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Three near-isogenic sorghum populations were ured to determine the effebt--Uf sorgtm--
downy mildew on sorghum grain yields. The near-isogenic populations were developed fron

the F generation of a cross between 
the susceptible inbred Tx412 and the resistant
 
inbrej SC414-12. The near-isoqenic populations were prepared by mixing equal quantities

of seeds ftum F3 full-sib families having tne 
same 
disease reaction classification. ThE
 
populations were 
used to evaluate the relationship between downy mildew incidence and
grain yields and to provide data to test a previously proposed model cf downy mildew

yield loss. 
 A significant linear relationship was found between grain yield and downy

mildew incidence, and an acceptable level of agreere:it occurred between measured yields'

and yields predicted by the downy mildew loss model.
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ABSTRACT 

C'rai..I.. ()dO\d.. G .. Wall. . C.. and Meckenstock. I). I. 1989. Sorghum downy mildew loss assessment with near-isogenic sorghum populations.
Plh~xtopathiolop~ 79-118I-451. 

I .lizelca r-isopectic sorghtnt populations sere used to determine the 
el ccl o soihiin dos\ n\ tilde on sorghtit grain %ictds. [he near-
isogenic popu ationis \Iere dccopcd Iront the I. generation tit a cross 
bet\\ccn the stisccptiblc inbredinred S" 44-2. 
lie tear-Is'l enic poipulations \crc prepared h.) ixingequalquantitiesot 

seeds 1itt I till-sib tamilies ha\itg the sante disease reaction 

Sorghum do\\ \ ilde\k. caused h\ I'erolosch,roitorasorglli 
(Weston & l'ppal) Shas\\.is ar iiteriationurlly irportanrit disease of 
sorgluim (Sorimi hicr (..) Moeniee) and corn (Zea na.s I..) 
(6). lie disease has been reported in 16 states ill the Inited States, 
btt it is of economic importance onl\ in Texas. I)own niildew 
caused severe dalmage to surrgtuin iilexas untlit itwas controlled 
b\ hybrids resistant to the disease (6.7). 

I lie appearance of ne\ irlllent patltotypes t /'..orhi has 
iiade nian\ forntetr\ resistant sorghumthybrids \ulnerable to the 
disease A3.4).Metalaxyl. a s\stelic fungicide effective against . 
.w. ,i. is frequently used in areas \\here the disease is endemic (10). 
Anong the choices aailable to sorglutii gro\\er; dealing will 
dio\ Inmilde\ are the replacement uf htighL-. iclding bit susceptible 
sorglitnil hhrids \ilh it resistant bit less productike hybrid: the 
useof 1ungicide. \\hich incireases tie cost ofcrop production: and 

This article is in the public domain and not copyrightable. It may be freely
reprinted with customary crediting of the source. The American
Phytopathological Society. 1989 

classification. The populations \sere used to ealuatc the relationship
between do\\niv mild\ incidence and grain yields and to prsile data to 
test a previosly proposed model ofdo\%ty milde\\ yield loss. A significa nt 
linear relationship \%as found hetseetn grain ',ield and dowlns milde\ 
incidence. and an acceptable le\cl of agreement occurred betsseen 
measured .iehlsand .\ichls predicted bttie dos\n mildc loss model. 

replanting or replacing a sorgItim crop damaged b' the disease. 
Selection of the mrost economically desirahle option requires tie 
ability to luantiy the yield losses caused by sorghum downy 
mildew. 

Tulcen and Frederiksen (12) devised twit disease loss models to 
predict the effect of down mildew incidence (lhe number of 
infecled plants as a percentage of the total population) ont grain 
yield in sorghumn. Fhe first itodel was represented by the simple 
linear equation 

Y bh - (0.00833/h)v (I 

where t is the predicted grain vield tilt kilograms per liectare). /t is 
the expected yiel inn the absence (i the disease, and .x is tle 
incidence of dovn lnilfe\. lhe second model was devised for 
situations it which tle plant density per mnit area ss'as greater tltat 
optinii for grain yield and downy riilde\' incidence was less tlhan 

I = h i (0.00833/).\ (2) 
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In the second model, the predicted increase il grain yield 
a-issot-iatet] by .with an increase in disease incidence is caused 
reduction inl the deleterious density of the population. Plants 
affected b sorgLhum dos\ ny mildew usually die at an early stage of 
growth l. 

luleen and l-rederiksen 112) concluded that tilerelationship of 
sorghum dosl n mildew incidence to gmrh yiel ,,as less than a 
direct 1:1 ratio because of tilebenCficiiIl effeCt of reduced plant 
colpetition oilthe yield of tilesLurs\i\rg healthy plants. At the 
time of their studs. neither eflectis e chemical control agents nor 
isogeliC tines \\ere asrailable to \ laLtet the effects of dowls 
luildes\ on grain yield in sOrlhlmll. 1o 1lenerate data for tilemodel, 

the researchers used trials iti \\ hicth differences inl disease incidence 
occurred bh chance amtong replicated plantings of sorghum 
ll\brids. and they simulated disease effects b remloving plants 
roltl lts,hito inilic the results of friots ircridenes ofdiselSe 

on \ield and population density, 
Irials in \\hich disease Ines, can be comrtiroled oiler a more 

prcimeinans ot disease hsse aluatim (9). lurtonand Wells()
dei,,ctl al cIIcis e and relatis ely quick method of producing 
near-isogenic poiputlations of pc:irl millet to stutd\ tileeffects of 
disease on yield. fii their niethod. resistant aind susceptible 
gen otpes ssere crossed, aid plants of echl reactiii class in the 
aidsaniced gtcenltiori "\ere used to form a resistant and a 
s1uSceptible popiulation. llresurnahlI. the purpulatioms had simlilr 
gene t.rqueicies for all characters except response to the disease. 
and aiy difference in \icld bets\ecrt resistirit al I sus,'eptible 
populations \\as attributable to the disease. 

I his approach sceiied applicablc to the dcselopnent of n.-ar-
isogertic populations of sorghum or esaluation olfdo\\ ny mildesw 
losses, IbIis paper reports the deselopment tf three trear-isogenic 
populatiuns ol sorglruii and their use to test the siirgliurn dosv 
rriildes loss model proposed by Iuleerl and Irederiksen 112). 

MAl RIA 1.S AND MHi"1"01). 

I lie parents o the iear-isogernic sorghun populations \sere the 
oliihurn inbred lines V4 12 and SC 414-12. lhe inbred x4 12 is 

susceptible to I'..Sorg/li. ard SC 414-12 is resistant to all pthotypes 
of I.sor/ kriurtil iti c',is (5). The parental lines \%ere crossed. 
and the plants iii tire F: geoci-tioll ol this cross \scre sell-pollinated 
to pr duce lull-sib V; lianrillies. Resistaice to I'..sr.qli illSC-414-12 
is corilerred by a donliiant genetic factor. and the three expected 
plentotypes ol the I' lainilics \te Iornogerneous resistant. 
honlno~gerorts susceptible. arid heterogencICUls 1Ordisetse reaction 
(5). 

I he reactionsul 161IF laiiilies to /..or,/i ssere deterriined by 
colridial inoctulation of a 20-plarrt saliplc i f each larnily. With 
riniogenicoliliant resistance, the probabilit\ ollailing to detect 
hererocgeni t mitha 2()-plant sample is less than i 7. lhe plants 
\\ere inoculated at tire tso-ieal stage Of gross\tli hy i presiusly 
reportel techrnique (21.in s\liich Itcaes infected \itli 1'. %orgli\\ere 
plhicd abo\e tire scedlings under conditions conducise to 
sporulaiori o te piathogcn. lie cornidir pr(duced on tie intlected 
lea\es \\ere distributed o\er the seedlings hy controlled air 
currents,. lie inoculated plantstsser gro\si ini lhe greenhotuse Ior6 
dats and then incubled for I-2( hlrat 2( C.mind R II ahose 95'. 
.\lier incubation. the plants sscre exarinied nlacroscopicallv for 
sporiulation olo .s,rjlli oi the inoculated lea\s. He plants oit 
\shiCh sporul atitnr Occirred \ere classilied is susceptible: platrts 
\ ithrio spirtlnatioi \%ere classilicd :isresistant (4). 

Ihe tested I;flamilies ssere claissilied ais resistatnt (no susceptible 
plsn. ic test sMrple wtssceplibl, (no resistanrtt plints in the test 
s illlpleorl iterlnedialte tresisairt alrd susceptible plants in the test 
saltiple). In eaich class. elual quantities o l seed Ironi 32 F lanilies 
\scecomhined to lorllthe resistalt. inllceiliale. arid susceptible 
sorghutmi pipitliitiions used illthis stld. Ihe expected frequerncies 
01 susceptible platrrts illtire rcsistant. inteirnrdiat . and susceptihle 
populaitioins \ere 0. 25. and I0)'. rcspccli\cls. 

IiAls ol tile sorghlui poptllailtuo ssere cordumeted in Ionidiras 
it t198 and Ieas iii1984 ti estlu te lie relthtitIship hetsseern thre 
incidence olsorghtnuril do\ rryirnilde gram lhe tials inan ils. 

loduras \ere conductcd in 1983 at las I'lasitas Agricultural 
Ixperilet Station, 'ulayagnl.5\here dos\nv Inlildes\ is 
endemic. and l.a l.ujosa Agricultural [sperifient Station. 
Choluieca. "shere the disease does not occur ( 1 . 1lhe trial at I a 
Iujosa \sas conducted to determine it the sorglu'l populations
differed in yielding ability in the absence of doss ri milde\. 

In the londuran trials. the 'xpermental design was a 
randonied complete block \\ith three treatments (lefar-isogellic 
sorghlull populations)and Iout replications. Fach plot consisted of 
four 5-ui ros\ s spaced (.8 inapart: 3 g of seed "\as planted per row. 
The t\\o innr"ros"s ofeach plot msere obsersed for stand cuntsand 
illcideLCe of dos\\lV mi e\ldeati3\\k after planting and harvested for 
grain lt14 \\k altr planting. 

I\\o trials of te stugltuun populatims "sere condtucted 1984 at 
Bee\ille, lexas. s\here soTrhumdosnys iildes is endeiic (ill.1). 
One trial \\as designed to collipare the sorgiullil populations lot + 

grain yields ilithe absence of do\\l n lilde\\ and \\as planted with 
seeds triated \\ilh netalaxvl, a systenric Iiungicide effctivc against 
I'..orhi.at tilerate of I g a.i. per kilograi oIfseed(t). [hc secotld 
trial \\as designed to determine tie effect ofddssnv milew on grain 
yield,and niofntrigicidal pro tectionagainst It.'lit\\asg emiployed. 
Ill oth trials. the experimental design \\as a randonicd complete 
block \\ith three treatmiierits aid six replicaions. Emach plot 
consisted of three h-In ro\\s spaced I ilaparl: 3 g (f"seed "iss 
planted per ross [lie center ros\ 1 each plot \\as observed lor 
stand contr atid incidence ol dos\ nilnlildev 4 \\k afler plantingill 

and har\ested for grain it 15 %.kafter planting.
 

The results of each trial \\ere anal/ed statistically to deteriniie 
if the sorgliun popuilations \%ere signilicantly dilereit illstand 
count. downy riiildes\ incidence, and grain yielhIcalculated in 
kilograms of grain (at 124 nrismurel per hectare. In the two trials 
illwhich significant differences ingrain yield and disease incidence 
ssere lound. the data \\ere Surbiected to simple linear regression 
analysis. 

The.r-axis intercepts of the linear regression elattions \%ere used 
as estimates of the grain yields expected in the absence of disease.
 
To test the dosnsv ruildes\ loss tiodel proposed by Tuleern and
 
I:rederiksen 12). the estimates of nmaximunrm yields and the
 
observed disease incidences svere fitted to the liss model, ald the
 
regression coefficients deri\cd fromithe model and those derived 
fron the trials \\ere tested statiticalls' for lionilgecit (8i. 

In another approach to testing the dossrv mildews loss model. the
 
treatnerm yields it the trials wsere expressed as a percentage of the
 
correspoulding.i-axis intercept (estimated yield in the absence of
 
the disease). The dltta I'ron the tsso trials \%ere cornbired and 
araly/ed ftorregression of the percentage of maximum yield oin 
disease incidence. [he resuting regression ciefliciet was tested 
for homogeneity with tre regression coefficient of the test model. 

RESUI.'ITS AND DISCUSSION 

Tle trial at I.aI.uiosa and the trial planted \\ith nletalaxyl
treated seel at 13ce\ile tested the hypothesis that the three 
sorghunm populations \\ere elual iii yield \hen do\\ mildew waslv 

absent orthe populattions \ereequally aflected hythedisease. No 
dir\\i irildess occurred at liatlujosa. mnd the sorghun 
popultiors ssere It signiiicantls dillereri (/P= .5) in star J 
count or yield lable I). [lie tnetdlaxyl seed treatment employed ill 

tAI[ I.Stand counts and grain sields ,.lthree near-isogenic sorghuri 
populmiions in te ahsecme of signilicant dillerences in d,\%ny irildnw 
incidence 

13¢eille. tess Imit.riiosmi. ll as 
Sorgllln Plairs Ilisease Yielt Plnlt.s I)isearse Yield 
poptlariorn per iectar tC ) (kg I) pet hecrir 0;') (kg hal 
Resisant 171.667 0.2 1.7(9 142.500 0} 2.(06 
Irter t],diarc 145.000 3.1 1.845 139,375 0 1.875 
Susceptible 178.33 t 3.0 1.953 13X.750 0 1.6M8 
tlie pip lations \,ere dil,en ol plantsnot signiticunrtl, l inlie runrter 


per lecrar. tIe lreqiulricx ol diseased plais,. or grin sil.
 



tie 1leesilie trial reduced duosIn\v rIilde\ incidence bil did not 
coipletels Control incidence do niiilde\\xl\the di,,case. I lh,: of 
\ws 0.2'1 in the resistant population a rid 311 in tile interirietliate 
aRd su.sceptible popiulatio.it l.im er. the dilleren.es itldisease 
incidence \ .re olots atisticalls siginilicant. a;Id the populations ;id 
trotdill'eISilieatitlk in .ieldtorstand count lahle 1).lhie results 
demonstrateO that tire sorghum populations ile the criteria 
prorposed b\ lIttori a+rid Wells (I) ftr flear-isogellic populations 
that are suitable for diselase loss e illtnaiOlls. 

Ilre Ilea No]r gl populations exposed it)dim Ivr-ioIeic itlill 
tIrilde\\ ill trialsIa las il litasarid lce ilie ditlered significaritI ill 
dos\ itrririldcss irncidence (/- 0.01 ) and gra yield (lP-(.1)5) bit 
iot Illstaird count I able 2). lie lhine'ar reerssior aralshsis of 

relationships beteern dc\\ n\ iild,.\ incidence and graii s icid 
flOutid Si.rificairt lirrear reha hiorsrips - at las P'. itasa(P 0.011 ard 
liee\ ie (lig. I ). lie regtesr slpes predicted h\ tite Iuleei-
I-rederiksot m.odel \%ere determinied b fitiriu the i-axis intereept 
estiriates (2.016 and 1.421 kg hi for flcesilie and ILas PIlaitas. 
respccti\e\l) to the discase loss model r - lh--(0.OOX33h)x. Tle 
regressirn coetficients predicted h\ tire iodel (- 17 aid - 11.X 
kg Ira or lice\ illearid as il. itas. respcti, el\ )\\ere tested to! 
hoirogerleit (X)\ihh the regessioi coeficient estilriates of- 17.5 
and - 14.2 k ha derised froIt tire trial data of fle\ilie and Eas 
Pla' itas. respccti\Cl. In each trial, tire regressiori coefficients 
prodttced b\ tria)k sis of tile trial datta \ere hlioineerecrils s\iit Ire 
coellicierts produced b litting the '-axis intercept estirilate of 
,riaxiinnlri \ield arnd tire disease iricideices to tire disease loss 
Idel. 

lile standatrdi,+iaiorr of\ ield iss dtla.iachie\ed b\ expressing 
tire\ i,'ddata as a percentage oftthe ruaxitIrIni grain yield predicted 
for the trial. peinitted data frornt tile tsxo disease loss triais to be 
conbined. Ire comrbinred data \ere subiected to regression 
;itail.sis. IrC rCgresion ,icipC produced h\ iiirl''sis of the 
staridardi/ed data and that predicted bs tile IUeeCr-FIrederiksen 

ildolis urain siels clIlAlil 2. Stan gr ¢, oflc Ier-isOccllic soghiirru~~~ptnlatieneici

loplirlctioris nilisignirricarr utitteees ini d(sri.\ ite\ incidnciThe 

t3,'-\Ie. Ie.as I isl sl~ids. iifldhn'i 

Srghumrrir PlanrIt ) ieldl P irlanis Disease YieldI)ise"s h 

Resistant 160.010 2 2.087 125.000 3 1.500 
Intermediaite 153.334 17 I.8,.3 163.000) 22 975 
Susceptible 190.000 28 1.477 136.25(0 43 837 

'No significant dillercrices hetseen tie ppirlitirils. 
l)il'ercrices heiteen populations \%ere significant i I'P- (.01.
 
I)illerences hti,.ecn pocpulattions \%ere signiicarnt it ' = 0.05. 

3000 
o3 Beeville y'= 2036-17.5x r= 0.61"* 
0 Las Playitas y"=1421-14.2x r=0.73** 

2500 -]C3 

1500 

001000 3"0 

5oo 


0 
0 10 20 30 40 50 60 

So rghum d ow ny m ildew 

Figl.I.Relationsh ip -of tie .1 ,idecn tuso g l tm ld i %~l nmild ,,.'\t t:,griti 
yield of sorghtm ttI...illlI.1cx In lht\ Honduras. **(,,.. It,..its itir, 
Signjili jjn u,.'ltiIIIn,1hi ll .lin,.i.'; ()I'.0 
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model s,cre compared graphicalls (Fig. 2). The regression 
coflhCiCnt e illlated Iroln the standardicdt data alnd the 
coeffMicint of the model , 1onlIgeneous.\ere 

Ihere \was an acceptalble leel ol'agrecinert betwceen actual yields 
in the diserse loss trials and the \iel estimates produced hy the 
disease loss mltodel. l;\\osser, in OLur studIs and in the research 
reported b\ Tileen and Frederiksen (121. the model consistently 
unrderestinated the elfcet ol lloderate to high incidence ofdowlrn 
Irilde\x oiiyield. iIteeillad Frederiksen theori/ed that althongh 
d\%I\ cansed tire deatirlo barrelrress of diseased plants.lihildes\ 

tile ratio of yield loss to dilease irciderce Nas riot a direct I:1 
relatuio ship because of decreased Corrrpet itior. hr its\\it 

crlrpes.torv berrefit for tire \icId of tie stir\i\iig plants.
I los\er, tiheliagritnude of this eOrllrpelsaitrl. effect is dependent 
Oil tie Spatil distributior of the diseased plants ir tire field (9). A 
ntnifcornl distribution ofhlfeeted plants would be more beneficial to 
tire striinhrg plaits tIhar a i nuriforml distribution. Recent 
research b\ Schuh :arid co-\%orkers (IIIdenostrated that plailts 
infected by '.,sorghi occurred ihiclumps rather than beinig 
distributed niftortly throughout the field. 

Ihese lindings stggested that tire IOrlUriforlits of distributioni 
0if infectCd plaits reduce: tire expecteL COIIperlSictorx effect of 
reduced competition aon: Oihe sti r\iing plants and brings tire 
relationship betsveen disease incidence aid Vield hss closer to a 1:1 

ratir thanl predicted bv the irrodel. A seciond model proposed by 
liuleenr and Frederiksen (12). for sorghurnl planted at densities 
greater than 260.000 plants per iectare anid doVnsl mildew 
incidence of less than 201. postulated increases iniyield due to tire 
disease. This otdel was not tested in our study. hlie highest 
population densits' observed illtire trials was 190.000 plants per 
iectare. and there \as o indication Ihat plant densities ss'ere 
above optirnitin for the eiirtnnient. llo\\e\er. tile significant 
benelicial effects of disease-induced reduetirrhs in plant density 
proposed by this second model require unil'irin distribution of 
infected plants. If.as indicated bs Schuh et iI (110. disease 
distribution is riot Uniforii, tire irodel svtld o\eresthrirate tire
belreliial effects if tie disease o1 'iid.egtliecmtlie.,n

equtality ill yieldinrg ability oftihe three sorgiiin populations 
I\t ofl'emIn (l¢\iseadcon,..'l
 

iltile absence ofdosny iiil(lew (Table I Ideimonlstrates the desired 
sirimilarity atinrog the populations for genetic fiactors alleetingsieiding ability( I). Fire occurrence of low frequeircies of diseased 
plants irnthe resistant populati( ITable 2) indicates that some 

susceptible genotypes escaped detection wheti tile I, families \\ere 
tested rordisease reaction. Ihuse\er. the tests \%ere accurate 
enouglih to produce populatiis that diflered significantly ill do\ ny 

rliIdess incidence lire resnsi.thiesed illthis stlud inidicate that 

1401 
A Standardized yield data 

6 
- 120 A 

-- Yield data slope b = -0.952 
- Model slope b"= 

r = 0.69*
-0.833 

A A 
a 

A 

N 

60 A 

A 
40
 

0 20 40 60 
Sorghum downy mildew (O/) 

Fig.l2.lRcla do%%1 111iltle incidence to .orgi lulg[iinionship ofsot gh untII '\ 
.\ ch,, .'lillil~d',om illst~ da di/d al~ (I()Y at thiev"intlelept) tdirialls 

lho t tu d ,,.'c.ollp t,..'h p ic dl t a s a no l is. aie a m\th f ile t io n s h i lp ict ,db % OL t 
u,.c -q d rk ,.n l ,..d\\ model. S*: +d.lt',nI 11s ignificant hin,+al

ulitiolnship itlP' 0.01. 
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near-isogenic populations are in efficient means of determining
the el'fect of this disease on sorgh1 n grain vields. 
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