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Abstract　Soybean rust caused by Phakopsora pachy rhiz i Syd w as fi rst repo rted in 1899 in Jilin ,

a province in nor theast China. It became the most dest ructiv e disease fo r soybean production in

t ropical o r sub-t ropical areas since the 1960s. Sy stematic research in China started since 1970s.

The disease dist ribution , yield loss , pathogen life cycle , host range , inte raction of pa thogen and

ho st , disease epidemiolog y , ho st resistance identification and screening , genet ics of rust resist-

ance and breeding , integ rated management w ere addre ssed in this paper.
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　　Soybean rust was first repor ted in 1899 in Ji-

lin , a province in northeast China[ 11] . Then it w as

found in other 23 pro vinces in China by the end o f

1980s. As early as in 1914 , soybean rust had al-

ready become the most se rious disease in Taiw an

and became a dest ructive disease in t ropical regions

af ter 1960s. The risk of soybean rust att racted

mo re at tention in mainland of China w hen it f irst

broke out in 1975 in Henan , a pro vince in center

part o f China , where soybean rust had never been

repo rted[ 34] . As a member of the International

Working Group on Soybean Rust (IWGSR), more

detail research in soybean rust w as conducted in

China since that time.

1 　Pathogen distribution and host

range

It i s clear that the pathogens causing soybean

rust are Phakopsora pachy rhizi and Phakopsora

meibomiae. The pathogens , once regarded as syn-

onymous by the early investig ato rs , were separated

by Ono et al[ 18] . The telio spores of Phakopsora

pachy rhizi were thin-walled , and pale-co lored , i r-

regular arranged in several layers in the so rus

w hi le tho se from Phakoposora meibomiae were rel-

atively thick-walled , mode rately pigmented and ar-

ranged in vertical row s of a few spore-depth in the

sorus. It w as concluded that Phakopsora

pachy rhizi existed bo th in Asia and America while

Phakopsora meibomiae only existed in America[ 47] .

Phakopsora pachyrhiz i is the only pathogen cau-

sing soybean rust in A sian countries.

Phakopsora pachyrhiz i has been found in 24

provinces in China , including Taiw an , Hebei , Si-

chuan , Tibet , Jilin , Shananxi , Jiangxi , Fujian ,

Hunan , Heilongjiang , Liaoning , Hubei , Guangxi ,

Guangdong , Guizhou , Yunnan , Jiang su , Zhe-

jiang , A nhui , Shandong , Gansu , Hainan , Henan

and Shanx i[ 3 , 9 ～ 11 , 13 , 14 , 25 , 34 , 42 , 43 , 46] . Tan et al. con-

fi rmed that the pathogen in 19 provinces w ere
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Phakopsora pachy rhiz i whi le the pathogens in

other 4 provinces (Hebei , Liaoning , Jilin and Hei-

long jiang) had not been found again. The annual

area reached about 1 ,333 ,333h m2 [ 35] .

It has been reported that the pathogen can in-

fect 139 species belong ing to 49 genera of legumi-

nous plants. The natural ho sts included at least 30

species belonging to 17 genera , among thoes 21

species belong ing to 12 genera dist ributed in Chi-

na
[ 25 , 40 , 47]

. Ono e t al
[ 18]

and other invest igators re-

po rted that more than 100 species w ere infected by

Phakopsora pachyrhiz i through artif icial inocula-

tion. Glycine max is a preferred host in the leg-

umes fami ly . Other common legume hosts are

Pachy rhiz i , Dolichos , Vigna , Crotalaria , and

Lupinus. It w as no t clear if there w as any alterna-

tive ho st species outside legumes.

2 　 Biological characte ristics and

physiological race differentiation

Phakopsora pachy rhizi had i ts ow n asexual

and sexual stag e. Uredo spo res and telio spores

were the main spore fo rms at these two stages re-

spectively. Uredo spo res w ere obovoid or bro adly

el liptical , minutely and densely echinula te and col-

o rless to pale brow ning[ 40] , wall thick 1 ～ 1. 5μm ,

pycnium was no t obvious. Uredopsores f rom China

were 29. 36×17. 88 μm in size in average[ 27] . The

size of the spo res varied wi th regions[ 25] . The life

span of uredospore usually is 61 day s at 13 ～ 24℃.

The vig or can be kept under - 140 ℃for 3 months.

The spo res star t germinating under 8 ～ 36 ℃w ith

100% relative humidi ty (RH )[ 34] . Uredospo re

germ tube g row th w as ant i-pho to t ropic[ 27] . The

pH required for spo re germination w as at pH 2. 2

～ 10 w ith the best germination rat io at pH 5 ～

6[ 27] .

Teliospo re , a key indicato r of Phakopsora

tax olog y , was the main spore type in the sexual

stage o f Phakopsora pahcyrhizi . Telia we re 2 ～ 7

spores lay ered , of ten mixed wi th uredinia. The

size varied w ith the iso lates o rigin. The shape o f

teliospore w as oblong to ellipsoid , lig ht yellowish ,

sing le o r cluster-celled scat tered or cluste r-arrange-

ment in the leaf t issue[ 27] .

Telio spores and telia could be formed on many

host plants such as Glycine species , Cajanus ca-

jan , Pachy rhiz i , Phaseolus lunatus , Phaseolus

vulgaris , Rhychos minina , Sesbania exaltata ,

Sesbania vesicaria and Vigna univulata
[ 40 , 41]

. Te-

liospo res stage has no t been observed in t ropical

regions under natural condi tions. U sually a low-

temperature duration w as required for teliopsore

formation[ 40 , 41] . The controlled condit ion fo r tel lio-

spores fo rmation w as 13 ～ 25 ℃with 200 lux light ,

and the telio spo re fo rmation reached to the peak

when daily average temperature w as around

16℃[ 29 , 31] . Telio spo res usually had 3 ～ 6 months

dormancy[ 12 , 19] . Teliospores ge rm inated and devel-

oped into basidia and basidio spo res by using dry-

wet al terna tive t reatment[ 12] , no further develop-

ment w as observed. Howeve r , no telio spo re ger-

minating w as observed when the experiment w as

repeated again in China (unpublished data).

The know ledge about telio spores is quite lim-

ited yet . It is not clear w he re and how teliospo res

ge rm inate and develop into uredospores under nat-

ural condi tions , and if there are any al ternative

hosts beside legumes. If there exist , how to f ind

them . Tan[ 31] suggested that teliospo res might not

ge rm inate under nature condit ions;they may not

be the primary inoculums in no rth China. The pri-

mary inoculums w ere probably airborne f rom south

China. How eve r , if this w as t rue , how to explain

the rust outbroke in some temperate places , where

there w as no w ind and rain reco rds w ithin 2 ～ 3

w eeks , no spo res caught , then rust disease seemed

spread to the w hole f ield in one night , where the

pathogen came from (unpublished data)A nd why

rust i s mo re seriously in autumn than in spring in

the same area as the w eathe r is favo rable fo r patho-

gen multiplicat ion in bo th seasons  U ncovering of

mystery of telio spore w ill give us a more clear un-

derstanding of soybean rust.

It w as no ticed that isolates vi rulence varied

f rom dif fe rent geog raphic regions o r legume hosts.
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Lin divided 9 iso lates f rom 3 places into 6 phy sio-

logical races by using a tentative dif ferential set

consisting of six so ybean varie ties and 5 legumes

species , how ever no marked dif ferences in vi ru-

lence among the isolates w as observed on the soy-

bean varieties. Ding[ 4] classified 12 isolates into 5

races by using 11 soybean variet ies. Yeh[ 38] classi-

f ied isolated f rom 5 a reas into 3 races (1 , 2 ,3) by

using 5 soybean genotypes. Tan
[ 26]

inoculated iso-

lates f rom Hubei on 8 soybean geno types , identi-

f ied 4 races:A , B , C and D. Among them , A and

B w ere same as “1 , 2” in Taiw an identif ied by Yeh.

A w as the most vi rulent isolate. C w as dif ferent

f rom “3” , so the C and D were regarded as new

races. M o et al
[ 16]

classi fied 4 races f rom the iso-

lates in Guangx i by using 10 different ials;only one

w as the same as B race identified by Tan , indica-

ting the complexi ty of pathogen population st ruc-

ture in dif ferent geog raphic regions. So far there

has been no a set o f standard dif ferential for patho-

gen isolates vi rulence identif icat ion. The research

on the vi rulence of pathogen iso lates w as rest ricted

to the limited scales or reg ions.

3　Rust epidemic

Rust epidemic w as caused by its mul ti-cyclic

fo ci and copious production of uredopsores[ 1] . U re-

dia fo rmed 10 ～ 14 day s af ter uredo spores infected

ho st plants , and then the released new uredo spores

infected the surrounding t issues again. In the re-

g ions of 19 ～ 27°N , uredopso re s f rom natural ho sts

such as Glycine max , Glycine soja
[ 47]

, Glycine to-

mentosa Benth[ 10] , Pachy rhizus erosus Urban[ 47] ,

Pueraria lobata ( Willd ) Ohwi
[ 47]
, Pueraria

tonkinensis Gagnep[ 47] could become the primary

inoculums. However , the above ho sts could not be

grow n in no rth China (north f rom 27°N) during

the winter. Whether or no t some perennial leg-

umes such as Apio carnea , Aphicarpaea trisperma

Bake , Desmod ium elegans DC and Desmodium

wil liamsi i
[ 46] can become the over-season hosts in

no rth China stil l needs further invest igation. Seed

or soil t ransmission has been proved to be impossi-

ble fo r the pa thogen spreading
[ 39]

.

The dispersal o f fungal spores by the w ind

w as thought to be the primary inoculums in the re-

gions in no rth f rom 27°N in China
[ 31]

. The evi-

dence w as obvious in hilly land. The pathogen in-

fested center f irstly formed in southern slope , then

the infested area expanded to north par t in ‘<'

type w ith the wind. How ever , it w as dif ficul t to

explain w hy rust occurred only in autumn or oc-

cured seriously on autumn-sow n soybean o r w inter-

sow n soybean in south China.

Climate played an impo rtant role in rust sprea-

ding. T he dai ly average temperature at 15 ～ 26 ℃

was favo r for uredospo re s germination. Rainfall

and rainy day s mainly inf luenced the development

of rust in inland and f latlands[ 27] . Rust occurrence

w as delayed during the less rainfall season whereas

the disease outbreak w as shif ted to an earlier t ime

and spread rapidly w hen the w eather w as continu-

ous cloudy and drizzly. In coastland areas and

mountain areas , fog or dew occurred f requently

through year. A long duration of dew o r fog

w eather played an impo rtant role in rust develop-

ment in Fujian , Hainan and Yunnan where the dis-

ease w as prevalent
[ 34]

.

Elevation also influenced the disease develop-

ment. Disease severity w as repo rted to be posi tive

related wi th elevat ion below 600m , whereas such

relation disappeared when the elevation w as above

600m because rust w as most ly seriously[ 17] .

Soybean could be infected in w hole g row ing

stage , but the f lowe ring stage w as more sensi tive

to the pathogen
[ 28]
. Infested rate w as po sitively re-

lated w ith plant g row th stage[ 34] .

The disease severity in field also varied w i th

landform , drainage condition , i rrigation pat te rns ,

and plant densi ty . The condit ions that increased

the humidi ty in the field such as low lands , high

plant densi ty
[ 34]

, blocked drainage , and f lood i rri-

gat ion w ould enhance the disease seve ri ty.

Combined the meteo rological info rmation wi th

rust invest igation , Tan et al. [ 35] divided soybean

production area in China into three regions:heavy

rust regions , f requent rust reg ions and occasional
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rust regions. M ost heavy rust areas covered the re-

g ions o f 19 ～ 27°N. Rust occurred eve ry year and

resulted in yield lo ss except drought y ears , the

y ield loss in normal y ear reached 30%～ 50%, seri-

ous y ield loss reached 50%～ 70% or even 100%

when the weather w as favo r fo r rust development.

The f requent rust areas we re dist ributed in the re-

g ions of 27 ～ 34°N. When the rainy day s during

flower stage w ere mo re than 15 day s , and monthly

rainfall w as above 150mm , rust can resul t in 50%

～ 70% yield lo ss. In regions no rth f rom 34°N ,

rainfall w as less , so rust just occurred

occasionally.

4 　Identification and screening for

rust resistance

The common evaluation method in f ield is the

3-digital rating sy stem that w as established by

IWGSR
[ 36]

. It i s easy to be manipulated fo r large-

scale screening.

Rust resistance rate w as determined according

to the spots type (RB , O and Tan type), amount

of uredospores mult iplication in ho st leaves
[ 1]

in

field or in lab. How ever , this method could identi-

fy typical resistance genotypes. Some RB type

spots also produced a lo t o f spo res w hen the inocu-

lated leaves we re cultured fo r long time especially

in f ield. Thus , Tan et al. [ 33] divided 5 response

types:immune (IM),high resistant (HR), moder-

a te resistant (MS), mode ra te susceptible (MS)

and high susceptible (HS). Their standard has

been used for germplasm resistance rating in field

or lab.

Combined primary screening in field plants

and re-identification in lab , about 11000 germ-

plasm lines had been screened for rust resist-

ance[ 22 , 30] . No immune o r highly resistance lines

w as identif ied. There w ere 83 resistant accessions

(MR) obtained , most w ere autumn-sow n soybean.

There w ere only 9 f rom summer-sow n or spring-

sow n soybean. It w as repo rted that the w ild germ-

plasm materials po ssessed a lot of resistance genes ,

so far no related research have been investigated in

China.

5　Rust resistance genetics , breeding

and mechanism

It had been repo rted that there were at least 4

lo cus linked to soybean rust re sistance[ 7 , 8] . The re-

sistant genotype may carry one o r tw o dominant

genes. By means o f diallel analysis of PI459025

(R), AGS181(MS), AGS129(MS) and Houzimao

(HS), Tan et al[ 32] confi rmed that the resistance in

PI459025 w as controlled by one dom inant gene ,

whi le the tolerance to rust in AGS181 and AGS129

w as controlled by multiple g enes , and the super

dominance w as obse rved in the tolerant lines.

Rust resistant landraces , such as Zhangziw u ,

Yushanqingpi and Jiuyuehuang , could be directly

used in production but most resistant germplasm

lines could no t be used directly due to their poo r

ag ronomic t rait s , such as long maturi ty , low

yield , lo gging and dark coat[ 21] . Conventional rust

resistance breeding star ted in Taiw an in 1960s.

Tainung 3 , Tainung 4 and Kaoshung 3 w ere de-

rived f rom hybrid progenies o f PI200492 , PI200490

and PI200451 , respectively
[ 2]
. P I203970 and PI

230971 we re used for the breeding of AGS181 ,

AGS182 , AGS183 , AGS229 , and AGS233
[ 24]
,

Tan e t al. used PI459025 as a parent cro ssed w i th

AGS181 , and some resistance lines such as R-34

and R-50 w ere selected. In addit ion , it w as ob-

served some progenies such as You 84-87 , Zhong-

dou 19 from non-resistant crossing combination be-

haved moderate resistance , this may be due to the

improvement o f horizontal resistance through hy-

bridization. Resistant lines also could be obtained

through mutat ion. Zaochun No. 1 w as obtained

from the mutat ion progenies of Aijiaozao , a land-

race in Hubei pro vince , t reated w ith 60Co , and

9854 from Zhongdou-24 by γ-ray irradiation
[ 23]
.

Unfor tunately , there w ere many examples that re-

sistant germplasm or breeding variet ies lo st thei r

resistance g radually due to the eme rgence of new
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races
[ 18 , 21]

.

Histological study showed that the leave tri-

chome o f resistant g eno types w ere short and thick

in regular ar rangement w hile those on susceptible

geno types w ere so f t and thin in i rregula r a rrange-

ment[ 5] . The mastoid protuberance w as formed in

resistant genotype 3 day s af ter inoculat ion on leaf

surface w hile no mastoid protuberance fo rmation

occurred in susceptible ones. Lignification occurred

much rapidly than that in susceptible ones[ 6] .

Isoenzymes changed obviously in amount and types

af ter inoculation. Such responses may ef ficient ly

prevent spores disper sing on leaf surface[ 5] . The a-

cidic amino acids in resistant g eno types increased

significant ly 24 hour af ter inoculat ion w hile the

neutral or alkaline amino acids in susceptible geno-

ty pes changed g reat ly
[ 20]

, indica ting that rust re-

sistance might possess some special features.

6　S oybean rust management

Chemical application during the po tent infec-

ted stage can effectively prevent the disease. Bay-

leton , Plantvax and Dithane M 45 w ere found to be

ef fective in controlling rust . Bay leton w as the best

one for 90% contro l ef ficiency and ove r 70 days-

long ef fect duration. Daconil and M ebenil w ere ef-

f icient to reduce the yield loss in autumn-sow n-so y-

bean area[ 45] . Plantv ax , Benomyl , Manco zeb , Sa-

pro l(T ri fo rine) and T riazone we re also ef fective to

control rust[ 44] .

Integrated pro tect management (IPM ) in-

cludes g rowing resistant varieties , changing cul ti-

vation patterns such as spring-sow n soybean in-

stead of autumn-sow n , applying po tassium , de-

creasing the field humidity by reducing planting

population , and assisted wi th chemical apply ing at

early stag e. The IPM strategies exert an eff icient

ef fect in soybean production in rust infected a rea.

7　T he prospect of rus t research

As has been reported in 39 countries dist ribu-

ted in A sia , America , Oceania , Europe and Afri-

ca , soybean rust has become a w orldw ide disease in

soybean production. How ever , soybean rust pos-

sess much po tential risk in product ion due to the

complexity of the pathogens and lacking of immune

o r high-level resistance gene source compared to

o ther pests. Being an obligate fungus , Phakopsora

pachy rhizi cannot be cul tured under artificial con-

dit ions. In most cases , the mix tures o f races w ere

used to identify resistance accessions , the lacking

of an overview about Phakopsora pachy rhizi dif-

fe rentiat ion made the releasing o f resistance culti-

vars no t synchronize w ith the evolution of the

pathogen , thus reduced life span of resistance cul-

t ivars. T he establishment of pathogen culture

method wi ll provide us an exact resistant spect rum

for each resistant varie ty , avoid ‘escape'of resist-

ant lines due to improper evaluation w ay , facilitate

our understanding about pathogen population evo-

lution and interaction be tw een host and pathogen.

The know ledge about teliospo re w ill help us to un-

derstand the gametic copulation , story in meiosis ,

new phy siological race emergence , the w hole li fe

cy cle of Phakopsora pachyrhiz i and the prima ry

inoculums in temperate regions. There has been no

genotype immune to rust all o ver the w orld ,

screening new resistant germplasm lines in w ild

soybean perhaps w ill pro vide us some exciting re-

sult fo r soybean resistance breeding. The advances

in plant functional genomic and compa rat ive ge-

nomic w ill also provide some clue fo r rust resist-

ance research.
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中国大豆锈病研究

单志慧　周新安

(中国农业科学院油料作物研究所 ,武昌 430062)

摘要　1899年在中国吉林首次报道了由豆薯层锈菌(Phakopsora pachyrhiz i Syd)引起的大豆锈病。20世

纪 60年代大豆锈病成为热带 、亚热带地区大豆生产中最严重的病害 。中国于 20世纪 70年代开始了较为系

统的研究 ,本篇综述介绍了中国在大豆锈病的病原菌分布及其寄主 、产量损失 ,病害流行 、病原生活周期 、病

原与寄主的互作 、抗锈资源鉴定 、抗锈遗传 、抗锈育种和综合防治等方面的研究进展 。

关键词　大豆锈病;流行;抗性机制;抗锈资源;生理小种


