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Explanation of plate
1.2. M EEE R RIS B MLO. L. ¥ 418 4 f MLO, #F kR 46 F Z 4r R By & (6000X);
2. J B B ok » W Sk 7R 40 BE B AR 1 (30000X) . 3.4. 4h R AR U M MR W AR L 60 MLO: 3. B WU S A 9
MLO(6000X) ;4. BB A X & ML.O. O(20000X).
1,2. MLO of the sieve tube cell of the host phloem:1. MLO is dispersed along cell wall. Arrow points to
the binary fission stage of MLO; 2. Partial magnification. Arrow point to evoded cell wall. 3,4. MLO of the

salivary gland of the vector Psammottix striatus: 3. MLO of the salivary ;4. MLO of partical magnification.
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STUDIES ON THE SYSTEMIC INFECTION INDUCED BY
SPORANGIA OF SCLEROSPORA GRAMINICOLA
IN MILLET

Zhang Ching —fong
(Shensi Branch,Chinese Academy of Agricultural Sciences)

Field observations revealed that the severity of millet downy mildew varied from year
to year with rainfall during seedling stage in Northern Shensi,and that the systemic infec-
tion occurred.

Artificial inoculation of all young organs possessing meristemic tissue with sporangia

resulted a high percentage of systemic infection and the production of numerous oospores.
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Trnasmission of Barley Yellow Dwarf Virus Strains from Northwestern China
by Four Aphid Species
Q. F.ZHANG ,W.N.GUAN,Z. Y. REN,and X. S. ZHU,Plant Virus Research Laboratory,
Plant Protection Institute, Shaanxi Academy of Agriculural Sciences, Wugong, Shaanxi
Province, People’s Republic of China, and J. H. TSAI,Agricultural Research and Educa-

-,

tion Center, University of Florida, Fort Lauderdale 33314

ABSTRACT

Zhang, Q. F., Guan. W.N.,Ren, Z. Y., Zhu, X.S., and Tsai, J. H. 1983.
transmission of barley yellow dwarf virus strains from northwestern China by
four aphid species. Plant Disease 67:895—899.

During a 2—yr period, 66 barley yellow dwarf virus (BYDV) —infected wheat
plants were collected from 17 localities in Shanxi, Shaanxi, Gansu, and Henan
provinces of the People’s Republic of China. Four strains of BYDV (GPV,
DAV, RPV, and GPDAV) were identified on the basis of differential aphid
transmissions. the predominant strain was GPV, which was found in 77. 3% of
the 66 samples tested. GPV was transmitted nonspecifically by Schizaphis
gramimum and Rhopalosiphum padi, but transmission by S. graminum was 36.
8% more efficient than by R. Padi. Macrosiphum avenae rarely transmitted
GPV. This strain was not transmitted by Acyrthosiphon dirhodum. DAV was

Barley dwarf
virus (BYDV) is the most

common and widely distribut-

yellow

ed cereal virus in the world.
It has been reported in Aus-
tralia (4), Belgium (27),
Canada (16), Czechoslovakia
(31), England (33), Finland
(123, Germany (18), India

found in 15. 2% of the total 66 samples. DAV was transmitted nonspecifically by

S. gr » M. » and A. dirhodum but was not transmitted by R. Pa- | (15), Israel (11), the
di. RPV was found in 4. 5% of the samples, RPV was transmitted exclusively

by R. Padi, and GPDAYV was found in 3%of the samples. this strain was trans- Netherlands (17), Sweden
mitted nonspecifically by all four aphid species. The vector specificity of GPV | (14), adn the United States
and DAV remained constant regardless of the number of aphids used in the tests. h .
S. Gr and M. (1. 19). Its host range in-

apparently acquired and inoculated GPV and DAV
strains. respectively, in as short a time as 1 min. Increase in duration of acquisi-
tion and inoculation feeding time did not appreciably increase the rate of trans-
mission. Both nymphs and adults of S. Graminum and M. avenac wew efficient
transmitters of BYDV. The median latent period (LPsq) values in both vector
species were about the same. The mean retention period of BYDV was 20. 1days
in S. graminum and 13. 9 days in M. avenae. There were significant differences in
varietal reaction to GPV and DAV among the 24 wheat cultivars tested, ranging
from 0. 0 to 85.7% infection.

Additional key word;luteoviruses

cludes about 100 species of
Gramineae; no dicotyledonous
plants have ever been report-
ed susceptible (24). Among
the Gramineae, barley, oats,

wheat, rice, corn, and rye

are the most economically im-
portant hosts of BYDV. Transmission of BYDV is dependent on vector species, virus isolates, test plant
species, source plants, and temperature (22). Five isolates of BYDV, namely PAV, MAV. RPV, RMV,
and SGV, have been differentiated on the basis of vector specificity and serology in the United States dur-
ing the past 20 yr (25). Similar isolates have been reported in Canada by Gill (7) and their relationships
were based partly on results of aphid transmission tests and partly on cytological reactions (8,9).

BYDV has been known to occur in the People’s Republic of China (PRC) for the last two decades
(34). The disease reached epidemic proportions in 1966, 1970,1973 and 1978 over a vast area in China ,
including Shaanxi, Gansu, Shanxi, Henan, Hebei, and Shandong provinces as well as Ningxia and Nei
Monggal (Inner Mongolia) autonomous regions. Other localized BYDV infestations during this period oc-

curred in Liaoning, Jilin, Heilongjiang, Jiangsu, Anhui, Sichaun, Guizhou, and Qinhai provinces as well

» The publication costs of this article were defrayed in part by page charge payment. This article must
therefore be hereby marked “advertisemernt”in accordance with 18 U.S.C. § 1734 solely to indicate
this fact.

C. 1983 American Phytopathological Society
(EBEDH Y7 E,1983,67(8):895—899
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as Xingjiang and Xizang autonomous regions. Yield losses in wheat caused by BYDV have been estimated
at 20—30%. As a result of the Cultural Revolution, no basic research on vector —virus — host relationships
was encouraged during that 10—yr period. This paper reports identification of four strains of BYDV from
wheat by differential aphid transmissions. We have tentatively designated these strains as GPV, DAV,
RPV, and GPDAV. The transmission characteristics of two dominant strains of BYDV are also reported.
Materials and methods

Aphid species used in this study were Rhopalosiphum padi (L.), Macrosiphum (= Sitobion) avenue
(Fabricius), Schizaphis graminum(Rondani), and Acyrthosiphon dirhodum(Walker). Each of these four
species (RP.MA .SG,AD,respectively) represented progeny of a single viviparous female originating from
Wugong in Shaanxi Province or Gangu in Gansu Province. All stock colonies of virus —free aphids were
reared on caged wheat plants (Triticum aestivum L. ) in an isolated room under 12—hr fluorescent illumi-
nation at about 23 C. A group of aphids from each species was also used as controls in the experiments.

A total of 66 infected plants showing BYDV symptoms was collected from 12 localities in Shanxi.
Shaanxi, Gansu, and henan provineces. One to three leaves, from each of these 66 infected plants was each
divided into four sections, and each section was placed in a separete petri dish containing a given test —
aphid species. Four—to 5—wk—old plants inoculated in the first test were selected at random for subse-
quent tests with the four aphid species, this process was repeated for two to five cycles. All viruses were
routinely maintained by serial transmissions by aphids to Avena nuda L. at 4 to 5—wk intervals. A. nuda
seedlings in the two leaf stage were used as test plants for transmission trials. All insects were starved for
at least 2 hr before each test in order to enhance the initiation of feeding.

For vector specificity tests,an acquisition access period of usually 2 days at 22+1 C was followed by
transfer of two aphids by means of a camel’s hair brush from each detached,infected leaf to each A. nuda
test seedling for an inoculation access period (IAP)of 25 days at 22141 C . In one test,transfers included
five aphids per seedling and 10 aphids per seedling for comparison. In all trials,test insects and plants were
sprayed with DDVP (2. 2—dichlorovinyl dimethyl phosphate) at the end of the inoculation access period ,af-
ter which plants were placed on a greenhouse bench for at least 6 wk and observed for symptom develop-
ment. Symptomatology was the only means used throughout this study to confirm the experimental re-
sults. Occasionally. a few symptomless plants resulting from various transmission trials were selected for
aphid —acquisition checks. No transmission ever occurred.

To obtain a more precise comparison between virus strains and aphid species. individual insects were
serially transferred to healthy seedlings at 2—hr intervals for 30 hr to determine the median latent period
(LPso)using Sylvester’s method (28). Retention of BYDV inoculativity by aphids was determined by trans-
fer of test insects. singly at daily intervals,until the death of the insects. For studying transfnission charac-
teristics of two dominant of BYDV. GPV and DAV, by their vectors S. graminum and M. avenae,vespec-
tively.individual insects were carefully observed and precisely timed during various acquisition and inocula-
tion feeding periods.

RESULTS

Results from 66 samples of BYDV —infected wheat collected from Shanxi,Shaanxi.Gansu,and Henan
provinces during 1978 —1981 are summarized in Table 1. Four distinct strains of BYDVwere detected in
northwestern China. The predominant strain was GPV,which was transmitted nonspecifically by both S.
graminum and R. padi,but transmission by S. graminum (55. 3%) was more efficient than by R. padi

(18.5%). M. avenae rarely transmitted GPV and it was not transmitted by A. dirhodum. The second most
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predominant strain was DAV, which was transmitted non specifically by S. graminum , M. avenae.and A.
dirhodum (30. 8,38. 1,and 25. 0% ,respectively) but was not transmitted by R. padi. The third strain was
RPV, which was transmitted exclusively by R. padi. The fourth strain. GPDAV, was transmitted non-
specifically by all four species of aphid tested.

Of the 66 samples tested,77. 3% contained a virus similar to GPV (Table 1). This strain was widely
distributed in most plain areas of Shaanxi,southern Gansu,southern and central Shanxi,and central Henan
provinces. DAV was only found in 15. 2% of the samples and was distributed only in the samples and was
distributed only in the high elevations of central Shaanxi,eastern Gansu,and northern Shanxi provinces.
RPV and GPDAYV were found in only three and two samples,respectively. Their distribution was rather
limited ;the former was found in the Taibei San Mountain and Meixian in Shaanxi Province and the latter

was found in Taibei San Mountain and Longxian in Shaanxi Province.

Table 1. Summary of transmission of four strains of barley yellow dwarf virus by four aphid species during
1978—1981

Strain Collection No. Nc'>. test plants infected/no. plants infested by indicated aphid species®
site samples SG  Percent RP Percent MA Percent AD  Percent
GPV Northern
Shaanxi 3 47/62 75. 8 15/69 21.7 2/63 3.2 0/71 0.0
Central
Shaanxi 39 501/883 56.7 159/907 17.5 50/861 5.8 0/880 0.0
Southern
Shaanxi 1 56/114 49.1 4/115 3.5 0/114 0.0 0/115 0.0
Eastern
Gansu 5 52/112 46.4 46/114 40.4 11/113 9.7 0/116 0.0
Central
Shanxi 1 19/31 61.3 15/30 50.0 0/27 0.0 0/33 0.0
Northern
Shanxi 1 43/93 46. 2 10/90 11.1 0/94 0.0 0/97 0.0
Central
Henan 1 16/32  50.0 1/29 3.4 0/31 0.0 0/30 0.0
Total 1 734/1327 55.3 250/1354 18.5 63/1303 4.8 0/1342 0.0
Percent 77.3
DAV Central
Shaanxi 4 32/157 20.4 0/169 0.0 79/161 49.1 49/158 31.0
Eastern
Gansu 5 34/109 31.2 1/112 0.9 42/112 37.5 28/108 25.9
Northern
Shanxi 1 56/130 43.1 0/130 0.0 30/123 24.4 21/126 16.7
Total 10 122/396 30.8 1/411 0.2 151/396 38.1 98/392 25.0
Percent 15.2
RPV Central
Shanxi 3 0/32 0.0 20/31 64.5 0/32 0.0 0/31 0.0
Total 3
Percent 4.5
GPDAV Central
Shaanxi 2 17/32 53.1 9/41 22.0 21/30 70.0 19/21 90.5
Total 2
Percent 3.0
ealthy insects 0/236 0.0 0/228 0.0 0/230 0.0 0/233 0.0

°SG = Schizaphis graminum, RP = Rhopalosiphum padi, MA = Macrosiphum avenae, and AD = A-
cyrthosiphon dirhodum. A total of 656 healthy plants was used as uninoculated controls throughout this
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test period ;none of the control plants developed BYDV symptoms.
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To test the stability and distinctive nature of the predominant strains,GPVand DAV ,we increased the
number of test aphids from two to five and 10 per plant for each of the four aphid species, These results
showed that the vector specificity of these two strains remained constant regardless of the numbers of
aphids used(Table 2). R. padi transmitted GPV but not DAV ,and A. dirhodum transmitted DAV but not
GPV.

Because S. graminum and M. avenae were the most efficicnt vectors of GPV and DAV, respectively
(Table 1),we conducted another series of experiments to elucidate the vector —virus — plant relationship.
The transmission characteristics of GPV and DAV by these two aphid species are summarized in Table 3.
It is interesting to note that both strains apparently were acquired and inoculated by their respective vec-
tors in as little as 1 min. Increase in duration of acquisistion feeding period and inoculation feeding period
did not appreciably increase the rate of transmission. Nymphs were as efficient vectors as adults in either
species. There was a definite latent period of the virus in its vectors. The LP;, values in the vector species
were 19. 4 and 17. 7 hr for nymphs and adults of S. graminum and 20. 8 and 16. 6 hr for nymphs and adults
of M. avenae(Table 3). The virus could be retained until the death of*the insect,with a mean of 20. 1 and

13. 9 days in S. graminum and M. qvenae,respectively (Table 3).

Table 2. Comparative studies on the stability of two strains of barley yellow dwarf

virus using different numbers of aphids allowed a 2—day acquisition access period Another series of

experiments was carried

Strain No. aphids No. test plants infected/no. plants infested by indicated aphid species®
perplant SG  Percent RP  Percent MA  Percent AD  Percent
GPV 2  14/22 63.6 1/22 4.5 0/9 0.0 0/17 0.0 study the virus host
5 6/10  60.0 0/9 0.0 0/10 0.0 0/8 0.0  plant relationships.
10 20/30 66.7 7/30 23.3 1/28 3.6 0/28 0.0

out in greenhouses ‘>

Twenty — four cultivars

Total 10/62  64.5 8/61 131 1/47 0.2 o/53 0.0 °of wheat were used for

DAV 2 7/24  29.2  0/19 0.0 1/9 1.1  6/20 30.0 inoculation trials. Each
5 11/15 73.3  0/11 0.0  3/11 27.3  2/11  18.2 test plant was inoculated
10 1/11 100.0 011 0.0 11/11 100.0 10/11 0.9 oo e aohids.
Total 29/50 58.0 0/41 0.0 15/31 48.4 18/42 4.9 e first 10 cultivars in
Table 4 were commonly

SG=Schizaphis graminum ;RP = Rhopalosiphum padi ;sMA =Macrosiphum avenae;
AD= Acyrthosiphon dirhodum. grown in northwestern

China. The results of X? test showed that seven cultivars differed significantly in reaction to the main

strains of BYDV (Table 4).
DISCUSSION

We have identified four strains of BYDV from infected wheat in northwestern China based on results
of comparative transmission tests with four aphid species. Isolates similar to GPV were predominant in the
major wheat growing areas. S. graminum was the predominant vector species throughout this region, This
insect was not only the most numerous in this vast plain but also was the most efficient vector (Table 3).
Therefore. it apparently played a major role in severe outbreaks of barley yellow dwarf in 1966,1970,1973
and 1978 when the weather was favorable in the preceding year (6). A similar isolate (SGV) was reported
in Canada (7) and New York (13). This isolate was very rare in Canada because of low vector transmission

efficiency;only 13% of individual S. graminum and 2% of R. padi transmitted SGV (7). Although R. pad:



