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Early and Late Leaf Spot Resistance and Agronomic Performance of Nineteen

Interspecific Derived Peanut Lines!
M Ouedraogo, O D. Smith#, C.E. Simpson, and D.H. Smith?

ABSTRACT

Nueteen selected interspecific peanut hnes wath resistance to
leaf spot [Cercospora arachidicola Hor and/or Cercospondium
personatum (Berk aud Curt ) Deighton] were field tested 3 vr for
disease reaction and productiaty wath and wathout foliar fungicide
protecton  Measurements mcluded seventy ratings of leaf spot
esen 2wk based on the Flonda leaf spot disease rating scale and
pod vield Arer under disease progress curves tAUDPC) and pod
vield losses were calculated  Dafferences among the mterspecific
hnes 1n AUDPC values were significant and one hne had values
equal to or lower than that of Southern Runner One-half of the
hnes were equal 1n vield (P=001) to Southern Runner Yields
among hinesaveraged 1 to 50% higherwath as compared towithout,
chlorothalomil application Yield losses of indimdual entnes vaned
significantlv from 1 v to another and incongruous withthe AUDPC
pattern Correlations between the AUDPC and wvield loss were
significant {P=0 01) for the 1959 and 1990 but not forthe 1988 data
Results of the studvindicate that resistance to both C arachidicola
and personurum were incorporated fromn the wild species parents
mto productn e, runner-tvpe breeding lines, and that the resistance
to personatumwas equal to or better than that of Southern Runner
Additonal etfort will be required to transfer levels of leaf spot
resistance observed in the wild species parents into successful
cultnars

Kev Words Arachis hypogaea, groundnut, Cercospora
arachidicola, Cercosporidium personatum, Phaeotsariopsis
personata, disease progress curve, introgression, interspecific lines

Leaf spot caused by Cercospora arachidicola Hori (early
leaf spot)and Cercosponidium personatum (Berk.and Curt.)
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Deighton (late leaf spot), also known as Phaeoisariopsis
personata (Berk and Curt.) An are important diseases of
peanut that occurwherever the cropis cultnated (13). Yield
Iosses up to 50% have been reported n several areas of the
world (7, 8, 11, 21), and market qualitv 1s affected '3, 10).

Resistant cultnars are the preferred means of managing
peanutdiseases. Highvieldand resistance to C personatum
have been comL:ned in some intraspectfic lines (13), how-
ever, success in developing agronomicallv acceptable var-
eties resistant to both leaf spot fungy has been imited Hagh
levels of resistance or immumtv have been reported n
many wild species (1, 4, 18, 19)

Introgression of leaf spot resistance from wild to culti-
vated species has been investigated by several peanut re-
searchers Use of wild diploid species 1n the improvement
of cultivated peanut has been hampered by cross incompat-
1bihity and stenhty (6, 17, 21) Several successes have been
reported (16), but no cultivar with the high levels of leaf
spot resistance found in select wild species has been re-
leased

Observations 1n the Texas program have been that the
level of resistance in the most productive and leaf spot
resistant advanced interspecific breeding hines 1s similar to
that foundin derivatives from the best intraspecific crosses.
Hypotheses have been made that multiple loc are involved
m‘&e genetic control of resistance to both leaf spot patho-
gens (12,15). The question posed was whether the
resistance(s) ininterspecific denved lines was aresult of the
introgression of similar genetic factors, or whether genetic
factors vary among lines which result in ssmilar effect; that
15, partial resistance. The concern then was whether or not
through the introgression process we are arriving with the
same result among the different selections, and that result
being similar to the partial resistance which has occurred
through nature in Arachis hypogaea L. If pleitropism, or
genetic factors in tight hinkage, control leaf spot resistance
and reproduction that persists through introgression efforts
sumlar to that which sometimes seems apparent in the
cultivated germplasms, then the approach to breeding for
resistance might need reconsideration

The purpose of this study was. (a) tocompare the leafspot
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reactions of selected nterspecific dern ed peanut hines and
the partiallv resistant cv Southern Runner under natural
epidemics of both early and late leaf spot, (b) to identify
relationships between pod vield and resistance to leaf spot
i the interspecific lines, and (c) to determine 1fany of these
interspecific detved lines have leaf spot resistance that 1
supenor to Southern Runner, or might complement South-
ern Runner 1n a vanety improvement program

Materials and Methods

\ineteen nterspeaific dern ed breeding lines with supenor leaf spot
resistance and seed production compared to the population of hines
from the respective crosses, were chosen for the studv' The densations
of 13 of these hnes were described bv Simpson (16} Arachts cardenasu
Krapos and W C Gregorv (GKP 10017) x A diogot Krapo. and W C
Gregon (GKP 10602) (formerly A chacoensis) F hvbrids were crossed
ontoA batizacot Krapov and W C Gregorv(K 9454) The three-species
hybrid (2n=20), after chromosome doubling with colchicine, was crossed
and backerossed with A hypogaca (ev Florunner: The BC,F, was
crossed with caltars Florunner Virgima 72R (VAT2R) and Langles
The nterspecific lines in this studs were denved after four generations
of selection and selfing  Southern Runner and Florunner were,
respectivels the partially resistant and susceptible chechs to late leaf
spot Langles was the susceptible chech for earlv leaf spot

Expeniments were conducted at the Tevas Agncultural Research
Station near Yoakum The test was planted 1n a loamy fine sand soil on
asite that had been planted to peanut the two previous vears Leaf spots
were a recurrent problem at the test site and disease infected residue,
although moldboard plowed into the soil. gase nse to leaf spot intection
in most vears

The expenmental design in 1988 was a spht block, wath each main plot
denved from an F, plant Entnies were planted in single 4 36 m rows
spaced 0 91 m apart Rows were subdn l(red into two row-section plots
60 cm apart, one protected with chlorothalomlat2 3L ha . and the other
unprotected The fungicide protected row sections were spraved everv
2 wk starting 30 d after planting (CAP) Southern Runner was planted
in everv third row. bordering everv expenimental line for paired plot
compansons Florunner, Langlev, and VAT2R were mcludeSns chechs
The test, composed of three replications and subjected to naturallv
occurning inoculum, was planted 1 June and dug October 13

In 1989, the test was 2rranged in a four-replicate spht-plot field design
wath fungicide as the main plot and lines as subplots Subplots consisted
oftworows 4 56 m longspaced 0 91mapart Southern Runner, Florunner,
1 angley.and VAT2Rwereincluded as checks Plantingand digging dates
were June 16 and October 30, respectively

In'1990 three experiments, identical except for randomization, were
planted 6 June, each wath four replications of the same plant matenal as
1n 1988 and 1989 One test was designated to recene, and the other two
not to receive fungicide protection, one unprotected test each for an
early and a late hanest The early nontreated test was dug October 16,
7 d earher than both the late and the fungicide protected tests which
were dug simultaneously Cultural practices were 1n accordance with
those recommended for irngated peanut production 1n Texas with the
exception of fungicidal disease management Weeds were controlled
wath preplant incorporated Tnfluralin (1 7 L ha ) and Metachlor (18 L
ha') No insecticide was required Plots were harvested, msofar as
weather permitted, when most entnies were consiuered mature on the
basis of vine appearance

Disease assessment was based on the whole plant with the Flonida leaf
spot disease rating scale (3), which 1s a visual rating scale ranging from
I (no disease) to 10 (plant dead) on the basis of disease incidence and
seventv in different canopv lavers Disease assessment was made at
intervals of 14 d beginning wath the appearance of leaf spot Area under
disease progress curves (AUDPC) were calculated according to the
method of Shaner and Finnev (14) to compare entnies for total season
disease seventv

All plots were dug with a commercial, two-row, verter-tvpe digger.
annl v field cured and hanested wath a plot thresher Pods were

orced-air dned. cleaned. and vield was recorded 4 random 250-g pod
sample taken from each plot by means of a nffle diider was graded by
methods described by the Federal State Inspection Service (20) Yield
losses due to foliar diseases were computed with the formula L= [iT-

UVT)y 100 where L= percentage of loss T= vield i he ha' of the
treated plot, and U =vield in hg ha “of the untreated plotot the same line

In 1955 spht-block and parred-plot analsses were made ondata, while
onls split-plot anals sis was inade on the 1959 data Datafromeachof the
1990 tests were anahzed as a randomized complete block design
ANOVA'swere made on combined data from both treated and untreated
plots Mean separations were performed on lines per fungicide level
Unless othenwise stated, interpretation is hased on the untreated plots

Results

Leaf Spots. Both eails and late leaf spot were abundant
1n 1988 and 1990; earlv leaf spot predominated and disease
pressure was less intense in 1989 Early leaf spot lesions
appeared wathin 30 d after planting each vear The relative
performance among lines was consistent over vears for
neither disease rating nor vield, therefore, results are
presented onayvear bas.. Disease symptomsappeared first
as small lesions on the upper leaf surface of nontreated
plants of all ines Over time, these became large on some
lines andintermediate onothers Sporulation firstoccurred
on the lines about 43 to 50 DAP

Disease seventv, as measured by the Flonda scale (FS),
increased throughout each season in all hines and cultivars
(Figs 1and2) Differences among linesin disease seventy
were not significant (P=0 03) until about 100 DAP Line 16
had a lower disease progression than all check cultivars,
including Southern Runner. Disease ratings for the most
susceptible lines at harvest ranged between 6 and 7 9mall
tests

Data for breeding lines m the lighest and lowest 30
percentiles, based on disease evaluations, are presented in
Table 1 Disease scores were low, m general, for hnes 7., 8,
11, 16. and 18, although exceptions were noted such as
shown for the final Florda scale rating of ine 71 1989 and
the AUDPC for line 111n 1989 Line 16 was the only entry
included in the least diseaseu statistical group based on
both evaluation methods 1n all tests Lines 8 and 11 were
included 1n the least diseased statistical group in all tests
according to the Flondascale and 7 and 18 were 1n the same

Table 1. Disease severity based on the final Florida scale ratings
(FSR) and area under disease progress curve (AUDPC) values
for selected lines and checks at Yoakum, TX, 1988-1990.*

1988 1989 1990-1 1990-2
Line # FSR AUDPC  FSR AUDPC FSR  AUDPC  FSR AUDPC
4 37de 4253  35d 2730d 50bd 2963 4213 11b
6 $3ad  397a 38bd 252bd  45bc 25lce $5ce 327be
7 43ce 292f 43bc 228 40dg 203gy 40g 262eg
8 37de  278f 33cd 20lgh 3Seg 214g 378 NS
it 43ce 302df 33cd 258be 33fg 199y 42y 243fg
16 30e 212g 30d  i8h 30g 197§ 40g 2423
18 47bd 280 30d  195gh  30g 181y 37  25ecg
19 40de 299¢f  38bd  210(g 40dg 218f4 45e-g 2134
20 60ab  332bd SOab 237ce  SSac 2Slce  Tiad 337D
22 S0bd 340bc 40b<d 21IMg $3ac 264bd SSce 300cd
24 60ab 36lb  43bc  28ce 43¢l 226eh  59cd Nlbc
25 47bd 301df 45D 238 ¢ 63a 2502 $6cd  JISte
Florunner 47bd 345bc  48ab  254bd 48bd 240df 64bec  3I2bc
Langley 67a Ja2bc  60a 2882 63a 266 be 7912 380a
So Runner 47bd  JO8df 45b 235de 3JSeg 23eg 45eg 264eg
VATR S7a<c 325be 38bd 19%gh 45bec 200y $2d-f 282de
Mean 49 318 4] 230 44 23 51 295
LSD 16 30 12 2 11 28 10 30

*Line means are based on four replications eacept for 1983 (three replications) Means
followed by the same letters are notdifferentat P =005 level 1990-1and 1990 - 2 corresprnd
respectivels to 1990 earlv harvest and 1990 fate hanest
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Fig. 1. Disease progress curves of selected interspecific lines as compared with Southern Runner and the cultivated checks in 1988 and 1989.

group in three of the four tests Noentry, otherthan 16, was
in the least diseased statistical group for all tests according
to AUDPC scores, and onlv line 18 was included in three of
the four tests. Southern Runner was in that select group in
both 1990 tests based on F'S ratings, but only in the late 1990
test for AUDPC score. Statistical differences (P=.05)
between Florunner and Southern Runner were more
frequent for AUDPC values than for FS ratings.

Langleywas consistentlyin the most susceptible statistical
group for FS rating and in two of the four tests for AUDPC
scores. Breeding line 4 was consistently in the highest
diseased group according to AUDPC but not for 'S ratings,
and line 20 was consistently in the most diseased group ?or
F'S ratings, but not for AUDPC Thus, interpretations on
the relative disease seventy of the entnes might differ for
the two methods of discnmination.

The correlation of lines for AUDPC were sigmficant
(P=001) for anv 2 yr and "r" ranged from 0.50 to 0 61
Correlation between the early and late harvest, unspraved
tests conducted in 1990 were higher (r=0 80) than among
vears Differences in disease seventy might have affected

the estimates of correlation among values over years.
Nevertheless, the significant positive correlations gave
verification of the partial resistance to leaf spot 1n these
interspecific lines

Yield. In 1988 the test was harvested at 135 DAP when,
based on plant appearance, the unprotected Florunnerand
several other leaf spot susceptible lines were considered to
have attained maximum harvestable vield. Hanest at this
age was obviously early for some entries, such as Southern
Runner, with lower disease seventy and/or longer growth
duration. Pod yreld for the untreated plots ranged from 950
to 2300 kg ha ! (Table 2). Two breeding lines, 9 (not shown)
and 24, and Florunnervielded more (P=0 03) than Southern
Runner.

Plant condition and development were considerably
different at harvestin 1989as compared with 1985. \Whereas
the earlier maturing and possibly more susceptible entnies
were favored in 1988, the later matuning and more leaf spot
resistant entnes were fuvored in 1989 when digging was
delayed by rain and hunud conditions In untreated plots
in 1989 pod vields ranged from 425 kg ha ! for Langlev to
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Fig. 2. Diseasc progress curves of selected interspecific lines as compared with Southern Runner and the cultivated checks in 1990.

1254 kg ha ! for line 8 (Table 2). Lines8, 11, and 16 had the
same yield (P=005) as Southern Runner. Pod yields of
Florunner, Langlev, and Virgimia 72R were sigmficantly
lower (P=0.05) than that of Southern Runner.

Two types of scenanos were observed n 1990. Pod yields
were the highest in the early harvested test and ranged
between 2174 and 3782 kg ha'! Line 8 produced the
highest yield but did not differ statistically from Southern
Runner. At the late harvest, none of the lines yielded
sigmficantly more than Southern Runner. The highest yield
was recorded for line 11 while Langley, which was
considerably past its’ optimal digging date, yrelded least
Considenng yields on a line basis according to the most
optimal of the two digging dates, three lines (8, 11, and 16)
were dug with vields equal to Southern Runner.

Vanations in vield between the early and late harvest in
1990 were obserned among both the cultivars and the
iterspecific ines Among the cultivars, Langlev sustuned
the most reduction 1n pod yvield from 2347 to 312 kg ha'
(Table 2); a result of its short growth duratiouand lugh level

of disease as compared with that of the other cultivars.
Variations in yeld loss for the interspecific lines ranged
between -24 and 57%. The largest increase in yreld was for
line4 Considening that this hne had an average pod yield
not significantly different (P=0.05) from Southern Runner,
it might be concluded that: (a) line 4 1s late matunng like
Southern Runner, and/or (b) disease pressure was not
sufficient enough to prevent line 4 from continuing to
partition carbohydrates to the pods, resulting 1n a better
expression of its high yield potential ~ Similar situatons
were found for lines 6, 7, 11, 16, and 18 However, the
majonty of the lines were early matunng as reflected by the
overall high vield in early as compared to late harvested
tests in 1980

Except for the 1988 data, rankings of the lines for pod
vield did not vary greatly as ewidenced by positive and
sigmficant (P=0.01) correlations between the 1989 and
1990 data The coefficients of correlation ranged from 0 57
to 0.74. Nevertheless, there was a sigmficant interaction
among lines and vears for pod vield
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Table 2. Pod vield (hg ha ) and percentage pod loss of selected
hreeding lines and chechs at Yoahum, TX, 1988-1990.

1988 1949 199%-| @302

Line w Padypad Pxdloss  Pod ydd  Pod loss Podwdd Podlots Podwad Pod loss

g [ kgha' [N kgha' [N kg ha te
4 1564 df  9dae 79 o 23IBd 2779 cc 143 bl 3459 603
6 1406 gh  48df 790 od 33$ K 2432 of 289ac 259ed 279 de
7 144 [ 36 T8 d J00bd NN L 121ef VW JOeg
8 1514 b 2504 124 4 .o M S4B NitL 8)ef
1 1612 of 111 ¢ 1130 & 73°¢ J432 b 209a<¢ IR0 128 ¢
16 1354 h 193 ob 1089 b B4 df I8 bd 11 3693 b 198 g
18 1M o 99 1¢ 816 od 2165 W12 df 1 o Nl 1t g
19 950 36ef 656 d  ISbBd 242 o 358, 2200 de 228 de
20 1592 dg 147ad 628 de 429 2509 df 252ad 1ll4g 631
pa 1889 & 148 a<c 934 b 328 JI00 be 1764 2J03d I ed
24 250G a 83al 910 & )ISk 242 ce J02ac  ISBEL 96 b
p3] 1523 b 1880 814 cd J8S I 2592 of 1740< BTl of 404 g
Florunner 197§ b Dlad 920 b 407 Jl44 b 189ue 1TIIL SSS i
Langley 1483 h 270 425 ¢ 619 47 of 9w SI2h 8564
So Runner 1581 dg  32BL 1218 4 184 ce 3U9 b S1df 3774a I8
VATIR 1660 de  283a 78 ed 252bd 414 663 1392 93 o
Mean 155 100 170 o 2884 18 2431 46
LsD 175 195 30 23 450 201 400 37

‘Line means are based on four replicanions excep: for 1988 (three replications) Means
followed by the same letters are not different at P = 0 05 level 1990 -1 and 1990 - 2 correspond
respectively 10 1990 carly harvest and 1990 late hanvest

Yield losses were lugher in late han ested expeniments in
1989 and 1990, as compared to early hanests Heavy
disease pressure and vine detenoration near the end of the
growing season might explain these severe losses. Overall.
vieldloss was more vanable amongyearsthan either AUDPC
oryield Year to sear correlations for this parameter were
generallv not significant - Significant (P=0 01) correlation
of AUDPC scores were found for the 1989 and the 1990 late
harvest (r=0 71), and the two 1990 tests (r=0 66),

Discussion

Modifications in the experimental design were made
each vear with the itention of enhancing tie information
that could be gained Seed avalability restncted plot size
in 1988 and the design chosen was for paired comparisons.
This was changed to a spht-plot design in 1989 to facilitate
data analysis ~Potential bias as a result of choice of the
appropnate dates for digging was a concern both 1n 1988
and 1989. Digging when the earlier matunng and more
heavily diseased plots seemed necessary because of
forthcoming pod loss This approach penalized the full
expression of vield of entnes with intact vines as a result of
disease resistance  Conversely, delaying digging until
optimum for the less diseased plots, as done 1n 1989,
resulted 1n yield loss from the potential that might have
been harvested from the heavily diseased and/or earlier
matunng lines. In 1990, duplicate tests without fungicide
were planted so that an ear{)y and late harvest of all lines
could be effected Rain caused delay beyond optimum for
the early entnes and digging of the late was delayed to the
extent possible to prowcfe the mimimal 1 wk difference in
digging dates.

Gorbet and coworkers (5) showed that Southern Runner
has partial resistance to C personatum but not C
arachudicola. The resistance was expressed as a long latent
period which was not investigated in this study Our results
confirmed the partial resistance of Southern Runner to C

personatum, and indicate that line 16 had equal or less
chsease than Southern Runner Line 16 has both resistance
to C arachudicola and C personatum as it had low disease
ratings in all vears Its chsease rating was significantly lower
than Florunner. The areas under the disease progress
curves for Line 11 were significanth lower than Florunner
except 1n 1959 where only early leaf spot was present. This
suggests that this hine has resistance to C personatum but
its reaction to C araclidicola night be simular to that of
Florunner On the other hand, the AUDPC values of Line
8 were similar to those of Southern Runner indicating a
reaction to C personatum sunilar to that of Southern
Runner Itwas better for disease than Florunner in all tests
indicating areaction to C arachidicola equal or better than
that of Florunner

Itisencouraging that hine 16 vielded as much as Florunner
and Southern Runner over the 3-vr penod and evpressed
more resistance to C arachidicola and C personatum.
Yield 15 the predominant prerequisite for commercial
utilization of terspecific hnes In previous studies,
improved disease resistance was 1eported to be associated
with low vield (9), and/or small pod and seed size (18).

Perhaps the prnincipal concern that emerges from this
studvis the lack of strong correlation between the AUDPC
and the amount of pod vield loss This might suggest that
the loss in pod vield was a result not only ot these diseases
but other factors as well In 1988, the correlation between
AUDPC and pod vield loss was negative and not significant
(r=-0 17), while for the other tests. these correlations were
positive, and sigmficant (P=0 01) (“r" ranged from 0 44 to
038) Consequentlv, rankingofthe lines usingthe AUDPC
values differed markedly from that for vield loss. Line 16
had the lowest AUDPC value, but yet it had the highest
numerical yield loss 1n 1988 Line 11 also had a pod vield
loss that did not reflect the amount of disease observed
Backman and Crawford (2) reported that earlvand late leaf
spot levels 2 to 3 wk before harvest were related to dry pod
vield in Florunner. The lack of correspondence between
AUDPC and vield could be due to differences in tolerance
between the lines This would complicate a combination of
the two cntena for classifying these lines Seed vields,
like pod vields, were higher in 1988 than in 1989, a result
of seasonal effects and plant condition at harvest. Seed
vields were closely associated with pod vields and grade
differences resulted only in some rani order differences in
pod and seed yields. In 1988, atotal of 7 lines vielded more
than Southern Runner, which mught have been dug before
matunty. In 1989, line 8 had better pod vield but the same
seed yield as Southern Runner Sheﬁmg percentages were
higherin sy lines than in Southern Runner. Seedw eight for
the lines ranged from 45 to 64 g/100 seed Indications are
that good yield and shelling property potentials are present
in these lines.

Altogether, these results suggest that genes conditioning
earlvandlate leaf spot resistance. high yield, and acceptable
shelling percentages were combined in at least one
interspecific line. The development of supenor leaf spot
resistant vaneties will require continued crossing and careful
selection  Selection of partially resistant high vielding
runner-tipe segregates with resistance to C personatum
equal or supenor to Southern Runner should be possible

\r\
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among the interspecific lines. Large populations and
ngorous selection nught be required for the identification
of agronomucally acceptable segregates with resistance
adequate to consistently negate the benefit of fungicide
apphcation
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