Beland and liatchett, 1976, Hatchett et 
al,_ 1976). Surviving females from larvae 
feeding on resistant soybean may

also oviposite significantly fewer eggs (tlatchett et al., 
1976). Resistance
against Eeliothia larvae is expressed more strongly in older foliage and pods

than in younger foliage and pods (ltatchett et al., 1976; McWilliams andBeland, 1977). Larval mortality is very high when larval feeding is restrict
ed to soybean pods (McWilliams and Beland, 1977).


loopers, 
 faeuolz ic inluklens and C'ichopZusc ni (soybean and cabbageloopers, respectively), frequently cause extensive foliage loss and occasion
al pod loss in soybean in the southern United States. Plant introductions
171451, 227687, and 229358 exhibit a high degree of resistance to both P. in-
CzcUena and '. N'., resulting in reduced larval weight avd increased developmental period (Yilen et al., 1977; Luedders and Pickerson, 1977). Schilliiger
(1976) reported both antixenois and antibiosis to be functional resistance

mechanisms giving resistance against P. inl7udcns. 
 Yea et al. (1976) statedthat P. is:e7:Ucws larvae were more susceptible to poisioning by methyl parathion when they fed on resistant soybear line YD73-173 than when they fed on 
a susceptible variety.


According to Turnipseed and Kogan (1976) the velvetbean caterpillar, AnticrL, ruZ~ , is the most important soybean defoliator of the Western
hemisphere. In the southeastern 
 and Gulf Coast states of the United States
and in most of the soybean producing areas of Brazil 
 where volvetbean caterpillar is a particularly important pest, complete defoliation of untreated
fi elds is common. Although the same plant introductions which have exhibitedresistance to Mexican bean beetle and the other lepidopterous defoliators arealso resistant to ..1. tx7io, the level of resistance to velvetbean caterpillar is more moderate (lurnipseed and Sullivan 197o; Pascal and Minor, 1978). 

BREEDINMG A_:L GUNIITICS 

According to Yogan (197o) the use of resistant host plants is probably themost desirable and ecologically sound metihod of insect control. Gtnetic resistance is specific for the target pest. Other species, which may be beneficial,are not disturbed. The effects of plant resistance are cumulative since pop
ulation levels of the pest slpecies are reduced over successive generations.Genetic resistance persists for a long period of time and is compatible withother control metlhods. There iIs a potential for plant resistance to act syn
ergistically with parasites, predators, and chemical insecticides. Importantdrawbactks to the use of plant r:csistance are the long time required to developinsect resistant cultivars and the development of resistant biotypes of target 
species capable of damaging resistant varieties.There has been little research on th: gunercs of resistance to defoliat
ing insect pests of soy'beanj. In one of the earliest reports, Yogan 
 (1972)
found that the F, of PI 229358 X Bragg ,ias intermediate in resistance to feeding If Mexican bean beetle, suggesting a lack of dominance 
 for this trait.
l:ilen et al. (1977) reported that. F1 plants of jesistant X susceptible crosses wcre intermediate in their response for resistance to soybean looper, but
the l pcpula:tiojn 
 nean was ,Lowed toward the susceptible paront suggesting
partial domina;ice of susceptibility. Sisson et al. (197o) evaluated four different crosses involving resistant plant introductions and susceptible commercial cultivars. They reported that the mean of a random sample of F- families ,,as not significantly different from the mid-parent value which led them to 
postulate a lack of dominance for the genes controlling resistance to Mexicanbean beetle. Hleritab ility estimates ranged from 6 to 44% for resistance tocabbage looper (Luedder:" and lDick,.rson, 1977) and 44 to 81'. for resistance to.,exicai bean beetl: (Sisson ct al., 1970). ost research has indicated thatresi.tance to leaf feeders is controlled by a small number of genes (two to

three) and quantitatively inheri .ed (Sisson et al., 1.o76; Luedders and 
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Dickerson, 1977; Kilen et 
al., 19>7). 
 Anand and Helm (1979), however, postulated a three gene qualitative nodel for resistance to soybean looper based
on the segrega ion ratios of The 1, and P:.generations of the cross P1229358X Ransom. Th:ey also hypothesized that the same genetic system which controlsresistance t-. soybean looper also controls resistance to Mexican 'eean beetle.Mien the late maturing, insect resistant plant irtroductions were 
crossed
witli early maturing, susceptible cultivars 
to stud), the inheritance of resistance to cabbige loopers, it was found that linkage between maturity and r,sistance genes would not hinder the transfer of resistance to earlier vari
ies (Luedders and Pickersonr, 1977).


'The fii.,c step in breeding insect resistunt soybean varieties is 
 the identification of suitable sour:es nf resi::taace. Preliminary screenings are usually performed in the field with single rce4, 
unreplicated plots. 
Many investigators prefer to plant alternate rows of a susceptible variety both to attract
the target species and to use as a basis for determining the amount of damage.
Pows of a rrefer:-ed host species, such as PIczseoluilvugaris in the case of.1exican 1bean beetle, int crplanted with ro',s el soybean lines may also be usedto attract larger popul tions of insects. It say also be necessory tc release insects teither in tie open field or in !ield cages. The use of lightsrear the field has also been suggested Lo attiact adults of the lep- .Jopterousspecies (Yogan, 1b76:. Promising line-; in the preliminary screening are generally retested 'or resistance in larger, replicated plots. A visual score
is usually used to 
evaluated resistance to defliators. 
A I to 5 ur 1 to 10
scale is often employed. Some investigators (Paschal and Minor, 1978) have
uced a scale which reflects the amount of defoliation of 
tiletest line in relatiOn to the amount of defoliation of the adjacent rows of susceptible cul
tivar.
 

(;ice crosses are made a:d assuming sufficiently high infestation levels
of treta I insect species, the plant breeder 
has tiletask of selecting individuals an: families that combine insect resistance and desirable agronomic

properties. Fisson 
 et al. (197d) used the mean performance of progenyto evaluate t!he resistance of 1:2 1'3 rowsplants to Mexican bean beetle. Since the F3rows were so poor igronomically, they suggested the use of recurrent backcossing to an adapzed, susceptible parent with the evaluation of replicated F3 propeny rows 
 after each backcross. Schillinger (1976) reported a backcrossingscheme for developing insect resistant varieties which incorporated the use of
an off season winter nursery or greenhouse. The method entailed crossing tle
resistant parent with a susI-eptible cultivar in field
the and growing theand VCil:1 genera ions in a inter 

F1Tnursery or greenhouse. A cycle is co.-i;ctedwith the evaluation ci IOC172 plants in tie field. 
 Resistant selections from
SClF- are bickcrossed to the adapted variety in the winter nursery or greenhouse tc initiate another cycle. 
 The cycle may be repeated two to three timesor until zonversion to resistance is complete. An advantage of this breeding
method is that it is 
not necessary to select for resistance and make crossesin the same nursery, Lut disadvantages include the neces-ity of growing large
populations in the BC212 generations (at least 4000 plants) and the requirement of high insect populations to screen individual plants. Kilen et al.(1977) grew F, plants of Davis X P1229358 in a greenhouse and infested themwith soybean looper laivae. After the plants were scored for defoliationdamage the larvae were destroyed and the plants allowed to produce seed andmature. The seeds produced on each P2, plant were used to establish F- progeny rows in the field which were gro n under field cages aid infesteJ withsoybean looper larvae. 
 r72plant performance and P3 family performance were
highly correlated, leading to the conclusion that F-) pla7,ys carrying genesfor resistai.ce can be identified in winter greenhouse tests, permitting generation advance and selection in the off season. 
 Smith and Brim (1979) outlined a scheme that involved crossing a resistant plant introduction with
Bragg and growing F1 and 
 2 plants in the greenhouse during the winter. 
F3
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progeny rows were grown in the field and evalua.ted for Iexican bean beetle re
sistance. Several plants from a highly resistant F fanml:.' were backcrossed 
to Bragg and the cycle repeated. progeny from the third cycle of back-F4 

crossing were evaluated for Mexican bean bcctle and corn earworm resistance. 
1Pelatively fea of the lines that were highly resistant to !-Cxican bean beetle 
were also resistant to corn earwor'i, loading to the conclusior that selection 
should be ,nade for corn earworr. znr, se. Anand and Ilelri (1979) screened F, and 
F3 generations of P1229358 X Parsom for resistance to soybean looper by stapl
ing three leaflets from test plants and susceptible check plants to white paper. 
Ithe paper, with leaves attached. ias placed in a pan containing moist paper 
zowel. Five soybean looper larxac were added to each pan which was covered and 
left overnight. Lach plant sac -cored the following day based on the suscenti
ble check. 

CONCIJS iON 

The incorporati )n of multiple resistance to insect pests is the goal o a 
number of soybean breeding programs at various institutions in the United States 
and abroad. Advanced lin~s are currently available that outvield commercial 
varieties when high population levels of jefolating pests are present. These 
advanced lines, however, are inferior in Iiclding ability in the absence of in
sect pests. Additional cycles of selection are necessary to improve the yield 
potential of resistant lines. Insect rcsistant soybean varieties will play an 
important role in future .ntegrated post :'anagement schees which stress con
trolling pests while prctecting the nivironm it. 
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±INTRDUCT~ION * 

Cowpeas ~~-n-n-iuaa(. 
 aPjaeahgh-proe
~'- nfoodco 
forillonsof eople ,who couldJ ecliid 8iuas the por0 


where' nurtoa nldlae ocre' 
 owpeas are1 so utilizedfo live'stlock: feed ,green marnure-i'itro'gen fixation nd le'Osi ntol a~reio Theyi~mostlfy grown7 in adessi'admoisture conditions nd are~ciiidvatedboth'.as mixed -crops wi4'6th',er, cereaiE and in~monocul2ture,i 17Cw-Pa culivarsused-b~y f'armers at subsistence levelsare rnotl h ineemntetpare grown In mixed culture.' Determinate ,cowpea is usuall cultivatedj as 
n
acommercial. crop and my becniee rpthanteinJa'ihr'ikterminatle-type. 

-Thjo mrgios o cwpea production extendsi!~tatesA& eastern Australia from the sou~thern Jniraabouit"'n 5 not aid southofthe eqtuaStor. In the United States'~opa kwieblac-yed basos~ownre 

& beans and arecultilvated mainly, in',the s&t~i G~eorgia, 'Alabaa an 

tent Central~ American cowpea-growing region. I South Aerica, the5 minaeofproduction is 'i' nort1heast Braz~it nrhnpatofPuadtedrie regions~of Guyana. andSurinam't Th anc Mapouto~ein in~the west are-ie'Mftof.Africa *! Nigra 'Upe Vota Sierra Leone 'and Senegal.. In east Africai~ey, Tanzanja and .Uganda are important.,i'ian 'import ant' crop, in Souath Yemen. -4In Asa opa are culitivated Ialloe niSri L~anka and~in the'northernipar ofBagdeh Psornecultivation in Burma; ?hilippnes 
ith 

'Talad':n~eiS.Asrlicowpeas n aasa Inare cutvtdi,~'1frfde.Auscuratesimae 
 9liatdnquens andtprimarily,_r1odr
Accrai~esimaes 
 o owpea prodution aredifiu
Fioduio to btain. , Th 0.OYeai Book ~Jists'_grainegtume production~ under different~ cate-goieis ples antils7 d- chick pesdrypeTy.as, -soybeans, dr br -eans,ad
andylbeas. -Coweas 'are dealt with under the dry jbean, catelont> with Inome'other dry en, aasound estimate of coivpea production. 'anQt,bemae.frm thse fgures. 
. Coiipeasarhavse as dr~ent'nth 
re ei but in theShu!mLid trpcs, they are harv-steda the green pdstage for us~e as a ve geStable crp. -Altee'fcos further, complicate'_the probemi of gtting

q~'~accurate production figures'..,However, it-is estimateddthatcow.pe rd7Dtin-(ii mlin 'of hectares) is 'over~i,8 in',west Afic about 1.0ino'ceast 'Africa,:.85in India "0. 6 iscattered over southeas 3 cose tov
.5:Tin razil iand, Latin. America, 
 and about 0.2f inthe United Stats(i
and van Fhden 1*979) ~Jfj.~~ 
y~<opaields' measured'as gdrains vary a ra elindfeetparts ,rf tiet world'! I Is estimated that the'average yield for the ~crougrwnmonoculture, is' about, 1506 kg/ha in ~the"U tdSits 65 k/htin. outhi America an(dAs a, is otcn below 400 kg/ha in :Africa.' One~o 
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the g'n,If ,tfactors iesedifreceB ixwyield is the dif±erenoes 
i~ncrol ht.~baxiryl; the difrec is roabl,"l due to the pest cope
inetn cow-e indifferent regions Ink Africaco-esufrmstrm
 

Insect -psqadare,cosdee a ihrskco nooutuzre by faxzers. 
Thisis ell'emostraedy th spctaclarinc~rea~ses in~ yield sometie 

uptnfod, insecticide applicationi5 (Booker'o ften~ obtained following 

1965, Kayimbo, 975 ,Koehler andMehta17 Tayo19).
 

- - PESTS - ;~~~ 

An attempt is made here to survey wha~t *appea ~b th Picp.
 
cowpea pest~s in the, copagoigr , ns of te ~orlXd"' AheImIpai
 

o opepet he pests are grouped taioziddclly ,but are
TnAria 

presntero4iy in *the order in whic they~ cofonize thecrop (Table 1).
 

Te world cowpea-growing ,areas be 'roughly grbiiped in'ive regionhs,
can based 
on thek distribtign 'of"the m~o, opapests.' QoWpe~fcurculiQ,'vCho-loOdermus 
aeneusi Bohran),is,thsai: 'pest of .cwei h Utd'aes Laf hoppers, 

Dnosakraemeiri IRoss, and Moore' snd: cucll" ______ s-aeser ols h 

pests inCentra2, end 6outb IAmerica. Foliage beetle, Oothecairntabili '(Sa 
berg);* leguie -ud thrips ,' Megal rothrips sset (rybom :i legume pod 1borer 
Marti l Geer); coreid bugs, Anaplocnemis" ivp ,(arcu) 
Ri.v.oru denti1pes' Fabicius. Acanthoma. hor~r.i.a ermar) es4abroia 
toetsclis'i, are serious pest's'in-tropica Africa, and~recentl y 
leafhoppers-i Emoss sp. n op aphids, 'Aph± cracivoraPKoch, also 
have.bei- o~bserved--infesting the cowpea 'crop' (Fgrs, an:2.'':TemLo 
pe't inr Lank ad'So th YeRen co nist of ,eaf
 
;iopr E; oacs~ppcowpea aphid,, A! cracci v'; and legume pod borer,
 
Is., Lestuaaliq. In SothaStLAsia and Austali : p I~pid, 'A. ci
vora,1 aend -legumet po'oeMts~ai* 'r mpraIn. Cowped seed
 

torage
beetle' Callosobruchs i sa~s(ar~uVpes 'found ~~ 
infesting oowpea wherever it4*is grwn 'Hwvr torage'pests fall Outside 
the ,scpe oIfthis'mnsrp~n hec,'r no el it ee 
-:'jThe'b6lo&g ecology. and~distribution of cowpea~'pests in Asia and :-T~y 

Africahave~bee oprhnsvl reiee (Sng.1977a,Singh'and Allen'
I~8Singh nd Taylor 197,' Sing %et-al. l98a,,ingii. aid ~van Emie~7)
 

- This -ppr Ibriefaddition 'deals Cwith~n tozaer revfe.,'f~orld'kcowp~apests-' 

pest,biology end behavior eitace"
 

-MIost Lof4the. information concerning -insect behaviorin rheation o breieding 
for inse'ct resistance was obtained fr"iom stiudies'conducted at the Interna
tional, Institute of. Tropical, Agriculture- (IITA)'from 1974'-1978, and is delt 
with 'In detail.," Research on resistance to covpea ,curculio, C., aeneuIs, was
conducted in .the United States andis !also,.mentionedC' The J'ord igermplasm 
of cow*pea Is maintained at ItITA and this~has~ enabled thie-entomologists there 
tio aggressiyely',screen ,the germplasm for, r~sistance to the p~sts in Africa'. 

'. Leafhoppers. -Leafhoppers belonging to the genus Empoasc4- are widely
'distributed in'the tropics and subtropics.,- Empoasca kraempri Rosand M4oore 
is a major- peat of cowpea In Central end South America. E.kern 'Pruth is 

~major pest of' cowpea in India. E.- fabae' "Harris) is, found on copea in 
-the United, States but is of no 'significance.*4:' biguttula k4(Shiroki) 'Id-Some 

otheip'a ap are~minor pests of cowpea in Southeast. Asia~ end'Astrala
~E.- dolichir'Paoli is found in west Africaeand some other.'E poaijaspp nfest -

covpe nestA ic'ears~ increased poplationsof:ehper 
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Cowpea Pest Complex in 
Africa in Relation to Crop Phenology 

PLANT AGE DAP 

10 20 30 40 F0 60 70 

PEST COMPLEX I PRE-FLOWERING POST FLOWERING 

Foliage Beetles 

Leafhoppers 

Cowpea A Is 
Legume Thrips 
Legum, - od Borers 
Pod Sucking Bugs 
Cowpea Seed Beetle 

Period of Ac;.vity = Period of Peak Activity 

Fig. 1. The occurrence of selected pests of 
cowpeas in Africa shown according to the

development of the crop. (dap = 
days -after planting'.
 



Estimate of Potential Yield Losses
Due to Various Cowpea Pests in Africa 
Singh and Allen, 1978. 

100 -4 
, 904 

PEST STATUS
-J 80-

MINOR70 
EE SPORADIC 

60 -
MAJOR 

"0 5 INFESTATION LEVEL(D 4030 

E 20-
-

U) 10

~' ,go a ;%,V ee 15o a I .c o pe ee6oll oj e ,(e Gcoe'e 
" 0.1 °- eq , O4ge 

Fig. "2. Estima~ted v'i-j]d 1c),,,': Ptv t ' L'tts O}f , lected cowpea pest~s in Africa. 
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have-been observe n ea ng cO'wPea inAfia, 'Eentough; i5sCosiered as a . et uW~ a~appking -
ic 


anet eafappers ha coipea i~s
infst~la an oft1 ptenst~e ~ntraatdr wde asue arotedtAficaelalo disc Prh179aea 

-leaves, -Under hea t 
- anessuzited The levs''r and -falloff, 'the plantian ar,t.uned ;Zenand die. Hoeerk, the pl&,Its frequently eoewieelef'~ p y"ield,: ,although flower'in 67eaIeIdthouat red uction 


by abou wek(ingh andva Eden Uf90,, hilL 
 I tespeiesinfstig:Cowa is similar. Eggs are laid in thie ,1ea±' eins on' teners1 doung lav~es Thezinumber, of ,eggs-varieis ,rvth' each' speoiese h
eggf hatch in 51,6y2bioloy.ofE doihi hdtei a aoutz yivepymp l'sdia- The.~~abesudied 

R~eiistan-ce toEdlcihs ehetns 1 atide at I y a (99 
f iy 

~world~gemls colvctio o. btrh0 64uie'alITA. Ae alv'rchabeen screened,conalSimple;TIIL, ethds field, sceeni Tstn: mterial jwa. td nlt epe'e;bcueh peaoo'ecpdlationa
appear arly October in souhr ie6',-''itendy bfr'tej n
cowea~ulvarsweeplated, it~edr ffbl p 

.~<~t isi,&tht deuae eafhopper~popuJlatians were pe6i,"Test cultivarawe6then.plantedl1 m apart in single-rows 5 MInong,,with 6s'ptleuti 


v-~ars planted every tenth row as 'stsfldard susceptible checks.-~These, checks~ 'were useuPinating the~test cuitivar for~resistande',f~or 7evaluiating adindicatorsthe leafhoppe puain' 
 onthe field, :-.Wh&~ teet ~' ~ cultivars Were bou 1 day olrl'w
utl5dysd,wer 

0 
the leaffopper-suscepible~bordrow~F.~fi(8e ~prooted> and-the tall uncut grass ioind the ield was"s ;cuat- this-cnetae theleafhopper population across the plot'area. Thei~cultiVar's wer~e rated visually oappareiit field resistace$~at 30dy 

-et 

v-after Platin(DAP), . oCultivars, rated~as resistsant~we ef tedresistance inrpiae fedtil and later in grehos 
tile for~ 

jO qe
on_. 
fimtin is ofresitne Fou-cltivarsTVU 59, 6~2 

Wu119,,W 62 n TVus11eds axe rig~aed~ ddrcista.AL (ingh~>V 197b)0EVwasO4eaie tflesVIas.du 
11toi~s o esaiiccepbleel 
 appers Jesandbrwadin~ai. -1190E
 

~fcharacter~istics 
 such~as~nmultlple disea6e1resistance and resiatance to rootknot..neinitode, e incogiita (Si 1h'eta1975)..V.YT7 3 was found~.rsstn tEmDpoasca; complex on- cowpeas in inentihi ,coeaive 

-, ~ Tazsni~i Africa, ini India and inBrazil (Tabli' 2). Thecia.in
k oresi'sace~ ini IVITA.3 has been' identified as toea'e(al )adi A 

bsdotedfflonb.ine 16)'in which the - ~ a 
to grow anieprbduce'isel or trepir4 injuryt6to a~znrk'd 'degreeof'suppoirting a 6 i, spite,pouation aprxmtlyeul~ 
 thtdaiaging ,assdeptibl -
Shost.T6tr 
aniioi ±iised, herejin its usual sense4,,s! he tendencyorrdsry(PainterA941).prewent, ire dL~ '(insect)),life, to 

F cudity i's mear
-as.,,he tots. population of the insects in aafixed'number of~daya S,tudiesconducted on yleld losses Indicated more than LO% yield loss in susceptibleScultivarsg in rristant ,VITA-3, there- was':nolloss in yield.~-~trials, In most'fieldMVA-3' yield-,was' actuall.y, depressed, whenfestation (sin h il978,!"N-"n 4 e ELI 

protected againsot leafhopper.,, 

- etal~l9NN 

4 

http:Thecia.in
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tz~ a ac op, at vaxoI lcatios.' 

Co yo~aacpp. a' Rfrence. 

Nigeria' ~E. dolichi Snhe d 17 

:Ghna. E. doidhi Agyen-Sampong,, IQ
 
Ehpoasca 5pp.~ Malinga- 197


TazllaEpoaaca op Siddiqi± '1978

India E. kerrn 
 Saexena, 1976 

Brzi T. rae-eri ~ W.latt, 1979 

.TABL3. Mechanism of resistance to F~npoasca dolicbi.IITA (K. V. Raman, 

CultivarFecundity*
 

662 

TVu123 UrY Antibiosis~ 10,3a

TVu 59 ~ .~ Antibicsis 1.1a
 
'VITA-3 Tolerance68.8b~ )
 

Rvu Antibiosis 8.0 a 

Pria Sscpti& 93 b~
 
*Fecundity~of 28,female adult leafhoppers ~in 14 days. Numbers followedb
 

Ithe sta-e letter. are not signi ficantly dfentat 5%1evel.~ 2 d hV 

cV 'Aphids.~ Covipea or groundnut'aphidl, Aphis craccivora Koch', is> hemain'4;
f aphid pest of owrpea. 4It is consid!ered ,amajor pest af cowpea'in Asia and aR 

minr~pstin c However, my recent observations indicate> that heavy,
Saphid populations are becoming more frequent an widspread~ariAfrica,tan
bofore. Cowpea aphids, infest the cropI at the 3;edling ,atage'and tfe-di~damage to the host plantis byr the reoa fpat sp Anrizndiiect andoften m~ore ser4Vouae dmageby thio~pei ae~hi iseltoi 'eIsall, 

hiave 'A insigificant effect on the plant 'but' large numberszean',.cause dis* tortion of lea.ves and stutead'paiits -with small poorly,odulatedirootsystems.
Yield, Is, reduced~and:,in uxtreme cases the 1plant. is :illedSih and van

-~dn1979). Zntea~n'of~natural mortality- apiscniu to suri ve on co14pea planta throughout" th~eperiodof iplant, growt and ultisate: .... 
prouce~.age ~l~~:on green pods-Older plants may no6t suffer,aphid

'~ dam but on ctan ccwpea cultivars in Africa',*lre~Iln 
Vaag , V,cer '4" large * phid;I'.4
 

W, 

I 

http:Tolerance68.8b
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were obsge'ved to 'develop on. Youn sren 'd' n ~~rt' c as b.~iw the dbtNde 8hrth1~du
 

onecovahas benivsiae at 
IIA(n 
Pm eeevaried widelyn~ kanid sur 

~ e a Va 
with 'c £ag'sina 

CV.L~y~!s e - OV tuaeU e.~-cwa~- ivaro---s
t~emperaue,,Udrnra cre..greein onditionos 
 r~
 

ad"~e resionalftowpeavDer 'fur In of GWnt6c Dii-riid
(a~~- liars)ery4~1c wPe cl irsJd cia C1tia sressaete identirio copadAs istant-to 
e descib-ed b i aind te greeeaocultiyar ,I pi.,~ pea seealfla 1w_~~ to IT> ala foesistnce>iedwasrenresistat cowea7 to aph;iinesatocovpea aphid~e 'anbe ~ ~ innfesting~jj 

India, Bangladealid 8 ageditatehis and'Mvere founltions~(al heishtaph ispopla5). i atiowekl,' taof'tt D Daphi iruse oavealbee Bstudie en in 'h gn~Areenhocke,
~%
a oud 

hsma 
Conti(4085)as"WDiby'n Mane u:~ ondVa~ma~l95) Cope (l9'),

$uir 
LaT 

and
176 

toT ~ 
an mltplrsitace o oheral ieisacetposeie 

resistane1 hafsvirusesdieebee mentiedbas reistcowpe(1978). cull'4. istn tllettivara f ruaes to -ith-ea an 


:AL ehnsseea tresistance s ahis anmrateiv
tooir r.'ji j
unpblaish aphd (nsai~upubi~hd),Ansoari,\ed 1978) tio'i YIAmi tofpriua ip'tne o o e 

Prvmn prgas 'opancutiiossA~~Al~ant',in foud - 0sVigeri-Atibiosi 

locauseptibl(Tabl 5) n atth
 

2~~~nssnfiv ' 4 Fcuditsooldhionecda virusni~dys~-., 

unubised
198) 
 A IT A , An~a. 

~'41 
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4" a , r,P 1b 2'a es t ce aphid, Ap i 

India Chari et-s (l 976)'Bangladesh ~(19T8)'Ano ' k*igeria ~Asari~(9~Kenya ; Malinga (1978)Tania~ ~ I.iddiqi (78) 

2L! t es.Among thefoliage beetles,,cowpea~Ootheca. EuaiiShbr) scn'drd_ 
leaf beetle,~

major pest of covpe in.Afrl.ca.: Its~infestation isof'ten sp" i3 cVunpredictabl~e VTe adult{beetles ' eed on' the 'leaves of yoig *vrn, eings  hethe t- opu-la~tionSL, are low, ther-s is nosignificanj ,loss in 'yieldi due to feeding.'since'the cowpea planit 'comh~pensate to a reimarable extent 'for iost 'vegetative rtissues, (Ezedinma 1965, 1973) Wn poplatin:rejhihnormallysgiai~ediinged totally defoliatedi w~hich thecauses ApatdethATiaj
~ae als 6efctiye voctors of cowpedfallw sic'axd t ns6ty"the disease6ena lo o'l in.Tismsi 
eut i significant''r yield reductions (Chiant 196 0,'Sho'iinka 1974). Thebioogyof 0.,jhas1ben - m______sstudied' atLIITA byOchieng . (1977). .Due, to-the nature of'damage:;.and sporadic- occurrencef this 'ele , 'initlial 6u'ies were concentrated- onl identifying 'cowpea culiivaresistant to co ea (yello) mosaic anVirjcirc asmethodi of controllin t1he pest damage.~2 y
'nThe foliage beetle, 
 Mdti $iaen (Faimre yn."'Luperodesauateii'a (Fairmaire) ,iafejonScoiwpea seedlings.,H~ oiwever, 

Lr fica, feeding 6iinyoung leaves ofthe number s hav ,e not~beeiii.largenotzgh to causeSeconomically 'importiant yield lo's'- In practical 'ari ture',,they are'mnore important as pe'v(y'ellow) mosaic, eaors 'han de oliators,. ThereforeL -'an'indirect method- of preventing the dama ebcaued, Ib these beetlesh s en h dvlpen fcwe'(elwThe 'effect of,dsp'(yelow) m~osaicTi 
mosa3.resi it coirpeia 'cultivars,oncpa'yiel& 'd rsistance to this4~virus has been'stuzdied nArca(ock' 1971, "Chant 199,19,T4)- Seea cowpea cultivars"reistant l6,:Gilmcrer l ,to cowpea_.(yellow) mosaic 'have been,,',, ntified'(Singh ,iandAll'n 12978).' 2.YITA-3,,,hc isrssat.t~and efjproot-knot' nmatode~ai'd mutiple ,resistanc',.asalsofound to'6yvrl'olfi. di seaa'esresistant to ~opa ey wWlima'~7 war AAw- e lo110mobsa i Y,

.'Trp.Legume bud thrp , alu othripsslostedti(Tr bom) syn.
""'oTaenitrp-Jsei (Tyo)i 
maj 1rpest .of.,cowpea inAfrica and is'oftn~iespnsblefortoal'~yildlosse. 
 The" shiny blackeggsondeSeverelyoy~ thiip" :feed- andbus~~ infested pants :appearaid do not produce any diseased 

'aMd form 
flowers 4 (Sihhl977a, Flowe1rtbuds"th~at psca"'amageflws m be~linfested later.*These-,l~~i~ itrtd afomdan- discolred ama-fall -off.when'the'thrips' infesation is severe~(Tayl or 1l969) SuSceptibJ'llity tothi&s'paet i''indeterininate~cow-pea cultivars 

M' ' .. ..
 

&U '4, 



may 	actal have some advantage paiular y where the "VWeX~ae 
, aaec d'. _Thris' ±nfe atati161 estroy- he init'ia flie-sa

ffo''but. -....' 'he plant: contina' 0o growt and, wi 1 -p I aadionai. foliage,i4ni presence of mosue In az-easwere shcQrt douth e6rioacc he 
6u30,O-50 DAP,, '4p-uae~ wi£herop s~ thec 	 endetermina e -opea

ormally, suz,vive. *ie:sho t eI~I I2 e PS~i O 
aar~ca~fiiy ucedbecause i~arvaed ih~eccrneot 	 I

4 ain, thih detr~nate c~p.naeanorm-ajL~c 	 ~ oescape: te "ataQl d ~legume bud4.thrip_6 an'b,.99'-cr e ha aP't0i 
DtriatecopeaTplantsma not" urvie:te:ycult n 
pletee.1 
 'Te Il logy of_;this,;~ Ian~ on 

n as'~ 'teisrancescee-1 h ro '~T" ' h pest,~ ecnie 

were developad~t r.sure' uniform and high- infestationj of l'egume ,, thrips.inthe field. -These 'included, lnin daiq ige n pe-ut~ir a roun6"d th'hJfield about 30b days be forej" n!tcts~aeil.1:,a sln 

sere
a 
a rapfor legume pod bor'er., Mruca teFtualis (Geyer)' oo'avoj' thed,infestation and competition with tLhe thrip .- 'The' test cuia vars~were plan e6in 	single ros and knon sucpilecek we planted, everytrtM~ost plantiings were done -inSeptembier fo screing for t ris reiownc'.,becas th 	 -hispp.ltosare-normally, high durinigiNo'vember, When t e,,
te t cltia'rwee aout35DAP, endosulfan was srapiid- at te ra.- 'o G 

~ wih~l~e r sttin Plant~s were rated -for thripsejac
atA and iv1ars-wit the least thrips"damage were. fu~rthier -,te'edb~d55DAP.-Cl 

~n ~ ~orconfirmation of-thrip reistance,, -TVu10
was' identiid as reis-tanoderatl (Singh 1977b)., - The mechaniom of,r 
 -16thii 	 ~yResisac asa 	 "h,(1078Y 

-niii 
 (Tbe 6) 'Yield:2oss studies coducted at ilTAindictedaayil
 

L6. -- Mechanim 'of~resstnce to Mealurothrins sjosteti. IITA.;.(C.Roesingh, unpubihd 1978;.J~~------~~ ~ 

C'tvar. R~--~ esistance -- -,Fecuind-bt 

~T 	 u 150 ~ jaiibi'osis'~~~ 

rim 
 Susceptible  107
 

ICV 

18's~"*~
 

,Fecundity1 of fifteIn female adult thrips in 7~days. 

loss-of about 25 36 inmod~erately resistant TVu 1509, whres 000 yeld _ loses ere recorded in other cultiwars. This indicates that even a low e1ve
* of. resistance~6 in TVfr1509 is o 	 men vl'i pactical agicltr'a 

http:thrips.in


cowpea im,yroveiiint-progrwns. Tw te.yry-auin utvr',ERca and

7,whiicl, 'are susceptibl~e in reenhouse tets,, consistentl escpe rips


dsmage i~ id trials due~tt~aifiw~rin ud/ o bb r
 

for-'thrips 'resistance. ER1- and ER-7 were' identbified fromcosses mae
 
between resistantran{d suseptible co pea cultiivars.sid, hav ' desiable agro-,
 

i~omc~chractrswhich TIVu 1509 doe's~not have. eetyacoswsmd
betwe ~rsistan1t Tyu 15~09~a'd igh-yielding Ife Brown,,esulting in fouco

than Vu i5 9'with higher -yield potential~and comparatively superior agronomic 
cha ster (Table7) 

Blite Betls Anumber of species of' the'Pnj Mylabris and the genus ~
 ~Corvia~do cosdrbl a, g to copea AdAlt beetles feed ~2floycr' dh
 
flwr -ud fiten their,,damseeis_1sporadic and: serious' My ,.affinis 

Ol~ivier, Mylabris fafriiharsoni, Blair, Mylabris amplecters Gerstaecker, andF<
 
_______________"(Geri)._re some of. the, common. speciesfofJliSter. beetlesY

:found in Afric. Mlabis postulatia (Thunberg)adMylabris ceylonicaT(Pic)
 
are:.common in Asa.. 'Blister~ beetles are..'easily recognizedLby the~character- \I
 

about.j5-28 'imlog. $These beetles~ ar ahrdfiutt control due toA
 
thi oiiy adbc s they ,usuallyr visit~oily' flowers'that~ar open just
 

, a,day.~ No attempt on host-pl'ant resistance'studied has been ma~de as itaper

it may not be possible to' find resistance due ,to~the na ue 'of~damage and
 
sporadic'occurrence of the-beetles in11the 'field.' 

Lepidoptera. A-large number~ of' lepidopterous ,pests&±nfestcowpea at ~
 
,both the--owering and post flowering stage. Only,,the'most limportant pe'sts~K.
 

are Legume pod borer, (Geyer),' is found '4.''s
dspjstd.here. Maruca testulalis 
4throughout the tropics of Central and South America,-Asia, and Africa (Taylor ~ A 
1l978). _It is a major pest of cowpea in Africa and can cause. severe yieJld
losses ranging up'to 60% (Singh and Taylor 1978, Taylor 1967i ,1968). -'hea ~ 

44larvae initi~ally feed on young, tender shoots' and peduncies, and, later, when 
the flower buds 4and flowers are formed,,they prefer to feed on the floral~parts A

'j'nnd the greenF pods." Flowers, pods and leaves are usually webbed~together and 
frass is often visible on pods and shoot ,tips when this pest is.-presenit.. The

~biology of the, legume pod borer has been extensively 'studied (Akinfenwa,1975,
 
4DjaMin,1961 , Taylor 1967, 1968). The behavior, of this' pest'.appears. to' have"
 
important implications on breeding'for iiisec tL resistance (Singh 1978' Singh

apnd -Taylor 1978). ,The, early generation MN.: ~infest tender<2larvae' of testulalis 

,parts of the stem and peduncles before flw'ig.7ae h ouainbid
 

'tiinhe lowra~a"d pods of the ,crop, any resistance to stem and eunle
 
'attack would' therefore reduce damage not only to the stem and peduncle but ,,,~ 

jalso to the ,flowers and pods." Additionally, pods~ touching any~other~pr of 
pthe lant including another pod, were often observed to'become infest'ed, at,-' 

the~point ofcontact (Singh 1978). Thus, pod infestation was higher inculti
-vrthathad two or more pods 'held 'close, together at a narrow angle on~the


~peduncle than in those cultivars withF,onQ,F two-or more pods held further ap#art

Al that have r :the
~so, varieties short, peduncles with,'pods~toucng the~lef 
:parts,,of' the plant have M. "tetulalis entiryh~ie3at-"thatsie% Th &ra 
LayQpefer "these feeding 1sites as a protectin against p'asites ad predators;iF' 

Resisanceto thiswpest hasF beenstde at.~IIA Cope cutvrswr
 
'screened i"'he field for reitac, an hs'clia thathad the least
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damage wereurther screened i±n th _e~h huses fo~r theidentifcat ion of
 
resiatant' cltityars. Th. -w'slterconfirmsed conductinF
~istsanc b,'r 

repJibated&,trials.7in the field. Gcreening for-M. testiulalis resistance ~
 

er izn'the field or inwa ofe~ifcl due to ltack
 
cf, uiform, infestatiorW ,or I nfestationv ley'el being low. - 9ne'way, of ove.

___oiihALtis. proble alby~yji3 fe ij~te'plants ;n the 'fiel
 
L~it~g-asa or al-i.''axa7 In thftdb senco th!is,A- 7 

ility at - ITA': 'seeal simple' cultua meh'di wredvoP.t atSfac 

ine edand.grehes.~twasfoun-tat feldpopuatons are nor-,~ 
mallyfhighb rin the iwet~part of the yer. %Therefore, for3most fie3d~tests, 

i'~planting was~ done duringMa'rch - April," The ~adult moths- we're observed to '"'A'_ 

take' shelter during the~day unider~ the foliage of dense p oundinut plants and
 
"broad-leaf weeds~around the field. F'or all field, screening- plots were"*
 
selected near large 'shady trees and where the broad-leaf weed populations~' 
around the fields were high. Tebroad-leaf weeds around field plots' were
 
kept uncut and undisturbed, Grouninutwas often planted arun th~lt
 
7-out 30 das before planting the test cultiy~rs. Recently cowpea culti 
v~irs with multiple peduncles, which are highly susceptible to M, testulalis,
 
'have also been planted around the plots, and these~ served as a good. source
 
of this, pest. tThe field plots&>were kept 'moist, ifnecessary,byui
 

irrigat~ion. M. testulalis' populations in'thesmesh houses were " ''sprinkler 


'kept high by selecting a location near te'LlI shady trees so that the.ms
 
6i~sshad partial shade; during 'the dry period, .wa.er, waspoedntp~A'
 

l'darounrd the mesh hou~ses to keep them moist. Inadto'otI ll 
,,, pigeon p~ea plants and groundnut plants grown in pots2were' kept in the'mesh ~ 
~i houses to provide additional' shade and shelter for adult' moths. ' i 

BQyscreening 2800 cowea cultivarsat 1XITA, two cowpea cultivar ''' " 
TVu 9Tv 557) were'identified as' resistant to M. testu..alis damage.
 

to stem and peduncle. Both these cultivara have' additional importantL$~ ',
 

charaters that make them less susceptible to flower and~pod damage. ''ThcK~
 
addit?,nal characters include the possession of abnor,.ally long peduncles;w.'
 

" 'the pds, about 'two per peduncle, are held well over 'tbe plant canopy'at a' 
wider angle than normal farmi'varieties and therefore 'escape considerable 
flower and pod damage.' In large field plots grown with TVu 4557 the M. 
testulalis population .was4 alw~ays low. There was'4no pest multiplication on'~~"K
 
the, stems and~peduncles ,-ard, therefore, negligible damage to flwer
 
pods.' TVu 11557, was i'dentified fo'r resistance to luguime pod borer from the
 
hybrids developed~ at the University-of Ifa, Nigeria. LTVt 4557Lhas bee'n


/ describied as VITA-5 4'du'e~'t its resistance to M.te'stulali's damage and other "4 
Sd'esir'able agronomic characters (Singh et ai. 197~~ne T -5was'de-''~'i 
scribed,~ it' has~,benwintroducedl by national programinTto several counirie s 4~ 

,i fordiredt~cltivti~7~x9 i closer'to 'wild'tyb! cpebt, has ,, 

cowpea improvement prograris., 'The mechanism of, resistance to 'stem ant in
 
uncle damage'in 'thiese ~two 'cultivars,has been identified ' -antibiosis' (Usua
 
1975 unpublis1ied,.Siiigh 1977b, ,8igh 1978) . , <~2
 

'Th'oher'important, idely di'stributed lejiidojpterous~pests 'that attack~
 
'"'flover buds,,flowers, 'snd' green 4pods .in "tropical4 'Asia an'd Africa 'ares African '
 

bollworm, H1 iothis~aigera,(Hubner), and Egypti an leafwor3,''Sp6doter ': 



-12 
 . 

lltitoralis B idnv a1 Srous sporadcamg~ from thesepP'ts, ha been'reorxded~on cowpeaa in recentatesrs a'xsomiflobe onS
 
~u~~eea 6mio

reviewd)yiingand Thxe biology ofvan U979) 'f these Pestshas beenEmden hJiat , 4t1ag eeet on co-Ipeaa have yet 'been'undertaken~ 

Tfs _P~~knod~sucki ng-ug~spa,_raLuL1arly "eeve ral-co re inhegenerL Acanthomj~in iaRi tortusiid AnsPlocnemis 'arimdJor OfatAfrica anTd aEreof mizrJpr~neigsa~O~~ai*b of Lcoea 
lzr

~entralC and:otAmrcl As 
 naAfi
stikbugs I-nmot, at o'Asia, green~ae iou ests6 cope ana are'less'm~tn
varius~od-UCking ugs' a in'fia The~variouspod kthe sap from iedvlp 

dome thedev~ni~pods.; dpdInfeste~~dof2ghrielf oftes
 

>jThe .behavior of~aome hePd-ukig
SOchieng (1977)found.that b hsbe studied at IITA,,Ana~oc'ai 'uvpsybii~y eggs on the cope )iomly onplant.He. found -hat~ > eggs on they"ae strionf-liers and layleguminousatheladults ree'n wedsin{
r-4fs hcopaied.; adaet~et-and; bushn ;im This.ead oft ret e eaicularT~ from wvh-nce. 
mayb of Patclortnein'e;e 

n g - aying be avior of the pe atsuvvlof h.ant'pecies.4.. i hen'lid on he jlter,(98unpublished) observedea~ed Khaembathaate 
 an 1i
;~greenhouses normally do not -feedo or-d<W ajh~edPopulations smu~h~opapddo Inthe f±eld.t He 'alsoI bservedthat vhen adult!i1~~u j 
attracted R~.det_______ gbrigied nd-oess ,Kbaemb T(l978 ,unpublid) screed abou'.i3460 owpeacUltivyars forsisted mstly of a utP p l t o s fAn2 2 ems c ri e (F b 
c u) ad
~~intortus).an both nymnphs and 4aUltS TQ1faL1o~oihorrid a (Germar).an~d loiAc t~menosienauremtal).,he
.dufo infestations of pods ckingbs -idps, eeslcedSA.to foreat areas , close;or near, naturl bushta~re ~ MaLiz atpstd .1k around the field plots. small~eh~~e
R. 6~ectotiLj~ butij&enipe, er 
ditrbue ntefeld (about'50 'cagea/ha)' whin the test,were at th po-omto

y-4;in developing uniform pod-sucd 'tg., These.methods Dprnlyassetgnett~ i~34f;.vars were Ioften~treated with carbofuraj1,anuje 5 h il. c~.i~4furrow treatment at' the~timse of Planting' 5 npledi th soliaa
This ,contrled mot,:~becw 

n' t  -, ith.~n wsr the, iiod-mkng Ultfrthe cotrl 
 , ue bdtrp Most~ Icultiyars'&deo~ DAPreininr~r~s a u~'indicated,Rachie.'et al. VITA 4, a cowpea' cut2d~~~(l 9 7 ) eu'fiv other:.cowpea 
- damage' than other cultivars' had comparatively less,tet u~vr in. the field _,fowever<the~se r

mctlcto ~~sul~~ tt~d-ndneedto be~furthern-onfirmed4 by accuiate greenhouce-tesa 
~ pCojn~aClkculo.Thecbiipea curcul0, Chalcodernui5th aeneus 63hemnsx,'isotserious~ps ofcwesi the Unit-ed,-tte 

'4'".AerIca O(ussell and Chalfant 1979),~' T'he bilology ofi- ~ ~ ~ 
4 '~ Souths~'this4> >~-o Pes 

* 

ha been'~ 

http:intortus).an
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Dueand Bekham (15) }The adult weevilS dmag theree* developing 

Tpds bydrc eeding' anO by ovipoitin~g . he eggas,,this results in _'the pod'
 
and seed runcture Qr' the, chrct s i6 stinig I (Rupsell'and 'Cafant 197T)
 

oweultivr eistant bo cowpea curelilio-have 'been' idezxti±ied'iii
 
th~rta 1 11h, ,~ ~ 22L
 

4,dfound~some cultivars, had asignificantly- greater, nubro amgds~s 
'They~,fotind a cowp acultivr, 'Worthmore" , which has Sever alspro g 
iLomic~chracters, w~as not significantlydifferent in1 susceptibility ftrom-,an ~~ 
eale relas 'Missspi ive.
 

HOST, PLANT~ RESISTANCE STRATEGIES IN RELATION TO PEST 11,ANAGF2AENT-

TInorder toe Itablish meaningful st rategies in relationV to hos plat 1 . 
resitanepet mnageent essential to uinderstand the stressan itis 


'physiology and the compensatory limits of the =oTea plant in relation to
 
,pest complex and crop phenology (Fig. I and 2). Thisienablesus to ,siecii
lIate how far and for which insect'we cnentirelydepend oinsec resist
 
,ance. There is no doubt that insect resistant cultivars'form an~important '
 

~i'componet inintegrated pest management and ~they 'could be asly comb ined ~ 
~with other control methods for optimum benefit."'' ~~ 

Coypea Stress Physiology and Compensatory Limits. The~cowpea, partic- 

4" ularly- the indeterminate, type, is in many respects a remarkable plait. It. 
can iwithstid early defoliations' as severe as,50%1 without affecting grain~' }" 
yield, though sometimes flowering may be slightly delsyed (Ezedinma .1973). 
Yield losses are usually incurred only, if there is ,insufficient moisture in 

~the soil'or where temerature regimes become increasingly unfavorable as the 
season progresses. Experiments 'conducted in Nigeria and India showed that 

~the criticsl period du~rinig which leaf area is essentisJ for'yieldproduction 

inicowpea 'is"the flowering and immediate post-flowering period, (Sinha and 
Savithri 1978,' Wien 'and Tayo 1978), Indeterminate covpea cult ivars which> , 

- area less yield loss from defoliation'duringthis~'poduce excess leaf suffer 

period., rDtermiiate cultivara produce little vegetative growth after, lwr
 

~K.ing and thus suffer~greater\ yield losses (Wien ,and Tayo 1978). It seems the i 
!piotein nitrogen: required for the early pod development stage "is mobilized iL 

:+from the leaves, therefore leaf removalV at' this' stage of plant growth is 
'>Acrtical'(Sinha'and Savithri 1978, Wien~and Tsaro 1978). The rapid~plant'f'l
 

g~rowth pattern':is confined to the 2-3 week period at or near 11 owerng,; there
~by providing additioInalin surance to the cowpea ,plant when it i most'required ~ 

(Sinha 'andSavithi'1978Y. Cowpeas:,similar to other grain legumes, ,produce 
a rfuenmbr ffoe buds .an(8oer. oot.0 ') of these abscise, and 
Uonly, a f ew fruits' are. set (Sinha and: Savithri"1978J) indicatin Igcopeas~over- : 

jproduce flowers and o6nly a small portionwill form pods in any'case." Ojehomon4
168 r~eported' that only the first-formned flower buds an44 flowers'produced " 

'fruits and when these'flower buds and flowier~s are removed', the subsequently> 
developed flowers, which4 wou~ld oth~erwise' drop, produce fruits (Sinha and " 

'''Savithr3J 1978). OJehcn (1970) and Wie'n andTayo (1978) mechanically' removed 
,.P4ll-flowers''from co'wpea plants for ten consecutive days after-flowering with~ 
no reduction in. seed yield. Flower removal had, to be continued for'as long as 

1420 days before- measurabl e yield losess occurred. .A 
"~~~Wien and Tayo (1978) reported that the distribution of th vial 



hotosy21thate nanib of pods, number of seeds e o, n n 3~ 
~~t~ino r. lo~ss: ofI ounfrisioptT , is ettat.d 'hat'otn de' plan 

m~ents,-with-Pcaducc yield signifi4antly. Removal in-th -thin' green's aseY"A& 'no
~weeks ~after -flowering also had no 

of halfthe pod'oo~e'ach. pedun'cie'
effect on 'Yicld. 

vo 
<&theseeds~had filled7btnt before -the"pod 

Ifl pods werect~after~aumabodbcueti'" seneace, edwa eureue, pre-~
sumaby~beauaiethe plants 
Yil a

rerductive tiasii could& no .longer comnpensateuerpr ense&ice~leaf~snse a~tit fully for thest'd started Th ce(r ,poteton~at this' late plant growth stage 6O-l'1i~ z~~eln ano-lnger compensate, for the~loss in, plant 'tiasueii Thecwe astres,~~hysiology and compensatory limits in general 'can be summaid'i'' t
 

HotPlan esitance Strate iesg Tepefoeig etconsist mostly, of foliage-feeding beetles ' fc'paileafhoppersan opaThese are major. pests in some Iparts'o h ol 
hd

.. in- other locationa. Cowpea n r fmnripraccultivars re i ''nt''~ip~sScovpeaFphids,(TViiio8P YT-3 h'2 and Tv 41)hvebn 

4:>"found- resistant.-i'It~appeas 
w i~~~aibcontrulled~onri.wpea by utiizing inaect-resistant,9>L:straegyfoir control of these lines; this'shoiild be thepe~sts.~"I'At thisitime,,,resistance to'.foliage -feeding "'"'
 

<is~~~tnknown 'The 
bete i opa"utvr
foliage beetles appear to be sporadic "and 'cause'dir'eci~,lA damage by feeding on the foliage at the seedling stage."k~~~tcan tolerate'small insect populationis Normally the plants 

loss in yield'r"When the insect 
and 'recover' from the damage ,without,'any

populatosxi'very high,~ ~.>~occurs. Under such a-eedlfin motalityhigh pest population ~levels', ,itriesistance will be 'is dobful 4?insectof any, practical3ivalue 'x'%
Som ofthefolagefeedingbeeitjes'causeeffctvevectors of cowpea: (yellow) serious dsmage to cowpeas as 

cause serious damage 
mosaic- Similarly, cowpea aphids'alsoas'vectoresof.cowea aphid-borne mosaic.,,7' Cowpea cultivars resistant to leafhoppers, cowpea aphids, cowpea (yellw)4 oaic', and.cowmea aphid-borne mosaic' should be able to, perform well in the. field and in'<most casesmay no need ,any insecticide protection' during the pre flowering 

~ AThe'pestfr that infest cowpea during the flowering. stage in Africa areprmrl telgm bud thrips' adlegume pod borer.the legum 'boer~ia In Asia and Aut raiald most 'otat. l~~tneto "legume"~bcen 'ideniified at' IITA, bud'thrips hasTV'loi d 'tou 59i~o r '4,pto iii amgl'e stantnd rpe amgand ~ ~ ~cowea'ulttii~s'R-1'<dERdue'to. early,N shr~n',rfs flwr damage~. i 
"'podborer as-explained' eale is 

l(ig 1977b), ResisZtane o'legume-.best"schiewed by.,'Lacobnaio an,characters,-including rsistnce to~ the." frst'generation boeinfests p'a~opplan ttender paits of stmadpd~ce.-epolmpsdbpestsan apaenl be miiie bPoth0 eycmbngrssance-to both pestsad.baelectingjcope cultivars Nith ,rofuse~ flowerlng, wihln euce with
podheda a idcangle from ec te. Peiiayfedtil '' ,e 

N, N, 

N~~ ~ ~ N ~ ~ -- A~ J~~N ~ ' '~~~ - A" 
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inetcd a Al ias~~t ~ o~~usaeipratieei\otzi p b~ tis ficaat entgrwh sta corbues sinifculi4to educinga t e'Utdtae and rci vn higafidJ s' hsi Ja 
the diferent iojpea-prodcg~ reions cOfptenaword. 'Legum~ plate n,1 

dont-exist a3,the plan isat a senescenttg and any 'loaa'in he plant
wil no,:eormneda iorj rough regrowth Theirefore, in order to preserve:high y&id, ,cgupea. dt this- stage needs good protetion against~ pests. A cornbiration-kro p t resiiat cu'.]tivara" ith aprpit netcd protection

sutbe 

shr po-filllingjstage may, to some 

aairs~ i>b Ihasbeen sgcte'h'cowipea cliaswt 

extent, escaiiedainaeby some of hse& 

SUGGESIOXF FME HfOST PLANT RFSISTAZNCE HElSFAIRCH AT IITA~ 
0esearchR on insect resistance in 'cowpeas inAfric~ali ofrecent origin,Previously) there~va a I ck of a large cowpea gerplasm, nonexistence ofmultidisciplinary teams, and low priority to grain legume research at the'national research institutes. The collection at of germiplaamIITA of.great>genetic diversity, scientists, and faiities has made'cooperative research*on 'insect resistance possible,in cowpea and this1haa now developed to a good*cooperative team effort by entomologists, agronomists, and'pliant breedersin TAfrica., Inaect-rsistant'cowpea cultivar combinedwith Minmi'inetcdaplcto sth fa inerae petangmn~ yster, have givenulu 

much highe yield thanthe local-standards i~noluded~fin the ,tests or thenational~aversg il Ayn-apn 96 As~ 196 Bida dSagar'l976,tRabeja 1976,, 'S~~,ki1§76, Taylor.'1976). , IZITA old ontnueto idetify and~
S"' resistant line'sith highield~ p~entia&

provides single' and, multiple insect 
Sto national- and ruioial 'programs., Since IITA; has accepted the prime' int'national responsibility for the imiprovmn ofc ea Godwrty 978) theF-outlook should be to establish the ps.sttus onawrdiebssadnto

local or regioal imortance only- This has been, the, poic6I inthe past -ajidSitishoul&, ;continue.' Cowpea ultivara identified as resistant ,t lnh~ rs andi cowpea aphids at 11TA are also resistant 'in the various -jcowpea-.predution~'regions of, the orld whjere they are~major .pests. Thrfoe th ho-lnt(resistance ~research- at' IITA should continuetoieifc6p clvas
siatant'to these pests anid collaborate in."cooperative testing oft eitn
Qultivara in *1'vriousregJone where, they are major, pests. JtIis'also~~ suggested, that,
for 

in? tefutue any cowpea. cultiyar, that' ia 's dibedfromiKITAany prticularcharacters~ have resistance to'both le'fh pers and- cowpea'iphids. Xyven though these pet ar~rsnl nArc' -~liprac 

< the'pezt~situation~can chne :'I~swo'rth reminding ouraelves t atquiteV ~n-dramat'ic changes have occuirred~"i reen yerb-n lepn~~ml'f, rice

and sorghums in.Asia. FLeafhopperae aid'planthoppcos, whc ee'al Con7sieespests of rice In Asia for,seera. years,Similarly,F shoot flies an'igs-wr 
hav eo 'eetymajor'-~pests.: hardly noticd on' orgjuja'in

- Iidia, but at presentar'th mstsiuspsts._In Africa2, insectpetsre,'jundoubtedly the majord n'rinsi 
copapodcin 
Itwould be toooptimistic-'to think that ~al 'the'pest prbJens of -wpa can, e,,soled'-by, host-FplantA resistance research aloner- flowever ,by jdcosy ...obnn 3 pat~" reaistance with miniir inscicide application, higher yields be obtained.can 

P-I;*~-'

- S S - A p.~ F



Itjh.be'en observed in the topl'cs that a farmer i~s usualy-hesitant 0o 
apply iiecticide on cowpeas at the early p1ant 'growth sta'-, 'if1e- lose
the 'crop atl this stage, he may plant some other cr~p$ becausitre -is stillenough moisture. inthe acd emycnde is pr tio 

a - i- tteropth7 ~ g ~n e ragSeaison- a: nent 
becuseth
alernties~rereduced to'jprotect3.ng'h cop or losing it to

inet.Wt hssrtg nmni ' recommzended thot resistance t0pre-flowering pests, even if they are of nino~r importa~~,~oidbencr
poratedin~cowpea cutvrA h lwrn tglgumse bud'.hipS Lind 
legume ,pod borer~are serious pests .,llhas een'demonsr_i6&that eenlol e aIof? resistance or ear y and/r ~±is
 
practical airiculture, Scenii fo eita einsg~ .a glnes 
cun 

'Fitaanfdbusau 4n not'iei whr i..ppla in, f Cridbu s and 
legume buid thrips, -respectively, have regularly. beenv obs erved. 

lit JfoAha to mabe'.maetocobiereisacL variousn~r~pests of cowpea,or'l 4 	 *In,,.eveop multiple pest reaistant Coweacultivars. 
collaboration with plsnt'b3eders, "efforts are being~made to 66ibinresistance~,to several insect pests by c o hgnprom a ng',cult vars. wSome crosses sh W"Amultiple resistance and these~are~ftrther evaluate'd. #A seeti iori~~h. 
cross, ER71, WaS Compared it oal mdid imroedcultivasin:3' armiersI 
field'trials. at Shaki, a1'-ilage ~north of Ibadan IITA. . ER11, ih muiltiple-:
isect resistance, suffered the. smalle&it yield loss (20%); th-la 4cultivar.

* 	~suffered thetlargest loas M7%).~In the absence of insecticide protection, 
SER-1 yielded about-fiveK times mare thanA the local cultivar mid about two times~ 

more than the other improved, cultivars from I1TA (Table~9)., ' This very success-
Sfully demonstrates the value~of multiple peat resistance in integrated cowqea~ 

A pest management programs, P ,j' 

TABLE 9. ~Coiparative yield loaes cauIsedA by pestion farmers' fields in Aiin.A 

Sproved mid local cultivars. Shaki north of IITAA (Anon. 1977) * 

A:-A 

Yield zKg/haYil
~'-Cu2tivar With insect control ,< No insect control -A-, 1,sajY8 

~ER .L 866 	 A669 A/ 201-4 
VIAA 
 55 
 133h


TVx 930-OIB 1001 	 -4144 ~ 55 6. 
A' 

' 
SnakiALocal 433 -,, 126' 70 

CV39 
 +78A 

*Trial conducted by.D. 11aegJU, 1977.~AA A~AA, 

q T-1 
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BIOLOGY AND BREEDING OF PEANUT
 

0. D. Smith, Dep. of Soil & Crop Sciences
 
Texas A&M University
 

Introduction
 

Peanut, Arachis hypogaea L., 
 is
and warm temperate regions. 
a widely grown crop in tropic, sub-tropic
It is grown at latitudes from 400S to 40°N.
is frost sensitive and requires Peanut
a growing season
Preferp-tially, it is grown on 

of 3.5 to more than 5 months.
friable, well-drained sandy loam soils but is qrown
in soils ranging from river bottoms to 
relatively tight clay.
on soils with reasonable fertility and 5 to 
Growth is best
 

7 dm of moisture distributed uniformly over the growing season. 
 Peanut is reasonably salt sensitive and water
quality must be considered when irrigating for field or glasshouse culture.
 
Worldwide the peanut is groan onyield near about 19,000,000 ha with an average pod
1000 kg/ha. Production by continents on
production basis a percentage of the world
in 1976 was distributed as 
follows
Africa (29.1), North America (10.0), 

(FAO 1976): Asia (55.7),
 
Europe (0.1). Average yields by 

South America (5.0), Oceania (0.2), and
continents ranged fromto 780 kg/ha in Africa. India was the 
2433 kq/ha in North /I:ericaleading country in acreage and total production, although its average yield was only 814 kg/ha.
markedly Yields have increased
in the US and other countries during the past 30 years and now range
from 2000 to 6000 kg/ha. The hiihest verified commercial yielderature (9600 kg/ha) found in the litwas produced in Rhodesia in 1976 (Swantt 1978). 

In the U.S. , the peanut is grown in three majorAlabama, Florida, South areas: Southeast (Georgia,Carolina), SouthwestEast (Virginia and 
(Texas, Oklahoma, flew Mexico), andNorth Carolina). Almost 45 percent oftons of peanuts (in the 1.73 million metricshell) harvested in the U.S. in 1978 were producedTexas ranked fourth in production with a total 

in Georqia.
of 197,000 metric tons.
 

Origin 
The genus Arachis, corsisting of at 
least 70 species according to C. E.
Simpson (personal cormsunication, Texas A&M University), is from South America
with the center of origin believed to be in Brazil (Frapovickas 1969).
survives in alternately wet and dry The genus


Most of iewild 
climates under conditions of close grazing.
species are diploid (2n 
= forms predominate although some are 

20) and perennial. Tetrafoliate leaf
trifoliate.
ground. Dispersal All species produce fruit underis enhanced in some species by an elongated isthmus between
the seed in the pods. 
 The genus is divided into seven 
sections of which one
section, Rhizomatosae, is characterized by rhizomes (Gregory et al
distribution of the species along the river valleys 
1973). The 

indicates movement by waterhas been an important means 
of dispersal.
 

The origin of the cultivated peanut, Arachis hypoaea L., has been
as 
 reported
the Eastern slopes of the Andes probably in Bolivia TKrapovickas 1969).
has It
spread from this origin around the globe primarily by means of man.
hypogaea is a tetraploid (2n A.
= 40) annual leguminous species with plant types
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ranging from decumbent to upright. Many morphological variations exist which
 
-2 readily apparent in characters as: vine size, stemminess and branching
 

.:abit; leaf size, color and shape; flower color and size; pod size, shape and
 
venation; seed color, size and shape; shell thickness, structure and composi
tion; and others. Cobb and Johnson (1973), renort averages and ranges for 
some important components of the seed as: lipids 52 (44 to 56 ), protein 28'
 
(25-34 ), and starch 13 (6-25 ). Ihe species is divided into two subspecies,
 
based primarily on branchinq habit and flowerinq characteristics, with two bo
tanical varieties cach as follows ([ire(cry et al 1973): 

subsp. hykpoqaea Krap. iq. (1960)
 
var. hiypo_.aea Krap. (Polivian and yna .ont: Virginia)
 
Vat. hirsuta Koh1ler (Coastal Peruvian)
 

subsp, fa stiqit ,aldion (191N) 
var. fias-t.r _ia-ta Kral. (Peruvian Selva and Guaranian: Valencia) 
Vat. vulqi\r is farz (uarni ' panii sh) 

Great diversity within each of tht-& botanical classifications has been noted 
in Africa and other peanut dlrowii1 areas resultinq from adaptive selection to 
varyin 9 grow ineg conditiones alldpreforences of [ail. 

Plant., of tiL, hletanIical variety llyj)o'jaea are descri bed by IfaRmlons (1973) 
as deculilllent to upriohl in growth hahit, 1R Tnotfloewer n lilairlstei: leaf axils, 
branch al ternate lv, have considerable fresh seed dormancy and mature later than 
these of fasti iati. Ca rver (197) noted tlat selections with this branching 
h(jbit produce t h iioest yields. l iel1 tests il 'Southwes t 1I. S.A. concur with 
his, 

staLeent except in the northrni area of this ,'egion where tile growinq season 
i,, rr'latively short. tlheVii'lrlia and Punner market classes of U.S. peanuts, 
seprrable i)rii:iarii 1)n the blasi s of pod size, tielon( to variety hyLojaea_. 

'lantl o! (,ihlr;)(1':i, ', tai,tirrirta have uplilqht growth, flowering oilthe main
teIll 1i ttt LI ' S,I "'od dollilaily aId sllfiltial branclhi ng1. lie Valencia peanut 
var. a t i q iI t ' ha' l i'ttythtrlO to five -seeded pod s arnd (generally coarser stems 

fvljr whicI 
early m' iliii 1 . 
tiha tllhelauIs (r i,) are mostly two-seeded arid, comparatively, 

1 ly

eds of the cli] va ted peanut vary in color with solid colors ranging from 
purple, red, pink, flesh, tan, brown and white, and variegated colors of 
red and white, flesh ad white, red and flesh, and perhaps others. Mature two
seeded pods have been observed to vary from 1.5 to 6.5 CiII il length and multi
seeded pods even longer. Seed weights vary from less than 0.2 to 2 g each. 

Each ueed, colllposed of two cotyledons and a "heart" whrich is the epicotyl, 
hypocotyl arid prirmary root, is enclosed by a papery thin seedcoat. The seedcoat 
(testa) serves with the hull as protective envelopes for tile enclosed eibryn. 
!he seed a1 norillly rielloVed trom the shell uefore plaitinq hut care should be 
taln o )reserve the integrity of the testa. 

Radicle emergence in non-dormant seed may lie observed within 24-36 hours 
when imbibed at 27'C. liie lrilary root and hypocotyl grow rapidly, their rela
tive proportion of below ground length varying with depth of planting, until 



the cotyledons are lifted to 
the soil surface. 
 Upon surfacing the cotyledonary
leaves expand and tileepicotyl, consirting of the mainstem and 
twc cotyledonary
axes, develop into the above-ground seedling plant.
 
Flowering may begin within three 
to
Inflorescenses four weeks after seedling emergence.
are borne 
in leaf axils with individual 
flowers typically papilionacious having a standard, two wings, and a keel.
column of eight The pistil is surrounded oy a
to ten dimorphic stamens. 


orange margins and 
The corolla is generally yellow with
red veins in the 
standard. 
 The inflorescenses are
sisting of as many as racemes con-
G or 8 flowers which emerge individually from leaf axilsover a period of several dais. Peak flowering by the plant is attained five toseven weeks after emergence Day to day fluctuationsbut flowering continues on in flower number are commonan erratic basis duringplant. Each flower is the life of the indeterminantsho t-lived with full expansion and anthesissunrise and soon afterwilting beginring by

transported into the soil 
the end of The same day. Fertilized ovules areby growth of meristimatic tissue
ovary (Smith, 1950). The gynophore. or commonly 

at the base of the
 
usually called peg, that is formedemerges from betw?en the floral bracts seven 14It is geotropically positive and grows 

to days after pollination.
into the soil to depths uf two to eight
cm where the growinq tip, cantaining the one to five ovules, assumes a horizontal
position and enlarges for seed formation. 

The number of flowers oorne per plant duringthe th season greatly exceedsnumber .f fruit produced. Environmental and physiological factorsvolved. lhe fruit-set:flower ratio are inis higher when the fruit loadis low and on the plantscul tural condtions favor growth.that the fruit:flower ratio will be 
Normally, this may be interpreted

higher during the early reproductive period. 

!f growing conditions are favorable the seeds from aphysiologically so flower will developthat 
to 

they will become germinative if harvested and driedfive six weeks after pollination under favorable growingof mainde conditions. Podsfruit have reticulated surfaces, the seedcoats resemblecolor, the shells are compact, and to varying degrees by 
their mature 

spotting genotype a tan to black
occurs on the interior shell surface; a coloration
ted with tannin formation. Seeds that has been associaof subspecies fastigiata mayvine if harvest, is delayed. germinate on the 
may be dormant 

Newly harvested seed, especially of subsp. hypogaea,to varying extents ain breaking tie dormancy has been 
for time after harvest but reasonable successachieved by exposure of the seed to ethylenegas (Ketring et a] 1970).
 

GerLasm resources 

Major collrctions of germplasm are maintained at
Introductian Station, Experiment, Georgia; 
the USDA Southern Regional


International 
Crops Research Institute for the Semi-Arid Iropics, Hyuerabad, India;
Station Cordoba, larifredi, Argentina. 
and the Manfredi Experiment


Over 4000 accessions are listed in the
catalog of seed of Arachis available from the Southern Regional Plant Introduction
Station at 
uncommon. 

Experiment, Georgia but duplicate introductions of genotypes are not
Additional breeding lines and selections are maintained by researchers
in their separate programs.
 

Resistance has been reported in A. hy2ogaea to
leafspot (Sowell et al 
several pests such as early
1976), rust (B-romlfield 1971), 
web blotch (Smith et al 1979),
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rosette virus (Berchoux 1960), Asnerqillus flavus (Mixon and Rogers 1973), black 

rot (Wynne et al 1975), Fyiumspp.-(Frark-nd-irkun 1968), white mold stem rot 

(Garren 1974), root knot nematode (Edwards 1956), lesion nenatode (Smith et al 

1978), fall army,,orm (Hamrrons 1970), and southern co,'n root'.r)rm (Campbell et al 

1977). Ilany of these resistance levels are of moderate intensity. New and better 

sources of resistance to peanut pests have been reported in recent years; a 

result of intensified efforts and improved evaluation metn,:ls. I expect greater 

success in the identification of resistance sources to be octhcomin g. 

Resistance in toe wild species has been observed to early and late leaf

spot, web blotch, riot, black rot, stunt virus, roset.te ,ir;u., root knot nema

tode, lesser corn;talk borer, southern corn rootworm, tobacco thlips and 

spider mite, (C. E. ,impson, personnal communication). High resistance levels 

have been notud for several of these pests. 

{(eneti CS 

Several rovifws on the qeIetics of hyporlaea are in th literture (familmons 

19/3, reqoerv et 1 19511. ilcept fror the peanut stunt virus, little definitive 

research Ia; been repirtorted o tire genetics of disease or insect resistance in 

j)eaoUts. (iofiat'eterencos in the models proposed regarding he geneticsif 
01 )lant traitL Or, 1)Irent in the 1itratiure. E<arh',,s cited hy lai ons (1973) 

of tiLe grenetic moed] r rrorl ilay (yive some cluec, corririiing what might be 

epected whein treeding to interiror ite (ens conditioning pest resistance. 

Irro it r Fr " rn',irs rc-Icir ) growth is dominantIbi t. ,,I rch ot tihetn(trail in 

over t';' ul,riqi, Iuir . !l io; roi seOd mode ; for F? segrqlit ion have included 
digenr Sr, ind lic iiteracitinrs. r.jithir, the tifactor-Lrironic lrjwl,,,mr -:vtoplai 
i,, '.,,n ir ' i n r, Fri I rn tn ' 11r11 Fr )ni a resul tEd. 

1 il, 1i ,p ro ith tI' e ledn ,shri ( 968 and 1976) to 

p ~rn5' ]i I n i nrmrr'ril ,'n' awl intr actionis ;ra ronqcvtrpl6silic and Iriclear 
WOr . ' 'ut ,' ts r'(,IOd hv Re1, ar and Imery (19T ) i i which the 

rec riprn ,l diIr'nr (n' I iri i tn (r('tiie in to the 12 anni 3 generations 

iave bon iutr ret,- ihf iil ho ,lidif orereri'ce ri's;l ted froi Maternal effects 

instead of c',topl] lii; ilh rir 

SrI'Ii,' ;t l i loore' orc ; t''ni; o f in I Ior n ce e o ti mainstem isthe 

doiin(rit to r F.ii rnot', ;c ratios have been interpreted as two setsr'ec 1p 
of duplicate loci inturact in with e'i'easic between sets of loci. 

Sterile .r)_chvytic. roner in c ntrol ha been interpreted as morogenic, 
digeric and r n rsiearchers studies of these distinctetr aroic condncting 
tive plint which freqienit. ly occur amonr infraspecific crosses. 

Flower cOlor . Variou;W iiterisiF ties of color have been noted ard f2 genetic 

rati-os Of 1 2 1 arid 15: 1 ha ve Fren reported. 

ChLor ioj).1,,,l1 dt iciencie s. I roi nil to four factors have been proposed. 

Prin le 1eat i s cinditioned by a s riole dnii lir, rt geie. 

Pod size. rodel for ine to three fac tors have Feen proposed. 

Fred-co-tri ction. i factorial and tri factorial models have been pr'oonsed. 

es ta -c-color.-- r tot ff eiljt g',res afiecf: ci the exterior te:ta color 

rave been repor ted wi th i ncompIel ete doiii narice , i nini bi ti on and compl ementa

tion proposed.
 
Rosette virus. Resistance to this virus is cenditioned by two recessive
 

genes withdupli cate action.
 

http:roset.te
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Ihese examples emphasize I) that ambiguitypeanut, and 2) that exists regarding inheritancetwo or more genes in
Since A. h.polaea is allotetraploid, 

and often times epista sis are apparent.perhaps it shouldor" moe, Jenes control not be surprisingmany traits. that twoThe implicat ions aresegregting material that large populations ofmay he needled ir order ;n idert i fy desired combinations of genes.
 

f. fo to to ,'vt'i )ejnuts throuqCJ several reeding have laqqedinjat r far behind that::O;p1e, e peanut1961 uas th ni 
var'iet 'Starr', released in
t im 1oved Aanisi pea.-ut
hybridizatiwi varietv resulting flosto be r('-ased control led 

flhere 
in the United 'tates according to Simpson (1972).ii IOch ;)entlitil for iiniproivement1rproveii qeriiiplasri, in1peanuts throigh identificationhybridi'ation offor recolbination,strains ,., , v t r,) q ress 

and ,lection of superiori 11 :nine nuc h too sl owly frir the satisfaction ofcho see . to ii we cv the cro . 

ealut I, a igi.-poll, s, lin ed crol,. Cro,',:th reasonable inti cln be accomp)lisheduccess little opportunityis apparent. for 'omrieicial'-on idirable hybhrid ;'reductioneffort and expense ioudbe requirid forsele ctiii a recurrentr, jui lo!l ctie :ating proqram, of :uch size.
 
iirossig 
 a p iodfiale t v ihi u.il eisa'culatiin ofl,,]ant i.i .l *or 'e: 1he 

ia flowers of the fe'v he'nro aithesis, flower budsbv 1late eveni grow rapidly andor (2arl, : ittain a 'izebe emasculated. i Ibie is i 
of about one cm in length and canO:n(:d, the standardvedoed behind The ai 

held erect, the two wingsi of 'he standa rd , andte pi* l -ta i iial 
the keel pulled forward exposing

;.(1 the 
lu . !he anthers are removed with carefi Jicl Ls near ie iJp of taken totheir union in the staminalto soe t i i Te I ow;e, is left 

column without injuryopen, uncovered,rc1'ditioll umtil or returned to a neart',e next morning. Soon normal 
pI after sunrise the followingJe1tnoc tsitLorded morning matureas sales is extractedh,, i, I trudin the 

by gently sliding the forcepspollen from upthe tip ofcian surfac. the keel ontoA 5111 quantity of the forceps or athe pollen
catic is then transferred tohairs of the tile stigfloer emasculated the previous evening. This provides the potential for one podJ.
 

Labelling 
 of thL lea
attaching a nylon string 

a .il iy some method is advised. Ihis may be done byto tie leaf petiole andparent and the to a stake identifyingdate. .11 the malenon-emasculated buds mustuntil be removedthe peg bearinq the crosfertilized from the leaf axil 
The string embryo is identifiedis transferred and labelled.fromIhthe petiole to the peg and the stake datedMhen as tothe peg penctrated the soil. 

t'laintenance of high humidity tel lowing emasculationimpo rtant. Often until fertilizationthe humidity is naturally high at is 
should be taken to preserve 

night but special precautionsthe high il umvidity the morningThis may be done of the pollinations.by Moistening surrounding surfaces priorjecting a flow of moist air over the 
to pollination, inplants in ai'lated glasshouse,flower with or coveringa moistened cloth or the pollpaper taking care not to brush the pollenfrom the sti giva. 

Several variations of this crossing procedure are employed. Crossing 
is more
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coveintj teplants are elevated on~ a 
bnhor,ina greenhou se Fn.e~plantsar no anted in 30~rally *c'or larger pots. More than one malecan be~Ased p~iremal e plant but often atmale arenr1s e fo ahfml
isig

~plnt'ad~allcr6ssesproducted on the femiile.'re~then of' te'ae: pare it e \Sbreeac~~-d-~otl~a te yo~e 7_1T ualih a7-bid before-~~~anthesis,:th roughout the growing sea on, except those whi LI have beew emscul~atedand,'c'r6ss-pollinated. Chaibe.s with reversed day and, night: sceduls areiused

Sby 'some .to allow~ emasculation of~the bbris at the time-whe6 male parent pollen is 
-

Savailable so 'iie task cani be completed~irone operation. Crossing success varies
~widely by'days,(2O'to 90') and amnong researchers. 
Pod to cross -polinfated flower

j';ratios of 25 to'i50 peircent'are not un~common. The number of crosses needed between
two parents .varies widely but 12 torI5 pegs is usually a reasonable number~,I< 

F1 plants 
are spaced 0.5 to 1.0 mnapart for optimal seed increase.
Cuttings can be made and utilized to achieve greater seed numbers for, the iF y
A> planting if~necessary, ,,.1, 2 


The mechanics of breeding peanuit ismore difficult than those inbreeding
many field crops. Since the frL 
t are produced below ground, selection for
yield and fruiting characters must be delayed until the fruit are dug. 
Coin-'
mercial diggers can be used but manual shaking and inversion of plants arei
often necessary for field selection. With inclimate weather and sometimes,

uninvitedjpoachers (wildlife, etc.), field selection must be rapid and 
subjective selection is:usually required. Further selection canLb xriej~

the laboratorybt this isafter the investments of harvesting,' drying and,
storage of the samples. Some shelling and cleaning equipment are available
but ronsiderable handpicking, cleaning and shelling of smallsamples 
seems ~ 
,nevitable. 
 -w 
 ' ~-~ 

SThe breeding methods used for peanuts are similar to those of most highyy',
self-pollinated crops. The genetic models proposing multiple ~factor control
of traits with epistasis would suggest that selection should be delayed fur

A many charact rs (F4 or later) to be most effective.--

Pure-line and mass selection have been used to produce several cultivars~ as discussed by Norden (1973).> The pedigree or modifications of the'pedigree
system have also proven successful.--Some of "themost successful cultivars..'in.1 I;-the U'S. have come from the Florida program and these are described'as composites~of three to. ten ?sister. lines selected in the F4 to F8 generations (Carver 1969, -Norden et al -1969, Norden 1978),KiThe component lines are nmaintainedsepairately,~Aand mixed 'for brLeders seed like multiline varieties. However'thecom~ponent-J~~!Klies hae~not. been selected specifically on the basis of diseaerato
 
mtho

breeding are being employed. 'As~noted previously, <the~genetics of several ,traits~ 
Thebaccrosorcombinations of. Jt and recombnation or transgressive& 

~are rather complex, 
 Effective selection criteria combined witi~a goodecrrnt~

parent are essential to an effective backcross breeding prograin;-Thle identification
 

1?of~effeciveseection techniques has slowed progress inbreding for disease and
'insect resistance. 
 ' 

Genotypes differ widely intheir effectiveness intransmitting desired
~1-characteristics. Some use of the diallel cross and early generatioevaluatj6n~ 

q1 

Z-41. 
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for the identification of good parents 
have been reported. Parker et al (1970)

found general combining ability (g.c.a.) 
to be more important than specific

combining ability (s.c.a.) 
for seedling characters in progenies of six crosses
 
grown in the phytotron. Wynne et al 
(1970) evaluated the same crosses in the
 
field and found s.c.a. to be significant for more fruiting characters than g.c.a.

Early generation evaluation was successful in identifyinq crosses for some fruit

characteristics but not yield 
in another study by Wynne (1976). Coffelt and
Haorions (1974) reported early generation testing may be an acceptable procedure

for identifying populations
r2 from infraspecific crosies from which high yielding
lines can be selected. Careful selection of adapted parents s'ould be exer
cised in breedino for pest resistance as often the resistance issource an un
adapted strain. Adapted commercial cultivars would appear to be good prospective
parents but these or advanced lines may differ in their combining ability.
 

I.lutatirn breeding ias 
been used with some success in peanut. Its greatestusefulness would appear to he in producing resistance to pests for which naturally
occurring resists nce is uravailable. lutagenic agents differ in their effective
oess on peanut and peanut Strairns hayS been shown to differ in their mutability. 

]he apparent rservoir or useful genetic traits in the will species isintriguing. "ost of 
 wild species diploid anl 

with A. hyppeaea has been successful with some of 


tin . are (2n - 2(1) although crossing 
the more closely related diploid


species, 
t!he i' aru tniploid iand generallv sterile. Colchicine induced chromo
some doubling is b"eing used to gain fertility in the hsbrids. The compatability
of these and A. h, Iealines theand difficultv in achievinq stability of
chromosome nuilber's in _the i of fspr in is under study. Attempts by Gregory and
Gregory (1979) and others to 
cross A. hyponaea with more distantly related species
has produced little success. th'
'ntil necTist-nces found in the wild species are
 
transferred into the A. hvj)ojae 
 geneti bacL:]rourd, we cannot accurately assess 
the intensity and utilitY Of tT, resistances for cri!vnercial oroduction. 

ihe development of i newipeanut 'mltiv requires 1? to 1 years using
compatible A. hyfpoyaea parun ts. if-season increase may shorten this time by twoto tour years. Much effort is needed in evaluating the thousands of peanut lines
collected and those yet uncollected for sorc'es of genetic resistance to pests.
kesistance in A. hyfojaea, where available can be employed more easily than that
of related species, but progress is still slow. MIny cfaracters besides resistance to pests must be combined into a productive line for it to be commercially
 
acceptable.
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DfSEASE RESISTANCEI PEAUTS
 

,77-~ L ~ .. Si Associate 1PrOfpso Texas A&ti UI vers ity,,~Texasgi Ural Experimen t'-ttion
 
Plant Disease Resear1 Station
 

Yoakum,~Texas 77995 

ITRODUCTION4 i 

Most penu dsaeOfitraonlmprancemanagedwth either 'c ar6 mial nto,
neaticide);, cutrlpatcsrc~pr6ELat dsue. fun icides andon,'deepl burial,of cr~op. residue, iplant igOioha~raie~ bed j; nn d rting :cultia-'0,tioni dlsease: avoidan ce b' va rying p -t4ngtes,- at.7cobinat onvof both ,chemica ad culitur i E.ces~.pra Thieculti~vars:wh.ich':re curnl 'o nth 6o rddir areashave iin'dequate, levels of disease'risEfc 'o~eet the use~$of chemicbal and7clua' di'aemng'-e ra&tie Some
 
diseases.~ Far example, .Fiorun 
 ier,'has.a saif'tr lev61"o
~web blotch resistance (Smith et al, 17) H 4vrti aPnot eviden~t unilJ Florunner was- 9row commercialy in44ie South,western -United_ State- Recently al~hew,:cultivar~ released by the'Texas Agricultural, Experiment Siatioji, 

a 
(Simpsop'tal. ,1979) . The rationale f/releasingthe Ioal' cu1ti1,~ws
based'on its resistance to 

-Ii 
and Rhizoctonia soLani. i olo~sssy iodro'Howeve 

'diseases..~ 

The peanut crop Jin the,,Inited States is extremely,vulner-~- able to thekintroduction of_ nL,'wqpathogens and the--caionjofexisting pathogeris )'ecau~se.only 
genetic , modifi one culti'var 6,Irne~is'cultivated on'ia prep6nderhtne of z~

the d.nited State'peantt~.acr ee nthe largest~peant production area-of theUnited 4/States, Alab~ma, iFlo4 ridalar~d Georgia) nearly').pO percent, of the-acreage is planted~ to4 Florunn'er
 

k1Sources of diseaseisistant germplam havebeen repor ''Sasla result of'field 2laboiratory, and greenhouse' studiasi 1Jisease
iresistant erp~mhsbnrpre for Qearly leafspot. (causedby,Ccosporatarachidicola'y Jlate leafspot .(caused by .Cpe4iu
222soatm), peanut rust.(caupd' Pucnia-arachidis),7 web(caused by Phoma~ arach idicola)> leaf sc-orch and -pepper 

blotch 
by Leptophaeruiina',crassiasca)+, aflatokin 

spo' (caused
(produced byAspgilus.
flavus and seglu~aaiticus), stem,~ 
(o
caused by.S
"Folfs±1), Cylindrocladium black-rot, (caused-by-.Ly nrocladiuT7
crotal zcae)+ -podrot andand ,Rhi zocoia pod breakdon,, (ca\'ised byPvhiuiiiiriotylumsolani) , Sclerot'ini'a blight (a~e~y ceoiiminor)e bVerticillium "dahliae), 1cols'4rqtt, causdby Diplodia go.spina) lesion nematode (Pratylenchus"~brachviiud)4root~ knot- nematodes (.Mloidogyii aronaria 4andMeloidogve al)~ oe~ rjpaurostt 


pl) 
 vis, peaut mottevrs 
- peanut' 


g-~ ~ 

http:caused-by-.Ly
http:nearly').pO
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atn~t -virus, and bacterial ~i1 a sd by Ps udonas U 
solan ceauii 
.7
 

Te pT-JU-rp1se th-s'ap-e7fs 0review t
-to d ~~ of,our 'koldeabu penu dsaeritncand-to s'peculat 'eabout the Outlook for th~e development of -new 'disea'se'resistantpanut cultivars. 'The nature of specoific diseases~,ehdlg
f dieases~blihmet,~disease assessment,,and id'rces of'peanut diease resistantgermplasm wll'be discudssed. 

EARLY AND LATE LEAFS POT' 2$i 

,These diseases are of- major impotac Bthdseesontribute to peauedfltinand~substantial crop:;lossesovr bcnded I IeavesIp Irovide,'n~ntritional More 
base for .'Sdlero*'v-siter thc etc. o 

SV-'Both 
 leafspot pathogens grow slowly in~culture and- tend tolose their capacity? to~ sporulate.- The fastidious cultiiraljre iuri-' ,?ments of these fungi have~pirobablydiscouraged 1aboratory,.nd, 
- greenhotse -studies by, earlier orkrs., HoweV~r', Smith ,(1971)~-r~described a simple method for preparation of C, arachidicola inocui um,'
This? method cojisisted'of 4rowing the, funu 
onIau~ealtot


'§jagIar-under co tinuous .flourescnt lightL'for- C:d.14, days a ; 28 C.X
~Then a spore suspension- wasprepared 
 andapplied to f liage 'with an',44atomizer. Plants were incubated _n'a rist~chamber> for, ca, 48 hou~rs,at Th-80,F.1 Macroscopic symptoms tusually aiP eared within 10 to 14 
-- days.-
 -- ~22~~'
 

Ini testing peanut entries 'for 
 ,eitaetoearly., and,.la te 
'l~ eafspot i~n the field,.we prefer to- plant pe-anusio nd~v~'~'has been, plantedfto pejanuts -for~ at -least -treye Thi eliminafltes~fthe nedg'to artificially~ inoculae? the ?plants. ?~adLin
we1>1 water viawapply supplemental sprinkler.,irrigatibn to establish~"~leaf wetness 
conditions favorable for spore,,release, germi.nation,
,an~d penetration.A 
 In South Texas, eafpteiecareusal
 

- severe when peanuts are planted-in late.May? or' Juiie7-' 
 -

In our leafspot d~isease resistance tests we employ,.two''
different,disease assessment,methods-:to,measuie %diifferences,among
~testentries. The--most--rapid method consists,of,' 
 ihi aig
on, a -I to 10 scale whr =-compee .efoJ.1aton'and'-lo 
 'no"defoliation. Usually three~observers simultan66usly-ratete :plots.

?~In, addition to this mnethod, w cuit -five main stems >'in each-eplicaftecount: the total number of leaflets~' thie' number'of Jieaf lets 9jjij~>either one or more spots-and- thenimber 'ofab cid' e l~fets.' YThiSL1enables us to compute the amount of, infectio'n, the' amunt4-'df' 'ief~l'i-?ation,,and the ofamount infection'plus the ?amiount .'defoliation. 

- seasoi to measure the seasonal progress of leafsot epidemjicsy 

~?. -' I, ' 

http:field,.we
http:1aboratory,.nd


Inetinest 'tj D dIroughtstes, naOde, infestations and

-pecicid phyo6xct cian~cotibt 't doiatibn and/or
 

~Pedrosa (19,75) c'ompared' se'alIdfferentmethods of0 a_suring Cercospora,. leafspot', (C. arachiidi l) In ~d~;~a~high~%~p~ df1ft the la aantnd 'dhe'oncl of(%-'f-ef9aton -on-h.manste and te nubespots p ':eaf,'were',the,, waoso sfiactory mnethods~ beoaii6 of
theik llciity and ,peii';',H' '-" n Beute ( 9 )used
 
seea eaeevaluation met odsofor-erylafpt n they'


cnclded-that- a visual'estimate (%)' of I~ev with symptomns wast
 
an evaluation nubr~fnrel~
ffc'enmethod for when'~ lar 


wretestd. Abdou et ial .L(974) nieasj~red le'sions ~per leaflt,;
~ dianmeter of,-esions',,leaf 'area,diseased, 'and thelamount of sporu.a-,4t on fr arly'('nd ,late leaf spot. CXha1al and.*Sandhu ,,:1972) classli
fied 'entries' wth 'yto 5 percent infection, as.rstan' '5to1 

,~percent. as, tolerant,, and greater~ than.:l0_ percen't!,,-s-IsuscePLiieI Mercer' (1'973) ,measured jeafspot~r thebs htfwEfhau JAs~,-± ~
 
Srweight of leavest, weight of stems,-stem/leaf ~ratio,' unshep.-'d'


",9('ight of. pods, shelling percentage, .percentage of i maturepods,~

weAiight per pod and a leafspot rating scl"o, 't 5 Cummnisand
~suith'11973) used in.vttro digestibility of peanut~hay as a measure
 
of Iearly''leafspot Thnfestation, andPorter-,,(1970), determ~ined the~

numiber of pods-rcvee frmteol:a rhret
 

- liggins',(1935) reported~that resistance to eariy and. lite

iaafspot were independexntly.inherited. Abdouwet al, 197.4) eval~i 

'
 

ated subspecies,.-botanL~al varieties,an I.utvr 
 f pa~t . for
resistance to early and late leafspot.I.They found souirces of.-rdris 

~i'tance in wild Arachis.. 2, Immune and highly resistant collections ,-of, Arachis were found 'in sections "Erectoidesf .hizonatosaei an
Extranervosae , A. chacoense. (1060O2GKP) was resistant to C.

Parachid1icola but susceptible-tt6C. persnatum cardena ii
(10017_IGiP) was susceptible toC. arachidicola 'and immune- to C.~
 
personatum., Sharief et al. (1978V:reported heritable variation
 
of~leafspot resistance in'F
2 populatiof .cosses maqe,'anong9 
'resistantand~susceptible wild specis~of Arachis.j!Hemingway,

(15)sgetdta resistance,tothe ,early ,and late,'leafspot tj

S-pathogens wab dependent~ on :stornata1ltsize'. Gibbosanda Baileyov
(1967) "exposed eight Arachis sp.-.and a.control,culti'var'7of A.7 

--hypogaea atoinatural epidemics of early leafspot_2Les'ionzidid not
 
develop-aon A. repens, A. glabrata, and-aA. nag nbeckii;-but the~
remaining species showed a gradation in~diseasea susceptibifi ,ty.
Gibbons~and Bailey (19,67) stated thataresistance awas associated--
with zimall' stomatal apertures on -the ~adaxiala surface.' Sowell et 1r.
I~~:'196) screened aca~0 paut inrdctions 'for 'resip tancejto
 

a>~early ?leafspot,, and at least, one of 'these (PI. 109 839Pis 'now 'being '
usdin foliar disease resistance~bedn I rgasa eea
 ~~~ ~in the world.-a a -*~T~"~V~faa-~
 

a~~ The probability of -developing agqronoinically~acceptableaI
S(high yieldingashortaseason', desirablea fruit'characteristics)a- "
 
lcafspot resistant Varietie-sa, is a matter of speculation, 'but-~
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there, 0s a, growingoptimi sm amo g peanut Leders thatthsak
ca: be accomplihed,, 4 

PAUT RUST' 

Bromfeld31971)-,.reyviewed; the ;peanut 
rust tijerature. inv1,1Wihte e~Ption ,of~the~peanut produc~Lng "area cf Soth, exa 5penurstdoes,,not reach epidemic ldvels in the Uie:SasThdse~e..'s. 'en'denic, in theIest Iridis." Slnce -197 QhasI bee t7e'r+--;iAi 9,: arLachii.Oceana, Austraia'apd A'fric a,-Hmo 
hid 

197).
Te~unusdoes 'no't-survive. rm-esh, to',seasoW in the~UntdStates". 'Each year,,'a rbon'eopor ar entoueint Su 'Tzxspeaput fiel.ds.' ' The disease hanot be~~v 
pror10alyJly'"atouhthe.',plantinglsaon in t e~~ranges 1from ear1y March'wt,mnid-July. Teliospoes~have inot~been 

Pucciniaarachidis A-; a . lcgate palsit,.fi -heefr
'.ind~Ouu beeppoduced 
o ivnmust~-rdsqrlats,' a~e
staxpried ot les' 'y'ear', in afreezer,_-if inculu'srneededforexperientl'purposes.' IMcvey 1( 6),iou e, lns-,ih ae~Suspension ofspores and placed the .plants~in'saturated'atmosphereIfor 16or 24 hours at an-unspecified temperature.'. Mtacroscopic,~flecks appeared on the abaxial leaflet sufcw1In ,ti 8ito 10 days.Ithe,field ,i n fected container -9rown.p l n t sCacn 1b6.use'iQdtmacu~l'ateplants (Smith, unpub.lished). Thne existence, of phsilgicaLiraces of P 'iarach idis 4has not been deterrftned , 

Ala<~amions '('1977) listed the-f±ollowing sourves-of'rust'reVstance ,ithin'A 'Thypoqaea:_ Taropotol
.1316~22, ~andI405132) ui11J. Line' 136"
(P IIs 1-2 747i '34'1879 ' 350660,
i .' v 

I1381afd .'DHT 200' (P.IV3148l7). ad, 168Taropoto and. P. 11-1 11ar'It 
'' maturing Valencia types with reticulated podis containing three'or 

.fouir.seeds. The1 testa coldr ofTaropjoto isllight' to dark purpl6'4..and..tan or ;pink~in P ;',. 3141~ 7. 'P. 2~98115' is tpclighitypewithan erect'jabit'and

is,agronomricallIy acce'ptable. "' 

.awhite- test±'.'None ,Of thdsb, gnotypes
Bailey.et a 1 ~(19 73) released. 14 ,res is'tI n redn lines.''T1hsesegregting,,Ilines' 

. cross betweenP.I. '298115$ were from a naturalI.and'an unk'nown'.Sie'ccnrl'Ozitrato 6ln~ donor,'incdicatingi" resistance reces iV,.B~'i~l
4 and cevario '(1970) Jreported that'five accessions of A' glabrata were.~imunie rustto 
 . '.y.IV.c11'' 

.~ yWMazzani and HinoJ6'sa' (1961) used the flo'ndies 
' 

ssess-1 
ment qcale: 'RO (no, leaves';.heavily infec.ted); 'RI-' ('ss.; than 25%ro) ilea h2 
 '-
 t 0%o leaves heavily. infected)'R3 (50 6 ,75%
.of 'leaves heavily'infected) ;'R44,(more- than 75-of
leaves rheavily infected), 'An estimate of leaf iirea,"covered by rustpustules~ should also be usef'ul in evaluating peanut gi'btypes for,resistance-to'rust.'
 

4- -- 1 ~ '" j'1~ ~ ' 

' I % ~ ~ I  - - - I ' ' I 

http:palsit,.fi


W~~~b W~~h~Isas obee~h~u~t States duringthe'17-'rwn seasonand i~t was Prizraridy l-imifed~ to peanut 
i

producto 6reas'ofQklahonia and Texas,~eti et 97,~a 193)
The ftung'us reai±ly be cultu~red~on mIl tr *act agar i 20C incontinuou 

"'4 

igh Plants c'an be inoculated 
and-then induba1efor 48 h6, rs in a, nnist~chiJe. yjt 

Smt-ei (1979)evaluated the ofreaction peaniutgeno~typesi ' 6ndel ti~nsfi e1d' co0rnd Di's'dse .was measured, 4by- ctting
" f-ivi;c~n-tral steinsvfrom each plot, couriting4 the total- number' of-tleaflets'i, tlh nber4 m

of leflets 'with Web. blotch symuptows , ,and~ab- ne- efes 9 Spahish, type, peanuts' (Tamnut-74) were susceptibPle', and runner types (Florunner), were
(Foigat rersne 

resistant' <'Virainia types~an intermediate ca tegory 4 

LASCRHAND PEPPER SPOT~~-l~,~-"~-
-~ 1> 

' Porter 6t al.4(l971)'-evaluated eight peanut~cultivars, nd.'4
fie
si~redn or resistance-toileaf ,scorch(cauie by ~p~spar~na' crassiasca) "under 

or pepper s'pot,
field conditions.~~ Cultivarso breeding - ines-hat dev'eloped numerous'pepper: spots"did not develop many leaf scorch symptoms, andic iversa.-'- Thrv,, 



genetic constitution4of thie plants appeared to'regulit4-"thertypeof symptom expres9 ion' J;
-NC.17and NCAAc No., 15714 were-:very'>'ssceptible to leaf scorch, NS' 2, NC 5anc' 

''t
~-i4 NC Acc.c No. 156984-,Va 61-24-7 and-Avoca ll~
5, 

were 
gi

susceptible to ,the4
Spepper 
 spot~symptoms. 

'4 

I4AFLATOXIN CONTAM.INATION 
' 4-4 24-

Ito-identification of heritabl'har t- associa~ed >4 J'4he

Scapacity.''of 
 .4the peanut~planitoreis
la1rusnd4AsErgIllus.Earaiticdst~ ivaon by __________4-

L c f seglu,flaus;-and
~ cus -Crter4(l197O). reported ~that'_[4 -Itn' sed a ih-----~ic'tnthan 4susceptibleIseeds.-~
mi4xon4and:Rogers (1973) 4reported that certain~peanut plant?±nto 

,'d~uctionsiwere 
 resistant to seed colonizatio'n by.;A.' fl~s.L'(1973)."reported Pradethat resistant'seeds,'had greater surfacoe wax accumu~Alations4 than. susceptible ones-
1 

-Ben'iedict et' al.- (1973)'report~d thUat'A., iticus,colonized both resistant-and~ susceptible 'peanut seeds4
attrrmvlo th'e 
testa.,,Miionariddogers (1975) 4found thatt~4
mac nhi~pckfng o peanuts resulted in more colonization'_,hnhn
'pikig,:~e'yen with seed of 'resitn'ye. 
 trg&'al.(96
reotdthat 4-growing 'season, and 'location 'influenced the :seedl coat''[structure ,as well as the1 rat ,.and~ total1uptake' of' wate 9 b ured 
- -- .eds;" Wh'Ien goigseason condiioi'resulted-- in -seedsPwjth-'a4 
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high water uptake capacity, intact seeds of Florunner and genotypes

resistant to A. flavus invasion had slower water uptake rates 
than
genotypes which were more susceptible to invasion. Pettit et al.(1977) studied selected structural and chemical feat~ir-- of different 
genotypes. 
 They reported that resistant pods contained compact
sclerenchyma bands within the mesocarpic tissues. Sclerenchyma
bands contained high levels of lignin and cellulose. Peanut seedcoats differed in the size and shape of the hilum, amount and kindof cuticular wax on the exterior surface of the seed coat, thickness
of the palisade-like layers and the size and arrangement of cells
within these layers. Hila of resistant lines 
were small and closedin contrast with larger open hila on other genotypes. Dieckert andDieckert (1977) observed structural differences in the packingarrangement of collapsed cells of the mature testapeanut in resis-Snt and susceptible peanut genotypes. Young et al. (1977) suggestedthat in some peanut genotypes the unavailability of readily soluble,
small molecular weight amino asids either on or in the testa matrix may be involved in the mechanism of resistance to A. flavus.
Zambettakis et al. (1977) evaluated 33 peanut entries for resistance to A. flavus under field conditions and found significant

differences among entries. P.1. 337394, P.I. 337409, and Fiorunner 
were among the ten most resistant entries under field conditions. 

STEM ROT 

The stem rot causal organism (Sclerotium rolfsii) attacksnearly 200 species of plants. It occurs thein Southern United
States and in other tropical cxnd subtropical regions of the world.

S. 	 rolfsii can be readily grown oi a variety of agar media.

clerotia of S. rolfsii form readily in the field and in 
 culture,
but the sexual state of the f ungus is rarely seen either in the


field or in culture.
 

Garren (1974) reported that Va lencia type peanuts were moresusceptible than1 Spanish and that Spanish types were more susceptible than Virginia types. Garren also reported 
 a wide range ofsusceptibility ,aithin the Virginia types. lliggiiis (1927) concludedthat resistance of peanut stoes we'. associated with a thick cuticleand few stomata. When Cooper and Gregory (1957) irradiated VirainiaBinch peanut seed with x-rays, mutants with increased and decreasedresistance were produced. However, the production of inutants with
increased resistance occurred less frequently. 

Current levels of resistance in the cultivars which are grown in the Unite) States are inadeguate. Cultural practices
(crop rotation, deep burial of crop residue, and non-dirtingcultivation) combined with fungicidal control measures are requiredfor management of this widely distributed and devastating disease. 
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CYLINDROCLADIUMI BLACK ROr 

Cylindrocladjum black rot (CBR) is caused by Cylindrocladium
crotalariac, and it occurs in the peanut production areas of tile
 
Eastern United i;ttUS (North Carolina, Virginia, Georgia, Florida,
 
ain] Alabama) . 'Th Causal fIIungus can be growl in pure culture.
 

lyone et al. (1975) evaluated peanut genotypes (Virginia,
 
:;paij;hi U, ani Va lI i otanical 
 types) at two locations in North
 
Carol i la. PcIeCs:iLa(jt!; of .i ected plaints and tie degree of pod
 
daiitag, woe f'' 'Pani sih typos than for either the
fo-r tin' 

VlleIi a or Vi i iia typs'. :;C Ace 3033, a silall ruited Virginia
 
type wi th H2p2 in it-; jarentae, performed well at both loca
tiolls.
 

HaI e' (,'t L]. (i7i) e:;tiniateil the heritability of resistance
 
to il,. il IP J , IF a paOila] i;ic'rat itio, froill a four parlent

Iii LI l i1 : ,. . I I 1o Cel olldel- gIreeiihouse Conditions.
iA Ie ; i:; ta 

i)n t ,', b ; i-a:. cIIt)bi ;1i;: abi 1 ity, it was COIC tl(deci that
 

i I t i1: '.:I iiiial-ily ttrliltaLdbl t ddlitive (iIe tic
 
(I : 'l1' I ot ' t ; p) ,(ILdc1ed pro(CIeny Wi LIi diI fere:t levels 

of re; i;t , ,eiL . o) the., 1411;; o f heritLbility ostjiiate-; , the authors 
Ct)C IoIi t I-'. ;1;vliA0rat ioni selection for CiB k resis tance could 
be LICCilili! i -;iedI i It12ie (; iih ouse . 

Po iLiT' A::[) 1019 bifflAlii W: 

c1,LIL]-('i .Uh Psi ci: 1 P)74 usied tihe teril "pod bre,,kciowii" to) 
0ciibe- t IiPiltjiul !vriot Lmu and khizoctonia.'l:; 

'olaii ''liile Iltv',V ' i. P'iltki- ct -i. (1975) cvall ted tile resistance 
Vi I.3 1 t'i'i p' ci tI vir; , l5 plant int roduct ions, and two 

( tt_ icL I I : 1,,,,,i i t I; i ve yea-'s. They stated 
that. '' Oi' , Iii -unll'i, I11111 idi nt , ,ii :: 17 we re consistently 

. hviiA.II ccit.ic'T ar lIee , related pedijrees.'lhL'' l'i~:,'] I111)dtu'' 17(;Lt ' 1-t(J lnat Id 1_:OIII a cross; th'itt / I lC 
be'.< n , ;i,i.[ .:Ihi ! .1",.1 ;.,"! '.; ,U:;I lh t ,' , 1)l llll t a ~d1)ix ie G ra011t, 

i I VIIe I (p,{! I:I 'i t I-st 

Fr,7,i:,i: Li1' / r,,t Il the. 1 I, " w,t I I o t I' t,"IIIU1t lr Illy F-io0t yIU 1 
11 FU iL :11 1;la iLl*t " ; AI 0 , I: j-11t I (It C{II.Iux U H ' f CL2tld~ [.h it LWO 

Spaih I Alc f1ypI, L: 
(M'vit ) 1 ,~ ltve Ylc0d rr,C(,!oti!; t aI Ce. 

'i< ;,a _ )H) , ~ Valelu icia type 
,,h,-u , ll 'C t 

a I p2,i-:;, lLl I Ic-aulull l I cat i(,)I, ) re ,orted that field 
i'FI, l i IIIi ii l I;'i lil 12; - I;lLo iduCt iIS alia selections 

Ia'; btel l 111k.,l"'i ' iF' ;1 1: 1972. ';itU'; ii ,U been :;elected oil 
the la; it; in oil- 1 severe 17()t CausOdtht'it ii tr f pod daliiage,


iI y l V hliliuI'[ l', ji'itv ,'\'t i. d f ferences among
L Con;; ido rabc 
en trioa ill bot h P. Iiyriotvlm; tid i:i :octonia solani have been 
foid PIod rot tILs been eval t-cd on a visual rating scale where 

http:hviiA.II
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0 = no disease and 10 
= 100% pod rot. 
 Visual ratings and selections
were made 
in the field and the laboratory. Spaced plants and plant
rows with frequent checks have been enployed Non-genetic variability within the 
test sites has made evaluations and selections
more difficult. 
 The correlation of non-replicated F plant rows
and F3 progeny rows 2
for resistance was nearly zero, but high :orrelations have recently resulted in 15, F and F7 replicated populations. PI's 
365553 
& 341885 and ToalsoA are 
being used as parentb
for the Texas breedina progeny on the basis of their pod rot reac
tions and agronomic trails. 

SCLEROTINIA BLIGHT 

This disease, caused by Sclerotinia sclerotiorum, has beenreported in North Carolina, Virginia, and OkTlhoma. Porter et al.(1975) field 
screened peanut cultivars, breeding lines, and plant
introductions for resistance to this disease. Florigiant was themost resistant cultivar. Breeding lines with Spanish and Valencia
pedigrees were more resistant to the disease than Florigiant. 

VERTiCILLIM. WILT 

Frank and Krikun (1969) screened genotypes with resistanceto Pythium pod rot for resistance to Verticilium dahliae undeLfield conditions. Selection 1A of Sch;,arz-21 was resistant to
Verticillium, wilt under field conditions. 

Khan (1973) screened 152 accessions for resistance toVerticillium wilt under field condition-is. After evaluation in thegreonhouse and growth chamber, 21 of these accessions were groupedinto tolerant, intermediate, and susceptible categories. Studieson the inhe ritance of Verticiilium wilt revealed that susceptibilityappeared to be controlled by a single dom inant gene. However,tolerance was increased in a hybrid of two tolerant parents.Broad-sense heritability estimates for tolerance to VerticilliuIwilt varied from 0 to 44 from F 2 generations of tolerant X susceptible crosses. A disease rating scale with 13 categories rangingfrom no disease to a completely defoliated dead plant was used. 

DIPLODIA COLLAR ROT 

Porter and lansnorns (1975) screened peanut cultivars (Florigiantand Florispan Runner) and Tifton breeding lines for resistancecollar rot, tocaused by _iplodia This work was done incossypina.the greenhouse. Entries were exposed to low and high :ioculum levels.Of the entries tested, Florispan Runner of Tifton breeding lineF334A-B-14 appeared to 
be the most resistant.
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LESION "%1A'IODL 

S1i1ith t al. (1978) evaluatedi six peanut plant ilitroductions for resiistance to Il nchus brachyuius under fieldtions. conditee six introduct ions w selectted truin previous
(2IaL 1 t1r10 L I'en t,-; 

tests. 

w e included in so'0 e tests as all aid indetLrnIlli (tw I I it:IIt t f r (;istance. ShIIeis of twoi'' P 's (295233IT:f ha l :i fIC, Atly Is s p od d iscoor at ion an(I fewernI11I, It0 SL I( She 1 ('Xtra io ns thai. tihe )alm sh type cultivars.1lth tieh that. restace of shell and root may be 

'IWO)T E.U()T .. T 1 

II (re'il<,U(, t'',kt" CatilLo (1969) screened 235 culti' atedvati1''t it' , brt. idiij I e;, dti plaint introductions of \rachi',h-Dymo Lled tccuI; it 1 ill:; o wi Id Airchi Spp. for re.;Istace.. oloiduo Ije totI pt)lt 1111 lines were moderatel', 'u'oep'-ible,'IT I [}ml .ni 1,f pc, ,l IInL w(I rtt t(,; i Laint . ir , - . 1'-246 wasFt it I t Li' t(2 1 I . t11 1)i1t ypes. I ln ---- a d liar io is (1975)!,.Ireen(.,d 512 peanrt t ie ; r e" ;tdlcu to 1 arenraria in the1 L ,Ii i . They l t il t t l 01.'I , t ; were Susceptible. 

PUOS!' 1T V I11US 

CreoiiloMht tt.tt-e viro:; is lOt )resenthut In 'lfe United States,it IaS ht's21 rIt'per tel in Africa nd Ait Ir Alia. ciseraccivorais tie iii ';t impordtant vector 01 the virus , l(es istanlce exists in adroopI) I2it (I suit ivars f1-0li tim' Ivory Coast, Upper Voltaof I. ,st Afri areai 'itiin , )-'777). Nowver, tLe resistant cultivarsade sii l , 'I nid h,.it yit'ldinj liov(ever, Gibbons and Miercer(1!t72) liptI t~ loAl, 1r't( 111 let'dlitj ion resistance. 

1Y1'TPiA -T Fi Vt:US; 

!"l, h t dl. (1966) :;creened 4 5 peanut plant introductionsior it1, I t dc ( ptiI;ILt itLte Virus in the t reeo house. I'.1. ' Weree lniecan isa] I\ i liculat od, al,i Ithen I'iiaseolus vllcaris ''Toperopi lt a ] I ,L io lI ., w; s hfmiOCU aed Po: i. 111u ity was found anong
the 465 p1]ot illr ,luct-ions. 

I5 A more recent study (1\uhn et al., 1978) , tolerance to thele crol: st Iai of pIeanut muottle virus was observed in eleven of
sixty three peanut plant itrtltuctios. 
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PEANUT STUNT VIRUS
 

Culp and Troutman (1968) screened 308 peanut varieties,

introductions, and ibreeding lines for resistance to peanut stunt
 
in replicated field tcsts. :;o entries were immune, 
but severity

varied. Breeding line F 393-7-1 performed well in several tests,
 
but its 
 reaction to different levels of virus infection was
 
variable.
 

BATC'fLE AL LT'.;I 


Jeikins et al. (1966) screened seventeen peanut cultivars 
to bacteriai wilt, caused by Pseudomonas solanacearum. This work 
was dore il, the greenhouse. Tw.o cultivars (Schwarz 21 and Matjan
P.1. 267771) %-:ere highly resistant to Isolate 60 R-2 and imiune to
 
Other isolates.
 

CO::CLUCS J.S A:5D 0!TLOOP, FOP TilE FUTURE 

* li:t- wlult ul rese'trch on disease resistance in peanuts

indicates that ,frce
resistance exist, and that disease resis
tance traits can 1,u incorporated into acceptable cultivars. However,
it is iM N o1t;,:,i to eJ '' )ber that the development of new cultivars is 
time co-su ig T'he initial cross aid the release of a new cuitivar 
may !e sep)arated b an intervening period of 15 years of hard work 
and dedication (. the part of agricultura. -cientists who are inter
ested in crop i1proVi ' ci t. Pe anticipite I time in the future when 
pearnu t cI wivLr ',-i ha meutip [epe2t - ii; tance . This will 
enable c' a to reduce the cost of pteduction as a result of 
reduced pestico i1c2 egtnd reduced pe-sticide application costs. 
To reach tL(i c eoel.:, resuau-ch on factors influencing infection,
develop::cient if end disease assessment methods, bioreliale rapid 
chemicai al' structural features associated with resistance, and 
tie develas ct of 1:,etiods which enable rapid evaluation of breeding
lijes i ceded to accelerate progress in disease resistance breeding 
programs. 
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ARTIIROPOD RESISTANCEPEANUTS, ARAClIS IN
ItYPO(;Al.A L., 
 IN TIlE UNITED STATES 

J 14. Smith, J.h, Associate l'rofes ,-

ItepilrtmOtit 
of EntomD oy, Texas A&MUniversity, College Station, T'xan 77843 

The peanut, Arachis hlijoie 
 L., is attackedpotentially by numerous injuiriouiinjuriouis arthrolods andt rouilhout
world (Table tile peanut growing areas1). These psts of theeither directly consune
productivi the vegetative and reparts of till'plant etoSuck the
t
salivai plant juices, injectingwhich Cicld!;S diSCelozaion, reduce' 

a toxic 
general plantas a tlraCllslNsjo ll Illl 

health, and serves0 for several Imlportant viral diseases of peanuts.The psntsf etding Oilp'alts can bc onvenientlybased on the divided intoecologicall 2 groupshabitat.; lilt d mniaging lifeto the pealllut: (I) stages occupy in relationsoil or subterranean inhabitants and (2)or Vegetitation foliage feedersinhab itants. Nuuerioi ly most or the pests areplant foliae., found on theWil ],he ilOst eCoClOicall1y damaging, are enerally found 
The stal(t5 ,If 

in 
rtlly irthlopl ptnt 
 is direct eeoiomic elitititsprodu'tion in peanut0 11 1 ell1 'e I ll dlctllrl.itedother; re wiit LI tIe ,colnlolIc i MpOrtaIcenll,(,iostiolably. of m;anytIhelist coui. iled in Tableof "pests", 1 is a representationsome or which ;Sre qlIte destrtltivtl. Although numerousand p lliil ll 1 Injurious

iil'tlrl'll oll' llt'ir 
loca I ti pealltIts throughouto rlllll I, p-aCt 1Cles, the world,:I onl wI t I actorseat!lit's , ad lo'aI isshat Iterate ihls ts , naltlraloly iro llllt Ia[ll co 

S l£/t~ 1Sl 

it 1ionsusu5ally dic tate the11 p eilntlI p r o artlropodsdUC t io n . 

IlliS pip11-1 IVieW; tie currelnt nt atuls of resiitance of peallnutp) hvei I i to arthro(Ili ted til' revillW of tlOse arthropod!,;wil!e ledr c'll ivut iol, Which attack tlhe lplantthu:i purposefully omittingltta(ckitl(' a very Importanttile' groupil- llllt[ ill s;tOrtl' t. The literatureovelview of search provides arte';I'jll'ch partialill the ll11ted St;ltes, emphlsi.ilgp the (ore Important 
Tlhrips -II the
tll United States tlhe tobacco(ltde) k tlrips, Irankliniellat lot l'on "iscalilthr i encountered oil pealItsafleets thel' . Thrlps feedingupper~ urtlice of 


Tit effCtL i!1'1nSt 0vi 

the dleveloping leafiet cistllg leaf malformation.
l t when the

1q7llae.' plilnts are seedlings. Dire't thripsto pealluts; CIol',idere'd cosmetich' and not economic (Smith and

1977) .

Sams
 
PutItO tthl-;i resistaitill peanut culivars have been
field identifiedand laboIratory ev1lultions in both

(Table 2). Methods fors'lectillg determininglcult orivrI'' consist of visually rating leaf "damage",thrips populaLions coiuntIng extantillaphicall termllinals, ant evaluating, survival of thrips oncaged plants.
Leuck of al . (1967) oval(uated 1 advanced peanut linesfor thrips daTm gO . I'L(tta in field plantingswere rated by estimatingalffec ted the pcrcent ofly thrip111 feedinp. leavesPlants estiiat ,d to have 10% ofwere giv m the leaves damageda value of 1 ,

asCer'taln 
= 2, I could not accurately 

30% =3, etc. (Note;it tile lllthlOls were coln tint leaves or leaflets.that actln'lly leaflets were 
One WO. I-, SUrtllseteing
counted.)

types kesults revealed thatwere Spanishless aftce d than Runner
thit or Virginia types; theSpanish types allthors suggestingare more tolerant of feeding.Virgtinla Starr, Argentine,Bulch 67 varieties were NC 2, andsignificantly less affected 
than by thrips feedingFlorigiant atd Early Runner. 
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Tabhle 1. Arthtropodi pusts of Peanuts, Araci i hvpiO~~a I_. 

P es t i',ii II IV 1)ist , ibiatloll 

I t'rip! ; ti';tc't 7 1 1 s rt) hr ipitiai', IdaAfI 

SrinkIlie iii c~hli i (Tr. hart) 'Pitt E . Afr I ca , Suidanii rp1 i i-v' 


FrTCLikt1iheI tIi I-i LI sPiThI 1 lac USA
;Ca 1 k~iiill; 


itiki.. it I17 _)1--1 Ii Pc'tritatidt) T[ itr ;I'
hI-Iit; I s i1pit USA
 
Fr oki iiilt t it hci (hircit) 'IlItr)iiil . USA
 

totiitIp iintitit.'lr ip lat' Indlia, Africa
 

'tip, 'it pp. C[Athi tid a,' Costoitol I tanii 

I tlutcitftiliiSIIII:,i i 'idol I ilP AlcUSAra 

I iii iii IC I va ell L" I i, (-;I .Asi erj.ilrsti 


Itai t if I i (Cki h ) I'Cu stint I la,' rt\f [cal. 

- tt' ~ cut CP v I oot ilit Af r Ic ,cli -a i 

rSI Amrc 

Ch Ita USA, 'Amertia1) I i t ih Ie t t. (';. omi V'l S. 

V)t I I,,11% i 1 Cht'tii' Vt' ili'Af 't ,;I ii 1 111 

'iiA f'r I c a 

l I t . r) MeI ot[d leiE. U Afrc ,qioInilIIt 


1I Ihr i -!;, . - eI or v-' ;n
,Id i talllIS p 


zli,'ii~ttlijgt ':tioi' nii'ttt dcito
iiaw itlio I Afi,;rca 

S ti vi I -stotlia I.I ictatttta' 
It.Igriiolt,;ia i . ltittat, Mtiiat Afri caAs a 

rlpidatgt)iir t;Ln Ar. is(S)Cua-ahiuida Africa, sa 

Rholilk. I OI'li abac iaItlH) .qca davAustral 

'li ittit is oe ila.iiat (ligracr Acyd Arc 



Table 1. (cont.) 4500dontotermes spp. Termitidae
tLcdoterms inossambicI cus hag. 

Africa, India 
flodotermitidae

Spodopter fruiperd Africa
(.E. Smitil) Noctuidae 

tera Littoralis (llcisd.) New World 
Noectuidaepdp Africaxl (iutlcer) NoctuidaeSpodopt.'-, i itur (F.) Cosmopolitan
Noctuidae India, S. E.ptera Asiaurni thgIli ((;ienIne) NoctuidaeIleliothis USAarmi (tlubier) N,,ctuldael iotiti, 'e (Bod ie) Old World 
Noctuidae

lie I io t is New World _ re1ce '(F.)( Noc to MaeFelt is sub trr, USA(I.) NooctuidaeA.reti i lo (t I Old WorldIage ) Noctuidae
Accaea fiitta Cosmopolita.(l-.) Nctuidae11 athve Africascabra (F.) NoctuidaeAnitilars ta gam-itl USA s (ilclcne-) Noctutidae

Irus i Ic)p ) 
USA)n eilube Soc ti da e',t t \ccon, reel in (lboer) USA 

l ~ycaenidaeUFtAt,'1t~taibo.ii; eLell a (Chamhcr.,) GelechiidtaeIiacr'ia obli!T Walker New Worlda Arctl idacAisaict t moore IndiaILil ker Arcti idae'st i~caifl n India, Australiacrea (rur.') Arct i ill e}l1 t siullcI i (et) USA 
Pyral idaeI 1 ismoji ty11i Cosiopol I tan
I i toel It; (e I ler) l'vra I idae 
 New Worldcs' ;tcrojt cc v Zl IItr ;rac i Il r i idaeTarisa id (ilk k) India, S. E. Asia
l.hlacod aie AfricaiI)rciss Ctran ininut (i

Ctr an ich 
osduva I "'etranychi idse USA
I iusit se17.7l 
 Te traIyciti lseTt tr atIh cii'd'i';'r t- ru i ttks 

USA 
uTetrantvchidaeTetr2JJP"Tt 'c u" USArillychidae COSITopIotI t an 

cptlI!,I fro B I aid'd Armil t 1973. ilill 1975, Smith ,d lackson 1975 and',Ili Lit iltd Pi I L,; L074 . 

Yo IIg et it . (1972) crc' d 87/' c

vallcIted Ibv col l'c ill 

lt iv ars fiI ieIl tris,. Plants were
 
, land ccounti t ripsr tr i
dalcI1;Ige onl ; ca't 


eriinals ,liC(] ratinlgI of 1-8. I'llit iiIi0 t(Jltre Stiflt'1 to t (cil; c;tOcll to pissuscc tihu0 MOSt""ici; (ets 255914 268770,(Virgini,i) 26877 , 270804, 306221,280688 il 250509. Start, cit ici', was utst al;id tad Iewer t 1 1 
thce staiard entryi ps .and w.'aS I L' S I fuI C(I I ticl 

IV iiig t tan most Citie aIttIc)r!, ;tcggIII;t r es.lcc11- It r!Itc,e i C i/i r a i i s ;isbi ti rec;stanceas ;IKin:er muc ianttIsm.it al. (1973) studies thrii- t edi anc. inwhi'hl 350 cultivars,1 ad not c i prieoi ci cr-t ll , 
8 225 ofc nu

tice rc';earch r,ported 
c r ill trials Were ;il evailhatlon ofbv Young et at. (1172). Pield trials wt'reputtiticc' resistnt 

csed to identifyciuili i Viar; with
stttnti'tt' labc to r ir,' inces -itiOlatiel re'sults. eing1; used ti still-Field tri.tl;299468, identi fied PI 314895, PtI 26,8661,ll '168771 ;icid 280688, PIOklahoma seilctions 1-4-65-91 and;I; ' Ii ltV P-326-65-2ist tir'lli g with Lower tcgte ratings titan Starr variety (identifiovi oinc. ' 't a . 1972 as ,a resistant variety).280688 , M6c2 13, plant introductionsdnd 268771 were previcislv identified as resistantct .l. (197.). ';t, t- and icy Youngs'eventeiein other cultivars identifiedfrom Iield tri. lc a.; resistant
'c'r ' ccl-iter Siludied in tie Laboratory to help
i;';ic;LiIIIC I delineateii:;;. rcc sIL i.tVi;rival and feedilng,, preference;t1-
and larvae t-cc by both adults:t::clic.,i ccl r.''cic.tt'i lti ,e;. Oeklaiomat Ic-326type ctiltivai selected (a Valenicafroii Il 280688 and previouslydemtionstrated t-e Identified as resistarIl).nloctc consisttnt r'si statice with non-preference andbeling tie mechanisms. antiblosisL.arval survival for this selection was 30% with i marked 
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dtl l --p r +eter e q ( 1[l ,1 It t a ntd I ;I I v , ' I " , t' 1 1 " I fh I l l ; ' i l - ', e x . e rI m e-It s . K 11t z e r 
, 


uIt al . (1)72) a I t'pot t 'd iti;i a I 11 iti It' w I thT ; I t I v;r it th at I etiti Ie
thrpa ddid sit 1rt er III,- high! v pul. 'l nt ItlT ltorovipoi t ion. Plati ;n
troduct foli 21 166 ,.wihicht x ibi fI Iiitt k'tIh; it!.t dlil; it) I i i d tria s
r lit 
(Yong IL aI. 197., K:ii 'r i't II. 19/i), had;I t high Iarva I .trvi\al Iand Iigihdaltliagt, wlholl sctoI'ttI IlI +

9 ] 1:1. l L lIt I' laI '+ ]+ II ' t ; I. ]11)72,, inzer ,f+ ;11 

19 7) .
 
F'tIl; t 11, in .t t; VCi i t ' til t;dy Il thriI't a I. 1972', Kil;:t't tt a I. I'll/I, Yolull , t 1I].p;lt)7.') ' i ti ci'fit l i W rii zerIl y!;(.vk.l';ll conclusi; ons
genelral] 


which :I11'' It. h fIi ll Ilti lturt, thrips li' i;' i i l itit'!; t ldht; tvtlett itt);IW t'lteL Ilby 
eXi' 't .t197 VitlI,I i, i) (II. dIlost vI iI.i,.,ul :'Icct' I t i-. I friA i; iii t.;t I iI;;'i t itii Ijte areI Iand li-a ttI u, thod: ;crec!) im ts theI lg1tIl[vi ';. (2) h'FF i c I litey


I IT I t!l'I'CClII Iiill'I VI ll) IltlIIlbt'l:; iofl 
 cm~li'?I ct urtl~ herI entlimicltv m'ill orm'ltIt 

:q,.Ict.d:;t;' t- II p1o1tI:, i o rcll 

y 
I tt,d l)1T-'k:. ( 3). La )o +I'I orvV I tilliCS;'410111d 

1), - IillI tI'd t , I I .li , t1,1c :c ;itn.;; and [1[lle r l "'.'t O t t'!P i ;tI latct'
vl), 1 11 

t>
 

cur iv v ; Jiow i ig t r, i I iteIld r)' l];t, I if l';II s. 
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Table 2. 
Checklist of arthropods utilized in identifying resistant peanut g,rmplasm in 
the

United States.
 

Commcn Name 

Tobacco thrips 


Thrips 

Southern corn rootworm 


Potato Leafhopper 


Corn earworm 

Fall armyworm 

Lesser cornstalk borer 


T'ospotted spider mite 

(not given) 


Scientific Name 

!-Piiellafusca
F Lank (Hinds) 


(not given) 

Diabrotic ecimpunctata 

hoardii Barber
hardii Barber
 

Empoasca fabae Harris 


Heliothis zea 
(Boddie) 

Spodoptera frugiperda (J. E. Smith) 

Elasmopalpus lignosellus (Zeller) 


Tetranychus urticae Koch 

Tetranychus tumidellus Pritchard 


and Baker
 

Resistance 

(+) 


(+) 
(+) 
(+) 

(+) 

C-) 


(+)cat 


(+) 

(+) 

(-i) 

(+)

( ) 
(+) 

(+)(+) 


(+) 


(+) 

(+) 

(+) 

(+) 


(_) 


(-) 

(+) 

(+) 

(+)(+) 


(+) 


(+) 
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The 'hlcp1i Of tit trnchomesoctoo ICc1:ves cif JIeccnut; Iay serve aIs ac marker
 
to select for Iltvc'l.; of res;istcce. Susept it le lis have aipIrt-s;ed trichomes
 

or straight trichoes which are tIncrly parallel with til >'af epidermis. Re
sistankc 1 necs h:cvc- stra iglt triChComL; ite otglillpOctWrd frOl rilQ i-piideii at
 

(-,. 450 or curve'd tricihoe, which art cIII'VL'd iItO1LWa11d or aw;V from the leaf
 

urfface (Camlpbii ll At :1l. 1976).
 

loli Lge f-ed ij, lepicoptteri - co '-'crm, _i.liot__is zoi-ci (ifoddie), Fail
aarmyworm, _;_od-.jtdtcla (I. EIi. IithI) , aici velvi-tcaui4 catur-pil lar, 

Ait.:ar;i- enimatactciL -Ic l[th r ir ec -. ' iI tc 'oninion to] iage feediu)d g. liodLoptera 

that hiave beei itlliz cd !o icoalct rtc,![ctzmilcc ::rreening. 
Letick et ;i. (1967) f icld scree-neCId 14 :ilvcinCtcdi pci n t I hit,; for differuntial 

datilag- to [o] lage I 'dilag Ic, Ipdoptt-ra iIll (,orgia. Tihi Corn aiirworli was tile domi
atlI1L spccie's icnvolved, with hisc;i-r populal ionis of volvtbictr caterpilla r antd fall 

icrllyWolniF irelp leit. ihe Splilikil-tI\pe lilies reocivid morte damage tnit the rnmter 
and %I rgi itia tvices-. The ctic;t prefern-d Vciv ietv w;a; *ct;rt wilile Virginil Mtit inch 67, 

lo igi allL, anlid toct ictc It, krIll rticicitcr 50i-1S wi-ri- itc l -rt. i)tlnafi ra t iig,s 
wei, e by c t ll c ir Y leIccc llt Ii Iiti Ii 1t 11tc,1'! .
 

l;c l FAtI-t) r y t11c1-! ii it cII 1c wV-ri- 'CtIIi0 c l c C Ii Sk 1110ir (1971) tco Jh ter
mill'.i ally el i iI t ; I tl cll-ictiii iric k(ccci lith-t si,tt itii llllt S'50 -i ) ;tic ;c proficrlrid 

(St'ii) vua i'tv on the I ilc his;corv o i all altivwincl. I,,rvrC Wcre fed foliag,
of boiti vtl'i t i i ihe it' lts; ,co cc~ccc St ;tcr[1 r icrensed
Iic; ti. rc cd. oltIcl runitn 5)6-15 

tilt, 1ciain le ,;ti ii life Ic c c ic tinci (egIg eg,) .,.i civi, cgc ,4.3 i&iy; with 127
 

ccccc citi I cctmothscllw;ii t o1; cotipalet'ed Io cfiti 'li iIoll-plt vscm iety ;a .1oe
llg . d rittic 

ilICiCci-c c I l Iu,11"dI lIId lHIi l i10rt il it V IIc t jit IrIlduict ion 19601'3 was evaltua ted
 

.1g;il ist siOctlit l itllillici '1li'i rI ducc percent moths
c-nc.lI Si-15. : i*ne t ho ocf 

ti.rgi I(] by I 1" dil tic higile, Il ll :1cd pulpal t~ilitllitv aiscccucnpcreci to s iuti

CA,!;t l I'[ I lllt~r +- I ) 

p;pidt'r in;Lc; - ,Ji-h C ilit' cicmaciic;et ico ]icti tl. coil ibe ievastainjog (Sillitii anud
 
,,w :;ou 1i -i, C:mlphctli i )78) . ci;uccllv ;pidor tuit outhr ak; follo w hot, dry
 

,
gitowin ; ccciti chd [ic'SiV ccc!ticiii, cit!;. icc-cdi lc by I iSO cFiircOiOdc s CnILoes
 
Ic.l dPl;co r Ltioi .11)i dC toliat i ci. lfcavv I infei tct i(cud; wi I I k I I I the p Iant.
 

Ct iih cccI uiit.rct p: ipei Ic-c; Ar i, . Iiig
(1978) ceecd w I I I o I -cic i2 represet 


,:cI 1' cio itc ; tof h cIcllc;, tof Itc; is i t c cgIiI is t IIct I wc;ico t t id si ide r i to,
 
rIt IiI)ySc ,c1 ,it ic Kic I, inI thu gctI t cciticc . lva Iliat iconi w irt cade bv viual ly
 
CSt ciii 11c, [i iceict c Ic-cisc-cc icy UlIc I- 1 M0Sios t.t s ecies
cif t cihcrUi jl if1iticcIid; 


11i iI - 1 ei1 IcJ I cZOI');,\I: wc-rL t01111i 1 FOScI cciit Plcit
ti: tico itigillyV r . i1 tro
f 117, 7 I thecui tt icic; 3i18290, i ,22410 candc ...i were ciiln t cni eIi frFie Itr ghou L 


ivclut iic cci icc ,. L it iOdUc t i ll 31 1 roill ci ictin P; 26214 2
oltl O c194 ttl se- ARACIiI S , 


fIrom L c- ct ioi iRETi Ic ESI, if 2700f frofi t ie tcciicn EXTRAINEVOSAF-, ;i(d P1
 
2761c99 Iromi h, ic-ct icc CAIRIII AEAL ;o .cxhibitc-d ri-c;ki ttice. Plani t intro
dciccto nii J3111- ( ;ct ccii AP\Cic i is) c'c;s roscadi Iv wit i c ii i11itI -d pt-ciits . Two
s po LL d 1:1ite 1 11 ft Ic il (cIii Iopi-s ilv Lt I I itne, tihit-ifOIie 

4 
ic; i ' tits ie v recad oil c 

;Iccljctlniiic ic ; esti i' i ;cIIIiteLd is tohlerancei. ,otac t w III speci ic tihe 
!;ec ti icici A ACHli , ' ;(t 'll' t c1 I (t. 

l
o 'ciillI iv LIid ic,-ciiut Ihe lIocug to ti sccs i:Lion). 

Arcici Ic; and A. dUt lnS O r ccellc t ii cLt,, whereas v1i losiclLcit cola l'tnii s-cr',icc sS A. 

Itccc bccc e aliccil rt:;ist ant.i t 

Icitck andi succics ) i-id ot s r sistul ceII (196 evcaluatctd -1 fic iIn for 
,gc liit;ct tliL' Uif tt I't r.iiivch hl ; tLclccidelI i:c Pri tchat d d i -icIer i ii he r eenhsteicc -

Of tii :i sicOCie, A th_llis Ic.ecc;, A. viIlo-cliccacj, cciid PI 262841 were recgis

[cciii dicctic oL ct~i-f-ctcc 
Siccithrn curi icwol ciii - TilC cicitlhirn corni roitworcc, Iaicbrot icci tcadeccllllLccCtata 

macci cc;iii illiOW;IrId Bibii-r, i, ;) ;,i jccct cc ictIcctc, the Unit-lI St;ite's. The lar ac 
dctmcge peaiutc, i pccltIraii 'ii, the pe-f or i'tsc lo1 ing cut c1Ld consuming It or by 
WOilldinlg Lilc Lissccc cc1iii c)iv dilg ai illccclclctiOll ciocrt for muicI-oorgcancisms . Tie 
cdclits f led cil theifcciage. 

tccih ,mid Ale:-cauider (1965) field streeneid 25T) penut 1 in-c' fur resistance 
tio jouctilrit coiri rootworm caod re-ported tihait Spantisic lines acrc mor-c resistant than 
Vcll.c-ncia, With Vir'nijia-tyle liie bieing the most susceptitible. A cross of a 

iighy recistat Spcclish in with 2 Virginia li [n failed to produce progeny as 

resistant as the Spi sh parent (Alexander ad Smitih 1966). 
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Chalfant and Mitchell (1967, 1970) screened lines in laboratory trials andplanted the selected lines in field trials. Laboratory

measured larval survival on 183 lines. 
trials on s'eedling peanuts

Less thanof 10% of tilelarvae survive,] on 5%the entries. They decided that any entries having 10% or less larval survivalshould be classified resistant (antiblosis). Field evaluationslaboratory tests, tended to supportalthough some varieties deemed resistant In the laboratoryhighly susceptible in the werefield and vice versa. The authors pointed out thatusing percent damaged, percent :mmature, and percent good podstechnique could as an evaluationresult in spurious data because varieties have different maturity
and peg formation rates.
 

Smith (1970) 
technique for 

and Smith and Porter (1971) develored a greenhouse screeningsouthern corn rnotworm. A prel;minary screening showedanl GP-NC Argentine343 to be highly susceptible. Nine .line'; which were consideredresistant were re-evaluated. possibly
k.-evauation failed to identify any with highlevels of resistance. 
 Field evaluations over a 10 year period by Campbell(1971) revealed ;P-NC 343 to be et al.resistant with larval penetrated pegsbe about one-half that for and pods toNC" 2. Also fol iage feed '.ng 'i adul ts was about onehalf that of NC 2 (laboratory experiments). ;I'-NC 343 was61R to produce crossed with Virginiathe NC 6 variety (Campbell et al. 1977). 1iC6 is rootworm resistant, yielding 15-20% more than Florigiaint and averaging 85% less rootworm

damaged pegs mjindpods.

Lesser cornst:mlk horer - ElasmopalpuS l igJosellus
In the (Zdl er) is a major pestsoutheastern :;Outlwestern peanutS ates. 

and produc tion regions of the UnitedThis pest prefers woll drained, sandy soils and isduripg very the major pest problemdry years. The lav;Le feed oil all subtcrranean port ions of theplant. Chemical peanutcontrol can increase dry land vtelIs as much asinestateii i.. severe in dry years and by 
250% when the
 

78,, in irrigated production (Smith

et at. 1975).


Greenhouse screening trias onOi 490 les resulted in 36 linesas putatively resistant being selected(I'osada 1973).
evaluated Pilants were infested as seedlings andat blooming for visual and con'ealed damage as well as lesser cornstalk borer larval growth and siurvival. Coimercial varieties woreand re-evaluatedthose showing ret .tance again were Virginia
Floruoner. Virginia 

Bunch 67, Early Runner, andiluech 67 and Florunner were thought tolerant while EarlyRunner showed antibiosis as well as tolerance.Schuster et al. (1975) made field evaluations of Floriunier,Virginia E.arly Runner,Bunch 67 (selected at; resistant by Posada 1973),
Florigiant (scored Dixie Spanish, and
as posslIly resistant by i'osada). Comet, a commericalsusceptible Spanishitype (Kamal 1973), was used a, the susceptiblestilts showed the varieties selected by I'o.;ada 
entry. Re

(1973) to be resistant. The varieties and their yield reduction (measured as compared to the same varietyreceived ain insertlicide umbrella) were: 
which 

EarlyVirginia Runnet , 8.1,%; Florunner, 19%;Bunch 67, 19%; Florigiant, 157; Dixie Spanish, 26%, and Comet, 45%.Florunner, Florigiant, and Early Runner had less larval survilvl than Comet(antibiosis). 
These varieties are believed to have intermediate levels of
reisl taice.
 

Further greenhouse screening 
was conducted by Kamal (1973) on 7310 Aracbis sp. lines oflIe found Arachlis uslla, section TRISEMINALAE, toresistant. ]ingeneral be highlytAe wild spec ies were more resistant than the cultivated 
types.

Summary - The published literature clearly indicate that insect resistance,at some level, may be found itt the cultivated peanut when a thorough search ismade (Table 2). The 
levels of resistance have been lIght to moderate but representan acceptable agronomic improvement. The few studies of the wild plant speciesindicate high levels of re:sistance to arthropods are present. 
 As a rule of
thumb, tilefurther removed the wild species is from the cultivated peanut, the 
more resistance it possesses.


Table 3 is offered as a summary of several commercial varieties and their
reported resistance 
to several arthropods. 
The variety NC 6 was 
developed
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Table 3. The status of resistance to various insect; !i various comlercial 

varieti .s of peanuts. + = resistance, - susceptible, unknown. 

Variety Insevt 

rootwo rm thrips 1es sw r potato foliage 
c,rns al k I ea fhxclp er feeding 

borer Lejidotera 

Virginia lunlch 67 + + + ? +
Florigiant +- ? +
Starr + + ? _

NC 6 + + 
Argent r'e +/-

? + 
? 

+ 
+ - + 

Early RLIne r ? + + 

originallv to be resistant to southern corn rootworm. Since its development
it has been shown to possess moderate resistance to thrips and potato leafhopper 
(Wynne et al. 1977). 
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ABSTR,%CT 

1'ora re repr-.,01ut a wide ran e of genera, species and cultivars.
Both iseet and disease problems are preval nt in the forage grasses though,
in general, tLhe prbl iems have not received the attention given to similar

problems in field and horticultural crops. In general, 
 forage crops provide
a low marlin Of roturn, essential lv prec I udinug the economic use of pesticides,
espe ciallv thse reqirinw, repeated :lpjl ication. Thus, resistant varieties 
provide till lo ;t- con)mical anrid froquenti v the on1l viable alternaeive forcontrol oi po;t rohlens in tll, folagieS. 

e di ill' tb-t I-}stp .'a lout disease problems on forage grasses
llnd ti he iiVuLr- r'lialt ly ecatlu.t tie leavos not only support the plant
'ystVc'l:! -h iitoi;Vnet Ci l I,' but list, bocnus0 , tile leaves are thle major harvested 

port ion Of t il ltoil . Nullllutrue disoniso resistant grass cult ivars have been 
leerr-riCd btt there, it MAiiy diloise proillms and mLnV secies on which little
 
or io wrr,jLhi1'e i oil driru. Bo1th chewin, mld suckilng insectsLprtsnt problems

Oil the r .hI, ma,,' have been replted and ' s. Wle insect: problems 

Sirrur-1M t' c it i" rk'; , ir c l-
 iduet 'd, relatlvelv few insect resistant cultivars
 
liAve been level pd sad released. Some IrOblems h:ilve been solved by
1 cultural 
ill 1t.1uiLp'n't prirt ies and others occur sporadically making field oriented
 
resealr'h - I I r ii he dif 
 icul t and progress slow. Sources of resistance have

beeni identified to ossentiilye ll Of tile insect, disease, and nematode pro
hIens thiat 
 hav ben stIudi in tile forage grisses. Thus, breeding for pestresistniiCO i. a1 teas ible ;tpproach toi the solliloil of most such problems. Re
sts taice i s I req lent Iv fairly simply i nher i ted, though complex ys teinsLimay be

invwLdIvei. '11t fact that relatively little sele, ion pressure has been applied
and therefore little natural variation lost in most species would sugip nt that
rapid progress sliuld be poissible through appropriate breeding l'roced-Les.
Method of reprodnuction ind propagation are important factors in developing tLhe
appropriate breedinl i procedures. Vegetative propagation and apomictic repro
duction, both of which 
 art common in the forage grasser;, negate the necessity

of prgrleny tt i ,l nd s'uidies 
 Of herilab litv, but ;,, .iiixis may complicate
the breedi-iup pror ram in Other phases. Ranv of tile fr gtc grasses are natural-
Iv cross pol linated and require appropriate cross tech. ques and systems of 
applying selection pressure. 

INTRODUCTION 

Host plant resistatnce, whether insect or disease resistance, is one oftile most imporLtint or potunti ii y important components in1 pest management pro
grams. Extenis i Ve IsearCh i n the devel opment of resis tant cuItivars has been
reported i4i thItumeros agroluomir crops such as cereaIls , rice, al fal fa, corn,
and sorglhum. Va rvinp degrees of dest ruct iv, inisect probenus are encountered 
on perenniai grasses. While insect problems occur in the forage grasses, the
probleil, generally have not been as severe as in field and horticultural crops, 



45 
~pcssibly because of ther~e being so many spce fgassi s and in~mn 
caesth grasses are not grown in monoculture q~ie~~v~ dama e to7 
.one component of a mixture will. hav uch less effect on tho'posi.tcepend-
In on the pFroporttonate contribution of that Component to the cooite'. Thepotnialsand problems in breedi'ng for pest resistance In grasqe' have en4discussed andsveseiiefothaeber prebtcnnrtd

frsgeneral yhavenotb such are f~eseii 
ef 

een~orsJywnadet asepeoildb 

Crpiha low margin of~econoi'rurn place severe restrictions on
PetControl alternatives. Pane 16)sgetdthtisc eitneiforage crops ise eeiaily,pmising and.appropriate -because of thereaily 

atnd,Qakes (l972 sugstdthat the comparatively alo values In, many~grasslan

72)~ sugse necessityo 
 ziont inuous disease' ct in ieLtenedipridsepecially in_ the humid uoth, "de th plc f n 

gici~sroh, i in motInstances' Furthmr ~ ngestion ofPetl
~icides by grazing animals 'and 'ibssible subsequent daele teriousdeffe ts caused by
~the' chezicals'cannot be overemtphasized (Braerman and, Oakes 1'972)-.Foag
jCrops~ ingener'al are considered to be l Iow,econoImic return~crops, though' 'un'der ' some conditions, profits may~be quite high.,!' Even when pesticide ~are'a~ble and, economics'ppermit~theiruse, resiistAn t cultivars o f~e r ayIadvaiiages, ' and, with perennial grasses used for pasture and forage;' pstreistace'may bethie~only1 viable alternative. ~q~- ~- ~ ~ :~4


Th~pinipJmethod of controlling diseases Inrassland 
crop&sithat ofbreigfrdses eitne referred to byB 1 5 s h pilsme~ithod",(raverman and, Oakes, 1972). Painter (1966) pointed ot'that the ef- ,f61ct
1. 7 a:of.resistant cultivars are~Ii ulative and 'persistent , contrastedto the.~s~uddenan~ddecreasing effectiveness of insecticides without reapplicatlon' T'hebreakdowii~ir'loss of effectiees3 of resistance through the developmenc:ufnew 
 P~ pest biotypes is recognized aa potential problem' n cultivar resistance.-'
Hiurber (1972), lists the'ad'antages of insect resistant cultivars 6S:.
production costs, no insecticide residue, not harmful topolntg 

'~ 

ohe
beefcalinetsminimal disturbance ofrnature' s'balance, ndo tibilityL!wih oherconrolmehod.
Frthr, os~plantressta~emay improve'th&e~Ti

qultand 'nutritive value of the plant. product because less proteini? caroteneadvitamin A are 
lost from resistant than from~susceptblecultivars(Hcrber,?
 

V; Maxwell,:Jenkins~ and, Parrott:,(1972) describe Insecit resisance~as~ thsheritable characte'ristcspossessed by the plant which influec th6 ultimate
.degree of damagedne y,the insect, or from a prcia.vepin;te'blt
to produce a larger yield of Aouality than other )varietiep at ,the ome'ini~tial level of insecet infestationan! indcr', similar environmental conditions 

ntothre
4-sitane toinscts caegores:(1'non-preference) making ~theplant~unacceptable ,or unattractive as ,food; . for oviposition, or shelter, (2)) anibio- 4~ 'sis,, in which the biology'of the insect is, adversely, af fected, -and '(3), tobraincj,~in'which the'plant survives' und5rlevels of infestation~that Jold'Lkillior 
sever-
Jy .ijr susceptible plants. These' terms are used inreports ' on grass. resis:tance studies-and in'the curre'nt work on buffelg~sf';(Ceiiciru's ciliaris L.) in
~another paper on this program., Beck.,(1965) descibied mechanisms~or modes'o e
sisitance including (1) resistance to 6viposition '(2), resistance to feeding, (3)
~biophysical7resistance, and -(1) biochemical resistance-.-'He does ,notinclude1
tolerance as a resisltance mechanism since this involves a biological relaItion 

Ship.~
 

;,_V 

I~r 
 VI.,~ 

~ ~''y 
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INSECT RESISTANCE IN IRASSES 

From a limited survey of the I iterature, ;I few examples of ilnsect resistance in forage (and turf) grasses are reviewed to intdicate the potentialbreeding for resistance in peronlial grasses. 
for 

The two- line sIpittlebug , P os>jjia b)'intta (Say) sporad hilsevere damage to bermud ags; y infi Ic ts
ii lii tlhe Southea;ter tn ited States (Beck, 1963;Byers, 1965). The adult two-I ined spitI leu , produces and injects, I toxinto the xylem wtlich kil Is the tissue (t'vet-L,and ellt, 1966). 

in-
Approximatel 5%of the 389 Ltermnuda.rass enet Vpes (ctlones) were highlv tolerant t the t Pinedspittlebug ('tatlaL'eIra, Lenik ,IIt St l~nlanil, 1969). tloI,'ver, all of the genotypes could b stvere Iv 1iitiured bV 1t),lonIged snit t , bI]; illfestat tion.tatll(Ce or t olerIalet resuted Res ispart Il, fora, preferetIt ia] fted fllp anId part ly fromtolerance to tle toxin inlete'td bv

Ote 
the insect (St. imliaun and Tatiaferro, 1969).a (.. soion was slttwotl: to lie ;I tolllteferl-ed lost (.f Ot adult spit tlebug.Res istatte to fa1 arI wt)rlll linto; lb ell rtoutrtd iol both bert-indagrass and
pearl millet (Leeik, 
et at., t96 8 , 1908n.) Approx imatelyCrss ltd of 143) 2Z iof 441 bermudatI Olles 4,'" KtIt'I mi le t It i iuI I itllt; wer re resiStallt to lbortoty-pr0wti (BUrt on, 19 6 7 ) flll :lrmvl.us. Ant ibiosis was; reportud in otebred Iinec of pe'airI [ll et but lnu;t oi tilW 

il-
I'OS iit;stlee wast of tie tion-prefe rredtype. lhtet 01st-iIO( 1Str sarvle were pIlaiCd On the line s0towillg ati bioS is,only Ill ;urvived Wit re, t, 19t s;9 I; l uI It ;ti t nl, r I ine and we ighi patti oit s urv'ivin. lt Vlt2C wl less tIlant haIf ll il to t her I nes . "illit t at. (175)

ported ai 
r 

allt i t e dallt lelltt lt t latI l{lvatlIri .; (I'cIinecIll a r0; s-1 i I I iot. ha. a) town var .1 1 A p, - I .Nilji 

cOtIl)MIClIlt 


at ; I Itens (Sta)) I The lilt iteedait
W,11, .'X triCtl[) t Io5hd ] lI Cl til110 Sll],'! -,co I t w4heii llidlet to : silerosetit Ill,
 

K i id 101- t :ld K i ti'l th (1975) rt o t ,,-t d i itt rt e :imong ky hIIttes Ko'n ticgrs';s cul ti vr 
NonIe 

iu II i Il1t) (Stt); l; ll' , )ittll itrVll (I 1ll ll " 
of t-he ell t ivart; .,'!;tt ir, t 

l)) i tSest t st .I~s~ifoilll r-,ng'. both; I inl inlftstat ionl anld
 
damage w s lioLtd . Simi 
 Iarl, Oalkct (1172) 1h0t Cd (lft trtt,,s in resistanceD_it) i ri, spIl ofi S itnd a uc,,-slion, 11 i i- t-i'Si the 114 tciluieSinft-a _Fl]a-v, (F~orb,.t ) Dig ittari;i ,,ot11 W IIllidIp,'u:;ill whli : rl'Siatanlce wtli noted ineclud
td I). p i ii II t
e d in11 , va IIda s Iii L - 1).. Il 'I i . . % esii; tant lr,; Were oh! -. 

l )d-:, ((C i-tr i ,,,; I Kiit'ulit ) St ;lld ietr I ost ini South Texas presunaii, l ]%iuith oh rhoda r:! ;,''t (AntOnina ral1_nisl Maisketl )) infeststtiot . S.1teutilo ,ro Ill (1i07 ) s;-lctd :urviving plantt; it naturally infe:;Led ltlt , ptol;lly reited ltlI 
 )lIIt ;, 'Old rtloc Leld the variety BIeI(Alotniylltotis , 1906 ) hat d oil tIe prrla;mlli. The plrenlt pl,tilits wore foutlnd ti Ict:olerlant in tlhiIt tLieV Slrvived t trflf,! lcIl with inLfestat ion levels that killed other plalo's. A. raniniA , Is ipparuitly witle-spread and illt;iks I irge nttumberts of piant s pe, 1 Schustecr (1907) found that 38 ttf 04 c)molliit range gra;s~sin Soitit 'It Wetin ift eietlt ly Susc!lIt isle ttt e2ncouLter yield reductiontis fromscale inest at lon. The graisse; were p',roIUed into three c-liases: (I) grasses;ith reduced v ield; (2) grasses inlfested htit not affected; and (3) resistantgrasses. Maxwel I , Jenkins and Parrotlt (1972) 1 reviewed reports from Australina,Venezuela alodBra i l indiiestin that 1l, 22, and 92 grass species respectively,were Susceptitle tO A. JrajIf0lnnS.,
 
Chinch but 
 (Il issUs ticopterois (Say,')) is a probl(.l (11i sorgltmi and Corn.yltbrild vigor has been reported a res iSta_Ce Iteehalsnl is wetll as tightnessof the leaf sheath around tile StT' ISne Illitg et al. 11,37. The Southern lawn 

Bri bletrtihU, A. R. 1966. J. FnttOtitl. Sol . Qtiuensl. 5:5-6. 

Guaigt itin I, 1'. 1963. "ItlscttLs v Arachnidtos i!e Its P1 lntas Conmines deVenezuela," Vol. It. DIPUVEN, Caracas. 

Williams, It. N. , and I. F. Schuster, 1970, Pesqui , Agropec. Brazil . 5:215-218. 
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bug ' Bliss sularis, BarbOr has seve ly' damaqe d;S. 'Augustine
eltc KunCe)i~a to(a t.aiass. St~en6TI: stan, aoteriP-a~b the' S.W~~uba 

aiaLgrass s.ferIntra..n~pnst:IL Soardtb law c[iiopph bug. -Tw-g a 

~y iitt,(l.9~~9 and grasshoppersactually lost we git onAlta' 
an :ra Thus nd 'antii s wara dem~onstratad forStlpa. both preference 

grasses~ 

DPISESE RESISTANCE IN GRASSES 

Reita~.nce to fungi, bacteria, viruies, an~d nematodes is important in<tr~1foraga since thasui organisms flour±ihuda'wr ko8 
(Bray and Hutton, 196.pthgn a impair establishmnt, raduca yieilcf
and qulity pxio oage nid' seecd1dreducee . s'tan'nuad longeityr. Brave n a n'd 
Oakes, (1972) state that leaf 'diseasesare amongtems motnpn~ie
spread maladies'of grasass, ~ ~ ~ uot motata d. 

ical grasses with some exabip1esavId ~r cij'ies'~drw frm temperate grasses.
No attemp is ada; topresen :ado tai ed w!of t tau of brooding~for 
disaersiste n a-e',km eutrase..Rte so of bredn~for~diies.rssae w~lb ctdt emnphasize tha potential of such an 

Wikn,17A sae htls seleaction pressure for 'diseasereit
aniceIihabee6 applied t, gr,3SSL than tO Most Ote rp hsrlol mean_,~t1_It relatively ltle variti In~ a Ls aIdthatrapid prdgress, i n
uiedingpro'ram sliould possible4Qb6 - 4 

--- maIy affect~vrluuplnt trisdfeenl.Ne o and Smith ~<.Disasiea 
4l960-tte-that Iteaeffect uf diseases~on sm r9thiegas a .Qiius InermiS< Leyas)?isIinlowercd nuitritiyequalt a6,.d lao,1 1 ty',an~d in rdcdearly

vi r Vgtv. yield, seed weig~ht, seed-set,"an dg'erntion arenosefu-sly affectedby mderae Lnfctjaons'.{ -Walt~oii -a clones 
of roiten Seoegas rs~tn2lf-o'drlaj~e t y brin.De.. d lenophomaand 

Li~o II Iand fr geeral'nd secificcobining ability, .For of th$ 
' 

- fiveiresistant clones ~showed low: combiningii ability Id 4)atdt 

probabldeedieas th svrt'o te'i'ae ~o m 

o're species~ to~another anid'fromn o ieidi to another 4ilkins(1975) re 
uc 
 n 10110~was con

trolled by one major gene' ndzmnumbenoU Tior-genes whle resistance to
Rhyncop~iium ortIL.&6i."&~ 
co olled by a numibe of mno,rgens Tin is 
in contrast tote;nrfzto y n'Htoi17)t' dsasI~>sistanc'a is often fairly s mply-.inhrited-'dnd~progress ,can.) mbnidequickif~%~ 

S asuirce -of -esistance0s oct ,Ppn_ n, u~k'17 eotdtareiLuc' '~- ________ pweytidw 
genetic

,Erysiphe 
zrniinis D.C.)


and-Heiiminthosporium'vagans Drecs ±erappeareo be incompl~etely, dominant.to 

Ta rn toet al. (1976) described' orghui- resistance, toTrichometasphaeria~(Sth1 Aria) turcica.!;' They found ,that tw Iog~rnawr~aitn
 
and two sudan pareruts8ec su~pil.Rssac as'oiat ~divl

to-afe's aC o'n'e :ocs~ (iius~ ml. ugs dseas~e r , edi (19742 tha esist-
acaehr~iou~gh~i~erpcii and -nte- eric ybridizaion tias be ,en',important

1cee -breeding b~tnot in-herbeg. -rasses. -They Showed that the disase.
ristance Of eithrthe Lolium multiflorum or Festuca rudinacen aec was 

'I"" l 
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carried In, tileamphlploid hybrid and the first 
and second backcross (to L.multiflorum) generations but was lost b5 the third gener ,tion. Immunity-toPuccinla coronats var. oIt 
 derived from F. arund-inacea was -ypparently "implyinherited.
 

Many research studies 
 have not necessarily resulted in tiledevelopment ofresistant cultivar but have identified sources of resistance for spec ific 
problems.


Zelders et al. reviewed literature indicating that purpl t leafspot (Etagonn! a arcnnirlii Sate.) of orchardgrass (Iactvlis ,Iowerata L.) Is a majordisease through the growing season and causemiav serious; vield reductionsin some years. They fiund diffecenicen; illthl!extent of the disease iiong 28commercial cult[vars but none were highly resisLi:!f or i:m4ie. ilowever,plants within cultivars varied widely in[ their disease reaction indiCating

the potential for developing resistant cultiv at.


Oakes (1976) IndicatLd that collections of Digitarinah.d been made fromAfrica where It is indigeneOus in in effort to identi fV disease resistant sources. Plgol gras- (1). d'lcoitbem is , S4 ent) is importl t in Florida, theCar ibbean, (entral and Nort Lier South America but it has heeCiseverely denagedby Pangola stiult virus. ('1S 'SV"
. Diilaria germplasm w; -: led havig -csiSltaice to Olloi0 IT/re Ot the 
diseise or anismis Pulcimia oaliueiisis, Pyricularia s-a, .,!MUCi ,i_2j_retelli t,L os ,iiia, RhiZ ctoiia s,,laii i and lang la strai
 
virus (' ) 
 -
Braverman and Oakes (1972) reviewed the litt ratur, on the status of diseaseresistance iI warill-seasoii grasses aid cited more thanl 300 references. Thei rstated ohljectIve was "to compile the pit and present warm-sea;on varietiesin al attempt to alipra.se thed r potntliai lllnd [provein disease resiStilllCe ....Many grass species anid varieties of several selecteld genera 'ire included for
their 
knowii d i;eitse resistainCC which may be hi Ilil , useful in plant improvemint program.s." ravermna and Oakes (1972) reviewed literature on resistance iill)igitaria, Eragrostis, Eremmochiloa, l'aiiicum, Paslpal ili, lennisetum, Setaria,Sorghastrum, Sorgiuim, Steiitapirum , and Zoysia. In general the review included rusts, lie lminthisporutiii, other fungi, and viruses, and iii somL cases mildew.In 11i1iv geellT il Silld species, sOurces iOf resis talice to specific erkgllisiisidentified iii the form ii c tultival-s 

are 
and alcces ;oi s;. lrivermai (1967) 1ublish 

ed a sil ililo review of caassl- season ' (ts.
T akl and Prichilrd (1971) obtalined resistance to leaf disese:iiad suga:calle me -,;[i In !' rghtll by hybrldi.;,inga sorg n ,'ultii Ivar and So jiLumi ai:tindilnaceo wiihIidvMIeei genteration suelection lii the field. A sorghini-sudangrasshyrid cultivar was reported from Japan as resistant to llelnililthosporiOlhm leaflight and streaked dwarf virus (Atata, et al., 1972). Sider, et al. (1974)determined that resistance to SclerospOra sjLi. is polygenic and partially
dominit . Res istant I ine; were 37 
 to 45.' higher in forage yleld than susc, tible lines under conditions 
 to severe conidial "nd systemic infecti.on. Resatance to 1stU e syntherismae and leaf-spot. diseases has been re

ported Iii Aeroceras macrum (N1le ;rt:;s)(Rhind and Goodenough, 1974). Thesetwo cLiseases are reporteLd as primary impediments to the wider use of the
 grass which is palatablle 
 and hs high feedingl value. 

BREEDING IRx:IEDURES Mi) TECN IQIIES 

1
A major consideration listed by l'anter (1966) and Maxwell, Jenkins andParrott (1972) Iii the development of insect resistant: cultivars is thie cem
plete cooperation of entomologist(s), plant breedr(s), and scientist(s)other disciplines. We concur fully with from

thi s conclusion and also the application of the sale principlie to hreediig for disease resistance. Painter(1966) lists the steps in a resistance breeding program as (1) search for resIstance which includes many considerations such as plant introductions and 

http:infecti.on
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'nns 

Csisace (&mech,~ani Invoved .dpyAs not~ have tobe understood 

mehnl s ofess t ance ,and '( a' ofristan5 e (demonstr'a 

(1 81arh- for, surces of reis ic' () tesiting undor cdontoled nitus3) standard zation ofts riei f reitance, andii)
'bredig or esitaceUndr'he"laterpoit tV,3La0:abredIng progaimme the breeder i first, considers Indeigning

4 the inode of rerv$od ithe crp , egetaivd'e tin ln 0 
~Further, it-i 0 iprtneWith r tersisal banic'aera alorpSe8seh 
 ,rtorrnno cintest.'a"pr m 
iveii ietyortid ou
Cion iasks .for- difrn ppIrahfom- a"1ltiaILdvre lo.h~ i
 
C knowldge,
9 Lher th der~makes a choicL as t lopoeuet bL adopt

prblm ahenrLduet
 
for esislnnce~to insectsincldig,(1 coeai 
aasaciaedt8e wth bredg" j2and4 Other scientists, (2' niaeknolwladgoofv the b16log'y,: d,,feciin-g MbatitsA
 

of the tInseiriabi 

2Iosiiieait 

ig'rsnc:i development ol'insect biotypesiadoh6f'2iJierg (fit~vi;Ln of aeae'insecL populations :'(4 )d-~
>sin anco,' -(5) 8eedling vs nmtu7ri pi'iiiwrelsistanc; (6) roedures116 upurIseries, fore speed

(7)ch
ibility 


ppet.deeLe 
 .o
dpcfe
Essntill',ll f he actrslisedby the abovq authors, have 
I 

been'nvlved
ithe specific bretding effortkcto be ,discussed by Dr. Enkerlin, In a 'separate~paper,~' K 
f 

Sourcesof, ermplasm -. A successful breeding, program requie~ genetic di-'ve ,Jity that can be maiuae 0 og toandose3/ C±on pressure..Worl3d germplasi 'clecin ad' enrslvbeen ~del'aped Jit many of 'the~ 
'''' 

"I mpo rtant~"crop -planits. Much of, the grapls ma hav! benscreened for '6enesf'o secfic characteristics.' Among tJhe annuail~wiiarm-siongase,,sch7IlUC ioin'have been made ini the sorghumsi and millet' Wit fetxepin hisisnttesituation ifth, wanni-soason perennial grasses. - Thus'ts, redrMust assembl~e thegerplasm' pretty;'much on~his own fro~m such 'sources~ 'ad'1eas. (I)' oll&' ction f roim es tab lished' plant ings, especially where natural; fre->'sure-lha8: een, exertftd, (2): indige'nous,-tands, (3) plant ;introduction centers~ :4 
,~)p~ranafc 'a~cts,; ()pnteporation', to areas of OiJgin (6) 'rel ated4specia'r types 
.~ "-

,Wen genes~ford resistance are not.,found in' avilIablI opulatlons or if re~-Istncefond i n ermlasI tht desnot possess other desirable character->ISIS'on,' cuore 'spec aiz ed;approaiches, are necessary: including-ivHe~lo ;fernpasm, ;(1) exte(2) ilta n nese~ichbiialn 3 u 
C.h arnteist sof the,GrassPlant,andFloralMorphol ogy TIegrass plant *l"iscaatrzdl teshoot-~apex which 4p capableof~initiating leaves as-long ~ yanns'vegtatie-,or~non-flow ring'. Further~ -u-i ~otal om2-:d 'in$th ais oJjfacjh lea a hat' bud is ;capable .offorminganew shoot- ort~ller and iniitigne'eae.'s long as t lip a pe ea n~egttv':Teprnilgse ar e prenias'becus til;~ apesco arexes remain vegalipable
tati~Ve areL1C ofgnraig en~;,Th nrwhigYa-tgrwalpaXof aiichrblr is~jotected form ernvVnmental. 'Stresses 

ho 
by: beiig under-0gruda /rprotected
5 by ah;ef___,rnd pyilgclmeaim.1unlerous 

3 
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The importance of the perennial characteristic from a breeding stand.
poing is that paretal material (plants) c;on be preserved vegetatively. Thus 
progeny tests can be conducted and we can go back to the parent f,,radditional 
seed or crosses, whereas, in 1n1lll crops, remanent seed must be saved from 
each generation. 

The perennial grass flower and that of most of the annual forage grasses
is extremelv srrnall. In the grass flower, the pistil and stamen are noten
tiallNy enclosed in bracts (plume(s), lemmapalea). At pollination, the bracts 
open (Inthesis), the antheri and stignia are extruded, the anthers dehisce, and 
the polen is dispersed. 

If controlled hybrids are to be made, the anthers must be removed prior
to dehisceice and the stigma protected from foreign pollen and the appropri
ate i(,lien applied. Most plerenni"l grass flowers are extremely small and
difficult to manipulate bv hand and the spikelet or floret may disarticulate 
easily. Thus ctnt rollcii hybrid]izations in breeding programs are generally
limited to crossiig plant ; that have been identified for specific cliaracteris
tics and where those cliara(teris[ leos have not been rec'vered in a single plant.

ions miors 
anal IVtes.
 

.Spec aI emasculation 


Such Iyby- iidiz;t are COsrlllnon in stud ies of speciation and cytogenetic 

and hvbrid izat ion tools and techniques !generally

have to be ,1evI'lOped 1or each spec ies 
 and may include such items as special
forcepts, imgifint o lasses, asp,!atort, for colecting pollen, high humidity
chliamber,. Ii'ec:eand other special techniques used in grass irbridi-

Zation re cvicw(,d 
 bv BUrS, (1979).

Mctliod-or ructBreeding Methrdolop_-- It i imperativein ad 

that methid 
 Of pol Ilinratillo and method of ieproductLon he ,:nderstood as a basis
for Levi lopi},, h eipedures.pre dinei r Natural cross pollination is the predomi
nalit poll illitioll systenil li te s.LeXual l reproducing perennial olarm-season 
grasses. SC I f r im1 raitt' iI i tv may or may not be operative. Inbreeding
rLelrress ion TIN'occur rapidly upon sel f ing: when self-pol 1 ination is not pre
vented bv :C,If i I'oriipaLt ibili y.


Illtie cross-pol I illiited slieci(e'; A1 r;vsten if raildor chance crossing amoiing

Seldeted plalits is i:;uIlly involved. "his is accomplished by clonally 
 propa
grit lo, selected plants arid Lestarbl ishin; a randomized replicated block, isolat
ed from other plarnts of tiet,;iini species. Identity of seed from each parent
source ray be mni i ied aid prpcgey evi ialationfor 
ing abiill t v and heri tabi I ity. The number of parent plats must be sufficient 

i;ed inl L estlmatinj, coml in

to avoid idnhrteediri. I tirte tes ired progress is not made in tIhe first cycle
of soiection, ci ite progery are solected and tire process repeated. 

Breedn Systems -- Sonie hr(!,cisg apprroaches based on comon nie thods ofreprdl:ct ion lld/orpronprgat ion i ll low: 
I. VegetativelV propagated species - Siid producing crops such aisbermuda

grass .- d I ipr ss(ilermartiria alt issiia (Poir.) Stapf. & Hubib.) are general
lv vegetative; proipratd. ley may reproduce sexually and nre subject to 
hibridization and seg.reyation in advanced generatLons. However, the fact 
that th ire rrpragted vetiltitively T.IproduCt iolI programs negantes the neces
sity of dtteriiiilirg progeny performancy and heritibility. Tie br,-eding program
cosi Ostspeniratip, )'enrotypes followed by screening, evaluation and pero f 

forman-e testing 
 for the important i:rnicte r(s). TIe development of genotyprs 
may be by plat iitroduct ion, indigenous collect ions, rhbridization, advanced 
generitilrn strgregates, iniduced mutation, or oillbinaf io; oL these and other 
procedlurcs . If the phla.t material previouslylvhas bh, ,"ened for desir
able agronomic and iuitritive vale chairacteristics, ti tiificrrtion of 
pest resistanlce may be liite rapid. However, hyhridl a s to develop desirable tombinations of chiaracteristics will liyely be nec. ty. The Two-lined 
spittlebug ard arnirvorm resistance studies bermuda-in ass and southern lawn
chinch bug and St. Augustine decline in St. August:inegrass reviewed above are 
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concerned ent ri' l} with vegetautively propigated p1anis. 

2. ApomitIc t I re productin - Apomixis is prevalent in the perennial 

grasses, tart icl or lV tropical grasses. Ceiera in which apomixis is known 

to occur include Paspulum, Panlcun, licatilik[t, Iltri ochioa, Pennisetum, 

Eragiolst is, POa , i'CIlihrtM , M'lini!;, Boute0 oua . Apomi kis may be tLther 

,bligate or f:w!il t t!iv,'. Apowi,t ic 'ep'iurt t itn i a hv se,!d that are formed 

from maternal t j Si.', T'is, CM hI Irpenv is oVIet Ical y ident ical to tile 

iat erlial p r'lll Specific apomnict c mochalis-its iiay require pol I illation and 

fertilization ,I t he endcsperm ni Icit (pseudogsmv) Ito tt imul ate aposporus 

deveI opitOlt , but th vtt is; l t ionol tit ale and feliale gantietes.embryo 
Since plro iiV dev loped by tlhe ;apo5icti proCtS are gLniel icl Ily identical 

to the mItcrii Iiarentt, herit alt it'' delrerminations irelnot rep -ed. 

by eitlet se),al or apomitctic pro

ct ;stcs; and present difficulti es in breeding progrii,.-. Facultati at apomixis 
Iaciltative ti), litSt5 si;J' re roduce 

is coisiItt, iii l Po;I. 

Obligat' ;tpolttixit; provide; no Ipe.tetic varibili ty. Progress is depen

dent on til e extIt t fii ntoral viiiatiot tin le,-;s ;tixi l types or plants calt be 

idenl itfed that Lare ,os~i-L ert iii with the ititititcts. Currett evidence indi

c itcs thlt i t;t ll;llitV Can I-L' fll ld Ill Most 0tt i g)a e tlists anld tha t their 

use IS fetTsIA S ill c WIit'r '. , tiitii Crt Will eit;e gettetic variability 

in tle spec ie's. 'ilis; ijpiTrich hsas I)Oei Used successfil ly it bulfelgrass 

(Cuntirus Cii isitiS I .) i11 wII ihi apomixi s ,till sextial i ty are genet ically con

tro led ;lld i ot i a ii sisrete rt io witel a sexta I fema IiP is ferti I ized by 

all ap mic ic lltlt ' (Bls;haw, 11979). 'The ,'mict ic (tri e-bi ii tt) 1 Ihybrids 

arte te d3 at Lt;] tlltiu l I1tow ,lrieotiS, A 'el for b eedinp obligate lpt

lt ; ut Baishilaw laiS;ed oil genetic Tani. ,J M l ishlwd 1tV intd 'l'iiiitcto (196h) 
tt 1 i t1' ;1 i I "t i' C I-io 'Lt; . 

. l 1ii p I it1d vep'etsit ivel v hii', cd var iet ies are tini, ittiC ll01isC pi tc 


fori C'l',It. V Ipoat iotlS of thes i I 1i, I Uitin fornli N , SU ce)Lti ceI to
 

ptt c t iii tI'st ttnck:;. T) e ;UV li e i t stsitds i Of Celtchrls ci i iar i s
 

id ;%iti t n It ' ii . llit .iae c the ee. ttn ;tiulebugtxic tomplex it E iastern 

i serob; t!h i i t )lop I. id I virih t s I'l r Ii liy the enti re population 

of .itch , Ro It C. cil ;.iot'i ll!it lil' xitt ll( 't1 v obtt'lin t e AIp lI t ) . The pest pro

itc1p ofix t SLt. AltVt u' '.ti;s eStititlI c r lieted to tt all tI unifoitt1ty iLong 
-roittIl. Angus t dasot; sus-Is ) c t iL ,;l I I-)I ll v t il il 'Ve St ir it is 

cep,_il, le Lo) and s;evcro'lV d&IIIIi.ed by) birownpatch, (Rh izoct.(ilnia-so Il;int Kuhn), 

' , 10.1 ' iti p. t ti postlotllt t'ii' I t iTIt i i ittf; . e 
othtlr linld, Coastal h , lnM gl,;; (C[yno~d,,,I dactyion_ ML.) Pers. ) ,Vegetatilvely 

pr(,pag.it ed , tllld (Lil I .; ,m (P'LLAE:I_.L I di11l at t um Poi r . ), ohl ig.ate apomIct, 

tOCCtlIJ)y et U'VSlI VO' ill' t',hlc ; Inl thet SMItL 1h0-11 nUli tell !.;trateCS , and ili i ler are 

jlj ;L'Ct IO~s exce~pt erf.ot isgrass. 

Tlll; geilt t I-ic t -,l¢ ' icy, does IIO l-C',{-;;ri1, IV preco nd itionl il planlt Lo pest 
SLIub Ct, LOIt ;er iotas or. (I [rol'In- ill drgl

1 1 

It ttcks.
 
. Crotttst-pil I !ltlr,.d, ,oe tiii ct i i11 Iost l
.e.rtlt - perenni grasses 

aso' tatutirail !% c:'oss-pol I il tted itnd tisttiv chlracteri tq ics ;ire tia ltIit tively 

unti ted. Tatl!;, iro di g Ill t i'll'tts require the ssrit ming of ;I large numtiber 

; lit!;, A Co.-s, in' or con rol led pot ination procedure 

ioiiI rossiuro for Itcreasin g the glO 
i titOf id i! dual 

illstu', u cileut dil ;iits to pr:vide ; el tt 

frl'qniei'cv for the tharitctiriS t i', and Ill 'ely te t ting to estintate genetic 

advaice, htritilbi I itv, slrtd geietic variabi lit' for further select ion, and 

If re-irOIt itly ' ett!octhu }y' A ti o&tain tl.c desired results.-ectrrsilt 
curret" selection it; tiecesit',' or dei;ired, tiu fictent numbers of parents 

Mtst ble Used ill etich et-er;tt iotn to savoid intbrecditth. Various estimates 

of tile tumliers iiteC ;tiry have varied for 20 to 200. Thus programs in

volving cross-pol inaLed :icpcies and liuantitative inieritaitce are more 

COustpIeX itnd Litle cots imiclng than for speci-s wth elither vegetative propa

gation or apoiictic iiproditetion. 

http:pr(,pag.it
http:d&IIIIi.ed
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Breeding for disease resistance frequentlyz.nd various requires artificial inoculationInnovations to insure infection. Screening underwith dependence field conditionson natural Infection is limited to one cycle pernatural infection does year and ifnot develop, valuable

environment time is lost. Greenhouse andcontrol ciamber procedures
and 

have been developed for specific diseressituations. No effort is made in this paper to review inoculationtrolled environment techniques. and con-It a program is undertaken with a specificcrop and known pat hological problems,
technique; a review and -doguat ion of apropriatewould be necessary. A recently publijlied paper (Leath and Ifill,
1974) on a large incubation chamber for disease 
resistancea starting place. The studies may providechamber is described as easy to construct and operate. 

C URENT PROGRAM
 
A jotint efifort was initiated 
 in 1974 betweenimert Station and 

the Texas Agricultural Experthe Instituto Techl olgico y dt. Estudins Superiores l)e.terrey (Mexico) Monto develop grass varieties resistantbug camplex to the Mexican spittle(Aeleolamaisp. and 'rosap a sp.). We chosewith buffe grass to initiate the program(Cechros ciliarts L.) for the following reasons: (1) buffelgrass is higphly susceptible to spirIt ehug damage, (2) buffelgtant forage grass in both _ss is an impor-South Texas and
simplifies the 

MOxico, (3) apomictic reproductionbreedipg program pri macily to one of screening withfor progeny testing, and no necessityreduces the problems oif transportinginternational imaterials acrossblorders, (0) emphasis ciould be placedsince on mature plant resistancelarge numbeirs of progenies w,,uld not be involved, and (5) a largeof genetic material amountwas ivat lable that had been subjected to some degree ofagronOm it" eva lu t iOl.

Tiu logy of thet Insect had to be studied as a
screeiing procedures. Protlens have 

basis for developing
beei encountLereddures inc iii the sicreening proceuling insect popuhlation pressures and Ipuantific;.tiollProgress has been of insect damage.made in Identifying ion-preferred

lr. Enkerlin will 
genotypes of buffelgrass.preSelt somLe dtetails of that program in another paper. 
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THE GRASS SPITTLEBUG COMPLEX Aeneolamia albofasciata AND
Prosapia simulans 11 NORITHEASTERN MEXICO AND ITS POSSIBLE 
CONTROL BY RESISTANT BUFFELGRASS HYPRIDS 

Dr. Dieter Enkerlin and J A. Morales 

Monterrey Tech. Inst. N., L., Mexico 

INTNiODULjTI ON
 

Artificial pastures 
 have been one of the main avenues for increasingcattle production in Mexico. This is true for tropical areas as well as therangeland areas in the inorthern region of' Mexico

Buffelgrass 
 and for many other countries.seed o' ench'i, ei]iaris I., originally an African species, wasfirst introduc>i into Mexico by Ing. Leonel Robles and plantedExperiment Ztalion in '.tthe ApodacaI05811-cause of its droutlht-resi s'ant and cold-tolerant 
properties (hobles 1979).

Since 
L)54, iany ,!'tle rancheri: in northeaisterr: Mexicc havebuffelgrass pastures. ertablishedThis .',
ing, one of' the most 

Os has also spread naturally, theireby becomabundant plant cs.,hener on ranches, experimient stations,along highways, irrit ation ditches, vacant lots in the cities and otherEcologically it places.must be considered as allinvadi.ig species, often competing-,ith Johnson gruss (1orjpu nalapence L.) and even displacingGrass spittlebugs, Aeneoliusia sp. and Prosapia sp 
it. 

(Homoptera: Cercopidae),were first reported in i8"80 in pastures and as a pest of sugarcane in 1903,Marrufo and Ernkerin (19"fli) report 
as 

that this insect complex was first observeda pest of pastures inn Mexico in ]914'. We believe that populationsgrass-spittlebung have of tileincreased chiefly because of the increase illimprovedpastures, and the incrersed reliance on introduced species during the pastthree decades in Mexico. Ini 1955, spittlebugs were considered to be of increasing importance in Mexican pastures. By 2968, b20,000 hectaresported lost in the were re-Huasteca Potosina a,-ea alone. ihe senior author observeda heavy infestation of the F-lass spitLleii.un ii,tis aea as early as 1953.The problem has continued to increase through tile1970's and demands a solu
tion.
 

tui"elgraso appears to us to reside at th celiter of tileproblem.one of the best agronomi, It is,selections for northeastern Mexico but at thetime one of the most samepreferred hosts fur the spittlebug complex. If'resisti.ice to spittleug could be discovered and incorpo. eLed into theadapted buffelgrass lines, better

the problem would be satisfactorily resolved, This
paper reports on progress 
 in pursuing this solution,
 

Opecies and Oistribution in 'i.sio
 

One of the basic papers onl species and distribution
bug complex of the grass spittlein Mexico .:ns w'itten by Ries (1967) in which three Genera are mentioned, Tomaspis, Prosapiu and Aeneolania, the latter w,th several species andsubspecies. Material of northeastern Mexico sent by Bodegas (1973) to Fennah(Gommonwealth Institute, British Museum) was identified as Aeneolamiaocoidcntalis Fennan and Prosapia simuans (Walker). 
 Clark et al. (1976)
 

http:spitLleii.un
http:invadi.ig
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reviewed specimens of several localities of Mexico including the northeast, 
claiming that the spittlebug complex consists of A. albofasciata (Lallemand)
and P. simulans. We consider these two species as the grass spittlebug com
plex present at our Experiment Station in Apoduca, N.L. and in nolrtieastern 
Mexico.
 

Spittlebug distribution in the States of Nuevo Leon and Tamaulipas in 
1976 is shown in Fig. I (Riamos 1976). Crosses (+) indicate the northern edge
of' the distribution as observed by Patton (Patton, P. Graduate Student in 
1966-197(7 inst. Tech. Monterrey, N.L. , Mex. ) and us in 1976. 

Heynosa 
aaorr
 

FIG. 1. Distribution of the grass spittlebug complex in northeastern Meyico.
 
+ = northern edge in 1976 (see text).
 

Host Range and Df- K" of Spittlebag Complex 

The first symptom of damir~t .us,.d by the adult is a chlorotic area 
around the puncture, whicl, exterds ilong the leaf anC after a few days, part 
or all of the leafblade shows ulftLt ymptoms, depending on the grass species
and the feeding intensit,. Adult feed ng damage on csged buffelgrass results 
in death of the leaves present at .he ime o:' the attack and new growth exhibit
ing blight symptoms, regardle-s of the :;:Y oj' the spittlebug adult. It is poss
ible that diastatic oxidases are injected by the adults and act as systemic 
toxins. 

Whether or not nymphs cause damage is unclear. Studies are under way to 
try to determine the effect of their feedi:n6 at the lower p;rt of the stems on
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buffelgrass. Carter 1'1973) mentions a reduction in length ofin sugarcane tile root systemhut no data ore available for grass species. However, personalobservations Indicate that there is adifferent species 
mar"ked difference in !iusceptibility forof grasses, based on their grass recovery. For1 instance,Di!itaria dec umbens Start pangolais very attractive to the spittebugand when attacked pastures complexlook completely burned. However, whenseason in late climrer and early faLl set-

the rainy 
tives in, this type of grass atidrecover quickly due to its relatheir extensive root system, whereas grassesGuinea, likePunitus__ puruscen: !a, d, with a moe reducedsucctub.7 root system,. for 1,uf1f1erass, some mayhybrids havesyster; thl' ouhers, due 

a more extensive "underground"to their ab'lity to produce rhizom:es andences in spittlebugt sLIsOept ibllty 
corms, Differ

huve yet to b detersined.Volas o (19,0) reports that 'rng severalL.g arti.10iei pasures, 
grasses introduced for establishbuffe l.j; wa: thc most susceptible to the spittlebug

compilex. The puacture . host e3u1-,cetinil'ty or !refe'ence,andl damage, distributionof "1"2.evaiuatiot. o:' comtex it; Atl obscureVeitla in Mexico. Forco ct a. (!1069) and others 
we present parameters whichsus:ariz e in 'i"± ! 1.

However we hae t. 'c,1;ide.- teversl very important factorsenoug h dato ar ( ivail for which notalI at thiis tire: different species, timematic c1n,iitnti of year, cliin each rg Ion, age of the pasture, etc., for settin, up the
economic threlhold. 

1) ±hA lo tile abo've parurlster,; moancertain to ,he Ut]muml grazing iniexit; ofi ain of Wei 'glt of imls lit oltillU:I ]oodon I t ;' p~er pasture
 

2) iWialy toits ar k'I 'ed 
 ill a ,ortan stand'.O',pt Veietati10 mioce in or 
) 

iintnalpi lPreferred Lrasses arewuakeien. killedpitto i c~w doe: thisthat Lake place. Ranch owners reporta ter ;I ,';" of , ilii'-statio'l, they hav to replant rather extensive

01 0± s 01 t , e ti,
4,) ;, ', , I lants uxhibitin , ,]i,,ht .jnptos,eport.; ind1 i suitable as forage?at tlat ' liei1 avoid dice t or infested plants, overgrazing
tile ii....ii 


., 1111Ai. ectsOil til-
Carr~ra, Lep't. J"t Willt, de ''it telI ; T1011. 1.orlterrvy, ai:turc ecosystem.1.1'I. (C,
5) hrt mru the 

) 

a,.-)r;(,:%iCjtrollir i til eof co 

ihe at it , 1 the moat a-nldait 
ill soocies in imlproved pasturesllortll "e;,A alil ;oUthwo'-t Texas, i; i very susceptible'eneo~tm host of tile: it- u omplex and that s rily IP. sistowarrd lalis iu spreading northwardthe 'iuborder, wel 1 as the fact-that-rlealpILe is il tf control of this emit NIC(rir'a ti us to underttke t study for selecting resistantor tolelrilL ji itna i hybridc of this grass species.iiostz of A. alhoiasoiat 

clude 
and '. siluans (V(:lrscn 1968, Flores 1965)the lollor"i 1 

ingrasses.' Co:x:on ,tnteies are primrarily in Spanish.
I ) (musee I Il ':i irrx iumtrt jacq.

2) }Para lnu 
 pturpurascens Raddi

3) Elefant Pelnicetm purpureum 
 schmi
 
4 ) PalinoLa oiCtaria 
 decumbeis Stent.
5) Aleman Echinochloa POlystaeiia Hitch.

6) Jaragura iivpalrriencia 
 ruffa NessY) African star Cynod n plectostachius

8) Bermudas (C- , Nk 
 aid Alicia) Cynodon dactilon L.9) Rhode; grass Chloris gayana Kunth 



TALE -i. Suggested alues for determining de-ma, e or severene-s cf infestation.y the srittlebug 
complex (Aeneoi- ia and IrD-aria) af'ter "7elasc et a. I9 a:. to other authors).c- iei occrding 

D=-age or sevareness d-e adu-,,s / 
of infestation leaves No. . o-hs/2 !00 sweet's E_si/M 

None 0 to5 0 to 15 0 to 53 0 to 50 
Slight 6 to 20 16 to 30 51 to 100 51 to 150 
Interred. to 4O 31 to L5 101 to 200 151 to 250 
High i to 60 46 t, 60 201 to 300 251 to 350 
Severe 61 or more 61 or more 301 or more 350 or more 
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Bil ddCechr5
 
1Bahla Pasn1hjo.a
LjO _,otataum ug
 

14) 0 y,-P,txonU uaafinis Chasse_
 
15)ram'5;eteloceafilifoi. 
(Fourn)
6 B. LenbdaTorr.


'7)fporobolus indiciesL
 
2i)LasciasigsIr 
 (Hatch L.


19) Jonnsoni'86rghu-m hla~ense
 
20~ 'errer
 

The~rnbst zresistant grasses, are, Jaragua', Africa sar, FerrerSt mann an aiaer 4a~ 
aznd'southastenjie (1970). claim'frP.bicincta, reported for Southwstrn,that, resistance is aneprsiniitl0othe toxin an: f no-rfeec, a
Schwar-z (9~78)j &stiieh following species: wider greenhousubjected"' stoln infea ~r 3 odiin~aX Ouse condn~s ,glucm~Yj ,tlali'an Inlle Seariatalica S. jjEhjvulgre ?ers 

tehi ". "' and m.5rgzium T. v~gr r.sijmulan 
 completed it~slif~e cyce'i~0all-~'~a ewas the poorest host fil~e Cr
,~'pr hPal Cyboorngumhighest number of adults *Grain and forage sorgihum togethe-r with peal1ul
were the, preferred hosts for adult feeding,
 

i~Descripio Biology and Habits of the Aeeornapi Cmpx

LeelomiaLosa cmiae
 ~ Bodegas (1973) desri"es A. albofasciata ~ndP_ iuasa
SEggs are oval, the anterior enddeposited, somnewhat' more61tdlihyll" hnturning deeper yellow aa 4 ~j eenoneta ,e;~ azofth firs spce is08 ie y0'1lng and for t~heacond'.9btim ~ ~ ~ o ~ a~~aoeegbrader at the~ apex hodark brown oriblack' struc Leapcaand more pointedeclaio rou rd spo'ts cdan'b 

towards the 'center o6fie egRfcbrvd wo correspond ng ao eteySia 
ara ev h g 

da When' emerging, nymphis .push, out. tlhe darhl and imediately st~~ feed on sa rolots or. en.,
der tern.4ihin 5 miutesafter ,emer ing ,teyaeco6spitlemas hfo'-potetio
ar wihteheddwwad.Teiragit arid s.,Oally -thiUodto 
 ositions; .col is, yellc sh withr edi ees" daL 

i; report three 'instars but Bodegas (-1973)'describes fie. 'Be'sidesd&insiean~ppaanean sie of ;ving pads after 
feece
 

,tcc'me darkr "mainly on~ the thorax and. head. the firtisa ;L,,nferehic
stir,,Iinstar~nymhhsa-:bron tora
wih ayelnwabdomcn;.the glas alo,pads show he~color udjmarkingwhich urn darker andl tearetypical for,;the -fiad~uits. ehsiz'e., 

nymphsThe'I sidu-l of aloarce
The~dulofA. lboascatais,lare .but'

oval'no! measul ments. are available"had isi shiaped;' wh&n recently, emerged, 'the,bronish livegreen -turning black ith.age; 'the eyes ,.ar also rw
wih lighter borders; tije prnotumis rownscutelu resultn n ra 
i±th' liter areas toward hV-shapedmarkingtypical 'for~ this .'TespIec 'es,

front.'bil)'dLs-r te mot chiaracter stic structureswith irrular borders creamlhylloiof,.the, species having-two,bron,,alostblak.Nenraly color,
he hoa-xisdarii te res: i;darkorangeto -reO,, the ,females . 

4 1 , 

http:acond'.9b
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oataj6par he peural~region;,entalia'are b1~arlyv aibie and 

foA. aJboaa~ e~r Me ae by beingarge andpy hayin9 a traz yersel yellow-whit.ish to ,dep yellow band at 'theartof 'the tpronotum eb& rinris a are somewhjat narrowier, somacimeaa ksinin f~earewhc ' are iamat blakbown. 
Boh~peiaobthe~ gr'ass spittlebug r:oiplex ass the, ine n no Ieastern exico or the dry s'easonin the~tropic I a diapausing eggtae

These egsyar paetl adb te 01eo'' du ing thas females 

ffirlitran in thea sprnof8 ara pcnaicton -. ,i 3 toduction od and atemperatureo oo redges'etgaidc haching and the'appearance-
Koehn (Ernst Keehn, Visiting ScinAt Rep Gdmny'Dct 

disetaio ,Int.Teh.Monte N Mx agesta under aboratory
fil
tarid cciiin£eials may~ lay dapausing' egga. in, any generaton-and'thatiefoaching~i very variable.' Exposing Prosapa eggsaeveral days doesno'iil~all"of thm u to -20C 1'oedata arei being obtaie. 'Hl,a 

'hthsarts '15days earlier; by da 20, 0 hace-n bfr,4'dy I00
f'ehc~ dn 'isg at 1;C n humzidity'a. simi2.ai curv is btined'bu-a' seall
p reii t66kmnuch more time;j 100% was rece 
af±ter 1 as~Aeneolaa eggs were")held:,uider the, sa,, conditions as Pr'osa pia and'in allc~aseshatched later. Init{ial~haach ocurd3-C a~ atroisii ail'50%hutchPfollo wing that bya e days. In~all aes', 10-hatichlaq reachad;,Aeneol aysio more after the eggs were rdeposited, TIhiiasems to I nd6ae_ ataso reisance to'atnoar h~O more climatic variation than Proapila a1houghPrsaiahs pradfrite othta th forerpeces

In myeet h wnubation perio is qievrale dpning on the' 

speiesandwheheror ot heeggs are indapause.an Bodgaa' (1973) r2'porta,'average' egg~incubation p A.1,ro'for ai1ofacata of around, 31 ays ',:were.sVei .aico (!l969)..iepot 15.I2 .3zdayTand'M 
 at 260 ,and 240 c respectively.Henne 95),~n
feae 

icn on 13-.'5 i - Th aayw~ber of'e~ggs jprcdiced peri aon',75. Ooien (1976) sumeizs literaturefon tiledrti n
the l~ife cycle1'ox'Thoth species (Table 2). . 
of 
.
hodega (1973) report~s 
an' average. of 35 days for the nymphal,'stageA. albofsciata' iA aii, Oomen (976) reports two 

of! 
to three generati one for".A albofasciata and 'two~for P.aimulans ,inthe Huasteca, S .P. i'h ,laitterbeiiig m~ore abundant "in dryer areas and * oam~ain areas ih ,igher
huiities. At'the 
Apodaca Experiment Staiona~simnilar n'umber' of.ene'rjti on'sr have ~been observed. '' 

,1~71 ~ ;W: 

4I 

4 

http:simi2.ai
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TABLE 2. Comparison of tile duration of' several developmental stages ofA. occidentalis and P. simulans in the Ilterature. 

Purat ion (in d!,Ys) of' the i;uriods of': 

A. occidentaliis pre-ovi- egg irica- nympial adult total
I ife 

tlern~ndoz & filore, 

p titoi_ bat ion state longel i ty cycle 

(1955) 

Flores & ia'larez 
2-6 13-15 19-27 6 36-50 

(1965) 

Coronado & Sosa
(1966) 

Velasco & zifuentes 

10-15 

10-15 

19-27 

28-35 

7-1h 

6- 9 

h2-49 

115-58 
(19(0) 

o11en (1976) 
1.O 

35 
18.5 23-27 

24 
mean -114 48.7-52 

51.5 

P. simulans 

Velasco & Sifuentes
(1970) 
 4.0 18.7 22-i48 
 58. 
Oomen5
 
(1976) 
 33.5 
 25.5 
 58
 

Control 

Several means oI'control halve aeen studied rid applied. tharruffo andEnerlin (197,f) indicate that there pronabLy wr.a ! biotic equilibrium betweenthe grass spittleug complex: its) and natural 2ali; which was destroyed.the other IiLnd , 
Onoe Oi' tit moit important nat ura L eneIe;, tilefingnEntomoiphthora ,;I. opearsin tilefall, -is I)serve in the huaoeea regioa,when tileheavy r -- I.-t:insand wheni the populat ion of this cercopid istc decrease aleutdue to clitmatic conitions, llamos (: cy6) lists a nuiber of naturalenemies reported by diit'ertent authors ior different species in Latin ,^rierica

but natural biulogical control ies tailed.Flore; (1973) reports that the assassin 
(Iemiptera: heduviidac) 

bugs Zl'is sp. and Cii'stolus sp.failed when introducing them into pestures withAeneolmuria and Prosapla. Laboratory trials using til' muscardine fungustletarrhizitmn anisop]Liae (>.etchn) :!or. showed some promise but fieldfailed. iowever, Gunglilmi (1962) reports good control 
trials 

of' cercopids attackingsugarcune in Recife, brazil, whien applying sprays containing Metarrhiziurn sp.
fungi.

Velasco et al. (1969) and other authors reorsiienddown to 10 or cutting the pastures20 cm., fertilizinL and applying insecticides, a method combining cultural aid chemical control. However, tileapplication of fertilizermakes the grass much more attractive to adult infestation;tile pasture has to be efficiently grazed. 
for this reason 

Burning before the rainy season
 
seems to be 
a good practice.
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nou td es (Ibaira and En1keri~n 1974 ±t 'is )iQ that the regrowth' 

o 	 nes g~oara5aft er burning, Isptich more v or , hejn the,'rains sart 
0oto 60,% of theuburn'qplosrad'somie data' indicae aled~Ition -of:,'-tjjan'n 


%:~ ~ ;r& o~eer, Carea ( ' Crer,po~~iOno± 
P~p - l1ubndy Is.Teh ot'y, N. :Mx)indicates',hat 

I eX he b~enefit of4 Ihe.pracie of, burring 'psue d&epends on the' type of roo 

systm. I the case ,o±fpangofag" ss with very~diffused roots,~bning' i 
exhaust the -reserves. ;in the 'roots,rpcomenled n oderto not 

a muh moire raduced root system,' buz'ningin othfer, seis Ue as!ypastre' with 
corn-.

shouild be avoid~ed.- T'prac i~a effect of'burning o ith~e grass spittebug 
e~ggs 2w1±chiare -.n th1e uppefw rontmeersof;'~plux seems toI'b6th"kAiing ,f 

a 
Afric,an Star, Ferrerand others',

soil. The ~idelal cotr Oneln-embai'i 	 pastureii on~simiar 

aeTie spce inrwn~abt~i 
could be a rbation" aystem inich .1one-orth of thpa,ture woiud,.be burned, 

eeyyer ,,the 4nextfurhwl Ise'cutfo silage as 'during. the' dry season' 
upp eientaXry feeding isb eded, auotherUfoutpastures are'cbXletey' dry' and 
b attle', cosidrng the grazing~ ind~ex inwould be une~nesv grzn 

ymovet the lasteach area. qien ttaminmumr is reached, catte oul~d be 
area" could bei~spi ~ i ay rcions as necessry 'bu.t 

:,orth;ithe"S grze 

'height. Catlefrom th thir an forhaeswudb
a1wa$'at aminium 

moved to 'the earlier burned area~or toteoeta wa u o sl 

oadp hebst roatioforithe4 r pur'-
Difrn catefreswudne 
 height
'poses'.' 'n aiiy'event if th 'atr is-le3,li a aminimau permisbl e 

sun' will peeraet the~oa part. where .spittebug nymp~hs develop and the-se 
~an~t~Ur~.e' xpsure to direct' suxn which drys..out tie. spitt1 ses ere_ 

1':-irrigation ~Isavilbefooding8 of 'pastures in the spring,..causing-l xiai nTh 

LSS reut4,dicate itha ~{iting"'asth~e onl'y trq ant ~ 
gav~e the 'best~ reaiutG;,higest-1fest5a-..combined.'with ir!A'ti cideaplcto 	 easo19)"a itinaly ertilized; hioweervD~,tiona 

reduced below economic' levelscniesthat in nithe. cas wee poaton 
the abov mehd~ eein im-

In'any event, with extenoive,,buffelgrass .pastuires 

'One of the mnost pri§i 3_t-cultuiral controlsSseems 'to be the useof 
Stim 'annand Taliaferro (1970)'resstntortolerant vaite orneis 

A" report acoatal Bernuda,_line of~Geri as resistant t P, Aiicta. 
Coroadoosa.l96),'jlo.es>'and Velasco (i974~) -and others report fiand 


IStr' andFerrer as~l~ su' eptibl W 
;-A t~e i' podaca xaperiiitStation", Rose2.i (177-und that in.lt witIh 

tff forerWEISmch preferred'and? oft'enVb'oth biiffelgrass and. Aficak"!sta 
t htthe b1ufegas'59 selton'desroyd.Velasco:~ a . (199).rpo 


showed 
 resistance S7n'~.#r41n~eracruz'. 
Chemic'al Control.- Tree ,pplicatiosLar~e'reco fe1Cfded f~or spitl bg cj1

trol on' beg~ning the adults ~becorne readiyiinoticeable, repeat-~sugarcan w~hen 
Ing sprays at a two-week interval for contrioll'ing' the'adults as they~ emerge, 

can 'be found'in th'e
Ho~wever, no accu.rate Adat regarding the" econoic threshold 


Ihnth~e past yeas, a 24-3% BH&C'duist applied7 at 50,to30.~Mexican 'literat'ure. 


of the sugarcan borrDiatraj~a sccharalis Fab.,,by t'achinids. 'Later~, mala-, 

'thionn Sevin wth1olaases,'fhavO been recommenided 'at 'different! rates with 

fairly good results on sugarcan inc ntrolliI3 adult infestaions, but 'without 
cnsie h~e eooi hrsod 

http:woiud,.be
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11Id ndo~ahia, o rln 16s~ ndrothe 4 ci rco 

ern 3.t.~ye up,to oe puiaa oh o94);bqe whzirate r (ChZ/H Th ' 
p edvh ztev~en 'th idue ap irn , -1oif-ihyn pTche' alo-l 

doe ppe rh e oly i inroc'doasectcda cmaed'it ei c 

.an:a aa'olant~ s~wprmiinirsu in sp , 

4 e r aa jit(10 states tha using sera compund ine' to exc 

9 enaive graing ~ ofee olto nymphs-whenrComdiuosrdcete h~rs 

d'Wth-emo te d'pos,, cn oncluio- n , ise ctcdapi~top n d 

tal'os_~a'p't o e ogic 	 m'sen-t ieane r 

Reeistnt 

c in~ cases~ 

Studis~ei 

a.: a 3iteReS wa., , t r conuc cnd tie cope int

'Poosiargio onbioogyan conetrol Ige earl 197'sly-*tas s a tsed tat uflrasi'hems m
'ecurrenten 	 er p oretatplot on 

apecput m~postas t agm~he t in o h a tte raof reeachefo 
r ahetanwoio:'ngs.~xensvl in the miogiib' pi ga, eask th-dis tc 

.e 	 4j-rs in 395't:i'pe rall -nn 

1truhs mt~e on-ola is -ngeteiisiie tndB thn ap,,~'sa 
Th dcsin to find~ resistant e ,as3 	 iofegaqsho' ws mad~ ed'the eoftenp i'creu~d ing'ramv'ast th Deaxumendk'f;:onom y~.-ianonraveL~ga 5 renA exa, &MJi uy I xapAr 
~r.a wcnd se o,t1~ivrsto , tuia t h:A , dX siirad trd test 

..gassr e nhred14-,e7O -r~ahd *er'pi~ds at e -Apodaa pernt Station 

b.yrdwoodgaM are'penrena -plie3 oigial . fromaniP6 

sel for iaers:,a southwester Uie andre a nizi hwsasler,Si te n8eplic te c 
wintrs-r~i~ld.' A' -sate eL-le' ~errt.~ exeie lposO' 

- - -r~. 

,'~~ b~fe~raint IieS a- -fluvLenwr plate at th Al-aaEp m n 

.~~t o ,i t 4 n n T x s -'-l o . the eal 9 0 s ( -ah ,.1 6 ) .A 
9,6t~ 1: 
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plots. Data were taken on the following aspects; 
1. Number of stems per plant (bunch). 
2. Number of leaves per stem, taking all the stems of one plant per
 

block.
 
3. Width of the median leaf of stems at their broadest part. 
I. Length of she same l-af frors the ligule to its apex. 
5. Iength of the inflorescence from its base to the apex. 
6. Number of stipes per three inflorescnce per block. 
7. Height of the plants. 
8. Dry ma.,ter at different cuts. 
9. Soil texture, structure, organiisatLeor, s,.its a:d PH0. 

10. In some cases winter hardiness. 
11. Presence of rhizome:;. 
12. iige:;tibility in vitro and crile protin.
 
Different invtstigato: , i.t. 2hmvz (19(6), licyes (1976), Si] inas (1976)
 

and Alonso (1917), did their reseaircb on the line and hybrids pl.nted at ii.
dicated dates, and not al nc datn are unif',; for all of th 169 entries
 
planted. 'For selecting 
the best hyhrids to oiue the study for resistance
 
to the spittlebug complex only trose with fool ag-r'onomie haracteri sties were
 
selected. In any event, resistany h1nb' with.1: poor adattion at the Apodaca
 
Lxperiment :.,tation can be lete:rlin- i from the initial s.ectio,'s 
 ifI it is 
felt that their genes coul co ntri!ute unr breeding pre'rmrs lookin for 
further resistance. In the sele- t n e' the material Iold and I.nrau (Dept.
of Agronomy, Texas A&MUi.lversrJy) have been cooperating very closely visit
ing our experimental lots aid n elp. in making final decisions. 

Other considerations End mate'ialr beside.: the iant are is;,ortant in
 
this work. Different sizes and types of plots for lines, hyvb:ids: and their
 
clones (planted singly in pots) r e uses f'ordetecting respense to damage
 
or for sultiple chicc tests usinu ]. 'er cages. The size of
1 the sages
built with plastic screen ur with a ide esh cloth vary in size depending on 
the purpose of the test. lages covering individual plots arc made of a wire 
frame covered with a piastic :sos;quito clot h. Walk-in cag<es are also used 
covered with plastic mesh. At the bottom of this cage a wooden platfor is 
placed on which the pots are wiaist ,eed. Ii these pots, hosding 1 kg. (t 
soil, the respective buffelgo-ass clones are held. Pyramidal small cages are 
u:ed to cover individual plants jn the field or pots for hisl ogical stois. 

A-gronomic fista 

Phenotypic propertioes of the lines and h.brids testeh are important in 
assessing the agionomic qu:,ities of these grasses. Table 3 shows the correla

1tions obtained among these nropernies in 67 of the 70 .ines or hybrids t csted. 
All of the materials tested were fairly well adapted to cono.tions at tht 
experiment station, but for any given paramreter, significant differences among
the materials could be found. As might be expected, tha correlation between 
plrs.t height and product'vity was the rlsst highly correlated. 

Extensive studies have %1so been carried out in evaluating other 'grono
mic characteristics of these materi lIs. Eigestibilit studies indicat ed a mean 
dry matter digestibility of 8l.86' end moan production of dry matter averaged 
27.08 gis. Of ths 70 cultivars in *his etudy, 16 exceeded the average in Loth 
digestibility and productio-n o dry malter and are considered so be th most 
promising agrc.omically. 

Digestibility ranged fiom a low of 75.44% to a high of 90,23. sns przue
tion of dry matter ranged on a per plant basin- froi 140 to 747 oas, Dry matter
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production in excess of 1427gms/plant was considered necessary from an agrono
mic standpoint. September production was always the hi,hest and flarch was 
generally the lowest, as expected.
 

TABLE 3. Phenotypic correlations obtained from the 67 hybrids of buffeigrass
(Cenchrus ciliaris L. ) planted in Apodaca, N.L. 

Mean of Nr. Pr. width length length Nr. 
Plant stems leaves leaf ]eaf i nllor. silet, Prod. 

Height .2257 .3101 .6397 .4190 .2409 .5337 .6684 
Stems .3510 .1370 .1536 
Leaves .2236 .13) 5 .1601 .2452 .1487 
Length of 

leaf .4464 .3460 
Width of 
leaf 

Lengtn inflor. 
.5778 .1099 .5592 

.1651 
.5445 
.2142 

Nr. of 
spikelets .5319 

In 1976, 22 lines or hybrids were established. Among other observations, 
presence of rhizohes anf resistance to frost was compared for frost damlage
(-0.6°C) with some entries showing none, whereas others had more than 26%.
Lines with the most rhizores and the least frost damnage were agronomically
preferreO and 3 lines hud more than 3 rhizomes and no frost damage among the 
22 tested. Digestibility of' all entries was similar but there 1'as a differ
ence of crude protein content. 'bLy, were 2 superior lines found in the 
digestibilicy and protein content -valuation and one of therm was from the 
3 superior frost-resistant lines nuteJ above 

After planting the first 70 hybrids at tne Apodaca Experiment Station, 
the material was allowed to establish itself but at the same time it 
was sub
jected to natural infestation of the grass spittlebug complex, invading from 
nearby planted pastures and buffelgrass growing %Iong irrigation ditches and 
roads at the Station. 

Natural infestations in the late sprnC, were very scarce, arid most 
efforts were directed to infest lines and hybrids which we had ir the green
house. For the srime purpose, rearing of the grass spittlebug complex was 
established with some success, Lt never enough adults of the same age could 
be obtained for setting up accurate tests. 

Artificial intestationr were made on August lst, covering entire plots
with 1 x 1.20 x 1 meter cages. Natural infestations were already present.
One adult/lO stems was added so the cage population was high enough to expect
damage. Previous work had shown this infestation level was economic (pot 
tests seem to indicate that there is no difference among sex and species in
 
ability to damage plants, but further tests are presently under way). Tr.ble
4 shows how 30 of the 70 lines or hybrids evaluat_!d seemed to indicate certain
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TABLE 4. Buffelgrass hybrids apparently resistant, intermediate in 
susceptibility, apparently susceptible and susceptible to the Aeneolamia sp. -
Pro3aPia sp. spittlebug complex at Apodaca, N.L., 1975. 

Hybrid Nymphs Adults 1 DaInage 03/ 

Nr. Nr. i Nr. 2/ H0 01 (D 

August August August-Sept, 
- - 1 20 20 25 

Apo arentty ies istant 

Plots with hi,:h ault :1urv.iVUi or" Iault production 

17 
11 

7 

89 
47 
60 

13 
12 

3 

:8 1", 
23 4 1; 
1'( 41 

60 
30 
1" 

I0 
10 
10 

g 
bg 
g 

h 
i 
h 

sb 
sb 
sb 

65 60 2: 58 3o 10 10 bg h sb 

Plots with low adult survival or adu-t production 

49 0 0 2 - 0 10 10 bg h sb 
b4! 0 5 18 3 10 10 g h sb 
42 8 2 114 6 10 10 g i sb 
23 0 1 30 5 10 10 g i b 
25 1 0 21 7 10 10 bg h sb 

intermediate in Susceptibility 

Plots with high adult survival or aJul production 

4 126 :0 18 170 70 I1 ig i 0 
50 74h 8 ' 37 10 40 bg h sb 

Plots with low adult survival or adult production 

l); it 2 42 1 10 40 g i sb 
51 6 14 33 1 20 40 g i b 
41 2 19 23 2 10 4t0 g i sb 

CoLor: g = green bg = blue green ig = light green - = not reported 
Height: h = high i intermediate 1 = low 
Type: b = bunched sb = semibunched o = open 

i/ August It - Natural infestation 
2/ August 1 - Adults were introduced into the caged replicate, 1 per every
 

10 stems. 
3/ Relative damage 10% or less, 20% or less, 30% or less, etc.
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TABLE 4. Continued.
 

Hybrid Nymphs Adults % Damage 3/ 
Hr. Hr. 1/ Hr. 2/ 

August August August-Sept.

4 29_ 20 20 25 

Apparent lv Susceptible 

Plots with high adiut survival or aJult Production 

28 177 34 20 200 80 70 g b
9 93 34 60 168 80 70 Ig - b 

27 76 13 29 44 40 70 bg - sb 

Plots with low adult survival or adult production 

15 0 6 37 1 10 70 be I sb 
57 8 8 45 6 10 70 
 bg _ sb 
32 1 8 31 8 10 70 bg sb
 
10 6 10 40 8 20 70 2g i sb 

Susceptible
 

Plots with high adult survival or adult production 

53 42 15 48 100 20 100 g i b
 
5 52 21 39 -7 30 100 g i sb
 

45 49 14 50 
 48 40 100 bg - sb 
24 
 39 56 54 44 50 100 bg - sb
 
52 10 
 4 57 65 40 100 bg - b
 

Plots with low adult survival or adult production
 

62 5 4 41 10 30 10 bg i b 
19 12 14 38 18 10 100 bg h sb
 
8 29 13 29 15 20 100 bg i b
 

51 31 23 39 
 10 i0 100 bg h sb 

Color; g = green bg = blue green ig = light tLeen =- not reported
Height: h = high i = intermediate 1 = low 
Type: b = bunched sb = semibunched o = open 

l/ August 4 - Natural infestation 
2/ August 1 - Adults were introduced into the caged replicate, 1 per every
 

10 stoms. 
3/ Relative damage 10% or less, 20% or less, 30% or less, etc. 



483 

tendencies. All data are from only the second replicate, althougn nymphal 
counts for the first and third were also recorded. As it is shown in table 1, 
the buffelgrass material was grouped into four categories, only picking out 
examples of each category and not pretending to group a] of the "70entries: 
apparently resistant, intermediate in susceptibility, apparently susceptible 
and susceptible; at the sane time each category was divided into apyarently 
attractive and non-attractive types. Material with intermediate values was 
disregarded. With the first n)mphal count, the natural infestation could be 
accounted for, Data for August 4 were used in dividing each category in pre
ferred and unpreferred material; on August -')the unt olerof adults was re
corded, as was the daniage caused lv adult feeding,. Adult numbers fluctuated 
between the two dates because of mrtal it' L,. intro'ucec adults and emergence 
of adults fro. nyr..1 . llxperir.ental error also o ''urred because some were in 
crevices in the soil and missed or simply because it woo hard to, count the 
nymphs accurately without taking them from the sI ]tti,- mass. As expe' ed in 
most cases nymphal counts on Augist 29 wee le i nu.:t1 be:'rs'o owe, no-d 

aucna". Itt.i
reachec lPie aullt stage. wE&oesti visually y th ercen: 
blighted laves. On August 20 one could coider that the initla dUmae by 
the plants was ma:1i festeI and the fienal dwiage :c.un t was tako.en. o piteribs 
25. The latter wai, however, influenced ' a'ult ur'.'wvai a/oru' e:cr
gence aid survival of existing nymphs. I pr'ere.oo ly adults 

w was suspected and data clor, heigl4 l,7rowing type o" each entry ere'or : 
recorded. Later durintg that season the! wwr d'"re-,r because o' 

their reduced va'ue "n the selectirg pr .'"ar:. 1,1U insta:,ce., dlta in Tanle 
indicate that tne first 'our entres seem b'"'us' t' .e t.e '0 u in
festaticn, therefore they' ''a a relativeiy iarge nur.ber eofaiu!t: on Auvgisst 20 
ard quite a bit of drumae, reoverin by e' cr 25. Ti.i 'v re:: iirn and 
apparently resistant nyir'ids had v--ry,'few nhanxihs an ther'or, fvw as It" on 
August 20. Material with 10 cr 1e,erce:t Iar.- a': a lrw .ou , phs 
was considered as resistat Low ar'hro')d numt"rs ca'. be due c tn, ef ects 
of resistan,- (antibiu'sis) resulting in teir det ani the sus
ceptib- ' hosts dying and the arthropod also dying. In addition, ovi;'ositi(nral 
preference would result in lower arthrc;J nu::Lors at thie eni u:' the experi
ment and tolerance would result in less amtage t. .e j!an . A.l resistance 
mechanisms appear to be present i:n tlis study althougb. tno o'erimontal desig:. 
does not allow eacl one to be qualified and s1untified. Aronomic charateris
tics of fora,e production, adapt ation a!d; oth factors we're not considere:: 
here.
 

By working together with the Texas A&!. team of Holt a:L" onrad, from all 
the data taken during 1975 including the agronomic aid feeing aspects;, 27 lines 
were selected for the 1976 program. 

Lines and hybrids of replicate 2 did not recover after tilewinter due to 
low temperatures combined with adult damage the previous season, and in 1976 
the 27 selected hybrids of replicate 3 were covered with cages and those of 
replicate 1 were used for further natural infestation studies. The sa. e 
methods were continued including the artificial infestation of one adult per
 
10 stems.
 

The rainy season in 1976 was more unifon from late spring to late
 
autumn and this clima:tic factor contributed to the varied results obtained
 
as compared to the previous year. 

Table 5 shows the average number of ny-mphs obtained on the 27 hybrids 
studied in 1975 and 1976. The 1975 data show the 27 hybrids seected for the
 
1976 work, 8 resistant-not attractive (RNA) and 8 resistant-attractive (RA) as
 
the most promising lines. Included were 2 intermediate nonattractive and 2
 

http:pr'ere.oo
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as well as 4 susceptible-nonattractive and 3
intermediate-attractive entries 

For
 

susceptible-attractive hybrids in order to confirm the 1975 findings. 


also considered, principally for
 entries their agronomic performane was 

If their adaption or forage production was
 

most 

the resistant candidate hybrids. 


poor, they were eliminated from the 1976 tests.
 
in the 	2 years and 3 replicates varied
The relative ranking of hybrids 
made evaluating preference (Table 6).
(Table 5). Therefore a new rating was 


The latter rating was made so that only five of the 27 hybrids 
selected after
 

placed in each of the three categories in Table 6. 
The
 
the 1975 season were 


the sum of th- rating of the three replicates.
new rating was based on 
Visual damage, two months after introducing adults, was taker, the 

first 

in 19714. Two aspects
and second year of selections of material exiuined 


a muj. higher fluctuation of damage

should be pointed out: first, there was 

in the first year, after which 8 resistant-nonattractive and 
8 resistant

or hybrids were selected for the 1976 studies, all with 10 
attractive lines 


or less percent visual damage, including intermediate and susceptible material
 
the indi

for the purpose of comparing with up to 100 percent visual damage at 


show in general that the material selected
 
cated datei second, in 19'(6 results 


As infesting procedures were the
 as resistant was damaged more than in 1975. 
suspect that different weather conditions, mostly
same in both years, we 


the same time the inter
humidity due to precipitation caused these results; at 

than the year before. This
mediate and susceptible entries had less dam.age 


enigmatic result remuns unexplained.
 
-. lines was continued in a similar was
During 	1977, work with the sume 


natural and 
as during the two previous years. Data of nymphs and adults under 

Rain was late during that year and thereartificial infestation were recorded. 


fore the number of nyymphs in most plots under natural 
infestation was very low.
 

even though numbers were small bused on our counts
Adults 	 caused some dmnage 

moved around and could be more easily counted on some days than
because they 
possible that their damage in September in some entries was
 on others. It was 


higher than expected. Under artificial infestation final damage fluctuated
 

between 20 and 95 percent. 	
on
For the above reason a new grouping was based 


and final damage, 
Again two types of resistance 

the number of adults of the Aeneolamia-Prosapia complex 

nymphal counts, and initial damage were taken. 


were noticed, preference of adults and susceptibility or tolerance 
to the
 

insects per plot increases tolerance decreases.
adult damage. As the number of 

into resistant or
 Therefore material with less adults can be easily separated 


susceptible.
 
Again the number of nymphs were considered as a criterion 

for preference
 

of adult oviposition; however, the possibility of antibiosis may exist, 
)ut
 

so far we have no tests to show this type of resistance. The first group in-

Although the
 

cludes the material whose damage rating occurred twice under 10. 

as not beirg attractive
some of the best hybrids rated 


39, 47 and 36, hold their place. The
 
results are variable, 


since the 1975 classification, such as 

rated


second group contained hybrids whicn in two out of three years were 


twice under 20 and the thi,-d group included those ratod 
over 20. The latter
 

group contained 2 hybrids which originally seemed to be nonattractive.
 

Method 	for Final Grouping of 28 Hybrids After
 

the 1975, 1976 and 1977 Selection
 

Data have been accumulated through the three years of study including
 

for each line in each block, leaf damage, number
 many nymphal and sdult counts 
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TABLE 5. Comparison of mean number of Prosapia andRep. I - 1975 and Reps. I an6 III 
Aeneoiar,j nymphs - 1976 - Classification of the 27 selected
lines. Apodaca, N.L. 
1976.
 

Re IL- 1Q5 
Re.1-~7ep ILl- 21L 

04 Line X (3 counts) Line X (5 ounts) Liae X (5 counts) 

2 
3 
h 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

39 2.0 
25 2.3 
49 h.0 
32 L.0 
66 b. 
30 8.0 
31 8.6 
36 9.0 
hl 9.3 
47 12.3 
34 12.6 
37 13.6 
3 14.6 

21 16.o 
35 17.6 
38 18.0 
12 18.3 
26 18.6 
68 20.3 
7 21.3 

58 23.6 
11 26.3 
50 27.6 
65 33.3 
17 36.3 
4 45.3 

28 72.6 

BRNA 
RNA 
RNA 
SNA 
RA 
SNA 
INA 
SNA 
INA 
RNA 
RNA 
SNA 
RNA 
RNA 

RA 
SA 
RA 
SA 
RA 
BA 
BA 
RA 
IA 
BA 
RA 
IA 
SA 

49 8.8 
17 9.2 
1!7 9.2 
36 11.0 
68 12.2 
12 12.4 
4 12.6 

39 14.8 
25 15.4 
38 15.8 
21 19.6 
37 20.8 
34 23.4 
3 25.: 

32 25.L 
50 28.6 
35 30.2 
7 314.6 

11 35.8 
41 36.8 
26 41.4 
58 43.2 
66 44.0 
31 47.8 
30 48.2 
28 49.2 
65 54.8 

RNA( 3) 
RA(2,1 
RNA(10) 
SNA( 8) 
RA(19) 
RA(17) 
IA(26) 

RNAk 1)
RA( 2) 
SA'16) 

RBA(14) 
SNA(12) 
RNA(1) 
RNA(13) 
S;A( 1) 
IA(239 
RA(15) 
RA(20) 
1(22) 

INA( Q) 
SA(18) 
RA(21) 

RNA( 5) 
INA( 7) 
SNA( 6) 
SA(27) 
A(24) 

39 7.0 
L7 9.0 
36 10.0 
58 10.6 
25 i4.8 
28 14.8 
32 16.0 
12 16.6 
17 17.0 
38 17.2 
4 20.2 

30 21.8 
49 21.8 
41 22.4 
35 23.6 
26 25.4 
31 25.14 
.1 25.8 
50 26.8 
21 31.4 
37 33.4 
6d 36.4 
65 40.2 
34 52.6 
7 55.6 

66 56.6 
3 58.0 

RNP( 1) 
RA(iO) 
SNA( 8) 
RA(21) 

RNA( 2) 
SA(27) 

SNA( 4) 
RA(17) 
RA(25) 
SA(10 ) 
IA)26) 

SNA( 6) 
RNA( 3) 
INA( 9) 
RA(15) 
SA(18) 

INA( 7) 
RA(22) 
IA(23) 
RA(114) 
SNA(12) 
RA(19) 
RA(24) 

RNA(11) 
RA(20) 

ERNA( 5) 
PJA(13) 

/ RNA 
 Resistant nonattractive
 
INA Intermediate nonattractive
 
SNA 
Susceptible nonattractive
 
RA Resistant attractive
 
IA Intermediate attractive
 
SA Susceptible attractive
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TABLE 6. Rating according to natural infestation (preference) of Rep II
(1975) and Reps. I and III 
(1976).
 

-1975 
 -
 - - 1976 -
Line Present
Ep.IT 
 Rep. I 
 Rep. III 
 Rating
 

Apparently reristant 
- non-preference 

39 
 1 
 8 
 1
36 1
8 
 -1 
 2
7 
 0 
 3 
 2
25 3
2 
 9 
 4
49 
 3 
 1 
 13 
 5
 

Apparent!y intermediate in susceptibilty - lesspreferred 

I 26 
 7 
 11
21 12
1 
 11 
 20
37 13
12 
 12 
 21 
 14
68 
 19 
 5 
 22
58 15
21 
 22 
 4 
 16
 

Suscepti'le- preferred 

50 
 23 
 16 
 19
11 23
22 
 19 
 18
28 24
27 
 26 
 67 2520 
 18 
 25
65 26
24 
 27 
 23 
 27
 



TABLE 7. Method for grouping 28 buffelgrass lines when selecting for resistance to the Prosapia -
Aeneolamia Comlex based on leaf damage and attractiveness. Monterrey, N.L. 1978. 

Range of % De-zae I/ Code 
Designated 
Weight 

Resistant 0-20 R 4 Resistant 
Slightly Resistant 
Slightly Susceptible 
Susceptible 
Very Susceptible 

2i-LO 
41-60 
61-80 
5!-00 

SR 
SS 
S 

VS 

3 
2 

O 
Susceptible 

Attraction assigned according to the median of the surm of all nymphel conts in each block for each year. 

C de 

Nonattractive NA (Smaller nu'mber than median) 
Attractive A (Equal or higher number then median). 

1/ Leaf damage taken in 1975, 1976 and 1977.
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TABLE 8. Example using six lines 
for showing the method used for selecting lines or hybrids according
 
to yield. Monterrey, N.L. 1978.
 

First, the overall mean of green matter in gra:Ts) of all the cuts of the 28 lines or hybrids in three years

was calculated, a value of 100 was assigned to this mean. Then, the mean 
fcr the three replicates of each
 
line or hybri.d was related to the general mean, thus obtaining a grade for each entry.
 

-
 -
 -


Line 
 X in wr. Grade %
 

3 2089 88 
26 2182 92 
28 1442 61 
39 3556 150 
65 3171 134 
68 04o 171 

Overall mean (7) 2369 = 100 CO 



f coe n *dfs-r~'daae jn isect, a damage) an d' 

61 oveA a non-tadit t 

an e ebe reedinL', i Tble shoebws 
egropin as to visua rang oflu damae, the'-code, and desigria id eight,:so ahatd _ais fied d pended&n heb t ~eean be, p'.&

*lie as rii~ niizusl (ioa- ~ 4i~d±e t~im1he median
 
nmer,
 

,,-Treatmnand daa' obere 195 and 19in he er * er
L-eh'tratient13 1) caged plotawith adult~s; 1,2) caged plots wihout adul~ts;
 

'- ,3) uncage4 plots, as well as their attractiveness or nonattact.±veness.
 
thevpa groulped accordingt h'hn
hyb~rids were 


J'e',t imes thbey aperd ineach ran~ge~of suiaeptibility and -as tothi
 
attractien~ess, Six wier'e QB For tinstance, hybrid,
choe o ,demonration, 

tible times', s attraiv~,e and 2;i'imes, as nonatrctive; 'hyb~rl 65 'appeare'Lt

2iesa esistant, 4 times as sightly resisatant,:ltime _ac slitly, -suscep- .


ad7times asa ttractive e-. h QvakiatioIin r.1 1 :, 
tieescnb explined by' climatic dii'ferences, affecting ,theAeneolamia-. 

Prosapia complex aswl as the developme~nt of different-.hybrid;.to some ~ 
;.'-'e~cent also becauge during this firstcreening procedure no excperimental'

design was used~

~The relative esistance exrse ,sleaf',aag whe "1'plinghe weight


fapc ofTbe71 Ceach riangeofsusceptibility of' the 28 hybrids results in
 ' 
'esiant-iprreitad 4'sivceptible . As' the thre~grontp limits were


arirrl overblihedi, gcould not'eaodd
I ~
-. Tabfe'8 iWsijn t 0 with the 'method~for selecting-hy'brids according ~ 

-e ttbo ,4,(re ftl);atr '19 -ctdrn 976T),"nd .1977. ,Fist the
,pverall~mea~ofgreen'ratter ii gi~a)'of all the cuts O±fY'-h28,hyrids in 

teyears wasccalculted. alvalue. of l00 waa'assigned to thi'.s,man. T~hen,-'

the mean for,the~thre6 -replicatesa, onie in each, block of' each byblrid was related
 
to the -gen{eral meantu bann a- "'grade"' for each, entr~y.~ For inatanCea"
hbi3 rdcdiess atter(28 _e overall mean of 2369, corres': 

pondng 3171 gm ori.134% compar'ed totheo 8% olywheeashybid :65proucd 
overalimean.

In.Tab'le9 e6mpr~ , essac and a, ractivenerswith yifeld, taking
in,o accoujt the nuber of tie heyfell in; each categorwy'w

'~exampes in '0 eilO conXd' ~ - caeoy5Zecaxi ~ n
in.Tale-10 ocludethathybrids 68,,39, 35 and58wr

the most resib'ltant, le.ss-attrciveenrs;te three first'ones ares also- the~
 
highest yieling Hybri 66to 50, althoughith hig yildseem to'bej <


,,,',quiteatat-~ poabl shul not be increased 'and distributed, 
even

".,hough hey shwdrssac;adte hr is the intermediate' group of

hihyedn' ibis Table-'9 alsoshows hybridsyIieldingl~~ tan't he,'


'overall man,2'369 gm( )btmr than~ 7(5. As- expected hereywefind both
esiiit~sid a~~t'~ble. ~ ndnonattractive oriinermediateera p~yielding are ,also shown jwhicli seem1mat ri low extries t~obe cfi l


genetic' nterest, as they'are no eitatecp entry 7, which is attractive

aidi36'whic~h inone of the four least. attractive hybrids of thba 8.
 t~isof interest and expected that the Iabove grouiping"quti ~r~ te~I~~0 hefrt~~ofi,,lines~ differs 

,qutefrm bite rtin ofthefirt ear, however entry 28'a t&'hepoorestand 39 the' highest. A' for theAfurther-select ion 978,season was undert~e with 

-- --- ~'~-~- A 

http:different-.hybrid;.to


TABLE 9. Highest yielding lines (overall mean more than 100), low yielding lines (75 to 100), and verylow yielding lines (below 75) compared with their resistance aid attractiveness. Mmterrey, N.L., 1978. 

Hi-h Vieldino Lines
 
Resistant 

Nonattractive 


Resistant 

Attractive 


Resistant 
Inter ediate 


Attractiveness 

Low Yieldinz Lineg
 
Resistant 

,onattracti.e 


Resistant, Attractive 

Resistanz, intermediate, 

Attractiveness 

intermediate 

Resistance 

intermediate 


Attractiveness
 

Very-Low Yieldin Lines 
Resistant 
Nonttractive 
Resistent 

Attractive 


Interrediate 

Resistart 


Honattractive
 
Susceptible Attractive 


Line No. FieldResistant .... .e "cna t" ratteive 

68 T 7 
3S5 7 

3555," 121, 6 55 
66 5 ! 
9 57 0 

65 
50 2 

365 
6 L 

21 

J7 5 2 5 
-- [2 - 6 
3 uc 

25 
31 7 
26 
35 

92 

L 
3 
5 

70 4 

-9 56 - - 5 5 
57 6 
11 76 5 
11 

36 7: L 
-

O 
2, 

11 72 6 

28 61 1 6 7 0 



TABLE 10. 
 Example for showing the method used in selecting resistant lines, Monterrey, N.L., 1978.
 

75 76 177 7 77 7 T7 
G-rc-ipi-ng according to 

Blocks 7T 7 
 Il! T 7
7 times 
 each class Attractiveness
 

Lines 
 5 adult Uncaged 
 S S %S.' A NA
 

26 75s a3a Sn£ Sa Sfns_ Vgna26 .,a' - na Sra F aIj 
53 00 10 02 5-'a L3 2 

28 
 a _sa . Vsa 0 i - i 7 0 
3Q - a ZEna na Sr. Ea 2 3 0 2 0 0 7Sna65 Ra S-a SRA 2 4 0 0 7 068 :-2Na SRn a 'ena S:na a :rr 1 6 0 0 0 2 5Sa SRa 
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th': plant Ireeders of T-sxas A&MUniversity, testing only 13 hybrids from tile 
1974 planting. As inlestation in the field was rather low, most emphasis was 
placed on a multiple choice test under a walking cage, 3.0 2.l x 1.9 meters 
high.
 

Hybzid 28 was included for being verl susceptible an attractive, I[ low 
yielding but resistant and nonattrictie as well as 3 and 38 foe being inter
mediate mater'0. wee for c =mpari:on the ) remainng hybrid:'hese used and 
were chosen for being the best yielding material. Also included were eitries 
of the 1975 planting, selected as promising after a sultiple choice test by 
Ibarra.
 

The above methot was alo appd 'ed to 22 hybrids or lines planted in 
1976, and this was the first citia] test for thum Ulloa 1978), 

Line 10 was by fur the highst ielding entry, rodu ing 50% more than 
the next best entry. For nymphs] counts the ciffere.ioe between mean perce t 
damlage and. loss in weight was calcuLatod. 

In sussnary, with oifferent metitods of sleA ctinI lossible res;i.;tant 
buffelgrass hybrids, we be]eve tnat at tie end of this study we will be able 
to come up with a recoimmendation on procedurtes to be ued in this type of pro
grain. We also most likely will hav. several buffelgrss hybrids to be 
recommended as to their resistan e t- the spittlebug complex in northeastern 
Mexico and southwest 'l'xas, taking nto ace )unt their value as cattle feed and 
agronomic adiptability. 
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INTRODUCTION
 

Vegetables are a major source of vitamins and minerals for human
 
nutrition in both developed and developing countries. As such, they
 
play a significant role in the health and well-being of mankind. Yet
 
the exploitation of genetic resistance for management of vegetable
 
insect pests has lagged behind that of certain cereal and forage crops 
(66,85). The reasons for this are many and va-ied, but some contributing
 
factors relate to the nature of vegetable production and consumer demands. 
In developed countries, vegetablcr are high value crops, grown on limited 
acreage, and require intensive cultural inputs for maximum productivity. 
Chemical insecticides have been readily available and effective in
 
protecting the farmer's investment in his vegetable crop, and in producing
 
the relatively blemish-free product demanded by consumers. Understandably,
 
vegetable producers have be-rn reluctant to consider alternative control
 
strategies such as resistant varieties, which seldom give complete
 
control. Today, however, legislative and regulatory actions in the
 
developed countrics have limited the availability of chemical insecticides, 
and vegetable growers are experiencing increasing difficulty in controlling 
damage and losses from insect pests. In light of these developments, 
varietal resistance to pests has gained appeal for farmers, consumers, 
and legislators, alike. Obviously, resistant varieties hold equally as
 
much, if not more promise ia developing countries, where availability
 
and delivery systems for insecticides and other insect control methods 
are limited. 

The purpose of this paper is to review the current szage of knowledge 
in the area of insect resistance in vegetables, discuss the I;eneral 
principles involved in selection, analysis, and development -f varietal
 
resistance, and emphasize the tremendous potential for vegetable insect
 
control offered by implementation of resistant germplasm. 'or the
 
purpose of this review, sweet corn and pulses are conside-ed field
 
crops, and are excluded from discussion.
 

OVERVIEW OF CURRENT RESEARCH
 

The status of North American research on insect resistance in
 
vegetables has been reviewed by Stoner (190) and more recently by Kennedy
 
(96). The latter cited over 150 recent research papers dealing with the
 
various aspects of rese h on resistance, broadly classified into
 
identification, development, and 'mplementation. According to Kennedy's
 
survey, resistance has been investigated in North America for at least
 
23 crops over the perioe 1966-77. These include the following crops:
 
beans (Phaseolus vulgaris, P. lunatus, Vicia faba); carrot (Daucus
 
carota); crucifers (Brassica oleracea: cabbage, cauliflower, kale,
 



496 

broccoli; B. juncea: mustard; B. rapa: turnip; B. napobrassica: rutabaga;
 

Raphanus sativus: radish); curcurbits (Cucumis sativus: cucumber; C.
 
melo: muskmelon; Citrullus lanatus: watermelon; Cucurbita sp.: squashes);
 
lettuce (Latuca sativa); pea (Pisum sativum); sweet potato (Ipomoea
 
batatus); and solanaceous vegetables (Solanum melongena: egg plant;
 
Solanum tuberosum: potato; Lycopersicon esculentum: tomato). Some 70
 
different crop-Insect associations were studied during this period. 
Select i examples of this research, those for other vegetables such as 

onions, and research conducted outside North America are cited in Table 
1.
 

NATURE OF RESISIANCE 

For many of the insect-crop associations listed in Table 1, entomo
logical research has focused on the traditional aspects of immediate 
application in breeding programs, i.e. identification of resistant 
germplasm and analysis of insect damage or crop loss. In many of these 
studies, the impact of resistant germplasm on insect behavioral and 
developmental biology also has been etermined. In only a few cases, 
however, have specific physical and chemical plant characteristics been 
associated with resistance. Although such information may not be essential 
in the development of resistant cultivars, knowledge of specific defensive 

properties may ultimately help clarify inheritance mechanisms, ard thus 
speed the development of resistant cultivars well-buffered against the 

genetic plasticity of the target pest and relatively stable from environ
mental influence. Specific plant factors that have been associated with 
insect resi';tance of v'etables are discussed below. 

Potato, 'omato 

Two defense mechanisms, i.e. glandular pubescence and steroidal 
glycosides, have been implicated in insect resistance of solanaceous 
vegetables. Glandular trichome secretions of potato and tomato confer 
resistance singly or by a combination of physical entrapment, contact 
toxicity, or repellent-deterrent action. Glycoalkalolds, on the other 
hand, a group of nitrogen-containing steroidal glycosides unique to 
plants of the family Solanaceae and present In foliage, roots, and other 
tissues, are repellent or toxic to insects when ingested. In tomato, 
secretory trichomes confer resistance to Epitrix hirtipennis (153), 
,acrosiphum euphorbiae (67, 141), Trialeurodes vaporariorum (69), and 2 

species of spider mites (5, 70, 191). Resistance to Leptinotarsa
 

decemlincata increases with levels of the glycoalkalcid, tomatine, in
 

tomato foliage (179).
 

Glandular trichomes of several wild, tuber-bearing potato species
 

confer resistance by entrapment of Myzus persicae, Nacrosiphum euphorbiae,
 

L,ptlnotarsa decemlineata, Epitrix harilana rubia, Tetranychus urticae
 

(71-77), Empoasca_ fabae (208), and Epitrix cucumeris (Tingey, unpublished
 

data). The wild, diploid species, Solanum berthaultii, has been success

fully hybridized with S. tuberosum, yielding tetraploid progeny with
 

high densities of glandular trichomes and excellent levels of insect
 

resistancc (72; Tingey and Plaisted, unpublished data).
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In other wild, tuber-bearing species of Solanum, resistance to
 

Emoasca fabae (210) and Leptinotarsa decemlineata (21) is associated
 

with levels of total or individual glycoalkaloids in foliage. These
 

compounds severely limit feeding behavior and survival of E. fabae (44,
 

152) and L. decemlineata (110, 138, 200).
 

Cucurbits 

The cucurbltacihs, a group of at least 14 tetracylic triterpenoids 
and their glycosides, have been implicated in resistance of cucumber,
 

squash, and watermelon to leaf-feeding pests. These compounds, wich 
are distributed in foliage and fruit, act as specific attractants and 

feeding stimulants for .Diabrotica undecimpunctata howardi, 1).balteata, 

and Acalymma vittata (28, 176), but as repellents or toxicants for the 

two spotted spider mite, Tetranychus urticae (42). Individual cucurbi

tacins vary in their attractiveness to cucumber beetles (173, 174). 

Likcwise, the three species of cucumber beetles respond differently to 
individual cucurbitaclns (41).
 

As for othur Insect resistance factors in eucurbits, resistance to 

Melittia cticurbitae in squash is associated with woodiness and mechanical 

strength of item tissues. Howe (87) suggesteu that larval ent..y and 

subsequent tunnelling are impeded by the dense, highly lignified stems 

of resistant. cultivars. Finally, resistance of squash to Diaphania 

nitadalis varies with soluble carbohydrate levels in foliage and fruit 

(19), and Benepal and hi,1 (14) demonstrated a correlation between total 

amino acid levels and resistance to Anasa tristis. 

Beans 

A specialized type of epidermal appendage, the hooked trichome, 

confers resistance in Phaseolus vuljgiaris to A!phis fabae (03), A. craccivora 
(92), Myzus perstcae (124), and Empoasca fabae (139, 140). These decep

tively effective structures entrap small, soft-bodied artliopods by 

impalement through the body wall, typical ly through unsclerotized regions 

such as litersegmental1 meisbrane a of the abdomens and legs. L.evels of 

resistance increase with the density of hooked trichoines; degree of 

erectness relative to the leaf blade also affects capture efficiency 

(139). 

Crucifers 

Plants of the family Cruciferae contain an unusual group of sulfur

containing compoutods known as mustard oil glucosides or glucosinolates. 

As early as 1911, Verschaffelt (223) suggested that these compounds play 

a role in choice of food plants by Insects specific to cruciferous 

plants. Subsequently, glucosinolates have been shown to be attractants 

or feeding stimulants for a wide variety of insect specialists feeding 

on crucifers, including Pieris brasshcae (207), P. rapae (86), Plutella 

maculipennis (207), Listroderes costirustrls oblt (201), Phiaedon 

cochleariae (204), Brevicorvne brassicae (127), Phvllotreata cruciferae 

and P. striolata (58). Alternatively, these compounds are toxic to 
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certain insects which do not feed naturally on crucifers. Thus, gluco
sinolates appear to play a dual role 1inthat Lhey mediate susceptibility 
to specialized feeders and resistance to others. The practical signitfi
cance of this functional duality Ili breeding for Insect resistance in 
cruciferous vegetables has not been explored. 

As for other insect defense mechanisms, Rudder and Brett (157)

concluded that densely-packed leaf cells of kale confer resistance 
to
 
llutella mac:Aljpernis bv impeding larval penetration.
 

Onion
 

As with crucifers, the oniaon posses.,es ain unusual sulfur rretabolism, 
the components of which include a number of volatile methyl, n-propyl, 
and allyl sulfides (15, 20). These compounds lend onion Its distInctive
 
taste an i odor. At least 5 of these 
 compounds t;erve as attractant
oviposition st imlu!ants for llvlemtva ant iq.a (121, 122, 137). Recent
 
studies by Vernon et al. (222) ll;get that a thiopropyl moiety in these 
comloundsiS Iti, mllajor fulCt ionalI stimulus e icitilng response of olfactory 
recept ors. Although thi distribution and occurrence of these compounds 
have been studied in Variots cultivars of onion and related Allium 
species (33), their pr.tctical Sign1ificalic. it breeding for resistance to 
_lvICeIva _altilola i 11Lotwell understood. 

Pea 

Ntltritjonal Colltlli I l0lage is Asocilted with resistance to
 
AcvrthoLsLtljp)lln pisuim. Maltais anud Auolair (12") and Atclair et al. (7)
 
showed tha-t levels oI roslstilce incrt.ased with decreasing levels of
 
foliage totat nitro' l and 2. ;i::,iio
acids. 

rX ER IMlENIA1. ,11IRDS IRORASSESSMENT OF RES I STANCE 

Gelleral loi;ider~it iolns 

Tile iimirtancir of rapid, disocrirlilnating methods for measurement of 
resistance ci it1tbe overeirrphasiJed. Uliether at Initial stages of 
gerlllpla;mn evaluation), or later aisesslliellt of advanced progeny, large 
popilations must be rapidly and accuritlv evaluated. Obviously, the 
choice -' ;.,ethtodology varies with the clop, tie nature of insect damage, 
and the specifIc target pest. Southwood (186), Ruesink and Kogan (158). 
Dalms (45), and Tiine and Pll loerr (212) d13cus and provide references 
to a wide variety of moethods I!;etll ill samplinglug arthrepiod p)Ilat ions, 
assessing,, the irlplct of ri-sistant germplasm ol artliropod pests, and 
meIlasur ing crop tespollo illjury.f'edillg 

qtld 1.% o thie fllldagcielita] natut, of rosistallce atid the influence 
of specific resistallce fa(t ors oun Ine t Lthavioral allddevel opmental 
biology reu:ire ;iulli zed technuiquies drawn froimi tilefields of insect 
physiOnlogy ald lutrition, to:icology, inlect behavior, plant physiology,
and inaturil products chemistry. The ralnge of tecnlliques useful In such 
studies i; too extensive to discuss lue, out the followitg papers 
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provide a partial Introduction to the literature: food consumption and 
digestibility (9, 224), etectrophysiological assessment cf vision, 
olfaction, gustation, and feeding (4, 31, 34, 91, 101, 125, 167), loco
motor activity (53), artifi:Ial diets (6, 43, 46, 126, 181). The review 
by Ifedin et il. (83) and tilebook edited by van Emdc, (218) provide 
references to many additi onal pertinent paper;.
 

.pcial I ielms and Limitations 

At early stages of germplasm e, !uation, free-cholce field techniques 
are frequently employed because of ntheirsimplicity and economy. However, 
such methods may be limited by seasonal and spatial aspects of insect 
abundance, tie prtsenct of competing pests, and tie influence of tile 
,LznvilOlImCnt on tiltexpression of rcu;i.stance, the first two limitations 
can often oc mihilmized by use of one or inore of tie following practices: 
(a) mass rearing or field collection fo;Iowtd by release, (b) use of 
trap crops, pr-ilfested hoats, attractants, baits, and sex lures, to 
concentrate and magnify infe:stations of the target pest (113, 199, 215), 
(c) use of selective, It tic ides to eliminate natural enemies and competing 
specieos (i28, 136, 228), (d) Use of cultural practictr favorable to the 
target pest. 

Ult imateIy, IIO-ChotCc or forced conf inement methods will be useful 
for precise measurellLent of the impalct of resistant germplasoi ol helvioral 
and (level oplntolI biology of the target pest and for analysis of crop 
response to feeding linjur. c'1hether such stucldies are conducted '1ntile 
field or in controlled envilonmelts, researchers mast recognize that the 
magnitude andtt express ion of r sistance toiub,! altered by tile physical 
and , I in~i Ic cnvi ronmecnt . Var iation in soil fertility and moisture 
(102), 1ighit Intensity (115, 154), acid temperature (185, 22 , 225) may 
clter ti phsilo iclI and nutrit ionaI suitability of the host plant, 
I eading to shif ts in Iest performance qui to alpIt from those conferred 
by geletic rh stalcc. (56, 155, 180) . A number of agricul tural chemicals, 
including som. pest icides (217) acd pIlicit growtlh regulator; ( 8 

4, 216), 
produlctc site tar effect!;, thus msaskill tIlk xpressiou of geiletic resistance 
ladCoul;te control over these viriables or failure to recogiize their 

poteitial infilnoce could lead to ambigcoci; rcsults from trial to trial 
and season to secasnll. t)ihcr sources of cxperiilentlilt error that may 
alter the mag.nituile and expression of resiistance Include plant age (1, 
88, 109, 219), plait size (57, 209), crop density (60), adjacent or 
surrounding hosts (11I, 11l), sOurct! and sex of test insects (80, 103, 
231), cnd photopcriod (114, 179). Expaicded discussion of censideratlons 
in experimental desi gn and scl oct oii of experimental environments is 
provided by Tingey aiiid Singh (214) and Smith (182). 

nluilie titico aid illrCcdini Strctelio 

The dcvcttloplmeit of insect-u.istant cultivor:. generally requires a 
considerable brecdi" effort. FreqciuntlV, suiperior modes and levels of 
resistance are fcciind iii wild or unadapteud germpla.m, requiring an intensive 
breeding program ti integrate resistance genes with those for desirable 
agronomic and cultural qualities. The bre-ding systems employed vary 
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with the particular crop and the gUetLic nature of resistance. In cases 
where resistance is simply inhierited anrd controlled by 1-3 major dominant 
genes, ha k-cross methods are frequently CIlIpnI VUld. Suicl IIaJor geIc 
(vertical) res-istatnce Is relatively at;:blc against ,uvirolnmleotal fInfluenLcte
but may foster the deveiopiiiettt of peSt biotypus capleilU of ctiolnizing 
previously re.Olstant plants (47). If resistance is polygelc , i.e. 
coltlolled bv manty touclear genes, each of" small effect, rncomb itant Or 
mass se lection procedurcs, are usually employed. The inherttic;e antd 
expression of polygetiic (horizontal) rc-.stail'eC arc freqtuntly complex 
atnd nw, II assiociated with quitiLatlyve traits such as Vigor alldyield. 
lowever, pelvgnlc resistaMac isa generil 'y well-buffered against tie 
development of pest blotyVps (178). Cvto. IasmIealcI vl-lnlnrit ad factors 
arc partialv reiponsiblte for resiLtalce Of let tuce to the toot aphid, 
Pumphlitus luirsarius (52). 

1Ijact .f Rcs-L taic-e on Nl-hir-et Sjnui,. 

tSistalI'Cti onL pest nlay rosistallc to ot-hir ,ests (37to collfer 

40). Obviousiy, such resistaicc factors arc ixtLremIv valuable when tihe
 

iropI ; tnilbjIct to ilnft-iat Iollby a comnplex of pests. In other cases, 
hoWe-ve'-, [ItiJl-spec it il'ei t nce 2CchaitIS May conifer iicldesirable -_oxic 
Or tnutr it io al IIro irt 111 to thew crop (I 11, 210 ), 01' intUrfere with 
natura! control by pre lal'a, and para ites (55, 142). Final l, resi;tancv 
to one ; liteil icLth jolClausultetLlty to others11)Ctcii C:.1 


(42).
 

ll potentiil i .. ;trd! posedi bv conflict ing rcSiStLAInce cit hiali IW; 
etli));ISJZI' the ti1-01 ll tLodu-;talldill , of tile plallt f t orSill)Ol[,,II1, 
conferritg resi thir rd rol,- In tlt p aiIt-herbivor'e . 'toeco
system, and their mli of i oh.iitine. If potenLial Iiitit Lions ;ire 
rCcogrli,'Odilerly in a ltedill ii pdopin, Zailads cani frequently bc minimized 
by dIslhfillilit And i(fraticit i resistancellseleict ,l o turnahl 

r'clcani sins 

Var i etjl;il t)_ev I tjit oi ee l1jtj1t LiIIIlI ,iaeit.L- ion l.e.;i.:;_tli 

As IIted earl ier, thbe dvlopmcn t it.) efetlil cI Ltivars for which 
inIset' rel stailce is a laijor feilture haatbeenlI iriteiltd, Compared to 
cereal an1d forig crop (123, 187). Until recintly, the 0i11V e.:ample 
was; the potato cult ivar, 'Scquoii', resistant to 1loisca faIbIaC. Slice 
19it0, howcvt l, coil;lderable prog;ress has leuttl mad, , and accordinug to 
Kvettdy (i)h), the followito; resistant eriplastm has been relcased: 2 
sweet piot;:o to comple of lp Coleop)tera1ine; ris t ant a I riot-fecd 
sweet potato cilt ivi1r. ',Iwl , resist.lnt to, fleabeetlIC; I tomato cultivar, 
'Kewaio', re:;i;taint i.,tie two spotted spider mitc; atid 2 turnip cultivars, 
'Rots' and 'dharli:staw , r,,;istant to tilt turnip aphid. This progress 
is eicotiiagi ng but reprteut; o.lIy a sisallI fraction of tilepotential 
availahile, itt view of the wealth f informatioan ..v now have ot sourcis 
and tnchaniscis of ise( t re;istailce Il vegetables. As noted by Kenniedy 
(96), our challengt islz to e.ploit tO-; bulk of knowledge, so that the 
protiisc of practii:l insect Control by plat, rcsistanc: call be fulfilled. 



Table 1. Selected examples of research on 
sources, nature, and inheritance of arthropod resistance in
 
vegetables. Adapted, in part, 
from (G. G. Keunedy, 1978, Recent advances in insect resistance

of vegetable and fruit crops in North America: 
1966-1977, Bull. Entomol. Soc. Amer. 24:375-84).
 

Crop 


Beans
 

Phaseolus vulgaris 


P. lunatus 


Vicia faba 


Carrot
 

(Daucus carota) 


Cruciferae
 

Brassica oleracea (cabbage, 

cauliflower, kale, broccoli) 


Mustard (Brassicajuncea) 


Pest Species 


Ei._poasca fabae 

Epilachna varivestis 

Hvlemva platura 


E. varivestis 

Liriom_yza munda 


Acyrthosiphon pisum 


Lvgus elisus, L. hesperus 


Brevicorvne brassicae 

Hvlemva brassicae 


Murgantia histrionica 

Phvllotreata striolata 

PLeris rapae 

Plutella raculipennis 

Scutigerella immaculata 

Trichoplusia ni 


M. histrionica 

T. ni 


References
 

26, 139, 140, 211
 
22
 
221
 

22
 

225
 

65
 

172
 

143
 
143, 144, 228
 

203
 
157
 
10, 35, 49
 
157
 

177
 
10, 49
 

203
 

144
 



Table 1. continued.
 

Crop 
 Pest Species 


Cruciferae (cont.)
 

Radish (Raphanus sativus) 
 H. brassicae 


M. histriunica 


Rutabaga (Brassica napobrassica) T. ni 


Turnip (Brassica rapa) 


Cucurbitaceae
 

Cucumber (Cucuis sativus) 


Muskmelon (Cucumis melo) 


Squash (Cucurbita spp.) 


Watermelon (Citruilus lanatus) 


T. histricnica 


Hvadaphis erysimi 

T. ni 


Diabrotica balteata 

D. undecimpunctata howardi 

Acallvmma vittatum 

Diaphania nitidalis 

Tetranvy.his urticae 


Aphis ,ossvpii 


D. nitidalis 

Diabrotica spp. 


A. vitLatum 


Anasa tristis 

D. nitidalis 

D. urdecimpunctata howardi 

Melittia curcurbitae 


Aphis gossypi 


References
 

54
 

203
 

144
 

203
 

8
 
144
 

41, 82
 
27, 41, 82, 202, 229
 
41, 229
 
116
 

42, 106
 

16, 17, 97-100, 104, 105, 118
 
23
 

13, 131
 

90
 

11, 12, 14
 
19, 50
 
13, 129, 173-176, 202
 
18, 87, 89
 

117
 



Table 1. continued.
 

Crop 


Lettuce (Latuca sativa) 


Onion (Alliu:, cepa) 


Pen (Pisum sativum) 


Solanaceae
 

Er-g plant (Solinun -melongena) 


Potato (Solanum sp.) 


Tomato (Lycopersiccn spp.) 


Pest Species 


Pemphigus bursarius 


Trichoplusia ni 


Hylemya antigua 


Acvrthosipion pisum 


Tetranvchus cinnabarinus 

T. urt-icae 


Eoasca fabae 


Epitrix cucumeris 

E. hirtipennis 

Leptinotarsa decemlineata 

Macrosiphum euphorbiae 

Nvzus persicaL 


T. urticau 


Circulifer tenellus 

Drosophila melanogaster 

E. irtinennis 

9eliothis zea 

,eiferi ivcopersicella 
L. decermlineata 

Liriomvza nunda 

M. euphorbipe 

T. cinnabarinus 

T. urticae 

Trialeurodes vaporariorum 


References
 

51
 

107, 108, 227
 

133-135
 

7, 64, 120, 130
 

170
 
184
 

152; 162, 164-166, 168, 208, 210,
 

213, 220
 
162
 
163
 
75, 110, 138, 168
 
71, 145-150, 213
 
2, 3, 71, 72, 112, 145-151, 160, 161,
 

205, 213
 
73, ]19
 

206
 
193-196
 
68, 153, 192, 230
 
24, 59-62
 
171
 
169, 179
 
183, 225, 226, 230
 
67, 141, 198
 
70, 188
 
5, 25, 70, 78, 79, 132, 156, 189, 197
 
32, 36, 48, 69
 



Table 1. continued. 

Crop Pest Species References 

Sweet potato (Ipomoea batatus) Chetocnema confinls, Conoderis 37-40, 93-95 
falli, D. baiteata, D. 
uIhIipmunctita howardi, Plectris 
alicna, Svstena elon ta, S. 
frontalis 

2, 
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ABSTRACT
 

Host plant resistance to diseases in vegetable crops is necessary as
in other crops in todays modern agriculture. Sophisticated screening methods are being developed and utilized in laboratories and greenhouses to
aid in development of field resistance to many common disease organisms.
The vegetable breeding laboratory, in the Department of Horticultural
Sciences at Texas A&M University, was 
designed and constructed in a joint
effort by the Texas Vegetable Industry and Texas Agricultural Experiment
Station. Its purpose was 
to serve 
as a facility to develop, through plant
breeding, vegetable varieties with host plant resistance to the conmon
diseases occurring in the State. 
 Breeding programs presently include research on incorporation of multiple disease resistance into vegetable
diseases on carrots, cucumbers and onions. Screening for host plant resistance is emphasized at the seedling stage of plant development and has
 
proven to be highly successful.
 

INTRODUCTION
 

Texas is a major producing state of vegetable crops. It ranks third
 
in fresh market vegetable production with approximately 300,000 acres
having an annual 
farm value of over $400 million (2). lexas ranks in the
top three in production of cabbage, cantaloups, carrots, bell peppers,
onions, spinach, watermelons and in the top five in cucumbers, hot peppers,
sweet potatoes, honeydew melons, and southern peas. 
 Texas produces over

20 vegetable crops on a commercial level.


The climate in Texas varies considerably as it is 
a large state. Temperatures in South Texas are mild having an 
annual aveage of 330 frost free
days. 
 Northwest Texas provides 180 frost free days illustrating the extreme
differences. Rainfall 
varies from 145 cm 
in East Texas to 20 cm 
in the extreme western part of the State. 
This information is provided 
to show that
Texas has environmental conditions which favor numerous pathogens which
create problems in vegetable production. Considering a conservative loss
value of I0 percent to disease pathogens, the direct annual vegetable loss
would approach $40 million, not considering the cost of chemica'i 
controls.
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BREEDING FOR DISEASE RESISTANCE
 

Sources of Host Plant Resistance
 

Following the identification of the pathogen causing the vegetable 
disease, a genetic source for resistance must be located. Common, simple 
inherited disease resistance in host plants creates no problem. An ex
ample is scab disease in cucumber, Cladospprium cucurnerinum, in which re
sistance is complete and conditioned by a single dominant gene (2), (11).
Plant resistance can be utilized from existing varieties, breeding lines
 
or plant introductions known to have che gane for resistance. Resistant 
material can be obtained from cucumber breeders or USDA plant introduction 
stations. The problem of developing host plant resistance becomes much 
more of a problem if the resistance is not a simple inherited characteris
tic. For example, Barnes and Epps (5) found resistance in cucumber to 
anthracnose, Col letotrichum laqenarium, varied from almost complete dc,,
inance to a highly complex type of inheritance. It, seems that with tis 
disease, there may be two or more factors contributing to resistance. 
Downy mildew, Pseudo eronospora cubansis, is one of the most damaging 
diseases on vegetable crops throughout the world. It serves as an excel
lent example showing how sources of resistance can he obtained and things 
one needs to be aware of in breeding for host plant resistance. In 1937, 
genetic resistance war; fond in two cucumber accessions, 'Bangalore' from 
India and 'China or'Cnin2se Long' frogi China. Cochran (7) reported that 
'Bangalore' was resistant to dewny mildew in Louisiana and that F1 hybrids 
exhibited intermediate re.i stance. Roque and Adsuar (10) released several 
lines with good resistance in Puerto Rico using the resistant material 
from China. Their material was used extensively by Barnes and others in 
the United States. Barnes (4) released 'Palmetto' in 1940 showing good 
resistance to downy mildew. It was derived from a cross between resis
tant 'Puerto Rico' 40 and 'Cubit' a good fruit type, but highly suscept
able to the disease. However, within two years, 'Palmetto' began showing 
,igns of susceptibility to downy mildew and soon became totally susceptable. 
Munger and Newhall (9) as well as Epps and Baries (8) attributed this lack 
of plant resistance to a new race of downy mildew. In 1954, Barnes and 
Epps (6) found another source of resistanc2 in the plant introductions,
 
P.I. 197087, an accession from India. They noted that the resistance
 
appeared to be different in nature than that obtained from China. The 
reaction to downy mildew on the China accession was a slowing down of the
 
normal circular- yellow lesion. On P.I. 197087, inoculation resulted in
 
appearance of light brown spots, quickly turning to dark brown as the
 
tissue dies. The reaction is hypcrsensitive resulting in sparse sporula
tion and very limited spread of the disease. Both types of resistance
 
are multigenic thus, creating a lot of potential for developing different
 
levels of resistance in new varieties. Both sources are being used in
 
new variety development and seem to be holding up well. This example
 
serves to show the importance of obtaining as wide a genetic base as
 
possible when developing host plant resistance to diverse organisms.
 

Facilities Necessary for Disease Screenin
 

Breeding vegetables for disease resistance is both difficult and ex
pensive. Many are biennials which require two years to advance one gener
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phases of the
 

program. Screening in the seedling stage is the most efficient as it
 

eliminates growing out the large numbers of susceptable plants. However,
 

'tion. It is therefore, imperative to be efficient in all 


it requires more elaborate, sophisLiLJeu tacl I ties and h'qhly trained 
technicians.
 

Facilities needed in a vegetable disease scrt!-rnirlg program certainly 
However, certain basic facilities
are determined by the crop and organism. 

and pieces of equipment are necessary for a.'y disease screening program. 
There must be a laboratory constructed and equipped to culture and handle 

the plan:t pathogens used in the screening. The laboratory must be equipped 

to provide temperature, humidity and light or dark conditions to maintain 
the pathogens. Secondly, facilities must be provided to grow the ilant 

seedlings in an environment which favors the development of the plant 

patnogen. Those items are absolutely necessary to insure infection of the 

material being screened. Thirdly, facilities must be provided for optimum 

growth of tne vegetable seedlings once they are removed from thn incriba
tion cnambers. Selections are then made, based on symptoms expressed, arr.1 

resistant plants are then planted n a greenhouse or into the field for 

growing to deterine their other hrrticultural characteristics. 
Our facility is made uprof a pathology laboratory, a 4.5 ir x 3.6 m 

walk-in growth chamber contairing four smnaller tepi-erature controlled, 
100 percent relative humidity incubation chambers. The growth chamber is 

kept at 150C and tihesmall incubation chambers are individually heated to
 

the required temperature for the specific urganism under study. This
 

system works much better than trying tu ijivioually cool the small cham
bers. Incubation chambers are also completely dark to prevent etiolation 
of seedlings during incubation. The growth chamber also contins a grow

ing bench with 240 cm Sylvania fluorescent lights suspended 25 cm above 
the plants arid providing a photon flux density of 210 UE/m2 sl to allow 

symptom expression to develop or tile seedlings following the incubation 
period. The facility also includes four greenhouses attached to the
 

to crosseslaboratory for growing tire res istant segregates obtain selfs or 
in tile Dreedino program. 

Methods of Seedling Screeninr 

Methods used in seedling screening depend on techniques developed for
 

the various vegetable crops. Cucumbers will be discussed because of our
 

multiple disease screening program. Credit is given to Abul-Hayja (1) 
-esearch in the area of developing techniques for seedlingwho did extensive 

screening of cucumbers at the University of Wisconsin. Our system has many
 
but themodifications to fit our breeding program, the basic methods are 

same. Our seedling screening is based on simplicity, efficiency, and re

liability. It is essentially a compromise between tile procedures of a 
basic scientist and those workable in tire profession of a plant breeder. 
Cultures are maintained on media or living plants as necessary. Seed of 

the plants to be screened are planted in rows in "horticultural grade" ver
insure uniform
miculite in plastic trays and placed on heating pads to 


germination. This is essential because seedlings should be unifor in
 

growth to obtain reliable readings of symptoms. These trays are sterilized
 

after each test and only sterilized verrriculite is used. The stage of 
growth used for inoculation depends on the disease. Cucumber scab, Clado

sporiun cucumerinum, anthracnose, Colle' trichum la enarium, bacterial wilt, 



526 

Erwinia 
tracheiphila, downy mildew, Pseudoperonosjora cubensis, and target
le 
 jsjpo,ca ss i i co Ia can a Ibe inocu ated rfo
days after
emergence. 
At t~s time, the cotyledons are developed 
to their normal
size and the first true let'f is heginning to show signs of growth. Theyare inoculated by applyingO0.01 ml spore suspensions on the upper surface
of the cotyledons in droplet form using a I cc disposable syringe, Inoculated seedlings are set 
in the dew chamber for a specified time having100% R.H. and a specified temperature favorable for of thegrowth pathogen.They are then resrmved to the growth bench to al low for symptomn expression.Bacterial wilt screening bypasses the dew chamber treatllent as they areinoculated by mechanical injection with plant juice 
taken from infectedhost plants. Otherwise they are handled the same. 
 There are options as
to how the screening is performed. Some plants may be inoculatedorganism or two or with onemore simultaneously. That procedure is possible by
applying a different pathogen to each 
 cotyledon or half section of 
a cotyledon. Generally, we screen for resistance to two diseases at the sametime, one on each cotyledon, and then follow with additional inoculations 
on survivors.
 

The rcsi stlnt seedlinigs are theri trin1iplanted froii the vermiculite
trays into trays ilaie hy the Speedl n !tyrofoamMarnufac toring Company.
They are again placid oh a rrowth berich under ight , arnd allowed to recover from tranrs)lalt Shoc . Once norrial growth begins ii these traysinocula ted witht. .y are addi tioral patogeis such as cuciiilier mlosaicvirus, lariior cucuiitljii ;oWdirv Irv [Jphe1 or Nil1dew, cichoracearum. liacterial 
 illyf .alk0 be r111u-ultedl at -f -this tireI it wa-sn-)o-t do'ne iI theseedling stage. Plants htirnq Ir, stane 0e,,hi are then transplanted topots in the greenhouse for ti,, finq r further ere- ir ;. 

Field Testi eifSe d ] ir t'inz 

Resistant lant sel atrema t, -r ocfuJ cro.sed in the greenhousedepending on the stage oh tie reedin: ;mrairrr. 1f1 owiinq the idvancementof one generation, progeny are agair, ',-reened or tojridexed determinethe line is holnozygous for resistarcu. 
if 

Hom1ozygous resistanrt lateriaI, a'ssocilrg it thela; other necessaryhorticultural characteristics, is then reidY for fieid testing.Agricultural Experiment Station several 
The Texa,;

has Research Centirs located indifferent major crop producirig areas of the St. The vegetable linesare planted at thosie ]ocation to deterii ne their resistdnce under fieldconditions arid to deteriine their adamt hili ty for tire environment of thearea. This field testing is iost Important as it allows oiservation fornot only disease resistirie, hut all nther horticultural characteristics.
 

Breeding_ -etriodsUsed in Developmnit oh Res, ,staut Varieties 

The vegetable breeding lincgrafi for host plant resitacoe to di seasesis broad in scope. Rarely does it I Iid t itself to an objective of incorporating resistance to a disease. The proglrani integrates disease resistance, insect res is tance, inc reased yields, improved quality, improvedstorage quality, aridother stre,, toIerances sui
temperature, high temperature as to salt, drouth, lowant earlines, nf iiiaturity. To accomplishthese multiple objective-, we rused a modified pr-ligree method of breeding.Many crosses are made using vegetabe lines wilt, 1 nown charactoristics. 
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L,,rge progenies are screened in the F2 generation to identify plants
 
possessing resistance or other needed characteristics. These F2 are 
then inter-crossed to bring more desirable traits together. When lines 
are determined to have the genotypes needed, they are selfed or massed 
until a degree of necessary homozygosity is reached. Of course, that 
degree is determined by the breeding system of the crop. Some can toler
ate much more inbreeding than others. This sibbing of F2 progenies allows 
for combining different genes for resistance, especially where it is quan
titatively inherited. It also provides potential for combining resistance 
to disease due to different genes. This provides multiple resistance to 
the same pathogen as well as to different pathogens. W(. subscribe to 
this theory. 

The back-cross method is used only if one or a few gene changes are
 
desired in a good existing variety.
 

Slides will be used to illustrate in detail facilities and techniques
 
discussed in this paper.
 

LITERATURE CITED
 

1. 	Abul-Hayja. 1975. Multiple disease screenin9 and genetics of resis
tance in cucumber. Ph.D. Thesis, University of Wisconsin, Madison.
 

2. 	Pndeweg, J.M. 1956. The breeding of scab resistant cucumbers in the 
Netherlands. ELuhytica 5:185-195.-


3. 	Anonymous. 1978. Texas Vegetable Statistics. Texas Crop aridLive
stock Reporting Service, Austin.
 

4. 	 3arnes, W.C. 1948. The performance ol Palmetto, a new downy mildew 
resistant cucumber variety. Proc. Aier. Soc. Hort. Sci. 51:437-441. 

5. 	 __ , and W.M. Epps . 1952. Iwo types of anthracnose resistance in
 
cucumbers. Plant Dis. Peptr. 36:479-480.
 

6. 	 , and . 1954. An unreported type of resistance to
 
cucumber downy mildcea. Plant Dis. Repr. 38:620.
 

7. 	Cochran, F.D. 1937. Breeding cucumbers for resistance to downy mil
dew. Proc. Amer. Soc. Hort. Sci. 35:541-543. 

8. 	Epps, W.M. and W.C. Barnes. 1952. The increased susceptibility of
 
the 	 Palmetto cucumber to downy mildew in South Carolina. Plant Dis. 
Reptr. 36:14-15.
 

9. 	Munger, H.M. and A.G. Newhall. 1953. Breeding for disease resistance 
in celery and cucurbits. Phvt.path. 43:254-289. 

10. 	 Roque, A. and J. Adsuar. 1938. New cucumbers resistant to the downy
mildew. Puerto Rico Agri. Expt. Sta. Ann. Rept. p. 45-46. 

11. 	 Walker, J.C. 1950. Environment and host resistance in relation to 
cucumber scab. Phy qtopat. 40:1094-1102. 



--

BREEDING TREE CROPS
 

James N. Cummins and Herb S. Aldwinckle
 

Dept. of Pomology & Viticulture, and Dept. 
of Plant Pathology,

New York State Agricultural Experiment Station,
 

Cornell University

Geneva, New York 14456, USA
 

Breeding woody perennial 
 crops holds £reat possibilities for
improving the economies and indeed the lifestyles of our homelands. In
this paper we will be reviewing some strategies and tactics for tree
 
crop breeding.
 

At Geneva, developing a repertoire of apple 
 rootstocks that are
outstanding in the nursery and the orchard and 
are also well adapted to
mo;t significant envirornental
the hazards is the charge given our
breeding team. 
 The Geneva apple rootstock breeding project will
,xamined as 
 a model in woody perennial breeding 
be
 

-- examined for good

points and examined for errors.
 

WOODY PERENNIALS --- POTENTIAL UNLIMITED
 

The forests, the savannahs, the 
swamplands, the mountainsides of
this planet hold rich
a treasuretrove 
of woody plants that we have
hardly begun to put to use. 
 We breeders have the opportunity to put
work this germplasm that is 
to
 

at our fingertips.
 

Why woody pDrnnials? Breeding of vegetables and 
 agronomic crops
is well advanced 
and moving rapidly forward. Consider, though, that
vast areas of our countries are not suited for these --crops aruas
already eroded, 
 areas certain to erode when tilled, areas rendered
untillable by weather or 
by topography. Thirty years ago, 
 Smith (42)
wrote about farmers in such conditions:
 

When should they plant a grain crop? 
 The rainfall

is so unreliable that they may plant two or 
three

times and fail. But an established tree can wait
 
for rain and use it when it does 
come.
 

WQody plants of the temperate zones. Here in the USA, 
we have many
native plants which could be brought into the service of 
 man. Darrow
(19) pointed 
 to our native 1!uliau species -- americana, maritima,
ni~pu, 
 wla,
, and yjL jar -- and to serviceberry(Amelanchie), 
 pawpaw Aaimina), elderberry (Sambucus), persimmon

(Diospyros) and Viburnum.


Nearly a hundred years 
ago, Hansen (25) set himself to developing
fruit!; for 
 the rigorous climates of 
the northern American prairies
the Dakotas and Manitoba -- and 
others have followed in that direction.
These breeders of the north and 
their counterparts in the USSR 
have
labored with considerable 
success with the American Prunusbesseyi and
P. penLiylvanica, the Asian 
P. tomntosa and the 
 Eurasian P.
frutsa, to cite but 
a few. As a result, today we have 
for the North
country 'Meteor', 'Northstar' and at least a dozen other cherry
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varieties; 'Patricia' and 'Premier' 
 beach plums (p. maritima),

'Chekpa' sandcherry (P. 12_rt!:jcYik_, and hybrids galore, more productive,
more palatahle., and more nutritious than 
their primitive antecedents.
 
Breeder_; in both the USSR and mainland China have utilized the
cold-tolerant Nls JLjc pushto northward the range of 
apple-growing.


Tne olive is one of the most widely grown tree crops of the
 
subtropic zones. 
 Both the cultural systems and the cultivars in use
today are ancient. New production technologies are being developed,
and the opportunities for improving by breeding the repertoire of 
cultivars are very significant.

In the USA, Mania and S are used aus ornamentals, out in
 
other countries, 
 these genera are being examined for food potential.
In Poland, E. selections now available are capable of
producing nearly 10,000 kg/ha of fruit rich in both proteins and

vitamin C (S. Zagaja, personal communication). The Capulin cherry of
Ecuador offers the possibility of immediate development of a fruit of
high nutritive value in a regior, noted far the nutritional needs of its 
people (18).

The cultural systems for nut crop pio(uction havc attained 
respectable levels of sophistication. Nut cro , in which advances due 
to breeding have been real ized a] ready theinclido pecan (CaIya

illinoensii}, filbert 
 (CLi2IUlI spp.) , chestnut (CIa~l~arl spp.),
pistachio, and I_¢ ia. Research has begun with the Asian nut pines
(Pinu_s kjxjis'j , and Y.iti ria) capable already ofproducing as much as 500 kg/ha (32). The shagbark hickory (Cryn 
ot) is yet another exa::iple of a high quality native species waiting
to be utilized.
 

An outstanding example of the potential of woody crop breeding isthe development of the American highbush bluebet ry, Vag iniur 
corymbosum. Fifty years igo this was a wild species of value Inly tolocal gatherers, and a few selections from the wild showed promise of
improvement. Today, the blueberry is a major cultivated crop in the
USA and will likely become important in Europe -- all because of a 
small band of devoted breeders (19).
 

CirUS crops. Harvested tonnage of the citrus crops overshadows
production of the other woody perennials. At least partly because
citrus crops are now restricted to sites free from freezing, they are
exposed to a wider variety of diseases and pests than arc most woody
crops of 
temperate climates. Major improvements, remain to be made in
citrus fruiting varieties -- more tolerance of low temperatures;
improved color, nutritive value, and eatinq quality of 
 fruit;
seedlessness; and better shipping characteristics are among objectives
(43). Environmental factors affecting the root systems are of even 
more concern than those influencing the scion. A number of species 
 of
 
Phytophthora are pathogenic to citrus roots. Nematodes of several genera can build up debilitating or lethal population levels. A fatal 
graft-union problem is 
induced by tristeza virus. Salt sensitivity is

becoming incresingly critical in citrus groves. For all 
 these
 
problems, though, there is potential for 
improvement through breeding
 
(26).
 

Qther woody perennials in warms iat Smith 
(42) pointed out a
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number of opportunities for developing new crops from primitive
 
material. For food, the 'Pejibeye' palm of Costa Rica and Colombia has
 
potential for surpassinq the date as a food producer. The Brazil nut
 
could be markedly improved by imaqinative and aggressive breeding.
 

For industrial production, the rubber tree and the )ii palm stand
 
as examples of need tar continuing genetic improvement. The kukui
 
(Aleurites moluscana) could be developed as a source of industrial oil,
 
just as the jujube has promise of a significant conti-ibution in the
 
southwestern USA (42).
 

Forest tree improvement. Throughout most of those regions in 
which forests are a normal part of the succession pattern, modern 
management has come to include reforestation. In western Europe, 
especially in Germany, reforestation !,as been a common practice for 
centuries. California law now requires restocking after clear cutting 
of forest lands. Young trees for replanting have traditionally beer
 
seedlings, usually obtained from seed collected 
 from supposedly
 
superior trees growing in the wild. 
 Recent evidence indicates that
 
such seedlings usually display some inbreeding depression of growt 
rate. This and other factors have stimulated a trend toward 
establishment of seed orchards compood of clonal parents selected fros 
the wild, propagated by grafting and grown in isolation to fruiting.
 

Breakthroughs in asexual propagating methods (1) now make it 
feasible to establish forests made up of clones. Libby (34) suggests 
that problems associated with monoculture could be avoided by planting 
a number of superior clones of differing pedigrees. Modernized 
breeding objectives include resistance to critical diseases, tolerance
 
of various factors of the physical environment, ard imn)roved growth
 
rates (4,29,34).
 

Two hundred yeaLs alo on the American 
frontier, families turned their swine leon;e in the forests to fhtten or 
"mast" -- acoLns and chestnuts. Elsewhere today, Acai', carob, and 
Uuay-ma are casually used for forage and play important roles in 
providing the animal protein portions of the food economy. In the 
state of Texas, some 5,000,000 acres z.re overgrown with mesquite. It 
is possible that even this pest species could be ccnverted by the
 
breeder into a significant asset.
 

indbreakii. For centuries, windbreaks have been a traditional part

of the total cultural system in areas where intensive horticulture is
 
practiced -- in Great Britain, in the Netherlands, in Italy. Living
 
windbreaks are common landscape featuLes in parts of the USA where the
 
cold winds of winter sweep unrestrained across the plains.
 

We may expect major increases in windbreak plantings as the world
 
seeks to adjust to the new cost levels of fossil fuels. Work at Long
 
Ashton, UK (45) 
with many genera cf trees has shown major differences
 
in growth rate, protection period, costs, and environmental adapation.
 
Early breeding work has already given rise to clones which extend
 
protection against wind earlier in the spring and later in the fall, to
 
others which are resistant to critical diseases, and to still others
 
which offer minimum competition with crops.
 

There is much potential for development by breeding of new woody
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perennial crops in each of 
our countries 
to fit many needs. For those
woody perennial crops which are 
already well advanced -- citrus, mango,
coffee, apples, pears, peaches, cherries -- the promises offered
breeder are beginning to come to 
the 

fruition. 
 The disease-resistance
 
apple breeding programs at 
 Geneva and elsewhere (30) 
, the peachprograms in Florida and at Harrow (39 33), 
 the peach rootstock work in
France 
(3), and mango research in 
India (41) are examples of these
 
beginnings.
 

TREE CROPS ARE DIFFERENT 

Tree crops, especially tree fruit 
crops, differ markedly from most
vegetable and agronomic crops such 
as cotton, grains, and 
 soybeans in
several aspects important to breeder and to farmer alike:
1. Being woody perennials, these crops 
are fixed in an almostunchangeable 
soil environment 
for rhe life of the planting. The
genetic makeup of 
the plant is 
fixed, while pathogens and pests may
have considerable opportunity 
for genetic adaptation.

2. Insects, weather, pathogens and other environmental factorshave aiassive influence on total yields of all crops, but with the fruitcrops, superficial blemishes which are not seriously yield-reducing maygreatly reduce the acceptability and economic value of the crop.
3. Many, probably most, wody perennials are self-unfruitful andare conseq- ently highly heterozyqous. Most have quite large numbers of
 

genes.

4. Most of these crops have long 
 generation times. 
 Apple
seedlings, for example, usually requite 4 to 7 years to commencefruiting, but we have been able to reduce the time requiredsubstantially. 
 In a few instances we 
have been aDle to harvest seed
from an original cross, plant the seed, pass the seedling throughseveral screens, pollinate flowers on the seedling, and obtain a firstcrop of seed in less than 500 days (2). 
 There is a second cause for
long generation time, however --
 the time required per generation for
evaluation. With woody perennials, reactions with many environmentalhazards can be estimated at an early age, but the ultimate decision onvalue as a parent can be made only when 
the plant reaches, or at least
 

closely approaches maturity. 
5. Most perennial fruit crops are propagated asxually (although
there are 
important excieptions such 
as the peaches of cental Mexico and
the Pntonovka apples 
 and Vladimir cherries 
of the USSR.) Increasing


sophistication of 
each buying public curtails 
the economic usefulness
of those primitive 
varieties propagated by seed. 
 It seems highly
probable that in 
a relatively short 
time these seed-propagated fruits

will be 
replaced by asexually propagated cultivars.
 

6. Vegetatively propagated 
 cultivars are 
 usually selected
originally on 
 the basis of a 
relatively few characteristics exhibited
in an environment limited in 
scope. The alteration of one or of 
a very
few environmental factors may 
 open a planting 
 to disastrous

epiphytotics or to widespread damage by arthropods 
or other pests.
7. To the breeder, 
one special difference 
 is of overwhelming
importance: whereas the breeder of annual 
 crops may anticipate
successful introductions after a 
few years of effort, with tree crops a
lifetime commitment 
may not yield 
 a single selection worthy of
introduction. 
The tree breeder must have 
an extra measure of patience.
 



532 

BREEDING APPLE ROOTSTOCKS AT GENEVA
 

It has been obvious for many years to those working with clonal 
apple rootstocks that our best available stocks have serious defects. 
Problems that for many years appeared particularly serious to our 
orchards included:
 

Early death of trees, caused by crown rot fungus (2_yJDIVhhJrx

cactoru);
 

Poor anchorage;
 
Sensitivity to low winter temperatures--sometimes in early
 

winter, rarely in midwinter, sometimes in very early spring;
 
Late commencement of fruit production.
 

Fire blight (incited by thn bacteriu.. iii -ianvIQyoiK) was not 
considered -i serious problem in New york apple orchards until about 
1968. We then began observing infections in M.9, f.26 and a few other 
clonal rootstocks. In some orchards, growers lost as m7,iy as 40 per 
cent of their young trees in a single season. Woolly apple aphids 
(Eriosoma la iaeaL=) have never been the problem in our northeastern 
orchards that they have been in Europe and in the southern hemisphere, 
but changes in our chemical pest management program,; could encourage 
serious outbreaks in the future. Some of our nurserymnri have been 
concerned with the powdery mildew and apple scab diseases in the 
nursery row. In the Cumberland-Shenandoah region, damage to the rocts 
and to the trunk at or near soil level by the pine vole has been almost 
a limiting factor (7) , and we are concerned with the meadow vole and 
other related species across the entire North American fruit belt. 

From observations (if these kinds, we developed a list of 22 
objectives for a rootsnock breeding program (Table 1). We recognized 
at once, of course, that obtaining all these in 1 or 2 generations 
would not be likely, and that we would have to be satisfied wit) less 
than perfection. We therefore established 3 levels of priority 
-- Essential, Important, and Helpful. Since growers will differ in 
their views of the ideal tiee size, we consder it necessary to develop 
stocks with different degrees of dwarfing potential -- dwarfing, 
intermediate, and vigorous (8, 11,12,13,17).
 

We searched the literature diligently for information ort 
resistances to the diseases and other environmental hazards with which 
we were preparing to deal. Our experience was probably typical -
there was not much information in the literature, and muen of that 
proved later to be incorrect. 
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TABLE 1. Objectives of Geneva Apple Rootstock Breeding Project (12).
 

Attribute 
 Standard
 

Priority: Esaential
 

1. Resistant to "ire blight MM.llI
 
2. Resistant to woolly aphids MP.-serie&
 
3. Resistant to crown rot 
 Ma. 9
 
4. Readily propagable MM.).06

5. Liners smooth, spine free M.7, M.27
 
6. Liners thrifty in nursery row; easily buddable MM.106
 
7. Induce heavy, early fruit production MM.106
 
8. Early hardening of scion and crown M.2, 4.9
 
9. Hardy to winter cold MM.ill
 

Priority: IiflDlLtt
 

13. Late leafing in spring MM.ill
 
11. Resistant to powdery mildew M.9
 
12. Roots not brittle as in M.9 M.7; MM.106
 
13. Few or no suckers in orchard 
 YIM.106
 
14. Induce early maturation of fruit M.2: M.9
 
15. Hardy to intense midwinter cold Robusta 5
 

Priority: ILQI2fL! 

16. Leaves red or otherwise distinctive Bud.9; 0.3
 
17. Tolerant of scab M.9
 
18. Anchorage adequate for self-support MM.IIl
 

The Geneva station began building a collection of apple

germplasm about 1885, and within this we found experimentally a few
 
sources of resistance to Pyphr__at m, to !Lrdni_ amy la
 
and some to woolly aphids. Potential parents obtained from wild
 
sources, from other collections and from abroad were examined and more
 
sources of resistance were identified (10,12,14).
 

Seedlings from our first 3 years of hybridizing went unscreened
 
through their first 2 growing seasons. The first elimination took
 
place during the winter, when we examined them for adventitious rooting

potent' 1. This meant, of course, that we accumulated large numbers of
 
seedlings in the field with no knowldege of their reactions to f.
 
amInVIQr- or to -"-cactoru nor their susceptibility to woolly aphids.

It soon became apparent that rigorous early elimination was called for.
 

In 1971 we began pre-screening young seedlings for reaction to
 
Phvtophthora cactorum (47), and on the older plants already in the
 
field we initiated fire blight and woolly aphid trials. We have
 
gradually advanced our methods so that during the first year in the
 
greenhouse, our hybrid seedlings are thoroughly examined for reaction
 
with the 3 major pests (Fig. 1).


We are now producing about 25,000 hybrid seedlinqs per year, and
 
we aim to screen out all but about 500 ir,the greenhouse during the
 
first summer. These 500 survivors are taken to a fumigated nursery for
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Fig. 1. Pre-screenlng of hybrid seedlings for sensitivity to 3 challenges from
 
the biotic environment--wooly aphids and the Incitants to crown rot and to 
fire blight--reduce populations by about 95 per cent. 
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the beginning of secondary screening. In this nursery, we ate able 
 to
eliminate perhaps 90% 
 because of poor rooting, excessive thorniness,
excessive suckering, brittleness, or 
very early spring budbreak. Onto
rooted liners taken from Cie 
more advanced selections, we bud 'Northern
Spy', a very vigorous variety which normally begins bcaring fruit quite
late. In the orchard planting. we look for rootstocks which induce
early, heavy production, have good anchorage, exhibit little 
 suckering
and are not excessively sensitive 
to drought or other common 
soil
 
conditions (8,13).
 

We have identified valuable 
 resistance to the pine vole (7).
Although 
we do not plan to screen against susceptibility, we do expect
to be able to des:ribe the vole susceptibility of 
 our selections
 
(11,13).
 

Problems in Geneva
the rootstock proiect. 
 We have been
eliminating large 
 numbers of ':eedlings by exposing them 
 to high
concentrations of P. 
 ca orum zoospores, using 
 a mixture of races.
However, we have no firm assurance that the survivors will in fact be
resistant to crown 
rot under orchard conditions. (One of graduate
our
students 
 is now examining this question.) The breeding team should be
constantly 
aware that the more remote from the natural situation that a
given test is, 
the less likely it is that the ultimate prcduct will
meet the objective. 
 The apple scab resistance screening 
and testing
;rocedure seems ideal 
 -- a rigorous pre-screening of very 
 young
seedlings, 
followed by repeated exposure over several years under field
 
conditions.
 

We are concerned that we 
have not been able to test either the
breeding collection or any of 
 our progenies for reactions with the
pathogens making up the southern 
 root rot complex. Fungi such as
Armillaria, Clitocybe , 9glerotiti and Xvlaria are fully as serious in
other countries as they are in the southern 
 USA (21). It will be
unfortunate to have 
 our introductions put untested into commercial

plantings in the southern root 
rot zone.
 

Our testing for tolerance for the latent 
 viruses has not yet
progressed enough that 
we understand 
the genetics involved. It does
appear, though, that inheritance of virus 
 sensitivity may not be a
major factor (15,16,37,28).
 

Pathogens and arthropod pests have exhibited considcrable capacity
for change. Thus, there are 
now biotypes of the woolly apple 
 aphid
capable of colonizing Northern Spy, which has for 
a hundred years been
considered resistant 
(48). We are using 
 some 13 isolates of T_
caor in our initial screen and hope we 
 may be selecting for
non-specific resistance. 
 Whether we 
have indeed been able to introduce

durable resistance remains to be seen.
 

Finally there remains the unknown 
-- the possibility that after 
we
have gone through 20 
years of testing against the environrntal hazards
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known to be significant and introduced an apparently superbly adapted
 
new rootstock that some hitherto obscure pathogen or pest will prove
 
capable of inflicting serious damage . The Eng±is apple rootstock
 
introduction Malling-Merton 106 is a prime example: in the trials in
 
Great Britain, Australia, New Zealand and the USA, this clone seemed
 
outstanding not only for field resistance to woolly aphid and 
crown rot
 
but also for its induction of productivity of the scion variety. Now,
 
25 years later, we find MM.106 susceptible to mutant biotypes of woolly
 
aphids in Australia, South ALiLca and the southeastern USA (24,35);
 
susceptible to crown rot in USA and Canada; and almost uniquely
 
subject to the union necrosis and decline syndrome associated with the
 
tomato ringspot virus (15). This experience points up the absolute
 
necessity of thorough testing in a new location before the commercial
 
introduction there of a new woody perennial cultivar.
 

DESIGNING A BREEDING PROGRAM FOR TREE CROPS
 

Classically fruit breeding programs have been limited to the
 
production of seedlings with superior fruit characteristics and with an
 
acceptable level of adaptation to a particular environmental factor
 
such as low midwinter temperatures. Rootstock breeding programs have
 
been limited both as to goal and scope. Early screening has been
 
conspicuous in projects for breeding apple cultivars resistant to scab
 
and to cedar apple rust (30), Pyracantha tolerant of fire blight (23),
 
and apple rootstocks resistant to P. cactorum. Early screening should
 
be used in a breeding program if the survivors of the screening will
 
indeed demonstrate in maturity the attribute sought.
 

A sequence for breeding and testing tree crops may appropriately
 
be patterned after the following:
 

1. 	 Identification of problems, both existing and probable.
 
2. 	 Literature search for
 

a. 	 Crosses already attempted;
 
b. 	 Identification of clones with at least some of the 

required attributes; 
c. 	 Tools for evaluation, such as disease screening
 

methods.
 
3. 	 Define objectives.
 

a. 	 Differentially weight for specific producing regions.
 
b. 	 Evaluate for relative importance (priority).
 
c. 	 Specify standards, both ideal and minimal.
 

4. 	 Planned parenthood.
 
a. 	 Identify potential parents.
 
b. 	 Locate and obtain parent material; in many cases,
 

virus clearance will be needed.
 
c. 	 Bulk-up parent clones for testing attributes.
 
d. 	 Test potential parents for objective attributes.
 
e. 	 Plan crosses. Estimate numbers of seedlings rpquired,
 

based on probabilities (11,48).
 
5. 	 Make crosses, harvest and stratify seed, germinate
 

seedlings.
 
6. 	 Commence screening.
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a. 	 Conduct mass screenings beginning at very early stage,
 
e.g. 2-4 leaves.
 

b. 	 Re-test survivors.
 
c. 	 Eliminate for faults not earlier discerned, e.g.
 

spines or brittle wood.
 

7. 	 Enter survivors into nursery trials.
 
8. 	 First production trials. Select on basis of field
 

performance.
 

Identification of problems. What problems are limiting for the
 
crop with which we are concerned? Is a given problem more amenable to
 
attack by cultural methods than by breeding? Is there any evidence
 
that the problem could be alleviated by a "better" cultivar? There may
 
be pathogens or pests in other producing areas that should be
 
considered as potential problems.
 

The problems that can be attacked successfully by breediig will
 
vary substantially from region to region and from crop to c.op. In
 
general, though, they may be grouped as are the followl'ag examples:
 

1. 	 Physical environment
 
a. 	 Low winter temperatures
 

In early winter
 
In midwinter
 
In late winter, with fluctuations
 

b. 	 Summer temperatures too high
 
For fruit to mature
 
For roots to survive
 

c. 	 Winter temperatures too high or too low to satisfy
 
chilling requirements.
 

d. 	 Soil problems
 
pH too high
 
"Water-logged"
 

Droughty
 
Low in Fe or available K, or too high in Na, Mn, B or
 

Al
 
2. 	 Pathogens: hazards of the biotic environment
 

a. 	 Root rots
 
Armillaria
 

P hvt oohther a
 
Sclrtilin
 
Xyaia
 

b. 	 Bacterial diseases
 
£X n a
 

hanthomonas
 
c. 	 Fungi attacking fruit
 

Brown rot of stone fruits
 
Venturia scab of apples and pears
 

d. 	 Fungi attacking trunks and scaffolds
 

Nectria canker
 
Blister rusts of pine
 
Black knot of plums
 

Cyetnutb
Chestnut blight
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e. 	Nematodes. both as 
pests and as vectors of disease
f. 	Viruses and other subcellular agents.
Tomato ringspot virus, affecting many fruit and nut
 
crops


X-disease and sharka mycoplasmas of stone fruits
 
Phloca necrosis of elm
3. 	Arthropods affecting tree crops
 

a. 	Attacking fruit and/or foliage

Mites
 
Aphids
 
Codling moth
 
Leafhoppers
 
Leaf miners
 
Leaf rollers
 
Apple maggot

Gypsy moth
 

b. 	Attacking trunks and scaffolds
 
Peach tree borers
 
Shot-hole borer
 
Round-headed apple borer
 

c. 	Attacking root systems
 
Cicada
 
Japanese beetle
 
Woolly aphid of apple and pear
 

4. 	 Cultural problems
 
Tree anchorage
 
"Burrknots"
 
Delayed onset of production
 
Scattered fruit maturation
 
Thorniness in nursery liners
 
Excessive suckering
 

Definitionwhich and are evluation of objectives. The particular commodity
with we concerned will hae more problems than any breeder
can hope to solve in a lifetime. 

establish 	 We will find it very easy to
a long list of objectives, many of which seems 
attainable by
breeding. In establishing priorities among 
 a number of desirable
objectives which 
 relate to environmental adaptacion, we 
first examine
such aspects as: 
 (1) Whether expression of sensitivity to the
environmental 
 hazard would 
 lead to loss or debilitation of 
the 	tree,
e.g., 2hytphthora spp. 
on apple or cherry;
sensitivity could be suppressed 	

(2) Whether expression of
by 	 use of chemicals having little
adverse impact 
 on the environment, e.g., 
powdery mildew controlled on
apple rootstocks by sulfur; 
 (3) Whether significant savings might be
anticipated if the environmental hazard were avoided genetically rather
than by cultural practices or chemical applications.
Th It is particularly important that 
in 	the planning stage
establish specific, 
 usable standards for our 	
we
 

chosen objectives -standards which can be used in our

apple rootstock breeding, 

testing procedures. Thus in our
 we can compare our candidates with MM.lll 
for
midwinter hardiness 
and 	with M.9 for early cessation of growth in the
fall. Objectives typical of programs to develop fruiting cultivars are
arrayed in Table 2.
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L. Objectives typical of fruit
 
cultivar improvement programs.
 

Increased resistance to fruit-deforming fungi,
 
e.g apple scab.
 

Increased resistance to defoliating or
 
leaf-injuring fungi, e.g. powdery mildew.
 

Increased resistance to diseases of the woody
 
tissues, 	e.g. Ste=. 

Increased resistance to fruit-damaging bacteria, 
e.g. 	 bacterial spot of peach
 

Increased fruit size and yields

Improved fruit color, quality and nutritive value
 
Synchronized fruit 
maturity (which facilitates
 

mechanical harvest)
 
Compact tree growth habits, e.g. 
 sweet cherries
 

Lamb 	a.id Hamilton (30) emphasized the importance of 
 breeding for
 
multiple resistances, pointing to 
the fact that it would mean little to
 
develop an apple variety immune to scab if the farmer still had to
 
spray it for cedar apple 
rust and powdery mildew. A somewhat different
 
ajproach, though, is appropriate with development of trees for forest,

windbreak or forage. On such crops, we can 
tolerate levels of injury

substantially higher than we can tolerate in the fruit crops. Brian
 
(5) calls attention to three aspects of host/parasite relations that

the breeder, particularly one who is working with relatively abstract
 
screening techniques, may easily overlook:
 

(a) the distances that propagules of some pathogens will
 
travel, (b) the rapidity of spread of a 'new' pathogen, able
 
to circumvent resistance genes of a host, in conditions
 
approaching monoculture and, 
 above all (c) the extremely

efficient way in which populations of fungi can, by mutation
 
and various breeding mechanisms, develop characters of
 
pathogenicity 
able to cope with newly introduced resistance
 
genes in crop plants.


The breeder of resistant 
trees must avoid overreaction.
 
He must learn to live with some 
level of losses (hopefully

declining) from tree disease. 
 If we can only have the
 
forbearance not to rush into stopgap breeding work that might

seriously alter genetic structure of both host and pathogen,
 
we will be ahead in the long run.
 

Changes in technology or 
in society may alter breeding objectives.

We should not permit ourselves to be locked into cultural system,
a 

particularly 
one 	which is creating an artificial environment highly
different from that encountered in nature. It is probable that
 
whatever we produce will eventually be subjected to cultural systems

that do not have the artificial supports of energy-e:travagant

agriculture. In these days of environmental awareness, we should
 
anticipate steady erosion of chemical pesticides available to the 
 food
 
producers.
 

One important criterion in almost all breeding programs is ease 
of

propagation. With rootstocks, this usually means 
easy propagation by

mound-layering and/or by cuttings. 
 The recent and rapid development of
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micropropagaton methods of 
aseptic culture may well revolutionize this
aspect of our industry (1). It appears, example,
now for that the
Ottawa 3 apple rootstock, virtually discarded because of 
propagation
difficulty, may amenablebe to micropropagation methods therebybecome an important variety. 
and 

Our standards for propagability my have
 
to be altered in light of this new technology.

Most fruit tree rootstock breeding have
projects emphasized
development of 
dwarfing rootstocks (12,22,46). Two recent developments
have stimulated renewed interest in the large tree and hence in thevigorous stock system: (I) rapid development mechanicalof harvestingsystems capable of handling relatively large trees and t2) developmentof compact, spur-type scion varieties 
(31). Our breeding objectives

have therefore been altered somewhat to accomodate these changes. 

Sols Tolerance of difficult soil conditions has received -he
atLention of relatively few breeders. An Jpple rootstock breeding
program in Canada was designed to produce clones tolerant of the cold,poorly drained, calcareous soils of the- central prairies. Bernhard andhis associates (3) have developed an extensive series of interspecific
flLa", hybrids that areL tolerant of the cal careous soils ofsouthwestern France.
 

Within woody species there are individul s or even forms which aretolerant of drought and often of additional 'roil extremes. Thus, theTurkmen apple, taI u IQrL[ Juz., gr,ws in the extreme South partof the USSR in the hottest, most arid part!o of the country. There itis resistant to heat and is tolerant of ,Ikaline soils (44). At the
other extreme, the appl,: rootstock Mailing 13 is unusually tolerantwet, poorly aerated soils; although M.13 JU:qentically susceptible 
of
tothe crown rot fungus, it escapes the disease by late initiation of

spring growci, (17). 

Interspecific hybridization can result in combinations of genesunattainable by mor e conventional approaches. LilIu Iribiunda hasproved a most useful source of resistance to apple scab and to fireblight (30,40). In breeding apple rootstocks, we are relying on ti.X ro a n jrjj for fire blight and woolly aphid resistance(10,11,14). Breeders at East Malling and Giessen reliedat haveheavily on 
interspecific hybridization to develop improved dwarfing
rootstocks for cherr (9).
s Citrus rootstock breeders 
are rangingwidely through tre tribe to assemble genes for resistance to the manybiotic hazards their stocks encounter (26). Malus baccata has beenused by many breeders to incorporate iinter hardiness with the fruit

qualities of bl_ pnJI cultivars (44).


Es9timating opulation requirements. Knight (27) 
 has expressed

succinctly the Geneva bi'eeding philosophy:
 

"The fact that a good apple variety may be

expected to be in use for 
at least 100 years makes the
breeding of 
new varieties worth een more painstaking


than would be accorded to annuals
care and shorter
 
term perennials.. 
 ..... There IS a strong case for
 very large progenies progressively eliminated 
 by

artificial inoculation with one disease after another,

first on 
 pot plants and later in the field, so that
 



the limited number of seedlings that are eventually
 
fruited has at least been thoroughly sieved for the
 
more important diseases and where possible, pests."
 

Williams and Brown (48) estimated that in breeding for 5
 

attributes under polygenic control and independently segregating, some
 

30,000 seedlings would be required for 1 selection. in 1974, we
 

estimated from 100,000 seedlings of most favorable crosses, we might
 

find as many as 90 candidates to replace the vigorous MM.106, bit only
 

1 candidate to supplant the very dwarfing Malling 9 (11) . Our
 

experience in the last 5 years has strenghtened these views. However,
 

we should not be daunted by these large numbers which actually are
 

comparatively easy 
to obtain at the seedling stage, and which rapidly
 

diminish as preselection proceeds (Fi. 1).
 
We suggest that family size -- and total numbers of seedlings -

should be determined primarily by the team's capacity to handle 

candidates at the field (orchard) testing level. Of course this 

presupposes the use of eliminative procedures as early in the program 
as possible. Screening for survival of exposure to env ironmental 

hazards (including diseases and pests); evaluation of propagation 

capacity and nu cry behavior; and indirect estimation of orchard 
Testing potential
performance are relatively inexpensive procedures. 


stocks in the field or orchard requires large amounts of land, occupied
 

for a number of years.
 

CONCLUSIONS
 

Almost 200 years ago, Thomas Knight began what was probably the 

first deliberate program for improving tree fruits by hybridizing and 
industriesselection (28). Today we see the peach, nectarine and plum 


of North America and western Europe dominated by cultivars introduced
 

by the breeder. Greatly improved applle cultivars produced by the
 

breeder are slowly making inroads into a market artificially dominated
 

by 'Delicious'. A steady flow of new cherry cultivars promises radical
 

change for that industry. The blueberry industry [n the USA rests
 

entirely on the success of the breeder. Introduction of new hardy
 
the limit of fruit production
cultivars of other fruits has pushed 


farther north, and progress in breeding efforts to obtain low-chilling
 
cultivars is pushing the southern limits ever southward.
 

If we are to keep abreast of the needs of a growing world, we
 

shall have to produce food and fiber ever more efficiently.
 
Prospects for the future are bright.
 

1. we have barely begun to construct fruiting cultivars and
 

rootstock cultivars that are well adapted to the environments in which
 

we are now raising fruit crops. In particular we have much to do in
 
biotic hazards
developing cultivars which are able to live with our 


with little or no assistance from chemical pesticides.
 
2. Breeding of superior trees for forest and for windbreak is
 

in its infancy, and breeding for new purposes such as biennial pulpwood
 

production and firewood production has apparently not yet Lommenced.
 

Some superior introductions have been made, especially of Pcplus
 

hybrids, but than anything else, these early successes point to
more 

the enormous possibilities the future holds for the breeder.
 

3. There is great potential for developing new crops for
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industrial 
 use and for forage, as well as 
 for food. In these
directions lie 
possible improvements 
in economy and in 
human nutrition.
 

The environments in 
which we seek to raise our crops of
perennials 
 woody
have established 
 a record for capacity
amicability to hazardous, and 
to change from

such change may take 
 place in a very
short 
 span of time. Thus apple-growers remember 
 tha winters of
1933-1934 in 
the USA and of 1963-1964 in 
Poland for 
the very high
mortality. tree
The woolly apple aphid, accidentally exported from the USA
near the turn of 
the century, nearly destroyed the apple 
industries
Australia 
and New Zealand, just 
of
 

as 
the American 2hylloxera had almost
wipe] out 
the grape industry of France 50 
years earlier. Today 
 sharka
 
the Balkans throughout Europe, 


is moving slowly out of 

puttinq into
jeopardy the peach, plum 
and apricot orchards of 
 the region. Pear
declin,!, caused 
 by interaction 
ef a susceptiole rootstock with a
subcellular agent transmitted 
by


damage in 
, caused catastrophic
the orchards 
 of the western USA. 
 The peach industry of
 

by a combination of 

southeastern USA has been beset 
 problems which have
reduced orchard life 
from about 20 years to half 
that.
It is the breeder's responsibility to anticipate and to
against such 1frepare
catastrophes. 
 Buddenhagen, 
a pathologist, 
 suggests the
combination 
 of very large numbers of hybrid 
 seedlings from
well-conceived 
crosses, 
 subjected ruthlessly to '... all of the
disease-pest 
pressures existing, even 
incipiently, in 
the region and
season where you want your new variety to be planted ... (6).' breeding woody perennials, In 

we would extend his philosophy to the total
spectrum of environmental 
hazards, includinq both 
biotic and physical

factors.
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MREDTNG FOR DIZEASE AND INSECT RESISTANCE IN TREE COPS
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Cornell University
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In addressing the problem of breeding cree crops for disease
 
and insect resistance we propose to outline some of the
 
principles in'olved and to point out some of The differences
 
between breeding vegetatively-propagated, perennial crops and
 
breeding seed-propagated crops. There are many tree crops
 
including trees for lumber which might be the object of a
 
breeding program for pest resistance, so we will try to emphasize
 
the broad aspects of such a program illustrating it by examples
 
from our work with apples and pears.
 

Practically without exception, the perennial fruit crops are
 
vegetatively propagated by budding, grafting, or layering. To
 
the breeder this has some advantages and some disadvantages.
 
When the breeder has selected a superior individual in a
 
vegetatively-propagated crop and has demonstrated its
 
superiority, his job is finished providiig, of course, that there
 
is a reasonably quick and efficient means of propagating it. It
 
is not necessary to grow many generations of a
 
vegetatively-propagated crop to get it homozygous so that it will
 
come true from seed. However, opposed to this is the fact that
 
many perennial crops have a very long generation time, and if it
 
is necessary to use very primitive forms as a source ef
 
resistance the breeding program may require several generations
 
and many years before success can be expected. Another facet of
 
the long generation time is that it increases the importance of
 
insuring against the pathogen overcoming the resistance that we
 
are using. A wheat breeder can introduce a new variety of wheat
 
thai. is resistant to a new race of rust in a relatively few
 
years, but an apple breeder would probably need closer to 20
 
years to incorporate a new gene for resistance into a good
 
variety. A fruit grower who plants an orchard for 30 to 40 years
 
production would not plant a variety if he were not reasonably
 
sure that the resistance it has is permanent.
 

A good general reference on fruit breeding is Advances in
 
Fruit Breeding by Janick and Moore (25).
 

Daic Steps In areeding For Disease Reistance
 

Identifying a Source of Resistance
 

The first step in breeding for resistance to a disease is to
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find a source of resistance to that disease. This may be in 
 an

important cultivar, an obscure cultivar of 
the crop in question

or in wild forms of the same or 
related specieS. In the case ofcpple scab incited by 7-atiLria_ilLeQ_(jlj (Cke.) Wint. this wasdone by Drs. Shay and leiugh in a very thorough manner. Dr.
Hough at the University of Illinois noticed in 1943 that in some
progenies of ursprayed apple seedlingr one half tleof seedlings
had all of their leaves while the other half were almost
completely defoliated by apple sc:aO (21) . These progenies were
the F2 of Malus _ gLtb-ujda x 'Rome Beauty'. This aroused Dr.
Hough's interest and he enlisted the cooperation of Dr. Shay,
Plant Pathologist at Purdue University. They proceeded to screen
systematically as many apple species and reportedly resistantcultivars as they could find. They found resistance to scab in 
many species and selection; (13. 14, 22, 35, 44, 45). Realizingthe importance of finding sources of resistanct that would not be
susceptible to physiologic races of the pathogen, they also
secured isolates of V---ilaisl/ualIj from all over the world (23,

37, 46), to test their resistance. In the process of this work
they identi-[ed five physiologic races of V--_iiiLLruaii (47). 

When this disease r csi tance work started at Geneva in 1949,the scab resistant seedlings, a; identified in the greenhouse
inoculation, were a rown in the field anywithout fungicidal
sprays. This was done to see if the fungus would change to 
overcome the resistarce as well as to insure that there were no escapes. It was soon found that the c her major diseases of
apple in tis area could be almost as devastating as scab inunsprayed plaintings so that the objectievo of tie program werebroadened to encompass resistance to these diseases. These were
cedar apple 
 rust caused by jV l i-Cf.gi-Lu1-i _x-u
Schw., powdery mi ldew of apple cau.sed by o 
(E.& E.) Salie. and firo blight caused by the bacteriuP Liw_inifi
amyjiQ57rf, (Burtill) (Winslow . 

There are in the literature many reports of resistance to
cedar apple rust in larqe fruited, good quality, named cultivars

and some of these were used in breeding. It remained for

Aldwinckle .a to greatest of(7) snow the level resistance in
'McIntosh' and some of its seedlings, lie also demonstrated the 
existence of physiologic races in this pathogen (1). 

As far as mildew is concerned many cultivars of apple have
b r, reported to be resistant. Alston (10) characterized the
 
r( -lance ot 
a great many named apple cultivars. Knight andAlston (24) also identified sources of field immunity to mildew 
in some primitiv, apple species. 

Similarly, resistance of many cultivars 
of apple to fire
blight had been noted in the literature (4) (5). However, a much

higher level of resistance to fire blight was 
found by Gardner 
al- (16) in Malus Eusca, Li. -runifolia. ___X 
l~busVa and LLIX ublobata. 

L 
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So for each of these diseases sources of resistance have
been identified that can 
 be used as parents in the resistance
 
breeding proaram.
 

Developing a Technique of Screening 
for Resistance
 

The second step, or perhaps a concurrent step in the
breeding of resistance to diseases, is the development of a
 
reliable technique of screening for resistance. This technique

of inoculation must quickly and accurately identify parents and
 
seedlings that 
 have the desired level of resistance. The
 
technique must 
 be adapted to the pathogen and the host under

consideration. This can be illustrated by reference 
to the apple

disease resistance program.
 

For apple scab, techniques of inoculating apples with the

disease were 
quite well worked out before the breeding program

was started. The method evolved 
 consisted of spraying a
 
suspension of known concentration of conidiospores of the fungus

on young, expanding leaves. After inoculation the plants were
 
held in an infection chamber 
for 48 hours at 100% relative
 
humidity to insure optimum conditions for infection. After a
 
period of two to 
three weeks the infections were rated on a scale
from 0 (no lesions) to 4 (profusely sporulating lesions). They

included seedlings with restricted sporulating lesions in the

resistant class, because these individuals never had sporulating

lesions in the field. 
 In actual practice if the seedlings were

inoculated at a sufficiently young stage (2 true leaves), the
 
susceptible seedlings were essentially all killed and all of 
 the

remaining seedlings 
would be resistant in the orchard under
 
conditions of natural infection. However, at Geneva, sinr.e we

felt that this restricted sporulation might be due to loss of
 
some minor resistance genes, all seedlings with 
 any sporulation

were considered susceptible and discarded. This reduced the

proportion of resistant seedlings to less than 50%.
 

The technique for inoculating seedlings with G.
 
junineri-virginianae was worked 
 out by Aldwinckle (2). The

technique was similar 
to that for apple scab, but spores had to
 
be obtained from galls on the red cedar, 
(Juniperus virginiana).

The age of 
the leaf to be inoculated and the concentration of
 
spores in 
the inoculum were shown to be important. This disease

alternates between the red cedar and apple and, of 
course, would
 
be most easily controlled by the elimination of red cedar, but
 
this is usnally not possible. Galls 
borne on the red cedar,

produce t!liospores and then the basidiospores that infect the
 
apple. On the apple, orange lesions produce pycnia on 
the upper

surface 
 of the leaves and on the fruits. Following sporulation

of the pycnia, aecia on the under surface of the 
 leaves produce

the spores which reinfect the red cedar. Absence of pycnia was
 
taken as a measure of resistance, (7).
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m:ildew is the one disease for which a greenhouse technique
 

of testing for resistance where known amounts of 
the inoculum is
 
in the
We and others have done tests 


greenhouse where temperatures and humidities can be kept at an
 

has been developed where the concentration
 

applied has not been used. 


optimum, but no test 


of the inoculum has been controlled. We believe that this may be
 

In this regard,
important for standardization and 	repeatability. 

tests is very important. Field
the inclusion of standards in the 


on natural infection can be used to

screening which relies 


or seedlings
identify particularly susceptible cultivar.; 

a number of years. It cannot


especially if records are taken for 


be relied on to 
identify accurately individuals with the highest
 

Also pathogenic races of P. leucotricha
level of resistance. 

the durability of


remain to be determined - a critical factor in 


resistance.
 

are numerous reports of techniques of inoculatioi of

There 


apples and pears with Erwinia amvlovor-a, van der Zwet and Kiel
 

(48). Most of these involve puncturing a rapidly growing
 

some other
 . hypodermic needle or 

instrument and introducing a suspension of the bacterium.
 
the shoot that
 

succulent shoot tip with 


Resistance is characterized by the proportion of 


biighted in relation to the length of the current season's
is 

these workers emphasize the importance of having
growth. Many of 


this disease near optimum,
conditions for the development of 


fire blight is a disease that is very dependent on

because 

suitable conditions for maximum development. With the moderate
 

'Delicious', it

resistance available in commercial cultivars like 


8-12 true leaves
wait until the seedlings had 


before an indication of resistance could be 

was necessary to 


obtained (12), but
 

when from some MaIu.
Gardner etal (16) showed that genes 


species governing a very high level 
of resistance were used,
 

inoculated at a

resistance could be detected when seedlings were 


muchi younger stage.
 

does not tell the whole
The shoot inoculation technique 


story in regard to fire blight. Aldwinckle etal (8) have
 
different
presented evidence indicating that cultivars may have a 


pattern of blossom susceptibility than shoot susceptibility.
 

However, the shoot inoculation is the most significant test of
 

resistance and 
it fits into the program well because it can be
 

done on the young seedlings.
 

Two other facets of techniques of inoculation of progenies
 

of breeding should be mentioned. For diseases that
 

can be made at a very young age, 1-2
 
in this type 


attack the foliage the tests 

great savings in time
 true leaves in the case of apple scab, at a 


and effort. There are, however, some indications that with 
some
 

diseases resistance may be a mature plant type (12). In this
 

resistance has developed. Also
 
case inoculation must wait until 


fruit, screening for resistance
if the pests attack only the 


cannot be done until fruiting begins, which may 
 be as long as
 

pears. In this case, however, it

five to ten years in apples and 


some chemical
 
may be possible to find a correlation between 
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constituent of the plant and resi3tance. 
 Early selection 
could
possibly be conducted on the basis of chemical analysis in such a
 case.
 

It may be the case, as

that a level 

is true with fire blight of pears,
of resistance

known. that is close to immunity is not
 
should 

In such an event, the severity of the screening tests
not be such that all 
the prcgeny are killed. 
 For this
reason it is necessary to devise a screening technique that
identify a will
useful level of resistance. This resistance may not
be complete immunicy but will still be worthwhile. 
 Such
might involve a test
delaying inoculation
older, using a lower level 
until the seedlings were
of inoculum 
 or providing 
 less than
optimum conditions f r infection.
 

Genetics of Resis".nc
 

The next step 
 in a program for breeding
resistance is to gain some for disease
indication of
resistance the manner in which this
is inherited. 
 Ideally the inheritance of resistance
should be completely worked out, but the 
 vegetatively-propagated
perennial crops 
 that we are working with are not 
ideally suited
for making the selfs, F2 's, and backcrosses that may be necessary
to work out all of 
the genes involved and
progress can be their action. Good
made in predicting
required in a progeny, if you know the 
the numbers of seedlings


proportion of
seedlings that resistant
can be 
 expected from a particular resistant
 
parent.
 

The simplest situation, of course, is
due to a single where resistance is
dominant gene 
 so 50% of the progeny will be
resistant if the gene is heterozygous or 
100% of the progeny will
be resistant if it is homozygous.

there seems to be 

Another situation is where
a more or 
less continuous range in the seedling
progeny from 
 resistant 
to very susceptible. 
 In this case you
would expect multiple genes to be operating.
you can continue to make crosses 
In this situation
 

required and plan the number of seedlings
on the basis 
 of the percent of resistant indi-iduals
obtained and the level of resistance required.
situations would fall 
Between ta,,,se two
cases where twd or
responsible more major genes are
for resistance. 
 Where resistance
recessive gene or is due to a
genes there is a special problem
additional generation is 

because an
needed 
before it can be demonstrated
that the resistance you are working with is, in fact,
Only of inherited.
25% the progeny ot twc parents
recessive gene heterozygous for a
for resistance 
 will 
 be resistant.
eventuality This
 
and lengthy. 

makes the whole breeding program much more difficult
There are, however, some things that can
to shorten be tried
the generation time and induce early fruiting.
(42) gives a good summary of Way
some ways of doing this
Aldwinckle in apples.
(3) describes 
 another Cechnique which was effective
"in securing early fruiting in apples."
 

http:Resis".nc
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We can illustrate some of 
 these types of inheritance of
 
resistance to disease as 
they have been worked out in apples.
 

Hough, Shay, and Dayton workea out the 
 inheritance of
 
resistance to 
 scab in apples. They determined that the Maju
 
foixbunda type of resistance was due 
to a single dominant gene

(21). The Russian seedling (M-_jjJa 12740-7A) source of
 
resistance had two major genes 
 and several modifiers 112).

Results of inoculation of various other resistant M species
 
gave still other ratios of resistant-to-susceptible seedlings

(33). To further clarify the situation, with these various
 
sources of resistance, crosses 
were made between individuals with
 
resistance from various species. Seedlings of these progenies
 
were then crossed with a 
susceptible parent, 'McIntosh'. From
 
the ratios obtained in these 'McIntosh' progenies it was
 
determined that six different species carried the Vfgene so 
named
 
because it was 
 first identified in L4. louribunda. (44). It
 
was further shown that there 
were eight different sources of
 
resistance to that
scab were not allelic (14). Some of these
 
sources of resistance can be determined phenotypically (6, 13,

22, 35). The minute pinpoint pricks of i. at sanauin gene,

the irregular chlorotic lesions of 
the a~1s fin iLi gene and
 
the discrete stellate lesion of the Vrgene from Russian seedling

12740-7A can be distinguished fairly readily.
 

Yet with all the work that 
has been done on the major genes

for resistance, 
there are mans modifier genes which influence the
 
ratio of resistant to susceptible seedlings. The screening

technique used by Lamb 
 and Hamilton (26), as mentioned
 
previously, discarded as susceptible all 
seedlings which had any

sporulating lesions because it 
was believed that these probably

lacked modifying genes tnat prevented 
 sporulation. It is
 
important to maintain the level 
of resistance in the seedlings as
 
high as possible. Lamb and Hamilton (26) also found that
 
progenies differed in the 
 proportion of seedlings with 
 no
 
sporulation, probably because of 
 modifying genes in both the
 
resistant and the susceptible parents. Rousselle e (32),

showed that in subsequent generations resistance was diminished.
 
They ascribed 
this to the erosion of minor genes originally
 
associated with the major Vf gene.
 

Regarding powdery mildew of apples, the only 
 source of
 
resistance known for many years was 
that which was found in some
 
named cultivars, Alston (10). This resistance was not complete

immunity but it was of a sufficiently high level that these
 
cultivars could be grown without 
or with a minimum of chemical
 
sprays to control the disease. This type of resistance was
 
determined by Brown (10), 
 to be inherited polygenically.
 
However, Knight and Alston (24) 
found genes which conditioned
 
field immunity to mildew 
 in iuQ X robusta and M. zumi.
 
However, 
 even with these genes it was found that several
 
modifying genes were necessary to maintain 
the high level of
 
resistance in the progeny (41).
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Differences in resistance to fire blight have been known for
 
many years in varieties of apples and pears. Breeding programs

have been 
based on this type of resistance. Resistance in both
 
of these crops was considered to be polygenically controlled,
 
(28, 30). However, Gardner (36) found a very high level of
 
resistance 
to fire blight in apple that is apparently due to
 
dominant additive genes.
 

Inheritance of resistance 
to cedar apple rust was reported

to be due to a single major gene,(29, 34), and two major genes by

Mowry (31). Aldwinckle 
 e a (7), using a greenhouse

inoculatio7 technique where 
inoculum concentration and infection
 
conditions were controlled and 
where the absence of pycnia was
 
used as the measure of resistance found that 
two major genes were
 
responsible for resistance, although there we's probably
 
additional modifying genes as well.
 

So it can be seen that although the major type of
 
inheritance 
 has been worked out for these diseases of apple, all
 
of the genes for resistance have not been ide:tified and yet good
 
progress in breeding for resistance has been made. Breeders of
 
seed-propagated crops might feel that this is 
not adequate, but
 
in view of the time required fLr additional generations necessary
 
to identify accurately these minor genes 
it is felt that a more
 
accurate determination 
of the genetics of resistance is not
 
necessary in the 
 case of these long-generation-time
 
vegetatively-propagated crops. Opportunity to identify more
 
accurately genes modifyinq resistant ratios may 
 occur later in
 
the breeding program, but the important thing is to get on with
 
the job of producing disease-resistant cultivars.
 

The modes of actitii of 
these various genes for resistance
 
bave not been worked out. Such information could be of great

value in the program of breeding for pest resistance but it is
 
not essential for the development of resistant cultivars.
 
Identification of 
 the manner in which the resistance genes
 
operate is a very complex problem but the development of
 
resistant varieties does not need to wait for its solution.
 
Hopefully, such information will be available someday.
 

Biology of the Host and the2
_ ogen and Their Interaction.
 

It should be mentioned that a thorough understanding of the
 
biology of the crop is essential in any breeding program.
 
Chromosome numbers also may have an 
important bearing on breeding
 
programs and strategies. 
 Techniques of hybridization,

emasculation, and pollination that are 
efficient and prevent any

contamination are necessary. It is important 
 to determine
 
effective and efficient ways of germinating the crossed seeds and
 
growing the seedlings. If it is necessary to go 
to wild or
 
primitive type 
 species for the resistance we are seeking, the
 
Flneed not be very large because there will not likely be a great
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deal of variation in this generation. The F2 or the Bx will give
 

a much wider segregation and so a much larger progeny should be
 

grown. Cultivars of vegetatively-propagated crops tend to be
 

very heterozygous so that the F, is normally the segregating
 
generation.
 

Also it is very important io know the biology of the
 

pathogen and the interrelationships with the host. This will bc
 

particularly important in the development of the technique of
 

inoculation. For example, mature tissue is usually resistant to
 

infection by the apple scab, cedar apple rust, and fire blight
 

organisms. Therefore, when seedlings that have stopped growing
 

are inoculated they appear to be resistant when, in fact, they
 

may only De resistant because of their growth status. It is
 

essential that conditions of temperature, humidity, and
 

photoperio6, be idcal for infection, as well as that the host be
 

in a susceptible state. Yet it is not always the most severe
 

test that is the best test for this type of breeding. The
 

severity of the screening technique is dependent on the level of
 

resistance that is available and the level of resistance that can
 

be achieved in the seedlings. For fire blight, for example, when
 

dealing with the polygenic type of resistance the seedlinq test
 

of very young seedlings could kill all of them. Similarly with
 

cedar apple rust, when the seedlings were inoculated at a very
 

young stage, they all gave susceptible reactions, (7). However,
 

if inoculated when several weeks older, they would show
 

differences in r(3istance.
 

Hoticultural Evaluation and Advanced Testing
 

After sources of resistance have been identified, crosses
 

made between the resistant and susceptible, high quality parents,
 

and the seedlings tested for resistance, the r-esistant seedlings
 

must then be screened for the horticultural characteristics.
 

Apple aild pear seedlings, with which we are most familiar, are
 

planted uut at very close spacing and are unpruned, the object
 

being to get as many seedlings as possible per unit area into
 

fruiting as quickly as possible. Yield, early bearing, size,
 

appearance, and quality of the fruit are considered in the
 

evaluation of the seedlings. The best seedlings are selected for
 

further breeding or as potential cultivars or both. Further
 

information on disease susceptibility is obtained by growing the
 

seedlings without any fungicidal or bactericidal sprays.
 

Susceptible cultivars and alternate hosts are interplanted to
 

provide high inoculum pressure.
 

The advanced testing of potential new cultivars is a very
 

important part of the breeding of tree fruits. Trees are
 

normally propagated and grown under quasi-commercial conditions
 

of culture and spacing. We have normally used four-tree blocks
 

and this is probably a minimum for what is termed 'second test.'
 

The new disease-resistant selections must in most cases be
 

equal to or better in horticultural characteristics than
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cultivars that are presently available. 
This means that adequate
testing of such characteristics as yield, 
 quality, precosity,
hardiness, suitability 
 for storage, and processing must be
determined in comparison with 
 the best susceptible cultivars.
Ideally 
 this testing should be done in several locations because
information can be obtained much more quickly. 
Wide testing has
the advantage 
 of giving some indication of the areas of
adaptibility of the new cultivars.
 

D_ULj±y of Resistance
 

A particularly important consideration 
with long lived
perennial crops 
 tree 

resistance or "durability" (33). 

of
such as fruits is the permanence

This has been alluded to before
but it bears emphasizing. The testing of a large number 
 of
isolates of the pathogen from all over 
the world is one means of
securing information on durability. 
 The growing of the resistant
cultivars for many years in many 
 locations under constant and
heavy 
 disease pressure is another means of testing durability of
resistance. 
 In ti-e 
case of apple scab, the Vfgene for resistance
has stood up for more than 3C years with no chemical c.gntrol and
constant 
 disease pressure in many different apple growing
regions. Similarly, the resistance of 
'McIntosh' and 'Delicious'
to cedar apple rust has been known for more than 50 
 years.
polygenic resistances used for mildew and 

The
 
fire blight are
probably less subject to break down by mutation of the 
 pathogen.
Examples of these resistances have been known for many years.
 

A further means of insuring the durability of major gene
resistance is the combination of two independent major genes in
one individual by crossing parents bearing 
different genes and
selecting those seedlings which have both. 
The probability of a
pathogen mutating to overcome both genes 
 at the same time is
greatly reduced. Individuals with two genes for 
resistance can
be identified by the ratios of 
 resistant to susceptible in a
 
progeny test.
 

Basic Steps In Breeding For Arthronod Resistance
 

The same basic 
 steps must be followed in breeding for
arthropod resistance as 
 in breeding for disease resistance. A
source or sources of resistance to the pest must 
 be identified.
This may involve screening many cultivars and related species. 
 A
technique 
 of testing this resistance 
in parents and seedlings
must be devised. Crosses between 
 resistant parents and those
that have outstandii~g horticultural characteristics must be made.
Seed from these crosses must 
 be grown and screened for
resistance. 
Then the resistant individuals must be evaluated
the basis of on
their horticultural characteristics and the best of
them selected for use parents
as 
 in further breeding or as
potential cultivars. The inheritance of resistance in these
 



555
 

progencies should be studied. The possibility of biotypes of tile
 
pest that might overcome the resistance must also be
 
investigated.
 

There are, however, some inherent differences between
 
breeding for disease resistance and breeding for resistance to
 
arthropod pests. The chief difference is due to the mobility of
 
most arthropods and the fact that arthropods frequently have a
 
preference for a given host. In a mixed planting, a
 
non-preferred host may be free of the pest but if this
 
non-preferred host is the only host available, the arthropod pest
 
may live and reproduce quite normally. This is in contrast to
 
thr spore of a disease-causing organism which must cause
 
infection or not wherever it happens to land.
 

This makes breeding for arthropod resistance more difficult
 
in two ways. Firstly, if a plant is found that is free of an 
arthropod pest when a .1 the plants around it are heavily 
infested, one cannot noe sure that it is resistant. It may only 
be a non-preferred horst.
 

Secondly, in a controlled test of resistance some means must
 
be found of keeping the pest on the individual seedlings or
 
plants under test. For large numbers of seedlings in a breeding
 
program this can be a tremendous task.
 

A- with diseases that attack only the fruit, fruit-feeding
 
insects present a special problem in that resistance can only be
 
tested on mature, fruiting plants.
 

The only arthropod resistance breeding project that we have
 
been associated with is breeding pears that are resistant to pear
 
psylla (Psylla ovricola Foerster). Some of the important points
 
of procedure in breeding program aimed at arthropod resistance
 
can be illustrated from this program.
 

Pear psylla is a small, sucking insect that secretes large
 
amo.ints of honeydew on leaves and fruit of the pear. On this
 
honeydew sooty molds grow which markedly reduce the efficiency of
 
the leaves, and makes the fruit unsalable. In heavy
 
infestations, not only is the crop worthless but the trees do not
 
differentiate enough flower buds for next year's crop and are
 
predisposed to winter injury. What is especially bad about this
 
insect is that it develops resistance to chemicals used for
 
control more quickly than new chemicals can be developed, tested,
 
and registered.
 

Harris (20) identified the resistance to psylla in
 
derivatives of Pyrus ussuriensis Maxim. not only in the field,
 
but also by controlled infestations in the greenhouse with
 
susceptible checks, lie showed that resistance was transmitted to
 
seedlings of these resistant selections, lie developed suitable
 
techniques of controlled testing of resistance in parental
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material and 
in seedling populations. Resistance was due in part

to preference and in part to antibiosis. It remains to be shown
that there is a good correlation between the greenhouse data 
 and
 
the field reaction to psylla of mature trees 
to ensure that the
 
greeri"th.se test 
on small seedlings is 
an accurate indication of
 
field i'sistance.
 

There are other examples of breeding 
for insect resistance
 
in vegetatively-propagated perennial crops. 
 The work on breeding

grapes resistant to phylloxora (Phylloxera vitifoliae Fitch) is
 
probably the first successful 
one. Dr. Cummins will be speaking

concerning the work 
on incorporating resistance to the 
 woolly

apple aphid (Eriosoma langerum 
Hausman) into apple reotstock.
 
Alston and 
Briggs (9) bave reported on sources of resistance to

the 
 rosy apple aphio Siappaphis devecta (Wlk) and breeding for

resistance 
to this pest. Goonewardene ea (17, 19) reported on
 
differences of resistance in 
 apples to various fruit feeding

pests, but the successful application of this resistance in the
 
breeding of apples has 
 not been accomplished as yet.

Goonewardene (18) also identified sources 
of resistance to mites
 
in apples.
 

The breeding of 
tree crops that are resistant to diseases
 
and arthropod pests is a very long 
 and expensive project.

however, the benefits that may be achieved from 
 such a project

can be very worthwhile. These are: 
 lower production costs,

conservation of fossil 
 fuels and reduction of environmental
 
pollution because of 
reduced pesticide application and a solution 
to the problem of the development of tolerance to pesticides by

disease and insect pests.
 

Furthermore, the project should not 
be limited to resistance
 
to just one disease or insect but 
 as many pests as possible

should be considered in the project. Because 
 breeding for

resistance in 
 tree fruits does require so many years for
 
successful completion all 
 of the important pests should be
considered together rather than working on 
them one 
 at a time.
 
If it is necessary to make a collection c varieties and 
related
 
species, they might 
as well be tested for their reaction to all
 
pests as 
 just one. Tests of resistance to several insects

diseases can be done in 

or
 
the same year to reduce progeny numbers
 

very rapidly. A 
 case in point is our 
 disease resistance
 
screening in apples where we 
 have screened f r resistance to

three diseases in 
thu first yeL:. By concer-ing ourselves with

resistance to all of 
the important diseases of 
 lie apple in New

York State we have 
 been able to introduce ,.e, the 'Liberty'

apple (26), with a sufficient level of resista,,&e to 
 the four
main diseases for it to be grown without any s!rays for disease
 
control.
 

http:greeri"th.se
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