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NET BLOTCH 
Pyrenoph ora reres 

As the name indicates, net-like lesions typically
form on the leaves. These (an occur at any stage
of growth from seedling to adult. The lesions are 
usually surrounded by i chlorotic area. Occa
sionally, the causal fungus produces a brown, 
spot-type lesion which may be confused with 
spot blotch ca used by Cochliotolus sativus. In 
later stages the net-like lesions tend to coalesce 
giving a striped appearance to the leaves. Even 
in this stage the netting can still be observed 
along the leaf margins. Secondary infections can 
occur throughout the growing season spread by
wind, splashing rain, and dew formation. The 
fungus survives from one growing season to the 
next on plant debris. The spores (an be seed
borne and provide an !dditional source of pri
mary inoculum. The disease is found wherever 
barley is grown, including semi-dry and moist 
areas. Relatively (ool temperatures favor the 
disease. When the disease develops early in the 
growth of barley, it (an (a, se considerable yield 
loss. 

Control measures include seed treatments, 
crop rotation, and resistant varieties. 

Fig. 1. 
Typical net blotch lesions on seedling leaves. 

Fig. 2. 
Symptoms on adult leaf. 

Fig. 3. 
Symptoms on adult plant. 
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SCALD 
Rhynchosporium secalis 

The scald-like lesions of this disease are con
spicuous on the leaf blades and sheaths. The 
ovate to irregular lesions are first water-soaked 
in appearari(e, but soon fade to a bleached, 
scalded appearance and are surrounded by a 
brown-pigmented ring. Spores producedare 
abundamintly (luring moist periods and secondary
spread occurs via wind or splashing rain. The dis
ease may d(evelWp rapidly during cool weather 
and in severe cases may virtually caUSe defolia
tion by coalescing of the lesions. Yield losses can 
be considerable. [he fuingus persists on dead 
leaves and other plant residues to initiate pri
mary infection. Seedborne spores may con
tribute to initial infections. 
Means of control are crop rotation, elimina

lion of crop residue, and resistamt varieties. 

Fig. 4. 
Scald lesions on leaves. 

Fig. 5. 
Field symptoms of scald. 
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POWDERY MILDEW 
Erysiphe gramifis f.sp. horde-i 

white to light
gray spots on leaves, sheaths, and glumes. These 
spots become powdery in appearance as conidia 
are prodJuce , later, the ,pot, enlarge and 
darken as the pltiIs natuitre. Infec(ted tissuie first 
yellows, then turns brown and i(ls. In older 
lesions numerous black, round eistolthetia ap
pear. Powdery mildehw usoilly (eases to increase 
if the weather is dry and warm. IThe fungus over-

Superficial mycelium appears i,. 

,
winter, a leistothecia or a, mycelium and 
(onidia on grten leaves in mild ( limates. Asc,,
spores, the primary inojl n1 in (0old re,,ions, 

u'sually form within (lei-tothe(ia in the spring 
and are wtindborrne to lharlv. C(onidia are pro
dlu(e(l 10-14 (lays after infe(tion an( thereafter 
proviCe ,e(mn)ry inot(iltlmo for spreadi of the 
tliseas. C(onlitions that favor powdery mildew 
are ( ooI w ,ther Wit h high humidity, but with
out fre water otl th leave ,. the disease tends 
to he v(vr(e( i ,m( ( .lent t.,rowth of a densely 
pllie l ( j) e' (ivel0lit ha',Im heavv applica
tior ,of nilrogen fertilier. 

I In I , t nti ol i,to i, re istant varietie,. 

Fig. 6.
 
(lo.,,u I) ot p)ovcry mildew symptoms.
 

Fig. 7.
 
srt)tplonls in the field.
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SEPTORIA LEAF AND GLUME BLOTCH
 
Septoria avenae f.sp. triticea 

(syn. S. passerinii) 
Septoria niodorum 

Leaf lesions are light-brown to yellowish to 
green, from the center to the indefinite margin. 
Eventually, lesions merge to 'orm large, necrotic 
areas. Pycnidia, that lt;ok like small, black ,-,ecks, 
appear in the tan to brown ne( ruti arcr of the 
lesion. S.nodorum may cause choo!ate-brown 
colored lesions on glumes and nodes with gray 
centers that (ontain pycnidia. The organism sur
vives as mycelium in live plants and as pycnidia 
on straw and other plant debris. During cool, 
wet weather py(nidiospores are exuded from 
py(cnidia and disseminated hy splashing ard 
blowing rain to barley leaves. Winter barley in 
temperate reg:ons or spring harley plarited dur
ing the autumn in a Mediterranean cliniate may 
be( one(, infected ,oon after pla nting. Se(ondary 
ilo(:LlumII is from py(nidia that mature in 15-20 
dlays when the weather war Ins. Ascospores are 
prod udedl Inriatu re harley or in (rop c I)ris and 
may be the s(uJr( e of airborne p)rimary inoculum 
1hat (auses infection ot the newly iierged 

(rot). 

Resistant cultivars, (lestruction of infected 
rsidtLle , and rotation of barley with fallow or 
legI ones, are effeCtive (ointrol lleasl(res. 

Fig. 8. 
Symptonis of S.p1 aissrinii infection. 
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SPOT BLOTCH 
CochlioboLJs sativus
 

(syn. Hehninthosporium sativum)
 

The fungus *acks all parts of the plant. It is one 
of the organisms involved in dryland root rot. It 
can attack the leaves from seedling to adult 
stages. Dark-brown to black discolorations of 
the seedling leaves can kill the plant, if severe. In 
later stages the spots coalesce to form blotches 
that can cover large areas of the leaf blade. 
Heavily infected leaves dry out and m'ture 
early. The fungus can also attack the kernels and 
cause symptoms called "blackpoint," which ap
pear as numerous dark-brown spots on the 
germ end. The organism is seedborne and over
winters as mycelium in plant residue and on 
seedling leaves of winter barley. In the spring, 
conidi,, are produced on plant residue and are 
windborne to barley seedlings. The disease gen
eral ly is dist..ibute(d wherever barley is grown 
and is favored by warm, wet weather. 

Resistant varieties, crop rotation, and seedi 
and foliar fungicide treatments reduce the 
sevrity of the disease. 

Fig. 9. 
Spot blotch leaf symptoms.
 

Fig. 10.
 
Plants with a severe infection of spot blotch.
 

Fig. 11.
 
"lllackpoint" synl)toms on kernels.
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STEM RUST (BLACK RUST) 
Puccinia grarninis f.sp. tritici 

This organism infects barley, wheat, and some 
related grasses. Characteristically, the brick-red 
uredial pustules are produced throughout the 
growing season. the time period from germina
tion to sporulation is about O days. The linear 
puLstIdies containing ured')spores ale produced 
il all above-groundIplant parts and eruption of 
the pustules c:auses corisiderable shredding of 
the epidermis. Extreme dessicatron may occur 
with heavy infe(tion. If the infection first occurs 
before heading an environment al condition, 
are fa vorable, (omplete loss may occur. From a 
distance. plants have . gray ragged appearance 
and (lose-up examination re,eals a rough ap
pearance to the (u lrrs. wh h1my wea ken aind 

break over. A, the plant matures black lelio
spore.s are formed, whih may overwinter aIn(] 
prodlucI basidiospores to infect the alternate 
host, ( ommonr barberry, on whiCh se xail re
combination arid new viruln( types may re
sult. ile diseae is most prevalent at r1lJatively 
high temperatures ( onbined with clew periods 
of 8 hours or rnmore. Ihe spores my be (lisseni
riated for hu dreds of kilometers. 

the best (control is use of resistant varieties. 

Fig. 12. 
Stemi rust pustules containing uredospores. 
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STRIPE RUST (YELLOW RUST) 
Puccinia striiformis 

On seedling plants the small, yellow pustules 
containing the uredospores are uniformly dis
tributed over the leaves, but in mature plants the 
pustules occur in stripes. The disease also occurs 
on the leaf sheaths and often develops on the 
headIs both insi(e and o-,ide the glh_ues. In 
comparison to the other rusts,, stripe rust is par
ticularly favored by low temperatures vith ade
quate infection occurring above , C. If the 
temperature during the dark period exceeds 
20'C, disease development isinhibited. In areas 
of adeqLlat- snow cover the fungus may live for 
several nonths as dormant mycelium within the 
leaves. Sporulation occurs as the snow melts and 
temperatures rise. Infection may also be ini
tiated from Uredospores which may be win(l
disseminated over long distances. 

Resistari(e is the best means of control. 

Fig. 13. 
Stripe rust on ,eedling leaf. 

Fig. 14. 
Stripe rust on adult leaf. 
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LEAF RUST (BROWN RUST) 
Puccinia hordei 

lhis disease is similaL to stem rust in many re
spetts but differs in having mudi smaller uredial 
pustules, circuLair in shape and generally con
fined to the leaves ant sheaths. lIeaf rutl' thrive,, 
under the sdme ( orditi on, ,s i(stem ndIindrt may 
be( nine epidemi with e xteiidet, ii oist periods 
or (orititio s fivorable for repeated thew (h()o
sition. lhe uredospores may be airtborri for 
hundreds ot kilonelers to initiatt prirniary irnfe( 
tion. In mil lirnate the spores may live from 
o(ne seasrlmn to the next. As the, pllnts mature or 
under tress ( ondition,, tl bla k ttliospores 
amn formetd. On germinatiio the tliost)or(cs 
pro(lL( ba('itiosports mWhith mimy inf( t the 
dhernatd, ho ,t, O)rmithog;ihmJ ,pp). 

A ,uinber cf em ('s ae knownr',sit tsoi( 
whi(h ( in be ised il varietal development. 

Fip,. 15.
 
Iaf rtl on m edling.
 

Fig. 16. 
I e'f rtj t oi miul Fl'int. 

Fig. 17. 
I eliuspore stage on maturing plant. 
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BARLEY STRIPE 
Pyrenophora graminea
 

(syn. Helminthosporium grarnineum)
 

This disease originates from infected seed and 
first appears as long, pale-green stripes on the 
leaves. These stripes are parallel to each other 
and extend the entie length of the blade. As the 
leaves reach full (hevelopmnm, thes, stripes turn 
brown and leaves sometimes split along the 
stripes. tnferted plant-, are stunted andc heads 
may not emerge or, if they do, are empty or 
shriveled. The disease isnot apparent in the dor
mant seed. Upon seed germination, the fungus 
grows into the sheath that surrounds the leaves 
of the seedling, then into the first leaf and from it 
into the next leaf, and so on as the plant grows. 
Spores of the fungus are blown about the field 
during and after the flowering period. Kernels 
of healthy heads become infected when the 
spores gerrninate and form mycelia in the peri
carp, the seed coal, and between the glumes 
and kernels. Humid (onditions in the heading 
perio.j favor the infe(tion of kernels. The dis
ease causes (onsideral)le (tamage in North 
Africa, the Middle East, Northbern Europe, and 
the SouthernL United States. 

Control is by the use of resistant varieties and/ 
or seed treatment with systemic fungicides. 

Fig. 18. 
Stripe symptom on seedling. 

Fig. 19.
 
Close-tp of leaf symptoms.
 

Fig. 20. 
Healthy vs. diseased plants showing stunting. 
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BACTERIAL LEAF STREAK (BLACK CHAFF)
 
Xawthoorwoas transhit Well 

The seedling stage of this (liseise i,,i n im."lportarnt
phase, but is inc onspi(uois. Itconsists of greasy,
water-soaked streaks on the prinary leaf. Obvi-
Ous symptoms are (bservedl at the boot stage
and later. Leaf streaks, .b())jt 2 rumi wide and 
runoning 5 '() ?0 rm long, ,levelop as Waler
soaked streaks that later turn y(llow. A heavily
infected field will hwve a b)iownidi appoar,ine. 
A key diagnosti( f(eature is iwe preser e of bac
terial slime oin the srfau( of the leaf. [his bac
terial senie (ries to a thin, yellow, translucent 
layer that (ai he flaked-off. Seed fromi severely
inf(( teh plants 111aV hav a shellarked appear
ance frorm this slime, tlh 'bla k (iaf" sy)np
toms are a hrowning of the (n'ire heam nid are 
riot comonimtr, but result frorr lal--,ieason mois
lure. Seed. trsnnissi(nir (an [(-,I1j(.r source of 
prinary ino( tlur anI sprinkler irrigation c 
spreal the (discww' rapirlly. 

lh, most ff(, tive (orlrolk ire to (voi(D l ln,
ing intft((dl seed, (csroy voltintetr plants and 
(r0)') r(sirlWue, I(ch I)laIt l(r I!t varieties. No re
,isflrt varieties are knrow nind1 t) sed treat
nients lle 100'", tff(rtive. 

Fig. 21. 
Close-uip showing ba ral slime. 

Fig. 22.
 
Sielt symptorm,, of bac teri,il leaf streak.
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BACTERIAL LEAF BLIGHT 
Pseudomn(fls syringde 

can
The bacterium, Pseudoinon(j) syringa e, 

often be associated with leaf blight symptoms, 
as the only causal agent or sometimeseither 

with other pathogens. The -,yrnptomfl, range 

from s-ill, white streak and fle(ks on the flag 
,evere and ( onflient water-soakinglelves to 

and blea(hing Of 111t ('aye, of a Iture plant. 

The ,,ymlt(15 ,WI)(a ,Lsd(('ldeily, usually follow

ing a two- or three-day rainv Fl,.rio(d with cool 
nights. 

Control i he,,t effected by selecting varieties 
that are tolerant. No true res it( e has been 

observed. 

Fig. 23. 
Bacterial leaf blight ,ymptoms on flag leaves 

(akO illustrates bird damage the heads).on 

Fig. 24.
 
Bleaching Symptoms of ba(terial leaf blight on
 

flag leaves.
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ERGOT 
Clatvicel) p)urpirt ,i 

(ila viCelp r irlfects th( open flower and 
,Ventlilly (II-,L('. (, vary, replacing thein he 
clevelol)irlig See(I with d rsl.,, tf my((li urn (s(elr

(itiur) or rgot body. Ilbe initiil inf(e( tion (an be 
fronm irbome ,( or (oriidi, (.irrie(d byt im osport, 
in',,,( ays aifler
t-, ofr,ritllflwn rin.Ab tuit 7-10 
if,( tio it,i r , of ( ritli,, is,lkrtilu(ti ti in a 

sth ky, , ,igty t vtt ( illed( lloltythtw." 
I hottey Je(w i- atlllf lIV(t I ) iris'(t" wVhi( 11 ftetI o1 
it mid (mti t h ((o)i(iI,i to) tiw'a y opeii,rllll ~ 
lort',. Ilhe ergot hotly vhi( h eV(tntihlly ftorrts
 
.ill f) th grfli ti
r .vherw it lits htiotmitnl throutgh 

a i- toitli ( ( h of ( oil. Ittoi-t wether. It then 
gttttitihtl to )itroif i(t i s )HomIitt whirh i ,t 

ii t lIhtIt I i)writilif( i 111t (;l+or -.it w ith 1111( is( 
It tIihlt) , ,t-,s rfi(( r ft iS f t y t iol,tt (Jit- tI~imI 

W ld ' , I)m l L,(-( onX{dm y illf(.( ti()ll {r(olfl( ollii'h 

"
, 


m(~ ik-( ) lh !' 1 111 M I tirm i(,r' dryx ( ond(i4tl 


tioti ,. 

itfi t ttit; ttI t l(t fl"lillto t)tiltyftifeep)~byi f.fit,Iflh wiittlitw ,lt,(i fttt iftd I ( 
(it .r' ihif m (it . hi1idditiont , ( )[t l iotiIt'r,ltr, 

\.Vi ft .l {tf f'ititIi , , I( fff( fi) i t f if Iy itf'e) 

weedl ((' l'. , tlH tlt'itoj[ft I ft )t lfew tlleilt., 
'l Itt w(oitlt) hod" 1vtrIi (('the, lltillltlon 

1e vdri,,Ii(,, . m mre+ 
+ 

+J1ty itoo tilhimr.%(Jrm , tm-m h 

, ',{ 0 1It . Ili 't ',( ri , , )t l ~ ,111 w fttwr ( l tl(' ,,', 
ji." 11,1%r(. ,It!t '( 'to+),J(u ', f('wV [il('f'., 


lig. 25.
 
''I h tw",'d(h'v Sytlltfms tf ttlgtf.
 

Fig. 26. 
+'(hr()i,6)
1rgot hodIh",W inhe! l. 
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COVERED SMUT 
LUstilago Ior(Iei 

Covered smut survives as telio,.pores (chiamy
dospores) crn seed or in the soil. Infection occurs 
as the seedling emerges from the seed and the 
mycelium moves systemically with the growing 
point. Smutted heads emerge at about the same 
time as normarl healthy heads. -he kernels are 
r(lda( ed by a black mass of teliospores, but a 
tough mem hrane remains intact. This keeps the 
teliospores from being dkpe,,rsed until harvest 
when the membrane is(lisrupted by the thresh
ing operation. Covered smut is foun( wherever 
barley is grown, but infection is favored by cool 
soil temp(raturs (10-15(). The spores remain 
viable on seed (Jr inthe sJiI for long periods of 
time.
 

Somne vWrietie, are available that are resistant 
to ((verf(,( smut. Ilowever, be( ause )f the effec
tivenres.,, ()f seirI treaments, miianiy currently
grown varietie are .lisce 1ti!)he. [he best seed 
treatment,, are tho,,e that are systemi( in action. 
In aIdditioln, avoidance of seeding when soil 
t(mnpeJwratnLr(., are belovw 20'C will provide a 
nIaIw'i ()f(ontrol. 

Fig. 27. 
[leart, infected with covered smut. 
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SEMI-LOOSE SMUT 
Ustilago nigra 

Semi-loose smut (black nigra or false loose smut)
survives as teliospores (chlamydospores) on 
seed or in the soil. Infection occurs in the germi
nating seedling and the mycelium moves sys
temically with the growing point. Smutted heads 
emerge at about the same time as healthy heads. 
The mass of (lark, chocolate-brown teliospores
is surrounded by a membrane that breaks down 
rather quickly. The teliospores aie spread by
wind during the harvesting-threshing operation
and cover healthy kernels or fall to the soil. If the 
teliospores germinao ' -rmediately,the mycel
ium may penetr.,te the shallow layer of the seed 
just under th,_ seed coat. When the seed issown,
the resulting seedling becomes infected. Tem
peratures of 15-20'C and dry soil favor infection. 

Semi-loose smut is easily confused with true 
loose smut in the field. While there are subtle 
difterence s in teliospore color, precise identifi
cation rucluires laboratory methods. 

Control is best aConplished by use of a sys
temic seed treatment fungicide. Some of the 
protective seed treat ment materials may give
partial control. Resistance to semi-loose smut is 
known, but those varieties resistant to it are not 
necessarily resistant to true loose smut. 

Fig. 28. 
Heads infected with semi-loose smut. 
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TRUE LOOSE SMUT 
I JtihdL4() nitJd 

True loose smut sornetiin-es called brown loose 
smut, is seedborne. It survives from one growing 
season to the next as myceli Ifl in the embryo of 
infected seed. When the seed germinale,, the 
myceliL]I ' iove, systemically within the plant 
and is fot, Al juLt behind the growing point. In
e( ted plants e,,d out 2-4 (lays prior to helthy 

plantm . [hemutted h ad i', surrounded by al1P 
very thin memblrane whi( h breaks (own soon 
after head (,niergene(. -his allows release of the 
olive-brovn telio,,pores (( hlamydosp;r-s) 
whi( h r(e winl-.lown to nearby healthy plants 
as,they he,id (ut and flower. In( lio n is favored 
by (o:l, moist weather. lIhe teliospores germi
rhte on ex)osed stigmas adn the ry( elium soon 
invale-, the (vary where it )(( om( , (loriarit in 
the (level)ping emhryo. Illd,, of smujtty plants 
eventually ar rr,(lU( Pdlt ,le his, whi(h isa0d ahr 
,IIlltI1 at rv' wiris at hlrvest time. 

Varieties differ in -,(s(ptil)ility I() true loo e 
slmt with ,ome bfing highly resistril. Blesides 

,ist,m( e, (cotrol (an tbe a( ( omplislied by use 
()t a s'-vst(* i( frg111 le sem ed reatrn(I nt. I lot 
water tmeilr(r',: ( Ii be '(Y'(, but requires 5e

,Il C(uuipn(ert arld( an r((lu( 0 sWe(d viability if 
riot (lon( properly. 

Fig. 29.
 
I leads info( ed with true loose sriit.
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SCAB 
Gibberellh zOed
 

(syn. Fusarium grdrminearum)
 

This disease, sometimes (alled Fusariurn head 
blight, sUrViVes between crops as mycelium and 
spores on seed and plant residue. Insome re
gions, the (;ihherella )erfect stage develops, 
with the fungus then surviving a',perithecia on 
resid ue. Ihis is parti(ularly triLe where maize is 
infected Infect ion cc(urs during wet weather 
or under sprinkler irrigation when the spores 
a nd on dehisced anthers. Warm weather is par
ti(ularly (onducive to s(ab. The yoycelium 
moves fbom the anthers into the other portions 
of the hemd, and(an (rnstJne the entire hel. 
Ihe ry(eliuo mim parts,a pi kish -red appearance 
to infected heads. Diseased spikelets at first are 
water-soaked, then die an(l become birown. in 
,,evere (,ases the kernels are s:Irilkeri and 
brown. Iihe interior of the keriels hecones 
floury ari(. disc lore(l. Infe(ted grain may be 
h irmful wnen fed to aiiiak (parti(ularly swine) 
Ind I llll rs. 

R(sista1rice to s(b is Lnkn(iwri. )isease sever
ity (an be dle( reased by Jse (Ol one or more of 
the following te(hri(iLues: (o not sow barley 
after maite, wheat, or barley; )low under in
fe(ted residue; and sow early to avoid heading 
dluring warm, moist weather. 

Fig. 30.
 
S(ab symptls oni
l seed. 

Fig. 31. 
Scab symptoms on head. 
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COMMON DRYLAND ROOT ROT 
Cochliobolus sativus
 

(syn. Helminthosporiumsativum)
 
Fusarium culorum
 

Fusariuni ,'uraminearum
 

Dryland root rot iscausedsby one or more of the 
fungi abov. Withour rmaking isolations from in
fected tissues, it is nearly inpossible !o identify
the pathogen1 involved. Iroculurn i5seed and 
soilborne, oftentimes inlassociation with plant
residue. Infe( tion can o((tr anytime after seed 
germination and, in sore cir(uiL1stmane, may
resLlIt in seedling blight. More commonly, how
ever, irilec(tel plants (ontinuIe to grow and few 
above-grond ,vmptorns are ohserved. Below 
groun1d, the first symptoms are brown lesions at 
the base of sheaths that (over tli(seedling
leaves. As the plant (ontinues to grow, the sub
(rown internode is often infe(ted with the ap
pe'anr,i c of (,longat(, lesions whi(h may be
(()me o r hlplet(,ly ne( roti(. Severely infe(ted 
plarts may be slightly tLIHt((J in height. The 
most s'v('r e('ff('(the )lant is a rd('uCtiOl inI MI1 
the tmiber oif tillers. Iho, ffe( ts of the, disease 
are most severe when the plants ir( under 
drou1ght stress. 

Resistaice varieiies are unknown. [hli iease 
severity may be reducd by seed treatments to 
eliminate any seetborne ino(ulurm and long
rotations with non-gras ( rops,. s( 1as legulties. 

Fig. :12.
 
Early stage of (omimon root rot on seedling.
 

Fig. 33. 
Symptoms on sub-crown internodes. 
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TAKE-ALL 
Gaeumant1omyCeS graminis 

The take-all fungus survives from one growing 
season to the next as myceliLIm in plant residue. 
Seedlings become infected via their roots grow
ing in the vicinity of infe(ted residue. rhe initial 
symptoms are light- to dark-brown lesions on 
the roots. As infected plants reach the boot stage 
most of the roots may be dead. Plants no? killed 
by this time may plro(du( heads that often turn 
white premIati Urely. Any seed prodLu(ed is usu
ally shriveled. Plants showing symplons (an be 
easily )ull(d from the soil since their roots are 
highly decayed. A black, scurfy mycelium is 
often observed near the base of the (:1CUhs wh iCh
 
can be scraped off with a fingernail. lake-all is 
most severe where soils are alkaline and remain 
wet for long periods of time. Contilliouis (rop
ping with menihers of the grass family (e.g.
wheat, ba ley, rve) also a ('rituiates the, damage 
fr(m this (liscase. 

Ni) resistant varieties are known. Long rota
tions (3-4 years or moore) O of a grass crop will 
povli(l, some (omtiol. lowever, a d(ecline ins(,v(,rity is oft,,n obscrved if cereals are grownfor long lo), (lsh of time (e,.g. 7-10 years or niiore). 

Fig. 34. 
Decayed roots (auised by take-all.
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BARLEY YELLOW DWARF (BYD) 
Brhev Yellh, Iwarf Virus (13YI)V) 

Ordinarily, he,ive. of infe(ted lariey develop 
yellowish stripe,, blotc hes,, or mottles -tarring at 
the leaf tips. O(( isionaly, th(, leaf ,ymptoms 
may he reddi-h or d Mixture of reddih and yel
lhAi-,sh ( olo'. "on e ,lieshIrity a ve edlge" that 
r, , rraed. ,s t infi-(,tirltr i ,i, i t(s , itn (d, 

c" l: i'lly it thoy b ,( 0 1 , iiiie, ted .,'herl yotlig.
Bltltlinm ?fthe torel , mhvlsool( fir if the plant 
b( (001, inter ted whln voinog. lrife( tio n prior 
to healing may, (anI' sever, loses vhile later 
inte,( tioi- hive little o.mn ,/V iseffe(t vield. 
only tr,ismn-itted by tereal- or gras,-feeding 
'lphid ,, lIhe %ins i ot (anly irife( ts barley, but lk(o 
over I)(0 'Idiitj rlii s, r(i,, f ( ere'als 'Ind 
grasss, in iling e, i11 rii/e.d ,, 11 it, (,ts, 
,\lthuiigf B:Y'I) i, wi,rhvidh in rlistribtu fiii i, it 
l uippear b deot in ,ridto no) ,,Itriv tivI Noith 
Siuith .A\nrn a, I tiri Atistrdii,iriil, mdN(Nw 
/e~ili ril 

(uririr l ( lvr irdu hiring Iatrcriilk 
Wvith toodnr rew-is et (itiler,iiu I) ire v.,ilil 
fi thl, iirit ru l of hYI). Adjuwtin + th itri, oif 
s-, id'Illg tu iv(dl lihi 'I( tivity vv'lien the plats 
,ir(Iyou nig i, 1li,() ,ini i orlt,iit I llrs of rininin 
rig 1he. mevd loss toi Irit ,,-, ( tw (isease. 

Fig. 35.
 
Yellow and red leaf yrrptr s of BYD.
 

Fig. 36. 
Yellowing ,yrnptom,. on e ves. 

Fig. 37. 
Aphis, vvctors of HYI)V. 
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BARLEY STRIPE MOSAIC (BSM) 
Barley Stripe ,,lma ic Virtms (NSNIV) 

Leaf synhptoimn dlue to IBSj\IV ( oksist of yellow 
mrid brown striping, mi( streaking. Ymnieirmes 

two diagonadl trilp(- o( Ur logether on a leaf. 
ihe,, ,rilri ,i,xwtirl rltw,iril from tletein ar'id 
ierct towi ri, Is l p of th( eat, formirig o V
hlIIw or ( h0l-virll. I iif ptoll risll"(o llmi se'(

liogs ( orisl (i vellow -griri molttliS iii unsaid s, 

dol ,,.llri,.h stripii ig.1 rdtrriiiig Marly 
Il>\V-inte, tid plant , ie hwirfed, if they be
(ouiii iti,( t ,d rtiiir tohli,,ling. Iti s rir mrleys., 
h(lith m , midiih,ami h ,twr, ri in iinfe( tility l 
plmis. Yielrd losse , itn vially grer,,It if plants 
Ie( ouuri iirf i ti whl vo lirg. A( IJilly, mo,t 
airit,.(oi t irih+( teidc m inig gi r r at i,ii iluihei 

er rg, r er virtu, k , o ,\t'.is',ill( e thir is ,lli" t m'. Ii 
t l l lnr ,.,, ,t 'llid mi,11"o ,() !% T',.+ i i l'h, (,r be 

isr'i ito pIi t l p'l l by he'dl .ii iiig.Ificl iru 

t ,virt iriil(t p jrim ,r I th 'v; )( ( ,I isirii lly it ill
fr, t, ,.vh,,t m id (mti . l3,,NIV o( ( lirs wi rllwidle, 
btll hI, , b ren fllu s veri ili (urriri, [)iuinrk, 

Hi ri ilt hr iti(i(, i ilr l ri ,ii's l., l lnI 

virtis-tr ,(,dir . logutir t ', lifhl Ilil withl ,yiip-

Fig. 38. 
t r i I)it , sitre,kirg.,. horot s-is-, rI( rosis 'yn, pl)It ,to 

Fig. 39.
 
Yellow anud brown stripitig ad streakirg syrnp
tor, of IfS'stV.
 

Fig. 40. 
I+S IV ,yrmipton1 , onii suedling. 
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ASTER YELLOWS
 

Aster veiIowvs ks premli ly (dilseli by d inyco
pldsrnid-li ke orgri sin . ViptrsCd iJsed by the 
,isler vel ovvs agelnt ill Ifec-ted barley consist of 
yelow51 fblot(fws oil the leaives, sterility, and 
5util n. lWa'viig itoiis I eselnble those of 

l)~i~i5ii JSv S'Ilit, X i tlit thPV lIsMlaIly 
(,wSl(yh imow dJiiS\J I heC asttr velmiv' .Igenit is 
ikl trajrlisiiitt'i bI, I C'itliri 5p( ijes ()f l('affloj)

per"s. \1imriuvi'r ('!1IS' hImv I)(,[ eiitaJges of feedl
ing irisil t,, trmiriit the agn.It infeu !,, ov'ir 100 
ififerenit pjiit ',I)(' wes' ill( luiniii.. svhitt owt, 

\ster 5i'hliiWvs is knusVII tNi (A ( Hir ill Nort ier
illi, h iriip,, mid Vsiu. It ik ginririlly niot t,(o-

No niitrol lwive~ilidS'( hiii elnii-
Iniiile tfr aIter ve(II)SX'. MIl babs cgriuotyjis 
tistui for rem tiolil ha 1 

)1(i) cpihibbeel( 115e 

fig. 41. 
I()pt I()Imt toIIIi k"II tI , as~t(I veil hiss s\'iiip

tu)rns,, wilhiuv dhvrt ,ympoilftun. 

fig. 42.
 
1leadl ly plaInt vs . aster yellows-(lwafvd~ plant.
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NEMATODES
 

Several different nernatodes are capable of 
pa rasitizing lx irley. rhese inflcludek: root gall
nematode, S11h,euoin raiciokla;oat cyst nerna
tode, I hetef)dera avewe,; root knot ren. Iodes, 
\hIeohgynew spp.: and root lesion nem,raodes, 
Prtvleihcrt spp.

BIrhv,y infe,( ted with Iln wride,(,, .1a y'elrs,,, 


IsO 111d stirlute(. Off(n mimic king water stress. 
tNsually, only i-olated o(kets or lw areas in
 
fields are affe( ted. Root gall 
ind root knot irfes
tations (at (at,,e noticeable swellings or thi( k
ening of roots. Ni( ro(ol examination of the 
swellings t r galIs reve,,ls the presen( ( of niema
toldes or lIrva. Root lesion nemtotles pne
trate the root ssten and move throtigh cortical 
(ells. hes w(otrnd', provi(e entry for fungi, 
vhi(l haten',s root d(lay. 

tius is diffi( tilt. W hile soil Itim igation is effec
tive the (o tis prohibitive for lower value crops, 
,L(Iashirle . Roaltion with non-host crc vill 
re(l(tce niem.itwle IJM lat1ions,. Sin- ,any 
r(ernatodles tliti weeds isa s,Conda, ost, a
good wee(d mi igtanent programn s .ihelp 
miinini/tt (ianta(ge. 

Fig. 43. 
Roots of plant infested with H. avenae. 
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NON-PATHOGENIC
 
BARLEY DISORDERS
 

Disorders (Cdused by non-pathbogeni( entities 
are very comnmon in barley. Environmental 
stresss, nntritional igmba aores, genetic albnor
nialitie', physic dl injuries, and nor-target c:hem
i(,l dmiage are among the, (rrnon (aJses Of 
abiot i( harley (ti-ed,,,-. 
N()rI- [ ramiti( laf (lis r( r,.le ri,r,are , (om

mo in barly tha) no et(r ,mall grains. [lse 
dis.ordes i(r,often triggered by ervironmental 
(Onlditioi, unf,ivordble for the variety being 
grown. The i(tuil exprevaon of non-parastic 
leIaf diseae varies (onider,bly depending 
LJ)On1 the weather prterr, nutrient avjilability, 
ad the parti(u lar variety. 

.nfivor,ible w(,ither (oncditio ri alko ase 
non-pimthogeni disorders. I rosts ( fit jm, 
Me( roti( bdiinir)g O) \'onnrg avesorr sterilitv in 
Older plant,,. I lot weitlr (an reiult in blasting, 
poor ,eed prodin tior, sthirti g,and leal bImrn
ing. 
%lis1 (-"is iioli r ( omppli(, tiori of lis-tr( 

monr problem. Irrjrry irtI NJ iy t0l, voldtil( 
phrioxy hrlmi idesn ( ar oc( ir if ipprli((d it the 
wrong growl stage. yvtiiptotrms irr tih' traipped 
heads, sterility, mid v'rirnkieri hdai ,. 

Properly rnn,aged barley fields, whi( h in
lije-, good fertility, exm elkIhrt water and resi

drie rin iig(m(ernt, th( of mddliptd varieties,ri,(s 

aril propeJr plintirg Late, mid pro( ('(1ires, will 
nrormilly (rl(Orniter few non-plathogeni( dis
order,,. 

Fig. 44. Frost darnge on seedlirigs. 

Fig. 45. tHail (Jar-nagn. 

Fig. 40. Salt damage. 
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BREEDING 
DISEASE-RESISTANT BARLEY 

Barley, an important food and feed crop in many
regions of the world, is subject to numerous 
diseases that limit yields and reduce the quality
of the grain harvested. Genetic resistance is
usually the most satisfa(tory solution toa disease 
problem in barhey. D)isease-r(sista nt varieties 
add little or noihing to the (ost of production,
and re'quire no a( tion or additional knowledge 
on the part of the farmer. 

Breedinq, for dis(*ase resistane (an be (on
veniently divid(ed into two gener,l phases: (1)
gerrmplasmn resoiur( d('wVlOl)nI(.rl, and (2) ex
l)oitation (variety (evelopment). 

Germplasm Resource Development 
D(eve(lopment Of gerrnplasro resour( es is often 

given a low priority by the urg4ent need to de
selop vjrieties. I low(ver, ,(I(Jqatf, attention to 
e'rrplasm resjur((,5, whirh ,re the parental

materiails for variety (Ifveloprrent, is essntial 
for the long-term siJe s of a breeding pro
gram. 

A seair( It through the diversity of gerrnplasir
represented in world (olle tions, regional (ol
lections, ,in( lo(al bieeding programs is almost 
always snt( essftJI in 1o( atirig ad'quate sonur( es
of r(sistan( e. [his rraitrial is often usealble(di
re(cly in varietv development by bar(k(ros or 
l)edigr(e lree(jing (dis( 1,,'(d later). I lowever,this gernplasrrn (an l modified aind made more 
valuable by r (iurrent sele( tion p ro( ,dures. A
method (ormonly f'mployed in ( ross-polli
nated crop plants, rW( irrent sl(e( tion ntili/es 
po)pulitions of plants to intensify parti(iular
chara( ters thrUgh ( y(hls of sele( tion arid re
combination. In order to use this rnethod with a 
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self-pollinlated(rop, si h , tIsn ,y. ,i1 ea,,y
rfliens is riecJ +d to rLi rgeohtain Ilurtnhers of 
crosses. In barley this is ,(coruIflished with 
genetic imile sterility (a single, re( esive genc ).
The other (omponents of i r(-Ucrent s(Iectior
population for hise,se resistm are lines withv 
rsist,in(( dnod varieties with good igrononic
traits. Ihe lines with resistl1( ( ire( ho-rl to in
(ltI(',asi i tiy (Iiffer(,rlt goen.e ,-'sIs sio, VariehIel(,. 
ties with good igroinomli( tidits ,essarye r(,( to 
(oI)erst(. for th- generlly loor plnt types
of the resistait line,, and, iit(ly,tilt to allow 
sele( tiori of desirifh plants from the )o)pula
tion. Ihese v i ties aire hosen on the asis of i 
pro en )r FItorniam e re( or(( or for some spe( ifi(
,igrommh i lit. I he W(nL rent sele(tion (V(le

g((nrlllv consisl of t.c, 1),arts: s(le( tion for r,

' 
,istinc ( arid r miL ni ,tirl.ele( tion i r (Isis
timi e shoutld be ( 010111 ledl in (iselise riirseries 
in i ii-ii oft lo itionis, if p~ossible( Ihis diver
sits (ot I itions is iliijirtallt to th( developmenit 
o)t thilti-giriji lvg ,i ) tsist,irc . Assiirvirgg 
thit li( vircl(., ( of the itlhogcn is different in 
( h ii atiorn, thll (lec tioln f sistirt lHints, 
ill these hc i l ,,wrill be s(,Ih, in( irt iff(terit
lesistlr e gei,. ' e h,(.tl tr1o i tfhe (lis
( I-, rsl,( is I eix ( lImit(edl if) a le( )m0
biiiatior tl 1tir ( pr\ ,l rillIv ini isolmit ). lie I i 
se((d is hliirvst( fro rc the i il sterile plant,
whi( ire o )ri-)(boliatelnm it ra)dom. Ihis 
(ftic( tive , sori lmihIlcs thue p +bltltiori aid ( om
hil's, glms seli( n Ol s.ulimu. hm alicll-.il 'ue 

H 
resistii c. I arge nimrcice, )I pliit kind1 gei") 

1er( ewli ig l tit, cls will bn iiiti-genii for 

(,'11
be htlianllid in a polLition with isr.ill in
)tlt of laor. Re( irreit sele( tionr F)dclcilatliisshould ie (onsidered loig-trm ,geripl,snire,

sortm es to Ie ( onutinuiilly exploitd anid (con
lil'uilly imprupved. 
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Exploitation 
To most effectively utilize resistance a certain 

amount of basic information concerning the 
host and the pathogen is required. It isdesirable 
to know tie extent of variation in the pathogen 
and the amount and kinds of resistance available 
inthe host. A (ollection of isolates of the patho
gen from a number of locations can be tested 
against a group o)fhost lines that differ in resis
tan( e to) deterrmine the variability inlthe patho
gen. [his, in turn, gives important information 
on the effe tiveriess of parti(Lilar resistance 
genes. in other words, does a gene provide re
sistau e to) all isolates or only some or few? This 
information is then used to determline which 
so(jrce(s of resistan( would b( n)st useful inhe a 
breeding program. Likewise, it isuseftIto deter
mine inheritan e of resistai e by (rossiing a re
sistant line to a susCeptibh variety aid to other 
resistnt line, theninl(] examining segregation 
in the Ii, I.,,I i, a(i BC generations. This type of 
information is helpful in nieterriiiring the best 
way to incor[)rat(, the resistance in varieties. 

Often, obtaining basic inforrmitior (as de
scril(l above) is not feasible or (esirable when 
(,xperti.e, e(uilpment, anld Inalp)ower are liri
itedl. [yen with I'mited rsour(ces, however, it is 
still possible to breed disease-resistant varieties. 
[he single-most important requirement is the 
consistent pr(sence( of the disease at high 
eriongh lev(ls to allow sepa ration of sLsceptible 
andn resistant p1larits. Som1e diseases, that (aruse 
sigriifi(,ant larnage on( year, may be al)senit or 
present in only mall armourlls aIlothr year. In 
order for a bree(ding prgram to pro(((,( with 
expediency, the disease muist be present every 
year. Therefore,, it may be ne(essary to indUice 
disease by artificial inoculation techniques. 
Much can be done in this regard with limited 
manpower and withoLit large amounts of equip
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ment. With a basi( Unher,,etn(irig of the, life 
cyrle of the fpithog(n ind the (nvironrnerital 
conditions req Uired for the Jisese relatively 
simple pro( ,dLure ( an be utiliied to obtain epi
phytoti(s. for ex,imple, smoni foliar dieases, 
sii h as sr Adid and net blot( h,(an en)ha'r e1rIM 
by harvestirg infe( ted straw inn spreading it in 
next years , disease, iursery. 

bvre jr,basi ally two bleedirig nethols to 
utili/e di ,,,s( resitlin e gems: (1) b1 k(ro,. 
breeding nul (2jpedigree breedi4. lHi hoi( e 
of a metjd will (deporld on the number of 
genes ( ,ntrolling resistan( ead the dgronorni( 
qluilitih, of the re itant ilrent. 

(1)Batkcross Breeding. When ader' nte re
sitarut is riot found in an ad(apted vari(,ty, but 
mnly in lines that are umuitable agronoink ally, 
the rmethod of (h1mi( e is the ba k(toss. IVhe re
tirri.nt 	 parent is in idLpterd variety adllthe
 

,
hb k(ro prnt is.,line with ilenironstraterd 
high leve, (if re istmi( ,.l,a k(ross breeding is 
rTrist isJeftjl in tramsferring resistnr e governed 
by on(, two, or rimarbe thrree genes. I lowever, 
heir, ran b(e e.x( eption,. If the resithin(e ( har
,1(ter (,ia be pIrn' isel identilied in%egregating 
i)opiilitinr, thei rhtom iniber of genei' be
1)11 ,'s less importaint. In i)rati((, howev(r, 

i
Ji'ntifi(,ition ran eIlorno be pr( ,. enough. 
For iinsta( ,( one gine may )e rnaske(l by 
mother. [Ihreforre, inthe transffr pro( (,s one 
)r inore gries i iy be- lost unles spe( il (are i 
'Ikerl. 

( en erallv, six b, k rosses are, suffi( ir'rrt to re
urn to the ph etrotypj, of the r(r rrernt parent. 
Ihe mnumber of baikr rossi's (ain be reruntj en] to 
outr or five if IFann FIt)olJlatiori ,, are( grown 
ifter the first and third ban k(rosses,. lhe ldvarn
age of this alternative are, first, that seler tion for 
he type of the r('(urr(int parent, if b, ..d on F2 
ind F populations of moderate size, i+equiva
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lent to one or two additional bat kcrosses, and 
seroi,, sel fing provides the la rge [)opulations 
required for effective ,ele(ction of the resistance 
being transferred. 

2) Pedigree Breeding. When both parents 
(,m (o ntribute to adaptation, yield, or qu,1lity, 
then the pediigree finthocl of handling segre
gating generations should be risen. In the pedi
gree rirtrod sJperior tyjwe- ire s'.le( ted in s-,uc
(("ve s,0gregitirrg g(,tvratmios rnd a r(ecord 
n iittin(el of [)arent-progerny rlatir ,,hi),., 
(,i(,( tion , Irisl Our ilidiviAtial plants, begiris ill 

ttlI I.' guen rtion. [very I.., indivitlal will be dif
fereint froin (ev(ryother. In the F and IF.genera
tion. 1i11,us' o( i will be hollo.ygo and family 
(hari lteri-tin s will begin to ijppear. In these 
generations sele( lion i. p)ran tint d for both the 
best l)lants tnd the best farmilies. In the F' and Ft, 
eo(ritiorls ro,,t lo( i will th hmrnoi/VgoLus, tlis, 

sele tion will he mi;ainily among familie . In +Ob

<(lu(,t g(r lerations s(l(( tion is almo t ex( It
ivel among familie, irl requiires im reasing 

tuse of repli( itel testirg. 

Application of Backcross and 
Pedigrev Breeding to the 

Development of Varielees with 
Multiple Gene Resistance 

mank(ros,- and peigree-rlerived varieties that 
aie resistant dtue tro onl or a few gene, ame fre
rltnti, r(ulheren srs( eptiblh lry a (hanging 
pitrrg(ri. A ,ingle r-isiti e gine ,rnplnhyed in 
a wiielv-g,,rwr variety gives a sele live a(ivari-
IIge to mulitnts ()I lie pam ogi1 lhat ire viru
lent. lhei siil pro(l,-ure ha, been to 1(1p1,een 
v that has. st(nuirb(d to0 a iw1ariety rdr ( with a 
variety that is rristamt to the new rare, once 
again for( ing the pathoger to mIutate. This 
u110(-( nO I('rmOV(* aspot't, a,1nalog(us- to a 
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chess game, is disturbing since the number of 
resistance genes is limited. This problem can be 
alleviate(] by deploying numerous genes for re
sistance simultaneously, as added obstacles to 
the pathogen. This can be accomplished by vari
eties with multi-line or multi-genic resistance. 

A muIti-line variety is one with several com
ponents differing only in the resistance genes. 
They ar,, most u'efulI againt foliar, air-borne 
pathogens, such as the rLst fungi. Although one 
or two components may be,susceptible to a par
ticular race of the pathogen, the remaining re
istant (omlponents will reduce the spread and 

severity of the disease by reducing the quantity 
of irioculurn awdilable for reinfection. A muli
line variety is developed through a Ses of 
back(rosses. The source of each selected resis
tance gene is back( rossed to the sa rue re( urrent 
parent, which results incomponent, tht, are 
essentially identical -x,ept for the resistance 
genes. [hese (ornponents are (ombined me
chani(ally to pro(dLJ((v the multi-lie variety. If 
one oJrnior(e (oiponentS ite I;ept in reserve, 
then a multi-line variety can b,quic kly ( hanged 
if the virulen(e of the pathoger (changs. 

\ variety with muti-geni( resistance (ontains 
MluiferoLs geles for resistance in every plant. 
The usefulness of this type of resistance is based 
on the supposition that many genes present a 
formidable obsta(le to the pathoger. While a 
typical pathogen rehprcid (es in su(h large num
bers that multiple rt~itioni5 for virulence to 
r)verc(ome any riunl)er of resist,in(e ge'n(' can
occ(ur, this oftenr upsets the' honeo)st at ic h~alairice 

in the pathogen population, thus prewnt irig 
such multiple mutations from b((ome, wide
,pre(ml. There is, also, eviden v to indi(ate that 
multi-genic resistain(e often has a "horitontal" 
component, which results in i resistance 
broader than the total contributions of the indi
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vidual genes. 
As discussed earlier, recurrent selection 

populations are an effective means of producing 
plants with multi-genic resistance. To utilize 
material in these pOpLJlations single plant selec
tions can be maJde each generation. The pedi
gree method is th,..ideal way to evaluate these 
se,( tions. As i pop lation is improved agro
immi( ally an(l with (ontinLing 'election for re

sist a r,,the (harices of selecting good material 
also improves. 
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COVER PHOTOS 
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,,treak on tiel plant-.
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acite ial leaif ,Itreak. 
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