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Colorimetric Assessment of Pod Disease in Peanuts: Comparison with 
Visual Methods and Efficacy of Use in Selection' 

(regorv B. Parker, Olin D. Smith', .MidW James Grichar 2 

-BSTILACT 	 of the lines in these tests classified visually as being in the best50% 

for pxl disease were also in the best 50% according to colorimetric
Colorinietrv was evaluated a.sa iethod to assess pod disease in 

scores. Use of coloninetry in crijuntion ith asingle 	 isual rating
Ieanits (Arachls hypo ea' L.) caused prnarilv 	 bv Pythimn 

estimated to increase efficiencv and reduce costs ofevaliationnir',ityhli Drechis.. SrIh'rhitritn rrlfsiu Sate. aifld,!hizct'nia s.'y'as 

olini Kuhn. Data anal'zed were froI nineteen replicated tests coipared to irltiple visial ratinis. 
conducted from 1982 to 19.S7. exclhsive of 1985. in three Soith
 
Texas l ationis. Each plot wa s scored forpod disease colorinrietricallY Key Words: ,-raclasvihypo-area.!rtirdrit. Pytl miim iyriotylun,
 
and %isiallv.A netatire linear relationslip ftt'>96%) was found /i:;rctoiiel solanri. pod rot correlation. Scenrt::mi rolfsii, white
 
betxeen iunter color \alrus tL and b) ard percent infection mlold. fiber optic light. disease itssessrrent.
 
mea.sured \isuallv for samiples hand selected to approxi:Tiate eleven
 
disease le els varsin froii 0.-11)1. Variability ariong readings was
 
less at extremes of' infection. Correlation both between sisrial
 
ratings and between \isual and c.lIoriinetric rating swas affected by Three of the more important soilborne diseases ofpeanut
 
soil differences, pathoioens infecting tie pods. pd g-enot.e, anid (Arachis typonaea L.) in Texas are caused by Pythiumn
 

lesel of infection present. Correlation aion, \isual raters was tnyrotylttn Drechs.. Sclerotium rolfsii Sacc., and RhizocglenerdllY higher than that betmeen color valtie ratings. Two-thirds 
. ie.. 	 T dt ia solani Kuhn. Economic losses from the diseases result 

from reductions in both yield and market grade. While Nield 

'Contribution from the Texas Agri. Exp Stn.. Texas A&M Univ., loss due only to soilborte disease is difficult to determine. 
College Station. TA No. 24440. Mention of a traderark or proprietary estimates of two to three percent per year are common in 
product does not constitute a guarantee or warrant. of the product and 

Texas (7). This equates to annud losses ofapproximately four e 

suitable. This pllication was partially supported by the Peanut CRSP, 	 million dollars. More importantly, individual growers may 
sustain a complete crop loss from soilborne diseases. Be

does not imply its approval to the exclusion of other products tat ray 
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efforts have been underway to develop competitively-yield-
Corresponding Author 

Pemu' Sien 11989) 16:76-82 

41 

http:Universitv.CollegeStation.Tx


77 COLORIMETRIC ASSESSMENT OF POD DISEASE 

ing, resistant peanut cultivars. 
A part of this improvement program has included at-

tempts 'o improve disease assessment methodologies for 
evaluatingresistance fbreedingmaterialtothethreetpatho" 
gens (1.4). Our procedue has been to use two or three 
experienced raters, the mean ofwhose xistal esrirnate ofpod 
disease was used as the criterion for selection. Beginning in 
1982. a colorimeter \vas used in addition to multiple %isual 
ratings to evaluate levels of infection in samples. The poten-
tial advantages in pod rot evaluation were objective compari-
sons, improvec accuracy and/or repeatability, reduction in 
time per evaluation, utilizatinc of' less skilled labor. anlaautoma tionof d
en r'v,o 

automation of' daa t . 

The objective of this stlldv wa.is to examine the e ff'lcacv of' 
colorinmetn' to asess pod cli'sease in breeding material \ith 
reference to thie more traditional \sisual methods. 

Materials and Methods -

Experimental Material 
Data accaki-.zed were fron ii eiteen replicated tests conducted froc 


19S2 to 9Y .c clsive )f19-S5. inB3razos (iatilo 103110.
sacmcv Wilsii 
(Miguel fine sand ,'cl)ian).andLavaca (Treicona loamv' uesai' .'untivs 
in souther T-xas. Tih' breeding linesenterei ineach test varied imiiiii: 
tests and years.The n mber ofentries ina test variedi froitwelv' to irt 
Two ncner (A. hypotcat'a hcy/cca'a Ie'ct\ces. Flhicnvi'rhci/,ucac'a var o 
andTxA -3. aid t\%os1 )ancisi i.-1. s igiactci rhyp icacaf(t vact'!oar'.s)cltiv,, s,
Taicit 74 acid Toalsou. were used ill sixtt'encnlinctccin tests as check-. 
In th:other three tests. oil]-runner entries acid tii two rccnner checks 
were grc\cso.Floruncr and Tainint 7-I wer' consider'Ii suscc'ptilce tc pod
disease, whcileTx.G-3 and Tcalsoc were cmsiderei'd resistacit. 


Plotis
wi'.re iiacested at cicaicinis. [vlict.gint acid ii c.riicg svith a t-wcc-riw 
commercial diitger-inmerter followed bv ba nicgwhole plants iniurlapbui 
bags. lot-air dry'rs were ucsed for dr*sicg to approiniatc'lv 1(i sveii 
moisture. Plants were threshed with astatioiarv sciall-plot tiiresi:er. Pod 
samples \c'r' cleaned lv hcuand a liohl's steiner. ILRdiuand \ti:ic 
samples for disease determinatioc were collected usim a riffle diider. 

Froii ici toithree people designated R1. 112. 113)indepedentl rated 
each plot bypodsample i'or percentage of pod tissue discolored lv iseasv. 
Tice icuner o raters was not the saint- for all tests. liater 25(112), .sti 
saint, in(iiiil iill ilnete'cn tests, in comnparisolnsso his ratings ,'erecuse'd 
wtithc.iiicnn i tro' c'trierm iatios ofpcd dise;Lse levels.So ii ,., ip;fisc s 
alsociui the cicc.cc oiall ratins oc'a plot sample plt\isiac Xi). Th sai 
sa iph,'was cti, rated 'ohcrinericalv using a Gardne XL'r VFtri-sti lci 
colorlnieter. Tie I hnter color scii' 'acs to e 'alucate sanmples. "1'ic'lsc'(i 
three vahics. . 'hereafter aclui ii. resl v\,anid i). icpresented 1s L a. ('tiv.vc 
represent ,is tIhree-dii space . 1 is it.Ill liltinca ensio a:ilcol r 
whitei lIX) a\s nieii.cSuiii licjitc 'ss. Chrcinatic'itv. cr the rectac icl ir 
placneof cocr kiwc,z pe)n'cdi.'cclar '; tht. L acsis. is defiidii ti\c'di 

redtl ;.,.r i ) i itc\ o uiess + )- iclue ))aces. Tlh'
ess eltss,- i6e lless- .dand 

vahl,\\as (icteric ccd cit to v Sel entries anlliL,ncctc 'fil'ti.ctc arace test (]
Used ill d tii .sis ..-\ l c'wt ii dex s'ith \s' tlantlc c' ct'e]oss I).c.'orrelatin; 
raticics cf' aind ' cocrresvecl()\cnar-\'hiit materials anic'rreslociic hitocciihAST.Iitinigl 
Methoi E-313 s calccciatedi si tie formula: 

1.12.9"1),
S 


YI inerease.i;as I increase' at constacnt lilitness V values. 

Anayse, 
Licccar RIeatioi,1 ittc'i'cc Colrittoicr Va/ue acd Visua! Iatin, -

The associatic on cnlonicetric valies stith \isuall estimated values \-as 
examined bY preparing hand-selected samples wivith ofvarious levels

disease iccidence for cloricietric determinations. Diseased pods frotcc a 
single geccotv, grostic at two locations were each disided into eleven 
classes, hand selected to approximate differences of 10%\'isual inthe 

amount of pod discoloration. One setoreleven samples was collected froic 
asite in WilsonCoccitv w.'here P. myriotyhun seas abundant. A second set 
of eleven amples was collected inLavaca County' where infection was 

Each samplePrimarils, b%S. ro/fsii. was measured colorimetricalv five 

times,tiltpods it)asamiple being redistributed between determi:ations. 
L. 1. and YI valles were regressed oilpercent %isualinffection in three 
ways. First. each dhtennicalion was regressed separatelY. ' fitv 
estimates ocfregressimi paanete-rs fir each setof saiples. Second.regressin parameters were estimated over alldeterminations. Usiaot
 

eqlting the (htefnji 

hocnogeneitv of the recressiioc c'oefflcients base, onl individual
 
(letennnatioccs wsas calcul.atedising the nethod described i) Steel 


these two analvses. amc] at ions to "treatments".thc 

and
 
percent se.TrrientV al,Fial..infevic'ti..the iccc c.(lonctrc vahl.s were regressed a;n 

Cornclatin ,fCo itir"'Vahc's and \'ial Ratin - The dv'cr.e cf
 
ass cia;tio)n sl antibethie cciic vthlcccs
ai non, rani ccs. riiinltrian
 
sisual ratic gs was eaontid'hiiioh v %alliesL..1
c(rration. Ccli cri ciic 

and] eincicrid X I'. A i talo'155N
YI were titiscai ratow% 112 miwe n t in to tilt ~rre prfio io
lser atio w,; c lt ns. rv sn tin ,_ plot oh~,ra n s 
f'rom nineteen repicicicil tc's, Si'cilar ctnmparcisocns \cr,' p.rfiicm,.d mi
 

ec'(choltl nilelell te-''t Crrelattii sc ' on \'nois
(t. tlcctltSl\iL perrmed 

suItsets of the 1.55S oicsc rcioisi i; cndt'secbid IcltTheli ,.
 
valhes L. ). and YI wert' coliyi rdic toHI2 icths,ia; ci 

IbwatioiE.fc'ts Tilt- ' till 0 ol
- icfloic'c oI lcatcc th assicciali. 


coloriiic'triv' acld \'iscc;l x)(idist'c' ,tst,'scccot' \%.s iccdicd ill two
 
accalvss. Icctlcc' first caltsis. ccsric''~ticcs Sti;' rcccimped icy lc('iicc. andcc
Iit hc .ticii. 4
ccc:(rrelacticcsaItns ct'aicccll. v%,,It'ciicricicsirncticciticici]hi c'.ct'lc Th;;scuiccic 
anaissis usedIci)ivl tic t.ill c'nsat uicislir \ ciic 1 2\i ',ccl ratius \tir;' It%% 
than icr equal tioitel pe'rt'ct. ()lcsc'ir\ tiiluinthissciivci \%'r' f rlicr
 groupe d basedi cW frm Mich th ( i,r';ttc \%is tackc.
(,it l(ll 

(orrelatiocns acncccg \arici cii's c'. c'iitc'tdcis r cliscir's l'.'icifcr it ictivs l 

tie three resilt.,,it vrtipi Iltumtc.nri.t
cit c'cirrt'l.ilcc (ic'lficiit it.is 
evalate'd sicnit'lci-sintrc' licti icrc thancMosllbiriccs\ r' compai;tred, 
A z test %.;isusedior c'ccpcnii- i\%o b s 6os;6.r 

Dic'a.,/c' Ac c//..Efist - Til c1ut1uicri.cclciscrill discasi' prisuri' oi tht.r'lcticisiiciitseeci c'icnic'nc'incciviscic rcticcsss stciied isgricmi,.c 
cll]ti'r\,l Ihr cl'i . i.so s. 1]


ti 520Q( >2V)' :3(t'; . Hli''cir crics c'ctciainedI 792. 49)7.
 
ticols ciit csc's I c:. 2 \isuic rtill. ()r; .>lIty;;

itc and >:3)r; 

21)5. and(4 Isin ct4iccic \ Iv.C:ccrc'icticccs iincc nahac
6 r'.spo'ti v 'swir'
 
calccat'd cver iclcsc'rvccictcim \'ilcim
crcops. 

.;'ccoll'it' \\cr;' .\nil- ikhlcnic-st'hcctillgE.f tct. (.i'cccct'flc'cts 
ccctisecsecI pis i ';cinn': 74. 'oalsi. Ficruccer. ,ciccI'"'.\-:3 Irom
 
. ci' ir .cI057 ii'st ic lrtzcs (3tm 'ach tic eight
re'icics ccf .
 

sanplhs waitsinitsnrt'd i\Vitc'
ccnthit'clcircnnc't'r, pids'lceiccg redistricuted
 
beti'i'ui ineasicrts. Stu'ws w',r itlv,'ed a rcnloimized c'ccccpL;hc
cisii 

block anais sis i scranccnic' sith sculiscnipnicc Meanis w'ere compareI with
 
thiV'alh'r-Duc'ac k-ratic t-tcst itk 10I.rohgi\ ccrr'sl)ncdin tic
 
p=.O3. I . 

S'.,tion Bowel cii Co Imiiccic hid' c parcd to Vi.ual 't/hcd. -
Two methcods wc'r cii t'cctv.vhcte tiii cfleicavi ft 'i,oilrii'te' fo:r isc
 
it! a sel't'tioi ccticccd wats iaLse'coii il cis'
rci'r:nc. 'T'icctirst iheioril of" 

t.ts tic -ss pod dist'ut.' 

make se'cti s ic crcc\ tic;' ticliwcit,, i. Nicriccl\ .'s'ectioli c
 

replietch, s aid ithipc'ri'ricnc e i ordir tic 
is icccc'ci 


rc'iatkv l'rcr c ssi ptc'rtu t cil'the itist perfircci g hils icr

c'ti t ",si ii . ticll cicc cr i lsttistici r l il basedc ii a er )

separctniri c stitiist t' '
crtc''c itL s Iaisis licr sel'tic cc. For these studies.caclh
 
i hi cl.vccc'ti''cn i'svc' i 'c l ,s\s ancl 'ci sc' l atkitc'i n a racdi mii, dl
 
c h.'ciujiict'tc k sist ' c'ithicc'r t;; ir fic r r'plicc ions.
I nlci iof vnct. 


thiwicdu,, ccil Hit' tet .5h'cu \cas rlirm usin' tr \V'.rscupr.tici
h)iU ii.;Iscic'c cii; i; \'r l i i l Ih.YI. andI
 
Nil Thc.cuccicc'r cci \iscici r.cticc' ic Nil r;tiict ,cc;' trotic tcri';'
 
indhc'ldc'c ctc\;' All tt ent'stri \ reriinc iudedinI;'t.mcalksis
 

tc'si ricc'ci s icialycci! incc 

litticcics. 

Ticcse c'citi, iliu',ctccc iccti; top .Slt" c(lctest iio fr 

of'the iurs\.ri.ics. L'sinccthis ccctcclhod. 
 ihesin. nulier ot'c'ccnc's Wouild 

liccselectecd csimica ' div tour mthcods, cil tilt' enlns selectedIdiffer. Usinui the entrie.s selec'ted Icasici oiXi. as 
ni\i base. the lerc'cct of" 

ectries selectein c hiiit tic;'ciccnsiticti'c hl also apjieareI inc
 
the Xi list stas calcculct'cd. Foir excnple. if iii; entries were seicted frici
 
atest bsed oi XI, ii en etries were alsco selected ucsiing theanctiichitofti' 
L 'due. the "score" cucd Finallv. the detree ofi)r L inthe test woc Ice S0)t.
relationship ibet\ve'c this iprcentat ec; r for etr\'cnacliioin alie cnd thic
 
"r" \ahe for the coiTelatii betteen thatclori tri
L. alhc and Xi w'as 
det.nncd iycorrelati the two \'ales. 
The second method used onIlvdata fronthe fccccr checks. Mecac 

colorionetricalues. 112.and XR scores were computed foreach check in 
each of the nineteen tests. Genoispes weretordered Stitcin each test based 
on each of the five scores (L.b. YI. 112.XR). Ilnkicic ws from most
diseased tolest diseased: colornietric \alies ranke d from lowest towtere 
highest, whilp R2 and XR scores ere ranked from Iigiest to lowest. 
Becausespanish aid runnerentrieswere dugat different dates. comparisons 
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were within market type. Within each test, the order of genotypes was 
compared based on each of the for disease scores to assess consistencv. 

Results and Discussion 
Relation.hip between Calorimetric Value and Visual 

Rating - The usefulness of colorinmetric readings to asse. s 
pod lisease ispredicat'ed on a definable relationship between 
colorimetric aad visial measures. Regression analysis and 
the homogeneity test indicated that , linear relationship 
existed between colori Imnetric values and percent pod disease 
te;stirel isuallv for each of tile determinations. ati that 

the regression coeficients weft lonoaeneoumis. This held 
trie both for the sample from Wilson C(:ounht v F ofrom 
Lavaca CoIInty. Re ession of mean colorimetnc values on 

p)od disease measured \istiallyv 
-
Fig. )\ie lled coe'cients of 

determination greater than 96 for I.lll h for bo)th altiphs. 
indicating good fit to a linear model. 'lefficienlts of1 
deterinittation were lower f'or Y[:i Y1.7% for the \Wilsont 
County sample. and 76.0% for the Lav;ica c(I itv sa tmiple. 

)isease sVmptom coloration aippitreti tIY adfected 
colorinetric ratings. After about 25% visital i'nfezttin. L 
values were lower (larker color [or Pqt/im-infected 
samples ',Vilson )ttnt',) than fOr Sch'rotiviln-itt'ected 
samples (LavacaCointt) at aywgiven percent xisnal ill fection 
(Fig. hi). 

The vaiabilitv of'thelFive determinations at each of the 11 
titf'cotiton leve !s l)r,, '1Ieded at intdica tii oftherepi' atal)ilit.of' 
a clorimttetric iteasire for a particilar sample. \\hile all 
coe!ficients of' variabilitv"were low for each of tile three 
colorimetric valties calcurlated levelfiveitt OIt h the Wi lsoIttvariatio n with clhan ges in in fectionliover deterlinaton, 

and 	Lavaca Cotintt samples was observed (Figs. 2 and 3,
respectively). In t ilePythiuo-in lected satl lplefrom \\'ilson 
Comty, both L and 1)exlibited soiewhat of a bell-shi,ed 
conve. \wih less variabilih"at tile extretes o(f infection anid 
the mnos( variabilith near the mtiddlie. These results are 
similar to those for hmman eve discerntntt which showed 
that small difTerences were more easily detected at low or 
htihlevelso(Ifleafittectittthan atintertediatehlevels3).Of 
interest was the slightly lower variation in L compared to ) 
at alioest all levels of inf'ection. The relationtship of' titecllefcietit (If'vaniatital in coloniriltric values with \isttally-

cotefiiein t..ti(*. in clrin thes. 
 \kit-n fected 

determttined trect wa-its less lear int toe S. 
 n fet
sample. While the same trend w:as exhibited as for the 
Pytlium saitple. aln lstt' li tighamoltt of' variation wiLs 
ex)illited lI\' the 91)7c sample. Tie reasoni or this peak is tlot 
clear. Like tleithersample. L\xlibitedslightly lessvarittiolln 
at all levels of iltiectiol. 

Correlation ofColorimetricValue andVisual Rating 
- C(orrelatioljt atittott, isrtal ratimigs was higher than tile 
ce rrehmtiotn lbetweett ;tvtlf the three' cttltri:ht, tric valtes ald 
either 112 tr XR (Table I). Tiec .'efficienits of' correlation 
rantged from 0.72 to ().i4 atntolt the three ,isnal ratings. 
while the highest correlation between a c.'l)lritlletric vahe 
and \'istal rating was -0.59 between color valtre b atd XI. 
Correlations of L and 1 with either 112 or XI1 were similar, 
atnd both exceeded those or YI with the samte two variables. 

The degree of correlation varied considerably from test to 
test (Table 1). although the menIf tlthe coIrreltions f'rom 
indidttal tests corresponded closely with correlations 
calculated over all obser.'ations. Correlations atnong \isttal 
ratingswere slightly less variable than between coltritetric 
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Fig. 	 I. Linear regrssinn between colrmeter values and percentpod disease determined visually for Pvthium and Sclerotium 
infected sample:;. la =flunterco'lorvalue L, Ib = Hunter color 
valueb,and lc= Yellowncss Index. Meanoffive determinations 
at each infection class was regressed on infection class (0%
100%). Pods were hand selected to approximate the eleven 
infection levels. 

vahtes and %isnalratintgs as indLeated by the smaller standard 
dexiations. The highest correlation between calorimetric 
\itle and %isital rating was lower than the highest among 
kisttal ratings. The lowest mean correlation amolg %isual 
ratings '.avs igiter thantthe highest mean correlation betveen 
%isttalrating and coloriettrc ratiw. Three variables were 
identified tiat could possiblyaffect the association between 
colorimetric and visual determinations of pod disease: 
location, level of'disease pressure, atdgetot-picdifferences. 

Location Effects - Location significantlv affected the 
degree ofcorrelation (Table 2). Location also ilfluenced the 
magnitude of both visual and colorimetric ratings (Table 3). 
Except for the correlation of f'I with R2 for tile Brazos 
Cottty data, correlations between colorimetric rating and 
%istial'rating, as well as correlations among visual ratings 
were highest for tests from Brazos County. intermediate 
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Fig. 2. Coeficients ofvariahilitv in eolnrimeter leading ateach or 
eleven visually-determined pod disease levels for a Pythiunm
infected sample. L and b are liunter color values. YI is a 
yellowness index. CV was calculated based on five 
measurements at each infection level. Pods were hand selected 
to approximate the eleven infection levels. 
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Fig. 3. Coefficients ofvariabilitv in colorimeter reading at each of 

eleven visuall-determined pod disease levels for aSclerolium 

infected sample. 
 L and h are Hlunter color values, 'I is a 
yellowness index. CV was calculated based on five 
measurements at each infection level. Pods ssere hand selected 
to approximte the eleven infection levels. 

from Wilson Coun-v, and lowest from Lavaca Counh'. \'hell 
correlations were calculated over all te!;ts at each lo;cation. 
W\\hei correlations were computed on an indixidual test 
basis, the same trend was o bse-ved (Table 4). 

Locatiotsdiffered in soil t\)eand in pathogen prevalence 
ani densih-. The predominant pathogens at the Lavaca 
Countv test site were R. solani and S. roIfsii. Lesions caused 
bv the'se pathogens ten( to e li,.ghter in color than those 
caused by P. myrioylum. the predominant pathogen at the 
\Vilson Count" test site. Lesions caused by P. nmyriotytm 
are almost bl;ack and often coalesce. A major factor 
contributing to the better correlations in samples from 
Wilson County between colorimetric ratings and visual 
infection was" likely the better discrimination by the 
instrument. and perhaps by the raters, of the darker P. 
iyriotylui symptoms.ml 

Soil colordi'fferences existed among the three test locations, 

Table 1.Correlations among visual pod disease ratings, and between 
colorimeter values (L. b, and 11) and R2 and XR, calculated 
both over all plots and tests and over plots within each test. 

Summary of correlations over
3
 
Over al ! 

plots within each test 

Correlates I tests Mean SD Min Max 

L-R2 -0.45 -0.49 0.20 -0.18 -0.81 
b-R2 -0.51 -0.49 0.23 -0.04 -0.83 

YI-R2 -0.35 -0.35 0.29 0.03 -0.64 
L-XR 
b-XR 

-0.56 
-0.59 

-0.53 
-0.51 

0.17 
0.19 

-0.22 
-0.20 

-0.81 
-0.83 

-0.35 -0.35 0.29 0.06 -0.64 
R]-R2 0.84 0.84 0.13 0.56 0.92 
RI-R32 -R3 0.750 .72 0.750 .7 2 0.160 .i9 0.330 .38 0.920 .9 2 

IL and b are Hunter color values; YI is a yellowness index; 
RI, R2, and R3 represent visual estimations of pod disease 
by d~fferent visual raters; and XR is the mean of plot
ratings made visually by RI, R2, and/or R3. 
2
Values are correlation coefficients calculated using 1558 
ilots from all nineteen tests. 
. Correlation coefficients calculated by test. Values 
represent mean, standard deviation, minimum and maximum of 
the resultant nineteen correlation coefficients. 

2. Correlations among visual lmd disease ratings, and hetveen 
colorimeter values (L. b. and 1I) and R2, calculated both over 
all plots and tests at the same location. 

1
Correlation Coefficients

ariable 
 X23.
Comparedz Lavaca Wilson Brazos 
 z
 

L-R2 -0.33 -0.42 -0.52 7.792 
b-R2 -0.33 -0.56 -0.68 42.576
 

YI-R2 
 -0 23 -0.41 -0.30 14.761
 
R1-R2 0.73 0.85 
 5.38
 
R]-R3 0.59 0.79 6.04
R2-R3 0.62 
 0.73 
 2.87
 

IAll correlation coefficients significantly different from
 
zero (p-0.001)
L and b are Hunter color values; YI is a yellowness index;
RI, R2, and R3 represent visual estimations of pod disease
 

4y different visual raters.
 
Chi-square test for homogeneity of correlation coefficients
 

among locations. Values greater than 5.99 are non
homogeneous (p.0.05)
4 z-test for difference between correlation coefficients at
each location. Values greater than 1.96 indicate less thana 5% probability that a larger difference would arise by
chance when there is no difference between the two values. 

Soil at the Brazos Cotnh- location %as e'er light coltred, soil 
at the Lavaca Count's- ite w\as light l)rown a ( S\ils(t 
Counh test sitesoil was red-brown. \hile most sciladherin|l 
tods was remoxed during the ham'est anti samplin 
process. soil (]list often remained, since pods \ere not 
washed prior to ev',hation. Compating mean colorinmtric 
Valuesofsamnples har'ested at each location lsingo!serx'ations 
in which R2 visual ratings \were 5 10% re\valed distinct 
differences in L and b \alues among locations (Table ,5). 
Differences among YI values were less distinct. The trend 
over location followed expectations based on soil color at 
each of the locations: higher colorimetric values wvere 
associated with lighter colored soils, and lower values were 
associated with darker colored soils. Therefore, at low 
infection levelssoileffects mavconfounddifferencesamong 
genotvpe due to pod disease, particularlv ifsoil color variation 
exists within atest and the variation isnot controlled through 

| / 
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Table 3. Mean colorimeter value and visual pod disease rating over Table 5. Mean pod d;sease scores of samples for which pod disease
 
tests conducted at three locations in Texas. as rated by R2 was equal or less than 10% in tests at three
 

locations in Texas.
 

Mean Rating 2
 

Variable I Lavaca Wilson Brazos County
 

Disease
L 39.42 36.60 43.64 

b 13.68 12.57 15.25 Measurel Brazos Lavaca Wilson
 

YI 49.56 49.08 49.98 L 44.93 39.74 37.41
 
RI 9.5 16.5
 
R2 11.1 18.4 13.7 b 15.87 13.86 13.19
 
R3 13.4 18.8 	 YI 50.54 49 81 50.43
 

1L and b are Hunter color values; YI is a R1 5.9 71
 
yellowness index; Ri, R2, and R3 represent
 
visual estimations of percent of pod disease R2 7.0 7.1 7.8
 
by different visual raters. R3 11.2 13.0
 
2Mean of all plot measures from all tests XR 7.6 9.1
 
at each location.
 

1L and 	b are Hunter color values; YI is a
 
Table 4. Correlation among ,isual pod disease ratings and of yellowness index; RI, R2, and R3 represent


colorimetervalues Lb,andllwith R2inpairsoftests inwhich visual estimations of percent of pod disease
 
identical genotypes were grown at two locations, by different visual raters.
 

i
 
Correlation
Coefficient
 

3 

Year Test Location N2 L-R2 0-R2 Y1-R2 R2-RZ R-R3 02-R3
 

1982 ! 	 Wtlson 88 -0.56 -8.60 -0.53 0.80 0.00 0.12
taoac 86 .Z • -0.18n .o1 nos 0. 0. 0:40 These reports were based primarilyon assessment offoliar 
Z 2.77 3.39 3.18 2.98 1.00 3.19
 

1983 1 	 Wilson104 .0.16 .0.49 -0.30 . 0.8 074 0 72 disease. The low correlations among visual raters at low 
aac. 10 -04 -0.6 -0.2 .76 8.68 0.76 levelsofdiseaseseem tocontradict these findings. Differences8.99 1.07 0.83 2.70 0.84 0.662983 2 Wnsso 96 9 .02 -0.fl .. 0.70 0.3 0.60 in the size and surface of* pod samples might affect1a,ca 96 .0.28 ns .0.04n -0.2 n2 0.57 0.33 0.0 r b f'diseLse assessments. At lower levels ofdisease, 

z 2.40 3.65 3.09 2.73 3.97 4.68 

1984 1 	 Wilson 48 .0.73 .0.64 -0.34 0.78 more "healthy" pod tissue was exposed to the coloimeter;taa1 88 .0.27 ns .0.22 ns 0.04 n 0.56 factors such as soil dust adhesion andgenotype had agreater
8 3.89 3.39 2.13 2.23 chance to influence colorimetric ratings. At higher levels of 

1984 2 	 Wi on q .0.81 -0.83 .0.64
LaVacab. -0.46 -0.49 .0.34 "disease, 	 tne discoloration caused by the pathogen may have
0 3.32 3.51 2.18 	 assuned more importance in terms of colorimeter response 

1986 	 2 Wilson 218 -0.16 -0.48 0.300entionedn 8.7 9.92 0.89 t factors

tAn, 28 -0.04 .0.17 .020 8.850 0.79 0.0Z and tended to over-shadow tie other
 

0 22 2.08 1.08 0.68 3.84 2.02 Another source of error might have been an inability of 
1987 1 	 Brazo s 55 04 .22 ns.0.17 	 ratersa..ca 56 0Z4 -.8 • no 	 to distinguish small differences under low disease 

o 2.54 :.Z2 0.26
 

2987 2 	 8raoos64 -0.82 -0.03 -0.42 pressure.

t.....i -0.59 -0.66 -0.3 
 Genotypic Effects - Differences among the four checks 

1 3 34 2.eo 1.21 were significant (p=O.05) for the colorimetric values b and 
]All correlation coefficientssignificantly different from zero (p-0.0 01), except those
 
7arked by "**p-O.01). "(p-0.05). or nlnot significantly different fro. zero).
 
Nub.er of obseroations In the test.
 
and b are iunter color aluies:ii is a yello.ness index; R2. 92, and 83 regresent
 

isual es.imatitons of pod disease by differentvisualratrs. 7
 
0.tr't for difference tetneen correlation coeff4cIents at each location. Values
 
greater than 1.96 indicate less than a 5% or ahabillity I I
that a larger difference *ouad 	 a 

arune by chance when there is no difference between the two values. 

.
 
.
 

.
... .
 
....-.. 
.


appropriate expen mental designs. 

Disease Level Effects - The correlation both between . .Y.,, 

visual rating and colorinietric \,alies and amnongvisnal raters .-".o
 
was definitely affected by the level of' disease pressure V 
(Figure 4). At low levels of disease pressure. there was little 03 

correlation between the two measures of' pod disease or 
among raters. As disease levels increased (measured by R2), ---.----- - - - ..-
the association inoroved. 

Several reasons for these results are possible. From the _ 0 >lo- 20 >20-_ 30 >30 
standpoint of ,isual assessment of disease, the eve can R2 ,%1niection !.-oss 
discern smaller differences in diseased area at very low or Fig. 4. Correlation among visual pod disease ratings, and between 
very high levels of disease (2,3). As the level -of' disease colorimeter values (L and b) and R2 within each of four ranges 
increases to 50%, the eye can discern only larger differences. of pod infection determined visually by R2. 

/,
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YI, but not for L. Differences in L among genohpes were 112. respectively. Of the fourteen tests if) which there wassignificant at p=0.10.Variance among deterni nations was more than onevisual rating, the di fference in X11 hetveeii
significantly less than that iunong replicates\sithi geot.0hpes the two genlthpes was significant (p=.05) in ,.,ight tests.for L and ).but not for YI. Based on F-ratios for genoth)pic TxAg-3 ranked more suisceptible than Floninner in threedifferences, genotypes varied more in vellomiess attribite tests bY L. but in only one using 1. In1the Lavaca County Pod(b).than for lightness (1,). At lowlevels ofi, fection, genoti-pic lot #1 1987 test, the 1, 'alies for TxAg-3 were significantl.differences might contribute significantly to colorinietric- lowertlan for Fhwlnner. indicating more pod discoloration.determined infection differences. ald also lilt have The diflference in1)value was not significant. Inthis test.contributed to the lower correlations o!,st'1"ved. Flonrf.ier had significantly norne pod disease than Tx.\(;-3Selection - The percentagre of en t'tis selected bv1 L as. ,'ssed Nisnallv. III seven of, lhe eight tests in which Lcolorimetr,,itvalue which were in the top half of entries dlifferences.xeri, sinificanit. h'and 112 differences were alsoselected 0isuallv varied from 4 1.7'( to 1)0% (Table 6). The significalt. In tel ofelteven tests in which 1 differenceswere 
range \\as the silne for )villes. TIIIo an anl standard significant. 112 diflreno.ces were also sianificant. Flon1inurdeviation percentages ,iver tlhe niit-teen ,'peli i1(lts was ranked higher than T',.\(;-3 inpod disease assessed %islialk
67.2 ± 15.4%7 and 66A ± 1:3.5%1 for I alnd 1, respectivelv. .\s illall tests.

expected. the percentage scores were iissociated wth the Several factors 
 iai Ibave contrihuted to these results.degree ofcorrelation bet-ween \isual rating and colorimetric Since the difference ii pod diseasie susepltiliilityofTnnutrating in a F.articu;ar experiment: this correllltiol wai0.66 74 a11dFooalson isless than thediffhreece etwhee Fl int.rfor L and 0.S fuo: 1. andliT\Ag-:3. it was not siripnsimgthat iiiore reversalsoccuiirred 

behteei1 the td,(3 spanish clcks. This is horin out bv the 
Table G.Test paramefers. percent (ifentrie, in top fiftyper,:ent as higler 11iunhr oftests illwhich sitiificaiit dif'frelic'es'weri

ranked by eolorinaeter valties L and b that also ',ereintheop 
 fonun d betwee;i tilie resistait aid sisceptile click hi,"r(1n*11lrpercent ranked )'yrifty' XII'. :rAd eorrelation of 1.and 1)%.ith versus spanish. The 1 value - Io disevtsed pods frot theXR,For each of the nineteen tests. 19S7 Brav'!;asColnt test was I . 10 uits hiher ii"r Tx..(;-3 
VisualI !clcted byXR Correlation than for Flori1inr.w'hil, tie Lvaliewas .:36 mits lower forof 


Numbe, Raters ,, Seected by: 
2 	

XR,,th: TI(;-:3 than F(r ,w['iiI,'I". I lglh Ii and 1. Iles are 
Year Location east no. t3 b t\I. stl f')5ti thenEntri~s Reps LJ L 	 G -o:ii liese 
1982	Lavaca- 21 4 3 45.5 54.6 -0.22 -0.24 aso itd\,l o o ie s .I h ofhiw levelsWilson i 22 4 3 72.7 72.7 -0.63 -C,63 of' pod disease. the geinitp litav aflfict interpretation of1983 Lavaca 1 26 4 3 76.9 61.5 -0.40 -0.7 COlirimIeter-xased pod( disease(deterinllai1tio .2 24 4 3 4.7 4.7 -0.36 -0.26 T]Iedecisio n )f'\l it eripl s1i1 	 'to kevpor discard di1illm

Wilsor 1 26 4 3 -0.51 1
69.2 67.2 -0.51 
2 24 4 3 75.0 66.7 . 0.55 the selection pi)oe.tess is prolbalis )ife of the most difficult 

• 

1984 Lavaca 1 20 4 2 60.0 50.0 -0.32 -0.20 decisions the pla Iireeder must Inake. Selection for pod2 22 4 83.8 83.0 .046 0.49 disease resistait, is generall not effective until the F;
Wilson 1 24 ? 3 75.0 -0.10 -0.64 (ee~ is75.0 	 24 2 2 100.0 91.7 -0.8 -0.83 generation 5 ).t( i. lies with improved resistalce3 20 2 2 60.0 70.0 -0.50 -0.51 to pod disease. fictors of'4 2 2 85.0 85.0 	 rade and \ield weigh leailv ill0.t 4er t0
to the h-ye! f resistan7e. ti year ;location
 

1986 Lavaca 
 1 32 4 3 75.0 66.8 -0.36 .0.832 30 4 3 13.3 73.3 *0.60 -0.13 to hcation di ffere ces ill level oflisease firther complicaite
Wilson 32 4 3 15.0 68.8 .. 62 .0.52 selectiml \I'l f 1)feffiarts. hf els pod disease in ev liiatel 

1987 Brazos 1 14 4 1 57.1 71.4 	 be a stable trait, it ma mat he-0.10 -0.48 g(lTl(.Itp s :iree( iol'im'd to2 36 4 1 10i0.0 100.0 .. -0.3 i.Cssar\ to finld i1 In-tllud that canl reliabiv (histi~liglislILavaca 14 4 1 1.4 5 . -0.24 .0.2 b tvet-i. fin e\illp . :3Y"a ld 7c p d i11fectiim 1.l:aio ther 
2 312 4 1 50.0 67.1 .059 -066


lan ofpot ratings midenyindividual raters. u-shell pealits. soec!
visual 	 thalii dliscoloratiion is of iliuicligeaenisberlofindividuals,abire -finvalu ratedeccplot.3L ,utP, colovisuillyes. 	 ilmpor-talic. tdo'ttrill vallie oftth,. peal11.t harvestiprneiinlh-riiiigtnlll,thetaleotnleauthavtthal is lill dih,'oliration. it is likelY that at low levels ofpixd 

As important as the percet selhctini, hs \isiial v'ersus dist-ast'. tI- seed witl i, thu po)ds1 I'av be iluafft'cted.cohriiet i. thds is the rank of' known resistant anold artiulairvy the laiw h'vels a1e dhe tiislight discnlnratiou (nSulSCel~til'lceeitv'p-s:!hothvi 'al and c',,h'ilnietricelt tlss st'Velal pods ratlher thai severe disease o iaa i'w polls.slice~ibe lhpv:otl~i~ia ancolinctrc ilehodshould rank rsistaiit ,envohpes 	 .Falier.oiik\ wheii sedsisiioIra, re:istant thail eacee" ,rel discoloarationi (lalliaige) equlls in.alv seed . 
suisceptible~ g,,'l)tvpe. For the sixteen tests if] which Toalso es

and Tatimit 74 \vee growli. in no test wats Toalsol ranked Conciiusiois 
as hayin, nore pod disease thai Taunult 74 iY 112 or il : 
however, in stven and five tests ftor L and 1 .respectively * I.le repeatahilitv ofcolriuneter readings was affected bvToalsoi ranked hifih]er than Tamuit 74 in pod disease. ill level of'disease anid intesih o(liscolorationl. The accuracy'
oe 
of'these sitlations was the dif'erecl.e behvee11 the i-wo of coloriletric vallies. lsilg \islial rati g as a standard. wascllt'ars signlificant.,.. li'Tsist,..'etests, the twociltivars... 	 affected to some extent kyl the level of ii.'fetioi, the soil iii"ere sigi ifican tl-.different if) three tests for L and 1).ald iii ,xhichelods were lproiduced both soil color and predo1'i1anteight tests for R2 aid XI. The three tests in which the two patlhogell), and genot'pe of the pod. Colorimetr- measurescltivars were significantlv diff'Crent for Land h \-ales were light reflectance. Any" flctor that aftfets light absortion. 

the same.In two of these three tests the differences ini visual whether or not a result of the disease ofconcen, can affectratings were significant. the score. Thus. each sample should be isuallv examined toOut of' nineteen tests, Flonmer and TxAg-3 differed ascertain whetherdiscoloration was the resultofpod disease,significanty inleight. ele\cr, and eleven tests for L, b. and otler factors, or both disease and other factors. 
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The use of visual ratings as a standard with which to 
compare the accuracy of colorimetric ratings was based on 
visual rating being the "standard" method. The poor 
correlation among visual ratings at low levels of infection 
suggests shortcomings in this method also. Visual assessment 
can separate to some degree discoloration caused by disease 
from that caused by other factors. Unlike colorimetrv, 
however, rater expertise, fatigue, and opinion, as well as 
ligihting and other factors may affect subjective assessment 
of pod disease. Visual comparisons, like colorimetric, were 
more effective when disease development was adequate to 
produce distinct differences among samples. Marked color 
differences between diseased and healthy pod tissue is 
desirable. At higher levels of infection, differences of 10% 
infection are usuallvdiscermable;•this magnitude ofdifference 
may reflect differences in susceptibility. At low levels of 
infection, the tendency is to try and resolve small differences 
of one to two percent'among genotypes. These differences 
may reflect as much or mnre micro-environmental variation
than genotypic differences. 

Spassessment
Defensible conclusions as to the relative effectiveness of 

colorimetrv and visual rating as criteria for selection are not 
possible from this. study. Comparisons of the products of 
dual selection experihients using colorimetrv and visual 
ratings would be required. Colorimetry appears to be a 
supplement to, rather than a replacement for. visual 
assessment. As a supplement, it would seem to reduce o, 
eliminate the need for multiple visual ratings and enhance 
the defensibility of selection by a single rating. Colorimetry 
could be useful to eliminate 'suscep-tible segregates from 

further screening for agronomic characters. Secondly, 
colorimetry could be used in preliminary screening of 
germplasrn for susceptibility to pod disease, reducing the 
number of entries to screen visually. The cost ofscoring fifty 
plots with three visual raters was estimated to be four times 
that of using a colorimeter equipped with an automated 
recording device, and to take 1.75 times as long. Using only 
asingleexperiencedraterwouldcostnearlytwiceasmuchas 
using only a colorimeter. 	 e 
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Economic Benefits of Selected Granular Insecticides .for Control of
 
Lesser Cornstalk Borer in Nonirrigated Peanut'
 

M. E. Gilreath, J. E. Funderburk*, D. W.Gorbet, D. J. Zimet, R. E. Lynch, and D. C. Her-zog' 

ABSTRACT 

Selected prophy lactic applications ofgranular insecticides were 

evduatedduring 1985, 1986, and 1987 in North Florida forefficacy
against lesser cornstalk borer (LCB). ElasrnpalpoLs lignosellus 
iZeller), effects on peanut seed yield and quality, and net economic 
return. Chlorpvrifos 15G. ethoprop 15G. and fonofos 1OG were 
applied as hand treatments over the row at various rates and times 
during the growing season. Dichloropropene was applied for 
separation of nematode effects alone and in combination with 
selected insecticides as an injection treatment 6 or 7 days before 
planting. Mean percentage of peanut plants infested wl'th LCB 
ILrvae did not exceed 5% in any treatment, including the control. 
i .anvmvear. Mean densities ofeinerg ng LCB adults estimated from 
over-the-rowwire traps did not exceed 1.2. moths per meter of row 
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from early flowenng until one month after scheduled harvest in any 
treatment during the study. No differences in LCB densities were 
detected among treatments. Ilowever, several treatments 
significantly improved peanut seed yield or quality in individual 
years and resulted in economic returns greater than the costs of 
treatment. 

Key Words: Arac' vhypooaea, Ehsrtpalpus lignoellus, soil 
isecticides,. ield quality, chlorprifus, ethoprop. fonofos, 
dichloropropene. 

The lesser cornstalk borer (LCB), Elasmopalpuslignosel
is (Zeller) (Lepidoptera: PxTalidae), is a key pest of peanut 
in the New 'World (27). The species is well adapted to sandy,
we-Ne World t). The spe a t to sady, 

well-drained soils tpical of most peanut production areas in 
the U.S. (4,18). Outbreaks of LCB and subsequent crop 
injury occur frequently during periods of hot, dry weather 
(18,27). Although the population dynamics of LCB in pea
nut are poorly understood, multiple generations are typical
(1), and iavalavlifsaininfestations cana duringuigaysaeoany stage of() n 	 occurcu 

peanut growth (22). Numerous soil pests in addition to LCB 
may affect peanut yield and qualtity, including wireworms 


