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ABSTRACT «

Wang, T. C, and Hartman G. L 152 Epdemiology of soybean rust and bresding
Tor host cedietance. Fiann Proc Bl 34 100-124

Suybean rast, cavsed by Phakopsont pacliyriizd |s a majr discase [imeting
soiybesity production primarily in the tropes snd subtropics of Asa Research ot
the Asinn Vegetable Ressarch and Deévelopment Center (AVRDC) has focused on
matitaring diseast development, evaluntimg yisid losses, nbtmning s anfor:
ifatson on the binlogy of the fungus and on finding sources of resstance and
developing these spurces into hresding lmes. Rust was manitored an one mivacer-
ately resistant and chree susceptible lnes at five locations n Talwan during
thres separate seasons Apparent infection riafes were sirmilar within lines over
locatins-and seasuns Several experiments showed that soybesn matiration was
significantly positively currelated to the rate of rust development whereas of-
[ects due to the enviroment and the hest genotype were ot s highly correlased
To cumpare soybean fipes, mothods weee developed to compensate for differ-
ences in hogt maturities The best mothod wsed the relative soybean hife time |
RLT)-a8a time element {rom 0 ta 100, The tme between planting and maturity
wis converted to a percentage of the soybean life cycle completed. Factors re-
tated o pathogenic diversity of the {fungus, and Lhe effect af snwirommental pa:
rameters were studied. Nine races were ilentified from forty-two molates osing o
differentis] set consisting of 11 lines The predominant races were camplex with
multiple virulense factors for compatibility on the differentinis. Studics on lemf
welness and temperatuge indicated Lhat Lhe optunum enperatore for wre
dospore germination wan 15~ 2570 | the minimat dow peciod for infection was &
hoes at 20+~ 25T and 810 hoorsst 16~ 175'C ; and a mean night temperature
below 150 greatly vedueed lesion numbers or completely prevented lesion desyial-
spment Field studies showed that précipitation was a critical factar in the de
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velopment of epidemics. It was osed L predict rost severily, and was more |n-
portant than freguency and intensity of the infection period which consisted of
leal wetness, lemperature, and their interaction. Difficulties nssocinted with lden.
tlfying and quantdying rate-reducing resistance and the imefleotiveness of faes
pecilic retstance have brooght about techmigues to develop Iigher soybeun
vields with toleramce toorost, Also techitisuen were developed o better quancify
and underaand the components involved i partal reslstnice In other stodies,
mgw solrces of resmtanoe were identified in acoessions of tie wik PSR
Ve spec s

(Rey words Flakopsora pechyrfazy, infection rates, perennisl Glrcine spp, yietd
boranag, races)
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Austrati, fndi, [ndonesis, Tspan, Koo,

Sy bean rit, caosed by Makogsara . Peoples Republic of Chne, Philippines, Tai
machyrinzd Sydow, & one of the magor wan , Thoiland, and Vietnam § Fig, 11 "
efmezranes Hirlinieng soy bean vield in the Leop Yield |oss=s ranging from 10 o 8% have
s and subtropics of Asid P pachyrhie bewn reported ™ Rust may be regarted
gerirs o both the Eastern and Western asn threst 1 most mm-;au [FEH TR

Frg | Geographic dsgribution of soy bean rust (shaded aress) with darker slinded mreas
representing countoies winere sy bean rust has been reported 1o cause conaulergble
yleld reduct on ™
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regions of the wuorld, although |solates
from Asla were reporied o be moare vile
lent than these from other loeations™.

I Twiwan, rost (refjudntly causes
e Jommsis to sy beans not protected by
fungicidesn In gentral, severe rust has
been observed i Chisyr, Hualien, Kaohst-
ung, Pmgtung, Taman, and Yunlin coun-
ties Yiekl losses as high as 509% have been
reported ™. Heuvily infected piants have
fewer pods and lighler seed™ ™. Mar-
kotable yvialds wre oven less bocowse of
poor seed quality . 1n Humben county,
rigt @ A lmting factor to sovbean proe
LR I Lhe spring season,

Soybean rust Has been 4 serious dis
anae i Southenst Asig for many yoars mnd
beelorie PO there were relatively few o
ports an (s cpidemiology. Recognizing the
piocity of nfofmation abaut this disease
ir thie Faatern Hemisphiere, and the poven-
tml danger w soybean produgtion in the
Linned States, the United States Depart-
ment, ol Agriculture { USPA ) Plant Dis-
e Messareh Laboratory and the Asin
YVppelahke Hesenrch and  Bevelopment
Center (AVRDCY, ‘stathisd a coopirative
propel in 1978 1o stsdy the epdermology
of sovbean rist In this report we high-
light wome of the dats collected during
thas conperative poriod, and wse other b
likhe] pepmrts and data primarily collectod
al AVRDE w discuse the epidemiology of
soybean rut and the utlization of host
tolerance/fesistance.

EPIDEMIOLOGY

Apparent infection rates A sorics of
fiold experiments wete conducted to di
terimine disense progress under different
erviramenta! conlitions " Seeds of thies
susoaplible s, Faita Baobsiung No, Do

TKeR), Tainung No 4 {TN#d) and Shih-
shih (G-38); and one moderawnly resistonl
line, PR230870 (GHEHT), wore planted at
AVROE,  Hualien Distrel  Agricultural
Improvement Station (DAIS) near Hualien,
Kaosiung TAIS n Pingtang, Taltung
DALS near Taltung, and Taiwan Agri
cultural Research Institute (TARLD. The
wites were selected bocouse Lthey wets |6
catid in sowbean productlon aréss o at

‘experiment statons whefe oy beans wers

grown A modihed Hossiall-Barras ratng
system " was wsed Lo issess disease sever-
ity. The apparent infection rates {r) were
calculated aocording: to van der Flank's
formula®™ ¢ r= (1)t 4, Blog, fx /0l IHog
(% 1% )] where x = disease propottion
feom 0 1o 1 at dme ¢ The appatent infec-
Lin rates were caleviated when disease
HEverEy was-bebween 10—,

The apparest miection rates mnged
fram (L1100 to 02007 gl were not signi|:
ppntly different Tor lines within ang auer
lecations Although the npparent infection
rates were similar, \he onset of diseas:e
varied becaude of different planting detes
All fines af Hualien DAIS had 0% rust
spverity approximately 25 days earlier
than at other cations. Bust severity on
stiscoptibic  hines Al other  Jecatlons,
reached |06 at G773 days after planting
while Lhe materatdly resimant line hed 10
% sevorily ot around 92 days after plant
ing. Dissast progress curves gemneratod
from date coffocted al AVRDC showed
that rust devetopment on me GESEY was
delnyed compared to the other lines Be
cause of the delay n tust develapmernl,
line GBSET was inftially considered moder-
ately resistant, and s appeared that this
litwe sy have gene (s) for rage specific
resistance Lhal  deloyed the onsel ol the
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epidemic.  However, since the apparent
infoction rates were similar 1o suscoptible
hnes, QL weas evident that the delsy in the
epioemic was related o s lonper - matu-
rity over the susceptible hmes With this
information stodies were conducted to de-
termine how hest maturity inflsences the
rate of fust development.

Effects of soybern growth on rost
developrmenl. Fleld observabions -at
AVRDC demonstested that physinlogical
development of the soybean plant plays
an important role nosoybean rost dewel

opment ™, Lines that are very susceptible.

and mature later than other susceptible
lines appiar o have =2 rusl st the same
number of davesalter planting, Rost sever-
ity on lalemoluring sueceptibles loes will
e egunl to the rust severity on earlier-
maturing susceptibie ek, bot at unegual
dayes aftor planting.

To determune the effect of maturity
on =oybean rust development, lines GIA
und GESAT were grown in the field under
an sverage day length of 112 hours (10,7
119 bours) and under a 14- hour day length
by metending the natural day length with
tungsten lamps "™, The days 1o full matu-
rity (growth stege RE) were significantly

affected by day length (Table 1), The dif-
ferent day lengths caused greater differ-
pnces 10 the number of days In the re
productive growth stages than in the ven
etilive growth stapes Under lopger diy
lengihs, the growth stages from K] 1o 78
developed later for both lines

The rate of rust development was de-
inyed under 14-hour day lengths on bath
hines { Fip 2). This delny was relnled to
thit delay in the physinlogical deveiop-
ment of the pinnt There was s highly gig:
nifecant {p< Q01Y correlation belween the
cate of rust development o the number of
davs after planting and to the relative
sy bean fife tme (RET? (Table 2). BLT
wae calculated by (days afier planting/
day to full maturity)® 100 When RLT was=
veer] as A pégression varahbe, rakes of rimt
developmelt (regression corfficient] on
the two soybenn lines dd not sigmificantly
differ regordless of day length whereas
rates did significantly differ when days
after planting wae usid a5 & regression
varinhies,

Hest maturity was delayed by using
different day lengths which nlso dekivod
the onssl of rust and reduced the rate of
rust development From field obhservations,

Table 1. Number. of days to first flower [growth stage R1) and to full maturity (prowth
stage RA) of two soybean lines under two day lengths:

- Line Iy |f_|1E_L|1 {haurs)’ tays to ®1 flays to A%
G BGRT 112 7R 99 |
4.0 3o 120 &
G 3B(Skib-ehik) 112 v IS 89
140 32 b 05 ¢

1, Day length in the lield ranged from L07 to 108 howrs (aversge 112 and was extende:d to

14 howrz by tungsten lamps

& Values followed by different fetters differ at the 5% level according to Duncan’s mult-

ple pinge test
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Rust Severity (%)

1660 T T T
—— 38112 hours

g0 || — % G38-14 hours -
B0 -
A0 - 1
20 = =} GAFET-112 hours | o

== GALET.|d houws
D . .
g0 o B &0 100

Days After Planting

Fig! L Bus savority of Twn soirbean limes grown under an averngee day baneth of 112 hoors
(maturn] photeperiod) and under 14 howrs of oy length.

Tahie 2 Regression and correlation coefficients of apparent 1nfection rates on days after
planting (AP and refative Ife time (RLT) for twe soybean lines Erow i unger

twpo day lengths
Lilie
GBS s
Regresson Ty hppafent Correlatian I|',||T|'1'nr. correlds | on
Vil bl ey length! infeelroh ceed £ v ent tifnct ran catf f e ek
(hows)  rates (ates!
oA 11.3 0 475 a {0 L e T U GHEL -
I LR+ B iSRRI e 0 TR L okl .
RLT 112 04l & 0 SN = {3 Y H | 7
14 0, 3a7d b U Hadd = 02l s 0 L s

[, Relative Tife time = (DAEF M) 0 100w hers DAE = t.'lnyrs_n[rrr planting and DMV =
Dy to full MaLurity

2: Py length in the field ranped from 107 1o 119 hours (avorsge 112 and was extendid Ly
I hours by lungsten lampe

3 Valued followed by different letters diffor al the 15 level aceording w Duncan s mulie
ple romoge fest

d. Values followed by different jewers thifee at the 5% Jevel acoording to Duncans multi-
ple range fest
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we have noticed that enrly maturing lines
bave rust severily -earlier with highst
rates of morease than later maturamg lines
This meerpction between host develop-
ment and rost iporease ocours meall feld
exporiments and confolnds rost ratings
between lioes To evaluate and compsre
rust development on. soybeans without
correcting for the differendes in host
matur iy can led tooerronoows conchisions
bt host resistance and environmental
parameters related (o disease develop
irenl

Serveral methods can be ebilized to
eorrect for differences in host matority,
By uming maturation time of sovbesn or
RLT &5 the time element, we have found
that it belps o alievmte the problem as

ceocuied wath evaluntmg lines with dif fer:

ent maturitsee When mtes of rest were
com- pared odng RLT, & partially or
completaly corrected the differences in
rates of rust development in fines with
different maturit g™

Effects of lemperature and dew pe
rind on-rust development Stodies on how
the eovironment imfluences rost develop:
ment  prumarily have been based  on
greenhouse gr growth chamber experi.
ments Urednspores of P pachyriizi were
reported 1 germinate between 10 and 25
"C with an gptimum range of I5~5C ™
Mimmum time of dew poriods required
for inflection was § hotrs at 0= 20°0 and
became progressively longer ot higher
and lower temperatures Twelve hours of
diew was required 81 10~ 144°C and 266~
AMC. Longer dew periods caossd moes dis-
caun.

Ta determing the relationship of rust
development to environmental conditions
i the field, lesmn pumbers were counted

il various growth stages on a determinate
cultivar, TK2S, and on an indeterminate
Tine, Pl 230801, from 4 Décember 1990 s ]
Docember 1980, Temperatuces thal were
tavarable for growth and development of
soy bean plants also i general favored an
incredse in rost, Grepter leal areps gener-
ally supported greater Jeyion nimbers |
Table 3, Durmg the manths with mghe
tempesitures aboyve 2790 lesion numbers
tended Lo docretee

The increase i lesion number was iné
fluenced by temperatiure; and was ficther
complicated by precimomtion, nnd by fre
auensy and duration of dew, Mean tem:
peratures  during dew  perjoeds owere
recorded to determine the number of (-
fection perids that cecurred during each
month  {rom  Decembor 1979 through
Maich 198]. Fewer infection pericds and
alsn decressed Jeson pumbers wete assn-
clated with low temperatures at the be
ginning and the end of the year (Table 4)
Low mean night temperatures of < 155
reduced lesion dovelapment and alvy ad-
wersely affectodl the growth and develop:
ment of soybean planis

[t alsn has beerehown that extended
penods of leaf surface wetness of approx:
imately 10 hours per day and modorate
LEmperatyres lflﬂﬂ—i!ﬁ_"'CJ WEre Necessury
for severe epidemics"™ . Temperatures of <
15Cand/or > W'C along with dry candi-
Lioris rezarded the development of rust,
and projonged Lemperatures above 279
inhitated the fungus even when beaf sur-
face weiness was adequate™

Effects of irnigation and precipitation
on rust development. A mults-locatonal
experiment wis conducted to assess the
effect of enviranment on soybéan rust de-
velopment in three seasons Rust deve
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Takle & Regression coefficionts of leaf Area (cm’ Jand lesion number per plant over time
fot 13 planting dates ol twosoybean lines.

R T G BSKT
Tt Leaf aren  Lesion micher Lenf nren  Lewius susher
 planged _fen") pit_ prlant (ca') per plant

Ta=12-4 i 45 B 2.n 2.4
B 12-31 114 140 & 05 144 5
Ap-2-1 184 45 6 155 2.3
E0-2-28 |86 [514 5 21,1 60z T
Hile 44 pLi 428 1 178 M2 9
Hil-5- | &5 78848 9.8 30,2
Hil-5-310) 362 s 7 304 LLE R
Hil-7-1 413 f7hE 1 %4 Ug4 ¥
Ail-8-1 £E 4 o4& ) s Bdd 3
#-8-2 R B3 3 32.6 il T
8- 10~ 30 78 4 24 9 il €
BO- 1030 13.3 G265 152 2628
Bi-42-1 16 0 it 10 .4 -t

| Numbers are avernges of five plants per sample in four replications. Date were
recardor from every planting date when each now growth stage developed,
2 Mo data retorded

Table 4 Number of days with the minimun infection perod for oy bean rust deovelop.
ment and average menn night temperature of 16 months

Nupber of dnyz AVELEgE

vith anfectinn mean night
fute {year-manth) period tepperature (C)°
hpu-1z i 1.8
18801 9 3.7
{4RG-2 2 14.5
10H0-3 [l %0
THEL- A I3 2.7
19805 14 231
|5 G b 245
| delil-T i 207
|us-§ 2 |
RiLAR 2 25 8
[ 1A 1T ZH 20
|- 11 H: [
[BE0-12 i 13.9
1981~ | I 2.4
WUR]-2 |2 15.3
1981 -4 I |2

1. Baszed on mean mght temperature and estimated minmmuam dew hour required for cost
nfection
2 Averags of binvurly data from 800 pm to 600 am
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iopment vaned aceording o prevading
rnfall patterns Rust developed  moet
capiily al sites where rainfall was more
evenly distributed throughoat the season
artd was slower in developmont st sites
whore ramfsil occorred in oneéven pat
terns ™, I seasuns with lov ramfall, rust
initiation was defyved, and the rate of de
velopment was reduced. Precipibation thod
occurred almost daly at one sibe prormobed
eur iy and rapic Tost development.

T determing the effect of pracipiin
ton and droigation on pust develapment,
figid sovbeans were @ither ovechesd or

furrow irrsgated, or were nod crggated n
A Lwosrasoi sbudy. Rust severnity. in-
crensed meredn (all 1980 than in fall 1975%
Fig 3A) Within eacli vear, plois that were
overhead irrigated had more rust than
planis in plots Lhat were furrow ot nol ic-
ripated. Precipifation was necessary o
theearly development of rusy, even when
a0y benns were over head irrigated (Fig, S0),
The t¥pe of wrigation usedd in 1999, &
clper vear compared to 1780, related (o the
onset ol the epidemuc and also {o how
rapidiy it devoloped

From this study, it was congludid

o
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gaied [A)and correspording precinitaion (B in two seasine
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that preciutition wis an (mportant fac-
tor for the development of rust, and wais
more critical thon Lthe frequency:and e
temuity of anfection periods;, which [re-
guently ocour durimg the normal soy bean
growing season although not always dur-
ing the short perixl between prgsled rlst
development and completion of the epi
demic. Infection periads may be most um
portant during tho-sarly sages o an em-
demine arwhen precipitation isabsmni The
frequency and duorabon of micctom pere
ads protably mmensifies the rost oepe
demic. Based on these results, & system (or
predicting rust epidemics and optimum
schevluting for fungbtide applications may
hir il opesd

HOST RESISTANCE

Identif yirgg resistanoo 1n soybeans to
cust fms been g mager obpctiveat AV REC
as over 9,000 suybesn accessions have
bwen sepeenad [or resEtemee Joth male
reducing and specific resstonee ooy m
the sovbean permplesme Ino addition,
oearly 300 necessions of wild perésmal
irhyeine species hove been evahmied for
TestElange ™

Specific rust remstance. Three mide-
pendient domingnt genes for cesislaned
have bl entified in P)2O04SE, B 230870,
PE 462322 LAnknn) T The pene desig
ptacn nesigned 1o esch of the specific se
wistaat gones wre Rpp | (PE2GS, Rpp . (
21 ZWEN , and Rpp , (P1AGZ3I2"YH Thiee
other soybean lines, Tmnungad, P14GKE4
and Pl 458085, amd one & som line (P
JHRI1} are reported 1o have additional
specafic genes for restssanes' ™

Oty tegearch iochicates thal PLASET]

Bl 458024, P 455065, and TE#h, Tamung #
iy Ausd hove dingle dommant genes-dor

resistance 7L [t was reported that in Pl
H3887] more Lhan Ofe geie may be Eresent
ane miy differ from thatof PIZI0AT0,

Physiologicn]l races of Hhakopsora
pachyriux Three mfection types hove
bieen described 1 T TANLun leshons about
04 mm® with 2~4 aredia per Jedon ; (2
RE - reddeh brown sedicns about 04 mm®
with 0~2 uredin por lesion and, 1300 ab.
sence o muecowcopically visible signs or
symptoms . Based on inese infection
ry pes, rnces of the pathogen hawe boen de.
E‘:litﬂ‘jl:‘n.

Eleven hnes, Ankuor, P12, P
ZIOGT), P 2OBTIA, P1ZORTIE, PIAGHIA,
Pl 459025, THES, TN, and Wavne, that
have boen conlirmed or suspected of hive
g PAss-specifie gones or rusl ressElanoe
wete useld gs g differenbinl sef o deter-
e U phyniologeal raoes of fortyowo
puritied isolntes Basod apon the miection
Lypiy  thess ot were claesifusd mto
nine races Most solates eatsed TANK-type
lsions oy ut least seven of the mes: The
datn suggests that the predominsnt rost
Faen wire T ples, noc thoesr races phss
eas multiple virulenco faclers for compals
ibibiy on mast of Lhe lines

Al least nne rust Tace from Tawar
P Fcems ripetie] o Dave thres Virolencoe
genes M Olher Solatos Friom Taiwe: weri
reported Lo ciise st with all known o
sunpicted sodroes of specfi rosstande
ineluding 1 200492, PE 2308070, 71339871, I
3659025, and PI 462312 =, The maypnry of
these rust momtes had multiple virolenco
R,

The occurrence of mulbyde wirskene
prmes M pachyrbe s anuenil e
cangs thete e neksuybeni bt B e o
pussets more Lhint vite specilic rewstanc
gene =% The presence 'of multiphe i

e
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wlence genes in the pathogen populition
ind the absende of multiple apetific re-
mistnnce geassin the host provales a com-
petitive advantags when there 1s no solec
tive advantage for excess virnlence penss.
Therefore, gene depinyment techninques
Iike gene ratation and pyramiding of spe-
cific resistance genes will most likely be
imaffective 0 copteolling soybean rust
Bt the pathogen refains unnecessacy
yvirulence genesata h:gh-[raqmnw'm

Haterpducing  resistance. Rate
reducing resistance has been effectively
plbibeed (o conbrod seme disewees incloding
powdery mildew af wheal and late Sleht
of potatic The advantnge of cilereducing
resistanice B-Lhat iU s effectve apmmst all
races of A pathopen. This = an important
consideraton with soy bopn tuet since tho
rust, pathogen apperently has plresdy
cvalved mto complex taces with multipie
virubence penss The posscnoe of rabes
reducing. resstance W0ocost oSy beans
han been imphcated™" and verified ™, bt
las nob been effectively utilized in s
bran Dresding programa

A mapr mpediment in developing
lines with ratereducing resistance has
Tezeq thf-mmr:_[lcathum of evaluating lmes
[riom eegregating popolations ar fram ac-
cesklong that bheve different maturities
Bisides  the phvsiological  differences,
Lhere are differences In enviconmental
conditions 85 plants mature under differ-
ent time pericds. An evaluaton method
which partially corrects for differences in
host. maturities uses the relative noybean
lifie time (RLT) regressed an the logi
tranafarmation of rust severily as preve
ously describer] The rate of rust develop-
ment i3 used todeterming the level of rate
rediscing  resmlance by Comparag the

dingnzs of The regression lires,

Seventoen pdvanocd bresding linoe
winch had previously. been selocied Tor bes
ing less susreptihle to rust were tested for
ratereducing resistance "™ Apparent i
fection rates in one seRson fouel preatir
Pamges betwesn the lines (02075 ~ (3453
widn the epideimic wis delaved comparesd
to the ranges in twi other sepsons when
the epidembe wos ety (000 -0 T30 mnd
1080~ 01632, Hawever, later developing
epidemus may bo more difficult o evaly-
ate because of the reduced time frame of
the epdemic. An interaction eocurred e
tween the rate of rust development and
rust geverity at RLT = 70 This waos
primarily catsed by lings TS, KS 535, G
b524 and SRE-Z15C In the spring season;
pnd AGS 62, T8-084 and SRE-Z-13C i the
fall =easpn which had differences m the
riate of rost development to severity rats
itre eompare] o othes lines {Tabie G,
Therefore, the rate of rust development
alone does not always corretate well with
the level of resistance. Lines SRE-ZI1A,
SREZIE;, and SREZIS5A bnd consis
wantly lower pates of rost development
and lower seversty etings ‘These lines
toptesent the best svailablo levels of rate
reducing resistance Rod have been used his
Erents W pmprove resistanee Jevels of
soy bons.

Tolerance Lo soybean rost The diff:-
cultss associatod with kentifying and
guantiiying rateradocmg resistance and
the meffectiveness of racespecific resis
lante necessitates evaluating soybeans for
tolerance to rust, Tolerance cin be defined
as the relative yielding ability of soy beans
under stress from rusy

Previows studies indicated that yiokds
obtimed when lnes Were grown wnder
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Table & Apparent imnlection rates of rust and Tust severfty of 20 soybean Hoes in fall aod

spring, 1962, AVRDC
Sariag 1982 Fall 1987
bpparent  Rost Appirest EFust
infection SEVETILY inlection sover |L_'|'

Leog Tates (%) Lime retes: j?@} _
SHE-2- 154 (.099 229 SHE-Z-11B (AGS 182) D 1080 42 2
SHE-Z-LIH (AGS 182} 0104 186 TR~ DRd D FIEZ S8 Y
Shil-shih 0. 1069 236 SRE-Z-10A (4GS 1B1) O [19R 39 ¥
BRE 2 LIA (AGE 161} D 1083 @40 SRE-2+ 154 0 E2%3 A3 M
Th &5 gi113  40.3 SHE-2-15C 01243 511
SHE-§- 16 01186 204 ™ #15 01261 455
K5- 55 0 1154 325 SHE-A- |6 01281 522
lua-78-28 B [ S eshi 01317 802
KGs 62 ooizio 162 Th 5 01449 66 8
#is 176 012 269 K5-8 i.1448 T1.0
™ 215 D124 .7 AGE- 64 0 48 471
(RS 1 1250 354 R5-535 0 48] 608
TH- 0T boraz Az lfuz- TH-24 d 1497  58.0
SHE 2 150 Ry T 5741 Q1504 562
KE-H 01276 366 T 84 01508 567
G 3524 (VI e S GS 62 Q1552 4.8
TH- U4 01259 264 T4-067 a 1560 69 4
AGE 66 | 1<% -1 SPE-Z-13 (405 1B3Y 0 546 64 9
¥ o4 01358 0.4 G 5524 1629 493
SRE-I-13 (AGS 1BNY O 13w 272 AGS 129 0 1632 483
50 ( 05)° 0 (K16 TTE

I Buased on relative soybean hfe Hme (RLT), caloulaced vaing van der Plank's formula™

2. Based on RLT = T0%.
A Lspat signi ficant difference

fungicide-protection were nol Hecessarily
related to the yields obtiined withosd
fungicides. it was also observed Lhat in the
same anvironmenl, percentape vicld loss
Bane] oot viekls from [ungicede amd non-

fumgicide-probects] phats varwd with lings-

ol wes i necessatihy related to suscen
trhility =¥ Tolerance to rust and signif
CEOT VAT LI 11 fevels of taleranos within

the soybean permplasm has been re

ported *' Using some of the advanced
Lmes, yields without fungicide protection
ranged from 118 to LA tons/Ha with yleld
lyssed of 48 Lo 81% m spring =sien (Table
B). In the fall season; vields of the same
lines wathout fongicide protection ranged
from 022 to 081 wons/ha with vield fossps
of 58 to 9% (Table ). The vield incronse




MEmEREEAA W e B2

Table B Yiekd uf stlected soybean linesin plots under  fungicideand  nonfungicde: pro-
tected conditions, and the aseociatied yield loss in-spring and fall of 1962 at
AVRIC

Fatl 19R2
Yield (1/hn)
Vield Fuoogicide- Nenforgicsde- Tield

Saring 19g2
Yield L/}

Fongicide- Nonfungicide

Line protected  arotected  loss{K) pretdeied  protecied  loss{¥)
SHE-Z: 114" 2.34 12 4B D 2.3 [ T
SHE-2-11B' 2.5 .33 48 1 i ¥ 0 B4 BO 2
TE- 067" 217 i, 20 Bl B 242 0.28 BE. 5
Th #5¢ 212 .18 a9 3 i) | B an.2
Shib-ahih" 2.70 1.05 i 2:4F 0,24 i 1
AGE gt i 0nvE TEE 3 .55 THi
Nean* 273 (i, &0 Tih-4 .42 [ [ s

1. Loweet yield loss highest yield with rost
2 Highest yield loss lowest yigll with rust
d Cheek caltivars,
A, Totahof 16 lines

of the most tolegant line over the best
check Tine was 5966 in the fall stason and
22% in the spring seascn. In this study, no
correlution ocoorred in yields of plants in
the fungsomdeproteccod and  yields: of
plants i the nonfungiodeprotected plots,
There wak a significant (nteraction of
yields between lines and fungicide trest-
mint indicatmg that selection {or high
vields under fungicide-protection does not
guarantes high yields under nonfunyicide-
protection Selection for high yields under
rust stress should not prevest later identis
froation of togh yielding hines under low
levels of rist

The variation fn talerance to Tust cin
be exploited more readily than the vark-
tion that ocours in ratereducing  resfe
tance The measurement of vield may b
mare epsely and acoroptely assessed (han
digeaze severity it which pssessments for
rate-reducing resistance needs to be done

weekly with pustule counts A breeding
scheme to inporporate folerance to Tust
may involve eatly genecition atdvence
bused on agronomic sclections,  md
generation: advance based on rost toler
ance selection, and iete genersbion ads
vance bused on ratereducing resistance,
tolerance, and sgronemic seléctions =Y
Esirly geperation advance can be acoom-
plished by either a bulk or singlesesd oo
soent method depending on the desirnd
population size and diveesity, Plants m the
F4-Fh generations woiilkd be selected based
on thetr level of todernnees and their seed
butked within families Lme selection
wotld occor in the F6& generation prd
waould be based on desired levels of toler-
ance and resistance The FY generation
would be used to determine the hamozy-
gosity of the lines and thedr levels of rate
peducing riesistance,

Batwed on this melection procedars,
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fourtesn SREmes (SREwsoybean rost
epideminlogy)  have been selected and
screened in the advanced rust tolerance
trials, Some of these and other lines were
recently evalmated mothe Dield The SRE-
liniss which were developed nt AVRDO for
thele it tolerance had the lowsst levels
af infected Ioaf area wnd wers considened
partislty resistant based on postule counts
per leaf node (Table 71, Yiold losses n
these bnes ranged from 29 to B%. The
SHElinee also had Jess yiekd loss than the
pther High ylelding lmes {Tabhe 8), Similat
trende ocourred in these fimes for 100
weoight lowses These SRE: lines represent
thie best availoble lioes with tolerance 1o
rust, and alsoare partinkly resisant hawd

Table ¥ Leaf ares mfected, defolntion, atd tatal mumbor of pustobes per plant pee lcal,

on pustule counts compared 1o susceptible
checks

CONCLUSION

Thi epidemiolopy of woy bean tust ko
been o major focus of AYVRDC research
for mearly 20 yenrs. These have boen a
mumber of important discoyveries selated
b the interpctiom of foybenns,  f
pachyrhiy, and the environment How-
pver, Lhere are still somi quesbions Lo e
swer (n repards to the origin of the initial
inocnlum that starts the epidemc;  the
races Phat predomimate and then number
o varulence factoes; and Dhe otilenten ol
enviremmental parametens to forecast dis
case atbhrissks

an at necde Ton 12 suybenn Lo (oo latedd with Plrakopsprs pacty e,

Leal wren Tatal fenteln Nutlier al

At ety Jefa | aLinn djuitied IET Pty les at
L|mp 1%} () wl puslules it nady 7
AGS 12y 15 24 1776 1 1
KGS 181 i 11 149 140 B
AGS 02 K] 20 THA 6 5d
fiC B1114-4-4 7| pa pachf ) il Rl
0 b2 wh W RURE {ES 175
G 824446 | 53 il #10H 1 140
58 4 a0 2710 il 1a7
SEE B- 154 L g EFTF Til K|
SRE C-BGA 5 i Hitd i 5
SRE - 56 41 L TLE 14 o)
SRE [1- 146 15 | & 2138 L K
ERE [- 140 M 16 200 5 il
Lvnrage 4 28 2431 [ 78
L3O LP ¢ 60537 i 13 Hia e a4

| Based ongrowih stage RS RE
2 Least significant differences,

1
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Tubled Yield and 100 seod weight in fungicide-protected plots and in rust-inuenksted plots,
aned their losses on 12 soybean lines inocatnted with Phakopsors Fnchve fuzi

Tield [hgha) HM seed weight {g}

fumgicide-  Rust Lires Fungic ide= HifE LS
[ tne protecten  protected (%) protected  prolectad (%)
AGS 129 2RO B37 70 16 7.5 53
S 181 rel) o6 66 k4 i 0 42
AGS 302 2400 1050 57 2.2 b2 5 11
G BLLIE-B=1 28106 41l Bl [¥.3 B2 fid
00 B25-20-2 2864 726 75 a5 T8 Hh
GE B2349-4-| 240 3T 0 P 1.3 A
ks B Jai i 1 i 3. (R18 | fid
SRE B 154 et 1T L | 74 144 10
SRE C-5iR 2ah7 1B £ 25758 I8 0 I
HiE C-BGEE Pt T 3 a1 B 136 kT
SRE L=14C 2804 [514 44 21.5 166 249
=HE D-140 26565 [e2 1] 250 [6.4 3
FLSD (P = 0.05)" 4 E
FLSD (F = 0.0%)" 214 A
FLED (F-= p.05)" 263 2.3

L. Differences between main plot means.

2 Differeitces between subplots within the same matn plot
4 [nfferences between subplots with different main plots

To improve: soybean lines that hive
resistance or talerance to rust, lechnicies
are needed W improve and allow for easy
ute of identifying und quentifying partal
reststanca, In addition, the wtilization of
sources-of resistance (rom wild perennia)
Clycine species is o longér remiote as re-
cent advances i erossing 7 max Lo other
Giverme species wall make the transfer of
wselul traits from the wild relatives 1o
commurcial soybears more feasible " In
the [uture, we would expect this route o
be most suecessful in wtilizing host resis
tance o control sorbean rose

ACKNOWLEDGEMENTS

We would like to acknowledge Dy A
T. Tschanz who has been instrumental in
wrgamzmng many of the experiments an
riistepidermodogy.

LITERATURE CITED

1 Bromileld, K. K, and Yang, Y. 1978
soybean rust summary of available
knowledge p. 161184 in: Expunding the
Use of Soybeans, R M. Goodman,
INTSOY SBeries No 10, Univ, of [Winisls,
Urbnna-Champmign, Nlinsis.




Epdemiblapy of Sovbean Rust and Breedog Tour Tost Resmtane:

2 Bromfield, ¥ R, and Hortwog, £ E. 1980
Fesistance to sovbean rost and mode of
inheritance CropSci 20054255

3 Bromfield, K, R 1981, Difforentml roac-
tion of =ome soyben Aoceswions to
Fhakopsora pechylinzi Soytean Rost
Mewel 42

4. Bromfield, K. R, and Melchimg, )5 1982

Souorces ol =pecific resarance o soy-
bean rusl (Abstr] Phytopachology T2
T

b HBromiwld, K. B, 188 Sovbesn Kusc

Mopograph Mo 11, The  Amercan
Phytopatholegical Soclety, St Paul,
Minnesota, LESA,

f Capey, P 5 1951, The epidemiology of
povbenn ruat o Phukopsora paehyrhiz
Sy Sovbein Rt Newsl 42,

T Fehr, W, R, aml Coviness, T E 1977
Singes of epybean development. Specinl
Report 80 lowa State Univ,, Ames, lowa
2

& Hurtmarn, G L, Wang, T, C, and Hy-
mowite, T. 199, Saurces of resistatios Lo

sovbonn  rusl o porenoiel | Glpciog
speciee Plant D P 28063000
& Hortman, G L, Wang, T C, and

Techanz, AT, 194, Soybean rust doyel-
opmerd ared the guantsentive relntion-
ship between rist severity and sof bean
yield Plant Dhe TSHE-6{0

I Hogsfall, ) G, and Barcatt, W 1583 An

improved grading system for mesdur

mig  plant  diseasen.  (Abstr)  Phy:
topathology S5655

11 Hartwag, £ B and Bromficld, K R. 1983
Relationships among three genes con-
ferring specific resistance o rust in
sy Besnie, Crop Scl $3837-230,

! Marchetti, M. A, Melching, 1 5 and
Gromiield, K. R 1976 The effects af
cemperatine and dew peciod on gerom

mation znd mfection by uredoespores of
Phakopsora pachyrhin . Phytopathol-
oy G414

i McLean, R: ], and Byth, D, E 15980, Inhes-
itnnce of resstanco to rust { Phakopsora
pachyriug ) in soybeans Apst. | Agric
R, 31851050

4 Singh, B L Kollipars, K. P, and Hymow-
itz, T, 1901 Backeross-derived progomy
from soybean and Glveime fomentelia
Haynie imtersubgenstic hybrods Crop
S, AETL-ET

12 Sudiadi, M, 1980, Host range study for
soybean rust in Indonesia Soybean Rust
Newnl 33

& Tschane, A T, and Wang, T. C 1980
Sovbean rust development and nppar-
ent infection. rates ab five locatiold m
Taiwnn Prob Ecol, S347.250.

1T Tochnoe, AT, Wang, T.C, and Hu, L. F
1580, Emdemnic development of soybean
rusl and & partinl charpcterigation of
resiptance o soybesn rust. Soybean
Rust Mewsl 33641,

& Tschany, A T, and Tsai, B Y, 1982 Ef-
foct-of maturity an soybean rust devel
npment Soyhean Rust NewsL & 3841

18 Tschanz, A, T, Sheng, W. 5, and Tex, B
¥, 18R Dovelopment of sovbean rust
remstance (0 advanced breeding lines
Soiy bean Rust News! 53437,

M Tschonz, & T, 1982 Soybean rust epl-
demiology (final report), AVRDC, Shan:
tiin, Tainan, Tarwan, 15Tpa

1 T'schanz, A T, and Tsai, M, C 1983. Ev-
idence - of tolerance 1o sovbean rosk mn
sy beans Sov bean Rust News| 628.9]

8 Tschanz, A T, amd Shaomugason-
cariam, 5 1984 Soybean st i World
soybesn research conference [, el B
Shibles, Botider, Co, Westview Preess p,
SHE06T




BEEEEGEN BlE WIN 1w

2% Techanz, A. T, Wang, T.C, and Tsal H
Y. 1686 Recenl advances in soybean
rugt résearch at AVRDC in ! Soybesns
in tropicnl and sutdropical cropping
syetomy, ed S Shanmugasundaram and
E W, Sulzberger, AVRDC, Shantum,
Tatnan, Tarwan. p237-245

W van der Plank, J E 1963 Plant Disenses
Eprdemics and their control. Academic
Press, New York, M9 pp

B Yang. C.Y.1977. Past and present stud-

s pachyriin Syd Bull Inst Trop
Agrie Krushy Univ. 2 7884

% Yang, X B, 'I'Er_huna. AT, Dawler, W,

M, and Wang, T.C 199, Developmesit
of vield loss models in refationships of
components of soyvbean mfected wikh
Phakopsors machvriez,  Phytopathal-
ogy 81 14201426

I Yeh, € C 1981 Phyelologicsl races of
Phakopsoes pachpchid in Taiwan, Joar,
Agric Hes China 32 6974

wes of soyheans rust moted by Phakop:

= =
TR+ Hartman, G, L, 199 ATEFHESABERNATA W07 1109024

M Phakopsora pachyriuz! SRS AT 00 G ST M B S B i+
FEELTWEE » SRS OCHEHAESEI ARG P s e . TS
ME . BNsNR2 DR  RBAERETREEE B BT AES
* M-l R SRR R R = T R R R o
S v B TR R R T AT B T WM M - MR R T
AT R 2 R O MERL S TRET B EEAE
W« BEEFECE RS TG ERTER e R RS R
B IR RN A TS R WA — SR « R0 100 = foM RS = 5k
B e EMSMEeR AT RE X HOE « MRS . Bl ERig
E'—.Fl!lﬂ WA L - SERTER 2R L MERISRE LB

AR o IR &AL A S S SR TR NS - R A s
*ﬂﬂﬂlﬁ%ﬂ_#iﬁmﬂl&ul&‘ﬂ o Wil e 20— 25T ﬁﬂwﬁlﬁﬂlﬁiﬂ
Z BT MATR G5 » DR EEHS 51750 « MRHEEE 81039 » i P fill
TRPHRMARE I6TH « Ik A S B S| PSS - R
TR WEET - B RRFPHENRE R - MHEETUE BTG
ZETEEFEERE - Si-RuEREE s AR AR NS b LB
HAOME Mo iiAs RS SRRENEFERSHT T RS A SE RS d
1F B SR NS ERR RS - 20 —EERRREEY
EFEFERTREFEEHE eSS HE e

(LT Phakopeora pachyrhici » SREHS » SIS0t 1 « ERHELE « 4o
|}



