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PREFACE

Maize is currently the world’s third most im-
portant food grain and is a staple in the diet of
500 million people in the developing countries of
Africa, Asia, and Latin America (CIMMYT
REVIEW, 1976). Maize also serves as a food for
livestock that provides the prlnmpal animal pro-
tein for these people.

Half of the area planted to msize worldwide is
in these developing countries, but they account for
only one-fourth of the world’s production. Dis-
gases rank high among constraints to greater
maize yields in these couniries. Maize streak in
tropical Africa and corn stunt in tropical Latin
America, for example, have been identified by
CIMMYT as important constraints to improved
vields.

In view of the importance of maize in world
food production and of virus and virus-like dis-
eases in limiting maize vields in the developing
countries, an International Maize Virus Disease

Colloquium and Workshop was held on August 16-
19, 1876 at the Ohjo Agricultural Research and
Development Center, Wooster, Ohio. The purposes
of the colloquium and workshop were to determine
the importance of maize virus and virus-like dis-
eases in the agriculturally developing countries
and to explore means to contirol these diseases
throngh an international cooperative program.
Participants were maize workers from various
countries in Africa, Asia, and Latin America and
from the United States. The colloquium and work-
shop was jointly sponsored by the U.S. Agency for
International Development and the Ohio Agricul-
tural Research and Development Center.

The editors assume responsibility for changes
to improve clarity and form of manuscripts and
discussions.

L.E. williams
D.T. Gordon
L.R. Nault
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United States Agricultural Experiment Stations’
Involvement in Maize Improvement

Roy M. Kottman

Dean, College of Agriculture and Home Economics, The Ohio State University; Director, Chio Agricul-
tural Research and Development Center; and Director, Ohio Cooperative Extension Service, Columbus,

Ohic 43210.

We here at the Ohio Agricultural Research
and Development Center are deeply honored to
serve as the host institution for this International
Maize Virus Disease Colloguium and Workshop.
My assignment at this time is to indicate to you
something of the size and scope of the State Agri-
culiural Experiment Stations’ involvement in re-
search on maize, or as I shall refer to it, on corn.
As all of you are well aware, total production of
corn in the United States this year will be well
over six billion bushels. The North Central States,
from Ohio on the east to North and South Dakota,
Nebraska and Kansas on the west, and from Wis-
consin and Michigan on the north to Missouri and
lllinois on the south, produce 85 percent of the
U.S. corn crop. Of the 50 states, Ohio ranks sixth
in corn production, behind Iowa, Illinois, Indiana,
Nebraska and Minnesota, in that order. Sixty-
eight percent of our U.S. corn crop is fed to live-
stock and pouliry, 28 percent is exported, and the
remainder goes into various industrial uses or is
processed for human consumption.

In addition to the more than six billion bush-
els of corn produced for grain, our nation in
1975 produced some 113,336,000 tons of corn si-
lage, most of which was fed to beef and dairy cat-
tle. Total value of the crop was $17,793,041,000.
Comparison of this figure with our 1975 total U.S.
farm income of $91,380,000,000 indicates that our
U.S. corn crop represents 19.5 percent of total
cash farm receipts in the country.

Publicly supported research on corn last year
utilized the talents of 180 scientists in the State
Agricultural Experiment Stations and 146 scien-

tists in the U.,S. Depariment of Agriculture (USDA)}, -

a total of 326 scientists whose efforts can be
translated into some $21 million of research ex-
penditures. This is only about 2.6 percent of the
$806 million combined total outlay for research by
the State Agricultural Experiment Stations and the
USDA in 1975, Clearly, we depend on the private
sector for a good bit of the research being done
on ¢orn in the United States. Even so, I believe an
argument can be made that our publicly support-
ed research effort on corn is far less than the
value and importance of this crop would suggest
as being anywhere near adequate.

In terms of research on diseases of corn, the
Agricultural Experiment Stations in the 12 states
of the North Central Region, in-cooperation with
the USDA, currently utilize the talents of 20 scien-
tists plus a sizeable team of support staff. This re-
search program involves an annual expenditure of
approximately $1.5 million. Gomparable data for
the entire United States would be 44 scientists and
an annual expenditure of $2.4 million.

Unfortunately, we do not have a computer
print-out on manpower or dollars commijted to re-
search on corn viruses per se. Suffice it to say
that aside from the combined efforts of the Ohio
Agricultural Research and Development Center
and of the USDA personnel located on this cam-
pus, there is far less research effort underway on
corn viruses than their demonstrated and poten-
tial reduction of corn yields would dictate.

It is my hope, therefore, that this Colloguium
and Workshop will kindle both interest and sup-
port for considerably more research effort -on
maize virus diseases, here in the U.S. and in all
countries represented at this meeting.



Maintaining a Solid Foundation for Corn Preduction

Earl R. Glover

Deputy Administrator, North Central Region, Agriculiural Research Service, U.S. Department of

Agriculture, Peoria, Illinois 61600.

I live in the heart of the Corn Belt of the
United States of America. In fact, headquarters for
the Agricultural Research Service's North Central
Region is located in Peoria, Illinois. This is the
.center of the state where growers last year pro-
duced the largest average corn yield of any in the
United States. That yield was 7.27 metric fons per
hectare (116 bu/acre}. The North Central Region
last year produced 124 million metric tons of corn
(4,866,492,000 bushels), which was 84 percent of
the total U.S. corn production in 1975 and about
hall of the world production.

By the way, a farmer in McLean County, Illi-
nois, established a new world’s record for corn
production last year. He grew 338 bushels of corn
on 1 acre of land or 277 quintals per hectare.
That, at least, sets a standard to aim at.

My position in this region provides me with a
good overview of agriculture and our research in
the North Central United States. About half of the
600 ARS scientists in this region are located on

land grant university campuses, where many of |

them work cooperatively with state scientists.

With this background, 1 will emphasize se-
lected corn research in this region and highlight
some of the achievements at other locations where
corn research is carried out by this ageney.

Secretary of Agriculture Earl L. Buiz said re-
cently (1976 Corn Annual) that corn has been =
catalyst in our agriculiural and national develop-
meni. He reminded us that corn has had a great
deal to do with the size of our farms, the mix of
livestock and crops, the mechanization of agricul-
ture, and our total feed and food supply. Without
corn, we could not have moved nearly as swiftly
to the point where fewer than 5 percent of our
people can supply the food for the other 95.

Corn yields worldwide have grown by more
than 2 percent per year during the past two de-
cades — to give an average yield of 2.7 metric
tons per hectare. This is roughly 150 percent of
the average yield of all grains, which again em-
phasizes the role corn can play in stimulating
economic growth and stability and in providing a
food source in many parts of the world. As you
may not know, we may export nearly 30 percent
of the record 1975 U.S. corn crop.

More extensive corn production in the United
States has, however, brought problems: less crop
rotation, higher plant densities, heavier rates of
fertilizer, use of marginal land, and heavier

equipment. These have greatly increased threats
of infestations of weeds and insecis, outbreaks of
diseass, losses of soil and water, compaction of
soils, greater energy requirements, and pollution
of lakes and streams. Because of increased de-
mands for food, we cannot retreai to less inten-
sive production, nor can we expand our acreage
substantially. Some land just is not suited to corn
production. The answers lie in improved technal-
logy that supperts more intensive production.

Studies to gain improved technology for corn
production are conducted by about 40 ARS
scientists at 15 locations. Most of these scientists
are in the North Central Region. Annual ARS
support for corn research amounts to a little over
$6.0 million.

As scientists concerned with corn diseases,
you know far better than- I that the double-bar-
reled threat of genetic vulnerability and contin-
uous corn is a primary challenge. I am pleased
that much progress is being made to reduce this
threat, but we have a long way to go before we
pass the danger mark.

Scientists of this agency have launched a
multipronged attack in cooperation with universi-
ties and industry, Through the use of recurrent
selection they are utilizing exotic strains of corn to
broaden the genetic base of hybrids and to reduce
genetic vulnerability in hybrid corn. They are also
determining how best to forecast outbreaks of di-
sease; developing inbred corn that resists blights,
anthracnose and downy mildew; studying exotic
diseases to determine the conditions causing out-
breaks and the resistance and susceptibility of
corn; stepping up efforts to preserve corn germ-
plasm reserves; and searching for safer and more
effective chemicals to control weed and insect
pests, disease vectors, and diseases.

You are aware that the southern corn leaf
blight [Helminthosporium maydis) epidemic in 1970
emphasized the concern in this country about the
genetic vulnerability of corn. This epidemic set off
an intense geries of research activities. Now, most
corn hybrids are produced using N or normal cy-
toplasm that is resistant to the toxin produced by
race T of the southern corn leaf blight pathogen.
However, because the parental lines currently
ugsed frequently have similar genetic backgrounds,
the vulnerability of present hybrid corn to insect
pests and other disease organisms is still of major
concern in 1976.



Agricultural Research Service scientists are
reducing genetic vulnerability by using recurrent
selection to improve breeding populations from
which improved parental lines are selected.
Small, step-wise changes are made in breeding
populations by repeatedly selecting plants for de-
sired traits and intensifying these traits by mating
those selected. Results show that this cyclical se-
lection procedure improves the performance of
breeding populations. These improved populations
provide inbred lines not related fo others used.
However,we cannot become complacent. Every ef-
fort must be made to widen the corn germplasm
base and must include long-term research to in-
corporate exotic materials from diverse regions
into adapted U.S. corn strains.

Much fundamental knowledge is needed about
pathogens and conditions that cause disease out-
breaks or epidemics. Scientists are studying
several important diseases including southern
corn leaf blight, anthracnose, and downy mildew
from this standpoint. Downy -mildew, for example,
is a potentially serious disease for which contrecl
methods and resistance in commercial varieties
are inadequate. Limited information is available
on the epidemic potential of downy mildew
(Sclerospora sorghi) in this country, and no infor-
mation is available on the exotic strains of this
pathogen.

Downy mildew was first observed in the
United States in 1971 in the state of Texas. It has
since spread to 12 states, as far north as Kansas
and IMlinois, eastward to Indiana, and southeast to
Georgia. Failure of the disease organism to over-
winter in the Corn Belt has probably been the ma-
jor deterrent to the spread of the disease within
this area.

Extensive screening of corn lines is now
underway to find resistance to downy mildew.
This effort is aided by a new mass screening tech-
nique developed by one of our plant pathologists in
Texas. The technique is excellent for selecting
downy mildew-resistant strains from a mixed pop-
ulation. Progress is also being made in developing
inbred corn that resists northern corn leaf blight,
anthracnose, and Stewart’s wilt.

Increasing world trade and international
travel multiply the risks to world crops frem plant
diseases that are now confined geographically.
For this reason, we have 10 plant pathologists,
an entomologist, a plant physiologist and support
staff who work fulltime developing new knowledge
on the vulnerability of major U.S. crops to exotic
diseases.

Advances in technology in one farming
operation often outdate technology in another.
United States corn producers know this well.
Technology represented by the picker-sheller has
outstripped the older technology of storing and
handling corn. Damage to kernels during harvest-

ing has increased, and picking now begins while
corn is still wet — frequently in hot weather at
summer’s end. This high moisture — often 30 to 35
percent when harvest starts — encourages the
growth of molds, which can spoil many million
bushels of corn every year. As you know, some of
these at times produce toxins — for example,
aflatoxin produced by the fungus, Aspergillus fla-
vus.

Both temporary and long-term solutions to the
problem of moldy corn are being sought by our
scientists. Progress has been made. 1) Wet corn
can be aerated with reirigerated or natural air,
depending upon the season, for short-term storage
until the grain can be dried or fed to livestock.
Aeration should begin immediately after harvest.
2) Corn contaminated with aflatoxin can be de-
toxified by circulating gaseous ammonia in a
specially sealed steel bin. Ammonia inactivates
the toxin, as verified by chemical assays and by
feeding tests with ducklings, broiler chickens, and
rainbow trout. Feeding tests that may lead to ap-
proval of the process by the Food and Drug
Administration are underway at Athens, Georgia.
Ammonia salso preserves corn. 3) A plant
physiologist is seeking answers to the question:
Can corn be bred for faster dry-down to speed up
and lessen drying cost? Factors determining the
rate of dry-down in corn have been very difficult
to quaniify. However, we Know this is a trait that
can be controlled genetically. Scientists are now
attempting to identify inbred lines that contribute
fastest rates of dry-down to resultant hybrids.
Then it will be a question of whether this trait can
be bred into hybrids without sacrificing other de-
sirable characteristics:

As I stated earlier, the need for food and feed
means intensive production, including corn after
corn on the same land. What effect does contin-
uous corn have, for example, on populations of
corn rootworms - an insect that continues to de—
velop resistance to the beiter insecticides?

More than one-fourth of the total U.S. corn
acreage is now being treated annmally for the
control of corn rootworm. Half of those treated
acres receive the chemical Furadan, to which
corn rootwerms are becoming resistant. Our en-
tomologists tell me that none of the alternatives to
insecticides — biological control, host plant re-
sistance, crop rotation — seem particularly prom-
ising at this time. They have discovered a sex
pheromone for the rootworm. Although the phero-
mene will not control the insect, it will help detect
rootworms and enhance studies on what to do
about the problem.

You and I know that years are involved in
finding and testing biological controls against in-
sects, and once they are developed, additional
years are required before they cam be approved
and registered. Fiftieen years elapsed between the



discovery, by an ARS entomologist, of the first
viral insecticide and its registration. The virus is
specific to and controls the insect known varicusly
as the cotton bollworm, the tobacco budworm,
and the corn earworm.

As another example, it will take an estimated
15 to 20 years before half of the U.S. corn acre-
age is planted to hybrids that resist both the first
and second generafions of the European corn
borer. Breeding populations were made available
ta hybrid producers in 1975. The dual resistance
was found by ARS scientists in exotic corn from
Colombia, South America.

My discussion so far has dealt with problems
of corn production. I would like to speak briefly
about two significant developments involving the
nutritive value of corn. This nation’s largest dry
corn miller began tooling up last year to produce
corn germ flour based on a development by cereal
chemists and engineers of this agency. The flour
is refined from germ meal, historically an animal
feed. It will be marketed as a meat extender and
a protein fortifier in baked goods, snacks, and
breakfast cereals. The flour is about one-fourth
protein, ome-half carbohydrate, and one-tenth
mineral. Essential amino acids of the flour com-
pare [avorably with chicken egg protein.

We do not have to be satisfied, however, with
today's nuirient levels of corn; not when we look
closely at the genetic pool of improvement avail-
able to us. Early this decade, two of our scien-
tists, a chemist and a botanist, studied the primi-
tive Coroico corn from South America. They dis-
covered that Coroico has an extra-thick aleurone
layer, which is the site of B-vitamins and high-
quality protein. The layer in this primitive corn is
two to five cells thicker than in U.S. commercial
hybrids. Besides making up more of the kernel,
Coroico aleurone contains a higher proportion of
protein, 35 to 38 percent, than the dent aleurone,
which has 20 to 22 percent. Moreover, Coroico
corn contains more of the essential amino acids
lysine, arginine, methioning, and threonine. Plant
breeders are hopeful that this trait can be passed
along to improve future corn lines.

The United States rzlies on other nations for
belp, as in the case of South American corn. We
also share our knowledge overseas. Let me briefly
outline some of the direct technological assistance
this agency has provided through the Special For-
eign Currency Research Program and through

funded programs of the U.S Agency for Interna-
tional Development (USAID).

The Agricultural Research Service has
awarded 36 grants to foreign institutes of maize
production. This has involved 79 scientists (36
American and 43 foreign) in nine couniries
(Brazil, Egypt, India, Israel, Pakistan, the Philip-
pines, Poland, Spain, and Yugoslavia). More than
$3 million equivalent in foreign currencies were
expended. What were some of the results? 1) A
study in Yugoslavia resulted in new corn germ-
plasm resistant to the European corn borer. 2) A
study in India on the species of Helminthosporium
(leaf blight organism), which occur on corn and
grasses, proved basic to U.S. corn research. 3)
One of the most notable discoveries in India
showed that certain wild grasses are hosts for
Helminthosporium species, including those cap-
able of causing disease similar to southern corn
leaf blight.

Teams of scientists are working in both West
and East Africa under the USAID program to im-
prove production of maize. They have introduced
recurrent selection for population improvement in
both areas.

The team in Wast Africa has shown thai
maize is well adapted in a broad belt of semi-arid
tropics, and that yields of more than 8 metric tons
per hectare (127 bushels/acre) are possible. The
team in East Africa was instrumental in devel-
oping Improved Equador 573 that is presently used
as the male parent of 77 percent of the hybrid
maize seed planted in East Africa, a total of
428,000 hectares (1,057,600 acres). Among other
accomplishments, both teams have established re-
gional variety trials, which give breeders a
chance to check the range of adaptation and di-
sease resistance of new varieties growing under
different conditions.

Certainly not all of the research I have dis-
cussed will be of direct interest to you. Some may
have direct spplication, and you may want to
know more than the sketchy information I have
provided. I will be more than pleased to put you
in touch with the proper scientific authority.

As an American, I am aware of the role corn
has played in slimulating, the economic growth of
the United States and the direct and indirect im-
portance of corn to cur food base. I hope corn can
play that same role in other parts of the world.



CIMMYT’s Role in Maize Improvement in the
Less Developed Countries

R.D. Osler

Deputy Director General and Treasurer, CIMMYT, Apartado Postal 6-641, Mexico 6, D.F. Mexico.

Maize ranks third in world cereal production
as well as in the lesg developed countries. It is al-
so commenly recognized that maize grows over a
wider range of environments than any other cereal
and is thus exposed to more hazards and ig a
higher-risk crop than any other cereal. Yet, under
good management, maize will produce equal or
superior yields. With poor management all the
cereals, maize included, produce about 1
ton/hectare, the national average yield in the less
developed countries. On the other hand, experi-
mental vield trials around the world have demon-
strated the vielding capability of maize. Virtually
every maizs-producing country is reporting ex-
perimental yields two to four times their national
average. Nevertheless, national average yields in
the less developed countrias have not kept pace
with population increases. Many demographers
have agreed that population growth during the
past decade in the less developed countries has
been approximately 30 percent. According to the
1974 FAO Production Yearbook, maize production
in the less developed countries increased 35 per-
cent in the early 1970's, compared to the first half
of the 1960°s. But, most of the increase was due to
increased area. According to FAO, vyield in-
creased only 11 percent during that time.

Economists at CIMMYT studied maize produc-
tion in 55 developing countries in which it is a
major food and found that during the 1960's: 1)
population in 45 of the countries increased faster
than maize vields, 2) 20 of the countries were im-
porting maize at the close of the decade, and 3)
only eight countries had average maize vields of
1.5 tons/hectare or more. For the years 1971,
1972, 1873, developing countries harvested about
48 percent of the world maize area but they
produced only 22 percent of the grain. Average
grain yields were almost four times greater in the
more advanced countries,

Against this background of food and fuel
shortages and high costs of fertilizer and other in-
puts, CIMMYT's maize improvement program is
built around two closely related concepts: 1)
developing improved technology and 2) delivering
the technology at the farm level in the less
developed couniries. Our research program co-
operates directly with national programs provid-
ing germplasm and practical in-service training at
CIMMYT for their young scientists. We now work
with scores of institutions that have: 1) formally

constituted programs involving public agencies,
such as ministries of agriculture, universities, and
other organizations; 2) private interests, such as
seed companies or other independent groups or
associations; and 3) no formal designation. Our
materials and information are freely available to
all,

In cooperating with these programs, the aim
is to develop appropriate technology as a joint
venture so that the new varieties or practices are
tested as an integral part of the process of devel-
opment and delivery to the couniries. Our train-
ing stresses on-farm festing with instruction and
use of improved technological practices under
conditions similar to those in the trainees’ home
country.

Our technological emphasis is on six major
problems. First, tropical maize plants are
generally too tall and frequently lodge. We are
developing short, stiff stalks that will make a more
efficient plant — a plant that produces more grain
per kilogram of nutrients per hectare. Second,
numerous insects and diseases reduce maize
yvields worldwide.” In our maize improvement
scheme we are seeking generalized resistance to
the pest complex, in addition to other desirable
agronomic traits, Third, research stations in most
maize-growing countries get double the maize
yields obtained by their better farmers, and four
times the national average. CIMMYT seeks better
agronomic practices to go with the nDewer
varieties to fit better the needs of the average
farmer and thus close part of the yield gap.
Fourth, presently available maize varieties lack
“adaptation” for many areas. Adaptation means
the ability of maize varieties to produce satisfac-
tory vields of grain over a period of years and a
range of locations and under different conditions
of temperature, moisture, and pests. We are
developing varieties with adaptation to provide
more stable performance and hence, fewer risks,
Fifth, maize protein quality is generally con-
sidered poor due to an inadequate halance of
amino acids. We are developing maize varieties
with high quality protein that will compete in yield
with normal maize varieties. Sixth, available ma-
turity ranges of improved maize varieties are not
sufficiently broad to cover the demands of farmers
in developing countries. Farmers in rainfed areas
need a short-season maize to fit a short rainy sea-
son or rotation with other crops. Farmers with ir-



rigated land may need a full-season maize variety.
As a means of better explaining CIMMYT’s maize
improvement program we have constructed what
we have named “CIMMYT's Maize Pyramid” {Fig.
1).

I now plan to briefly discuss each of the eight
steps of the pyramid. Before doing this, however,
I wigsh to make a few introductory comments. To
begin with, we visualize CIMMYT's maize pro-
gram as a continuous gene flow starting with new
germplasm and ending with actual production in
the farmer’s field. In addition, any pollination we
make should be based on the needs of some
farmer somewhere in the world, with emphasis on
the development of cultivars with broad adapta-
tion, and better, more efficient yields per unit of
inputs in the farmer's field. What we are now
calling the “CIMMYT Maize Pyramid” is a formal-
ization of activities that have evolved over several
years. One of the earlier examples involved tesi-
ing of progenies from our advanced unit popula-
tion Tuxpeno 1 in Zaire in early 1974 and the sub-
sequent formation, increase, and recommendation
of a variety named Salongo.
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Fig. 1. CIMMYT s maize pyramud.

Step 1. New germplasm, — The germplasm
bank in Mexice contains approximately 12,000
entries (varieties, lines, wild types) that are con-
tinuously being classified for economic character-
istics. International introduction nurseries consist
of materials from other countries and newly ar-
rived in Mexico. Each year the best new materials
are integrated into the back-up pocls.

Step 2. Back-up pools in Mexico. — Here
germplasm has been classified into pools (genetic
soups) according to agro-climatic characteristics
(lowland tropics, highland tropics, or temperate
zone), grain types (dent, flint, floury, vellow or
white endosperm), and length of growing season
(early, intermediate, and late). Use of such
categories results in 34 pools that are required to
cover the developing maize producing countries of
the world — 12 for the lowland tropics, 14 for the
highland tropics, and 8 for the temperate zone.
Back-up pools are grown twice a vear in Mexico
with use of a half-sib selection method. Field trials
of progenies and pools, in Mexico and at selected
sites outside Mexico, determine if and when se-
lected progenies are integrated into the advanced
populations,

Step 3. Advanced populations in Mexico. —
Here, materials continue to be grouped by agro-
climatic regions. But unlike the pools, these
populations have been subjected to various gen-
erations of testing, selection, and recombination
for better plant type; better disease and insect re-
sistance; and better vyield over environments dif-
fering greatly in altitude, precipitation, tempera-
ture, day length, and indigenous insects and di-
seases. This step of the pyramid involves produc-
tion in Mexico of 250 full-sib progenies within
each advanced population.

Step 4. International progeny trials. — The
250 progenies produced in Step 3 are sent to col-
laborators at five sites, worldwide, to be grown in
250 5-meter rows, with six local checks, forming a
16x16 laitice with two replications at each site, A
gixth site is at one of CIMMYT's stations in
Mexico. Ten or so best progenies, identified by the
collaborator at each site, form one experimental
variety for the following year.

Step 5. International experimental variety
trials. — In Mexico during the winter season,
CIMMY'T staff intercross the 10 ar so best progeny
from each site and use reserve seed to produce an
experimental variety that will be tested by colla-
borators at 20-25 sites, worldwide, during the fol-
lowing summer season. These experimental varie-
ties were actually selected by the national pro-
gram that tested and identified the best progenies
in Step 4. Data from these 20-25 sites determine
the following year's elite experimental varieties.

Step 6. International elite experimental var-
jety trials. — Again, drawing on reserve seed of
varieties which performed well in Step 5, CIM-



MYT in Mexico ships enough sets for trials at
about 125 sites the following summer season. For
the first time, some trials are seeded in farmers’
fields. In addition, the first seed increase of the
most promising experimental varieties will be
made by some of the nationmal programs. This
geeding serves as a means of gaining a year in
distributing seed to farmers, in case the simultan-
gous tests prove that one or more of the new ex-
perimental varieties merit further testing in na-
tional demonstration trials.

Step 7. National demonstration trials. —
National programs along with a strong element of
local farmer participation decide whether an elite
experimental variety justifies wider demonstra-
tion in farmers’ fields. CIMMYT can supply up to
49 kilograms of seed that each government can
further increase. In large countries, demon-
stration trials take place at hundreds of sites.

Step 8. National variety release. — Based on
worldwide data and farmer reaction to local dem-
onstrations, each national program decides
whether to recommend and use a new variety. If
new varieties are to contribute substantially to
total production, they must be accepted by local
farmers and made available widely. Any
characteristic or requirement interfering with ac-
ceptance and use limits the contribution of a new
variety or practice.

Before discussing other aspects of CIMMYT’s
maize program, I would like to describe where we
now are.

1) A number of wvarieties evolved from
CIMMYT materials are actually being grown in
several couniries. A number of national programs
have decided to move ahead immediately with
seed increase and subsequent release of varieties
on the basis of perfiormance of progemies or ex-
perimental varieties without waiting for more ex-
tensive testing.

2) Ninety-six experimental varieties were
tested in 1975. These tests were conducted at 34
sites in 21 couniries (13 in Latin America, 4 in
Africa and the Mideast, and 4 in Asia). Consider-
ing only yield, in 17 of the 21 countries one or
more experimental varieties was significantly bet-
ter than the best check variety of hybrid included
in the trial.

3} On the average, the 96 experimental
varieties out-yielded their original parental popu-
lation by 11.2 percent.

4) National program requests for seed for
testing in 1976 have far outstripped CIMMYT's sup-
plies in a number of cases.

5} Data received to date clearly illustrate
that many progenies and several experimental
varieties are better than the best check varieties
in most important characteristics for which data
were reported.

I must hasten to comment, however, it is also
clear that much remains to be done in certain re-
gions befare better varieties will be available for
farmer use.

In addition to research on critical
technological problems in maize production, we
work directly in training staff for national pro-
grams in developing countries. CIMMYT offers
several kinds of fraining and experience to maize
scientists, primarily from Asia, Africa, and Latin
America: 1) in-service training: generally, 6 to 7
months residence in Mexico; 2) Master's degree
program in coopegration with universities in var-
ious countries; 3) predoctoral fellows: 12 to 18
months in Mexico to do their thesis research
under CIMMYT supervision; 4) postdoctoral fel-
lows: 2 years’ service as an associate on the
CIMMYT staff; and 5) visiting scientists.

In-service training. — The present maize in-
service training program is only 5 vears old but
already 227 participants have passed through the
course, including 56 in 1975. The program re-
ceives about 50 trainees per year, omne-fourth
specializing in discipline oriented, on-station re-
search skills and three-fourths in skills of produc-
tion agronomy. This latter group is involved in re-
search on station as well as farmers’ fields and in
the integration of the various factors impinging on
efficiency of farm production.

In-service training is designed to develop
skills in field research, production management,
and laboratory technigues; to give experience in
an interdisciplinary team effort; and to teach the
relationship between improved technology and
development. One feature of production training is
the laying out of agronomic trials on private far-
mers’ lands and organizing field days for farmers.
This work is performed by trainees in Vera Cruz
state under supervision of CIMMYT training of-
ficers and the Mexican extension service. One
type of field trial taught fo trainees is the “maize
diamond” which contains four plots: 1) the far-
mer’s variety grown with the farmer’s production
methods; 2) the farmer’s variety grown with im-
proved production methods; 3) an improved
variety grown with the farmer’s production
methods; and 4) an improved variety grown with
improved production methods. The range of yields
within this demonstration, under Mexico’s lowland
tropical climate, is from 1.5 to 4.0 tons per
hectare. This demonstration helps identify limiting
factors in yield and permits farmers at a field day
to select their own technology.

Training in national programs. — For a
number of years we have recognized that neither
CIMMYT nor its sister international centers could
possibly train all the maize staff required by the
less developed countries to efficiently and rapidly
increase their national production capabilities. As
cne means of increasing CIMMYT’s impact on



total training needs, we decided to concentrate
more of our efforts on developing national *in
country” training capabilities. Starting in 1974,
CIMMYT offered in-service tfraining for officers
from national programs who were preparing to
give short courses for production agronomists in
their own country. Eight individuals have now
been trained [three from Ecuador, three from El
Salvador, .one from the Philippines, and one from
Pakistan}. CIMMYT fraining staff in Mexico is oc-
casionally lent to national programs outside
Mexico to assist with local courses. During 1875,
CIMMYT's maize training officer participated in
short courses for 90 production agronomists in
Pakistan and 25 in Tanzania. This training role is
expected to increase.

Academic training. — During 1975, the maize
program sponsored the training of one Master’s
degree candidate in Mexico, and 12 predoctoral
fellows in the U.S.A.

In 1973, GIMMYT began a new approach to
post-graduate degree studies in collaboration with
Kansas State and Cornell Universities. This.system
consists of integrated thesis research by:groups of
graduate students, mainly from develaping coun-
tries. The principal aim is to stress joint efforts in
solving maize problems. For example, the Cornell
team consists of six people from five countries
representing the disciplines of agricultural
economics, agronomy, plant pathology, plant
breeding, biometry, and entomology. The Kansas
State group had four students representing four
countries: Pakistan, Zaire, Japan, and Camercon;
and three disciplines: breeding, agronomy, and
plant pathology. Regular planning sessions_are or
were held every 2 weeks at both Cornell and
Kansas State. During these meetings the advisor
and students map their research course. The
Graduate Commitiee for each student includes all
the advisors for all students, thus aiding the inter-
disciplinary planning process. Thesis research is
or was carried out at CIMMYT in Mexico and at
Cornell and XKansas State, with the degrees being
granted by the 1.S. universities. The Kansas State
group have completed their degrees, whereas

those from Cornell plan to obtain a final cycle of -
data in Mexico in the summer and fall of 1976,

Although it is too early to evaluate this new
approach, both U.S. institutions as well ag CIM-
MYT presently conclude it should be continued
and expanded. Since CIMMYT certainly cannot
house all that is needed, the universities must find
ways of doing the appropriate research on
campus or at other institutions.

Postdoctoral fellows on the maize staff in
Mexico have increased from five per year during
1970-73 to approximately 10 per year during 1974-
76, and the number is expected to remain at the
higher level through the remainder of the 1970's.
At the beginning of 1976, the maize program had
11 postdoctoral fellows coming from seven coun-
tries (three from England, one from Germany,
one from India, one from Japan, one from The
Netherlands, two from El Salvador, and two from
the U.5.A.).

During 1975, the maize program received 12
visiting scientists and 20 short-term visitors. Visit-
ing scientists are senior crop researchers or
experiment staticn managers who spend from 1 to
12 months at CIMMYT to hecome familiar with
world germplasm and CIMMYT research methods,
which may be used in their own national pro-
grams. Short-term visitors are agricultural policy
makers and administrators who spend from a few
days to a month at CIMMYT.

The netwark of alumni from this program is
one of the strengths of CIMMYT’s international
work. The CIMMYT maize staff spent 1,207 man
days in 1975 (about 3.5 man years) in consultation
with governments of maize-producing countries of
Asia, Africa, and Latin America, or in discussions
of basic research at other research institutions.
This consultation included participation in region-
al workshops, where research plans are made for
the following vyear; observation of CIMMYT
nursery materials grown by national programs;
visitation of farmers’ commercial fields to identify
constraints; and meetings with national policy-
makers to discuss fertilizer supplies, maize prices,
and other policy questions.



Maize Production and Improvement in the Tropics and Subtropics

B. L. Renfro
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Maize or corn (Zea moys L.) is the third most
important cereal crop of the world. It is grown
and produced mostly in temperate areas, but is
increasing markedly in the tropics and subiropics.
Production has approximately doubled during the
past 20 years in each of these three areas (Tables
1 and 2). In the true tropics the 108% production
increase during the past 20 years is calculated to
be divided equally {44% each) between area and
yield increzses {Table 1); within 34°latitude, the
99% production increase is also calculated to be
nearly equal between area (42%) and yield
(39.5%) increases.

Disgases rank high among the constrainis to
maize production in the tropics and subtropics
and quite often .determine whether or not corn is
adapted to.a particular area. Important diseases
are the various stalk rots, the Sclerospora-incited
downy mildew diseases, maize sireak in Africa,
and corn stunt in Latin America. Streak and stunt
are the most important diseases in their re-
spective regions. However, sorghum downy
mildew {Sclerospora sorghi] may have replaced
stunt as the major disease in Venezuela and is be-
coming increasingly important in some other Latin
American countries. Sugarcane mosaic virus is
prevalent throughont the corn growing areas of
Asia. The improved varieties released to Asian
growers are products of their own national pro-
grams and, thus, are considered highly vulnerable
to attack by exotic viruses and the stunt agent.

TABLE 1. Approximate mawize area planted and total produc-
tion m tropical compared to temperate zones

Zone o

Temperate
Temperate Tropical /total
Area {000 ha)
1952-56 (avg.) 61,301 24,827 71
1973-75 (avg.) 77,272 35,534 68.5
20-year increase [%) 26 44
Production (000 metric tons)
1952-56 {avg ) 129,408 25,438 83
1973-75 [avg.) 255,929 52,808 83
20-year increase (%} 98 108

Real danger exists to world maize production
if a virulent strain(s} of maize streak virus moves
beyond the African continent or if the corn stunt
agent, maize chlorotic dwarf virus, or virulent
strains of the maize dwarf mosaic virus move from
the Western Hemisphere. My understanding is
that the insect vectors and collateral hosts of
these three diseases exist throughout the tropics
and subtropics, and that the weather and crop-
ping systems in these areas would promote high
disease development.

CIMMYT has recognized stresk, stunt, and
the Sclerospora-incited downy mildew diseases as
being among the most important diseases in these
areas. They also realize the reduction in maize
yields that could result if these diseases were to
spread into new areas. Two laboratories each in
Africa, Central America, and southeast Asia are
collaborating with CIMMYT in an attempt to de-
velop multiple resistance in their breeding popula-
tions to all three diseases. In this program identi-
cal sets of full-sibbed or self-pollinated progenies
are planted in 2-hectare plots at six locations.
Populations are then reformed at CIMMYT {rom
the data supplied, and new progenies generated
to form the next cycle of selection. This approach
to reduce the vulnerability of world maize pro-
duction 1o these three major diseases is ap-
plauded, buf it represents only one facet in over-
all needs. Our concluding session permits the op-
portunity to discuss and plan other needs that can
best be done on a cooperative basis.

TABLE 2. Approximate meize area_planted and totel produc-
fion in tropical and subtropical compared to tem-
perate zones

Zone ofo
Temperate

Temperate Tropical /total

Area (000 ha)

1952-56 (avg.) 45,662 40,356 53
1973-75 (avg ) 535,300 57,906 49
20-year increase (%) 21 42 )
Production (000 metric tons)
10572-56 (avg ) 110,481 44,371 71
1973-75 (avg.) 220,553 88,177 71
20-year increase (%) 100 99

aWwithin 23.5¢ latitude.

8Whthin 34° latitude.
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Research Networks
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The areas of concentration for U.S. develop-
ment assistance programs are: food production
and nutrition, population planning and health, and
education and human rescurces development. Of
these, food production and nutrition receives by
far the greatest budgetary emphasis. This em-
phasis reflacts the overwhelmingly rural nature of
most developing countries, where it is not un-
common for 75 percent or more of the people to
derive their livelihood from agriculture.

Seeking to betier the position of the poor and
knowing that the product of an unchanging system
is constant, we seek opportunities to change the
agricultural system, i.e., fo promote agricultural
development.

The U.S. Agency for Intermationsl Devel-
opment [(USAID) has development assistance
programs in 64 couniries. In each case, the
agricultural development program is tailored to
fit the country. A cataloguing of these programs
would be unproductive, but 1 thought that a group
of scientists and research administrators might be
interested in iwo aspecis of our agricultural pro-
grams that will probably increase in importance
over the next few years.

Maosher (1) described five factors as essential
for agricultural development: 1) markets for farm
products; 2) production incentives; 3) transporta-
- tion; 4] local availability of supplies and equip-
ment; and 5) constantly changing technology.

Although these factors could be restated to
have more or fewer components, they are useful
for conceptualizing the agriculiural process and
planning its development.

As developing countries become more
systematic in their development efforts, several
countries are becoming more aware of opportuni-
ties to increase agricultural production through
changes in the economic and political environ-
ment. They are upgrading their capabilities to
analyze the interactions of factors affecting agri-
cultural production, with the objective of more ac-
curately predicting the effects of governmental
policy alternatives. In cooperation with a few U.S.
universities, AID is structuring a capability to
help develop these analytical capabilities. Such
systematic analysis tends to have its first effects
on the marketing system. Changes in costs of
inputs and outputs and in altered input-supply
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systems or output-marketing systems are frequent
avenues for the impingement of national policy on
agricultural production.

Changes in policies can be important for a
developing country, but the more dramatic and
sustainable changes in production result from
changes in technology. Entomologists and patholo-
gists will quickly remind us that a constart
technology resulis in a regression of production,
s0 we recognize that a constantly changing
technology is ceniral to the agricultural develop-
ment process.

Leaders of developing couniries have been
impressed by changes in agr1cu1tura1 ‘technology.
Their impressions have formed in response to the
technology advances made in the late 1960’s but,
unfortunately, many nonagriculturists continued to
look for “miracle seeds’ to solve their food prob-
lems. Part of our task is to convince nonagricul-
turalists that advances in technology will result
from concerted, diligent efforts, and not imported
miracles.

Researchers in developing countries know
that imported technology is valuable, but they also
know that it can seldom be directly applied. In-
stead, it has to be molded and polished to fit local
conditions. The [itting of imported technology to
the local environment requires the same resource
as does the ability to generate technology — a
research sysiem. Structuring of a research system
in the developing countries is thus being belatedly,
hut increasingly, recognized as an integral part of
the development process.

Few countries can afford to trace the lei-
surely path of research development used by
many of the more developed ones. Time is
pressing, and resources are scarce. We thus find
several of the more progressive developing
countries structuring a research system that is
immediately linked to farmer and extension. ser-
vice. The system .tries to routinely identify and
solve the cultivator’s problems. In consideration of
the demand for scarce resources, the research
system subjects itself to a rigorous discipline of
defining objectives, methods, and resources with
frequent internal reviews of progress. It is a de-
manding, but rewarding, system as many
scientists from developing countries will appre-
ciate.
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Fig. 1. Diagram representing research network extending
from LDC farmer to international centers and institutions in
the more developed countries
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Resources are always scarce, and the
developing countries are alert to the wealth of
knowledge available in the international centers
and institutions of the more developed countries.
They are responding by linking their research
system into a network of research capabilities
that extend from the LDC farmer through the LDC
research and extension system to the international
research centers and the institutions in the more
developed countries (Fig. 1).

Several of these networks are now function-
ing, and in USAID we see the strengthening of
these networks as a major asset to the developing
countries. Since the weakest link in these net-
works is often the national research and extension
systems in the developing countries, we seek to
strengthen this component. In many cases, the
strengthening of a national research system can
best be approached by channeling resources
through a major research program, such as the
one around maize.

The international maize research network is
one of the oldest, most developed, and most effec-
tive. A few years ago it was remarkable to have a
research team of a plant pathologist and an
entomologist jointly planning and executing a re-
search. effort. Today it is common to have a re-
search program being jointly plahned and execut-
ed by scientists of 8 or 10 disciplines, whe work in
different departments, institutions, states, and
countries. Information and research materials
flow easily and swiftly among all participants, and
every participant shares in the accomplishments
of the total program. I think that agricultural re-
search is proving to be one of man's first success-
ful international efforts. 1 congratulate you for
being a part of the international maize research
program.
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Maize is one of the more efficient converters
of solar to nutrient energy. Among the cereals it
ranks third in world production, exceeded only by
wheat and rice.

During the past two decades there has been a
marked increase in acreage planted o maize in
many developing countries. This increase has not
always been accompanied by greater vields per
unit area of land. There are many problems to be
overcome hefore maximum yislds are approached.
Diseases of the crop are only one of the several
known limiting factors. Maize virus diseases may
not always be the leading production problem, but
they are omnipresent and take their toll. They po-
tentially are always a major threat. However,
even a relatively small percentage loss in this day
of food shortage is intolerable, if we have means
to prevent it. Perhaps this meeting will give us
relevant information from around the world.

Twenty years ago, four diseases of maize in
the United States were classified as being incited
by viruses. The causal agent of one of these, corn
stunt, has since been shown not to be a virus, but
rather a mycoplasma-like organism. Up to that
time, all of these diseases were of little or no
economic importance. In 1960, however, it was
pointed out that viruses of maize, because of their
apparenily high mutation rate and ability to
spread rapidly, had potentials of inciting eco-
nomically important diseases of maize in the Uni-
ted States. The relatively narrow genetic base of
U.S. maize germplasm increased the likelihood of
a widespread problem.

This problem developed a few vears later
when, in 1963, what appeared to be corn stunt
became increasingly prevalent and severe in a
number of southern states, About the same time,
maize dwarf mosaic (MDM) was identified in the
Chio River bottomlands. It is believed now that
maize chlorotic dwarf virus (MCDV) was present
also and, when alone or in combination with
MDMYV in the same plant, caused serious losses in
vields over wide areas wherever the collateral
and overwintering host, Johnsongrass, was abun-
dant. i should be emphasized that this latter
virus (MCDV), since it was only vector trans-
mitted, was not discovered until nearly a decade
after the discovery of MDMV. The maize chlorotic
dwarf virus proved to be a new type of maize
virus. Subsequently, strains of both MDMV and
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MCDV were described. Corn mosaic, a disease
first recognized in Hawaii and later in other trop-
ical regions, also has recently been tentatively
identified in the southern United States where its
vector also appears to occur.

This relatively rapid change in only one facet
of maize pathology may well be repeated one or
more times in the developing countries where the
production of maize is being newly exploited. Cli-
mates in many of these couniries are favorable for
rapid reproduction of the highly mutable causal
agents and their vectors. Anyone with even
limited acquaintance with maize virus diseases
readily recognizes, and is struck by, the number
and variety of virus-like symptoms on plants in
tropical maize felds. Mosaics, ringspots, stripes,
chlorosis, and necrosis are often not hard to find.
Some of these are of an infectious nature and
some probably are noninfectious and represent
phenotypic expressions of abnormal physiology.
There is, and will be, a need to identify properly
these maize diseases and to characterize their
incitants in these new geographical frontiers of
maize production. Identification on the basis of
symptoms alone is hazardous. Environment and
host genotype interact and modify symptoms.
Symptoms of a given disease are not consistent on
all host genotypes in all environments. .

Some confusion exists at present in the
nomenclature of these kinds of maize diseases.
The disease known ag *‘corn mosaic” in one part
of the world may not be the same disease with
that name in another area. There iz need to sys-
tematize the nomenclature, at least among the
maize virus diseases. This will take sustained
efforts and reliable data.

Another problem, perhaps the foremost, is
the control of these diseases. This, it would seem,
is most important in the less developed countrigs
where food and feed supplies are often critically
low, Host plant resistance must be identified and
put into “practical use, either directly or by
transfer of genes conditioning resistance into
adapted germplasm. Screening of genetic mater-
ials in a "troubled” area is an expedient method
for a “stop-gap” effort, but is not as effective as
when pathogens and strains are known and
mechanisms of inheritance are determined in a
long-range breeding program.



Identification of maize viruses is a primary
task that can be accomplished in a number of
ways. Such methods will be discussed during this
Collogquium.

Thus, identification of maize virus and myco-
plasmaike diseases, characterization of the
moerphologies of incitants, systematization of dis-
ease nomenclature, and conirol through host plant
resistance are some of the problems calling for
solution. These can be approached and more ex-
pediently solved through international coopera-
tion.

Here at the Chio Agricultural Research and
Development Center (OQARDC), a maize virus dis-
ease research team of specialized personnel
trained in the disciplines of biochemisiry, electron
microscopy, plant virology, pathology, entomology,
and maize breeding has already made outstanding
contributions in this area of plant science. Much
of the success of this group was due to a spirit of
cooperation among the members of this group,
members of the S-70 committee (regional com-
mittee dealing with maize virus diseases in the
U.S.), and key researchers and contact people
around the world. That type of cooperation might
serve as a model for an international maize virus
disease program. This research teem at QARDC
could well function as an integral part of an inter-
national cooperative effort to solve the many
problems associated with maize virus and myco-
plasma-like diseases, and to contribute sub-
stantially to basic knowledge of this subject.

There are a number of other agricultural re-
search organizations, centers., and institutes,
strategically located in various parts of the world,
that are intimately associated with the crop pro-
duction problems in the respective areas. These
organizations have, in relatively short times,
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established excellent reputations. One could cite
numerous instances of the efforts of these re-
search bodies in increasing food and feed pro-
duction in the world. -

It is suggested that perhaps these institutions
and organizations and QARDC might combine ef-
forts to form a productive, international coopera-
tive for solution of maize virus disease problems
on a worldwide basis. Presently, there is no group
dealing solely with this complex prohlem.

In addition to both the practical and funda-
mental research endeavors that an international
cooperative of this kind could undertake, the
OARDC might well serve as a training center for
personnel from the many countries where maize
virus disease problems occur. Training of per-
sonnel is already being done by some of the inter-
national centers and institutes, but this is mainly
in disciplines other than maize virus diseases.

Details of such. an international cooperative
enierprise would have to be worked out; certainly
a number of problems would have to be sur-
mounted. It would seem, however, that many
basic components of such a project are already at
hand. It remains to coordinate these into a func-
tioning whole.

It is imperative that we now dedicate our-
selves to responsible and truly cooperative efforts
around the world to combat hunger. Scientists,
particularly those in agriculture, have worked in
a spirit of cooperation and sharing of information.
But, too often our information is only widely dis-
seminated through scientific publications with its
great loss of time before application. We need,
through truly cooperative sfforts, free exchange
and input of ideas and data as research programs
progress, and wider availability of pre-publication
information.



Discussion Following Morning Session

R.I. Brawn: Dr Kottman, do you have any figures on private

sector scientists working on corn?

R.M. Kottman: No, I do not. This is one of the jobs that we

have approached in the Agricultural Research Institute.
We made a guess on that in 1966 but I do not recall the
figures on corn At that time I believe that private sec-
tor research was approximately the same size as was
publicly supported research. I have a feeling that privately
supported research has declined in this intervening period
relative to the publicly supported research Publicly sup-
ported research itself has not done too well. T would say
thal we do not bave nearly the amount of impetus that we
oughi to have in many areas. I think we would 2l agree
with Mr Glover that we have great opportumties to pro-
vide assistance on many problems f{acing agriculture
around the world, if we could somehow obtain a bit great-
er resources through either the private or public sectors
or both. We are working on this again with members of
the Agricultural Research Inshtute Hopefully,” we can get

enough enthustasm going to pull together figures from var-
10us private compames. It is difficult — we have good co-

operation from some companies and somewhat less from
others. So, we shall have to work on 1.

L.M. Jasecphson: 1 like the idea thet Dr. Ullstrup mentioned"

about the people here in Ohio and those 1 5-70 serving as
a nucleus for wirus research, worldwide, as well as serv-
g as a training: center It 13, probably, one of the most
refreshing ideas that has come out in a long time We
have been struggling n S-70 as to what the future would
be Some states are more or less curtailing work they have
been doing on corn viruses and look to Ohio to carry 1t
on We in 5-70 are still planning to continue our program,
but there is a problem of how we are gong to initiate new
research We would Iike to do work on modehng and other
research but no funds are available Probably, Dr. Kott-
man would have some good ideas of how we mght go
about getting funds from Federal agencies and private in-
dustry.

R.M. Kottman: I thusk il is a good idea, Dr. Josephson, to get

a focus on a problem like this so that Congress can see
and understand what we are talking about If we just talk
about research in general, legislators, no matter what
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couniry we are talking about, have difficulty focusing on
1. Bul il we take a crop like maize and talk about dis-
eases, | think that they can understand.

We might put together a package that could be
brought to their attention and be helpful 1 a joint venture
with the USDA, the Ohio Agricultural Research and
Development Center, and 5-70 in bringing together a re-
search project, which would encompass the North Central
and Southern Regions. USAID, the Rockefeller Foundation,
and others might be interested if we were to put together
enough of a package that it would be sigmficant in work-
g with the scientists in this room from the several coun-
tries where assistancé is needed Dr. Ullstrup should be
congratulated for bringing this idea forward

I believe 1t is cbvious that the mcrease 1 interna-
tional travel and international exchange of goods will
create more and more insect and disease problems. We
had better get ahead of those problems, mstead of getting
behind, as we did with southern corn leaf blight In that
instance we suddenly found ourselves with millions of dol-
lars in losses. This could happen on an even broader scale
with some of the corn virus diseases and they might well
be more difficult to handie.

R.W. Toler: I would like to speak about an international

group. Not only do we have some of the viruses mentioned
from other countries, which we pick up occasionally m the
United States, but it looks as though Texas serves as an
introduchon pomt. Dr. Bradfute and I found a rhabdovirus
in corn in Texas that may have been introduced Now, it
looks as though we might have another rhabdovirus that
occurs in other parts of the U.S. The $-70 program, of
which I was one of the orginal members, was first limted
to the southern region but later it became an interregional
project which mcluded Ohio. This expapsion has in-
creased our research and brought free exchange of infor-
mation, particularly in prepublication information on and
approaches {o identifying wiruses by a teamwork ap-
proach. It has also improved our abibity to identify germ-
plasm which may have resistance 1 think that the idea of
this type of cooperative program n moving to nternational
cooperation at this time has ment.
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ABSTRACT

An economically important maize virus
disease, which resembles corn stunt, is prevalent
in the USA from states bordering the Gulf of
Mexico to southern Ohie, Indjana, Minois, and
Missouri and from southern Atlantic coast states
to Texas. Principal symptoms of this disease are
plant stunting and reddening or yellowing of leaf
blades. The disease first became economically im-
portant in the early to mid-1960's. Prior to 1972,
three strains of the corn stunt agent and maize
dwarf mosaic virus (MDMYV) had been implicated
in the disease. However, corn stunt spiroplasma
or mycoplasma-like bodies, reported incitants of
corn stunt, and MDMV could not be consistently
identified in maize plants with the above symp-
toms. In surveys since 1972, the recently
discovered maize chlorotic dwarf virus (MCDV)
was identified in about 91% of diseased samples
from 16 states where the stunting disease is most
prevalent. In these surveys MDMV sirain A was
associated with mosaic symptoms and was present
in areas of the USA where Sorghum halepense,
the overwintering host, occurred. In conirast,
MCDV was present only in those states where S.
halepense, the overwintering host, and Graminella
nigrifrons, the principal leathopper vector, oc-
curred together. Corn stunt spiroplasma or maize
bushy stunt mycoplasma (MBSM) were identified
in the surveys from about 2% of diseased samples
and only in samples from Louisiana and Texas. In
these surveys four viruses and MBSM, all new to
maize in the continental USA, were discovered.
Wheat streak mosaic virus was the only other
previously identified maize virus encountered.

Corn stunt, initially identified in the mid-
1940’s in Texas (1,14), was first reported to be an
economically important disease of maize {Zea
mays L.) in the USA after an outbreak in Missis-
sippi in the early 1960’s (7). In subsequent years
the disease was reported throughout many
southern states (9). In some areas of the South the
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disease became so severe that corn production
was eliminated or greatly curtailed. Principal
symptoms of the disease were stunting of the plant
and a reddening or yellowing of leaf blades (22).
With some planis upper internodes failed to elon-
gate, whereas with others, upper interncdes only
partially elongated.

The initial identification of the pathogen in
Mississippl by Maramorosch (17) indicated in-
volvement of the corn stunt virus. This identifica-
tion was based on the persistent transmission of
the pathogen by the leafhopper, Dalbulus muaidis
(Del.ong & Wolcott), and on symptoms. Subse-
quent research-by Granados and coworkers (11)
indicated that the Louisiana strain of the corn
stunt pathogen was a mycopiasma-like bady (MLB)
and not a virus. Further work by Davis and
Worley (8) demonstrated that the Rio Grande
strain of corn stunt was a new type of plant
pathogen, which they termed spiroplasma. The
latter designation derives from the helical or
spiral appearance of filaments of the pathogen.
This pathogen is now referred to as the corn stunt
spiroplasma [(CSS). Among the several sirains of
the corn stunt pathogen described or found in the
USA, spiroplasma has been associated with the
Mississippi (O. E. Bradfute, D. C. Roberison, and
L. R. Nault, personal communication} and Rio
Grande sirains (8) and MLB with the Louisiana
strain (11). The CSS was detected by phase con-
irast microscopy and the MLB by electron micro-
scopy of ultra-thin tissue sections. Differences in
techniques for visualizing the agents may account
for apparent differences in morphology.

At the time that the corn stunt epidemic was
first observed in the southern USA, a major maize
disease with symptoms similar to corn stunt was
observed in scuthern Ohio by Janson and Elleit
(13). The disease was initially thought to be corn
stunt. However, the pathogen was not transmitted
by D. maidis and a new, mechanically tramns-
migsible virus was isolated from diseased maize
by Williams and Alexander (24). Thus, a new
disease, named maize dwarf mosaic, was identi-
fied. The mechanically transmissible virus as-



sociated with the disease was named maize dwarf
mosaic virus (MDMYV). The virus was soon found in
other states where it caused significant losses in
maize (9). In several southwestern states, MDMV
also caused an economically important disease of
sorghum [Sorghum bicolor (L.) Moench] (9). Maize
dwarf mosaic virus has been recovered from
maize or sorghum in 27 states of the continental
USA (Fig. 1). Early descriptions indicated that
stunting and leaf reddening and yellowing as well
as mosaic were symptoms of maize dwarf mosaic
(24), but more recent studies have associated only
mosaic with MDMYV infection [10).

Maize dwarf mosaic virus has a filamentous
particle and is aphid transmitted in a nonpersist-
ent manner (2). It is related in host range, par-
ticle morphology and length, and serological pro-
perties fo viruses in the sugarcane mosaic virus
«(SCMV) group (20). The A, C, D, E, and F strains
of MDMV (15) infect Johnsongrass [S. halepense
{(L.) Pers.] which serves as the overwintering host
for the virus (9). Other strains of SCMV and the B
strain of MDMYV do not readily infect Johnsongrass
(23). Maize dwarf mosaic virus is also related to
other maize, Johnsongrass, and sorghum viruses
designated by various names, viz., sorghum red

stripe virus, Johnsongrass strain of SCMV, maize
mosaic virus, and Johnsongrass mosaic virus (9].

From the mid-1960's to 1969 it appeared that
corn stunt was important in the southern USA,
and maize dwarf mosaic from the southern USA to
the southern portion of the Cora Belt. However,
there were several indications that CSS, MLB, or
MDMYV could not account for the entire stunting
disease syndrome or occurrence. The principal
difficulty was that these pathogens could not be
consistently associated with field occcurrences of
the stunting disease (8). Several investigators
speculated that another pathogen was involved in
the disease syndrome (9).

Evidence for another pathogen was presented
in 1969 when Rosenkranz (21) reported the occur-
rence of a new maize pathogen in southern Ohio.
The pathogen was named the Ohio corn stunt
agent (CSA-OH). This agent was transmitted by
Graminella nigrifrons (Forbes), also a vector of
the Louisiana strain of corn stunt agent (12). The
CSA-OH was not transmitted by D. maidis (21).
Although the name implied a spiroplasma or MLB,
the morphology of CSA-OH was not reported.

In 1972, another virus associated with plant
stunting and yellowing or reddening of leaves of

MCDV + MDMV

MCDY + MDMV + MBSM + CSS

Fig. 1. Occurrences of maize dwarf mosaic virus (MDMV), maize chlorotic dwarf virus (MCDV), maize bushy stunt myco-
plasma (MBSM), and corn stunt spirospasma [CSS) by state in the USA (10; OQ.E. Bradfute, L.R Nault, D.C. Robertson, and

R.W. Toler, personal communication).
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maize in southern Ohio was discovered by
Bradfute and coworkers (4). This virns, named
maize chlorotic dwarf virus (MCDV), was transmit-
ted by G. nigrifrons in a semipersistent manner
(19). Particles associated with MCDV were isomet-
ric and measured about 31 nm in diam. (3). Like
MDMYV, MCDV overwinters in Johnsomgrass and
infects sorghum (18). Chlorotic striping of tertiary
veins on leaf lamina is diagnostic for MCDV in-
fection of all hosts (16, 18).

Prior to 1972, several other viruses had been
identified from diseased maize in the USA, but
none was implicated in the stunting disease nor
caused widespread damage {9). These viruses
included SCMV, wheat streak mosaic virns
(WSMV), maize leaf fleck virus, brome mosaic
virus (BMV), and cucumber masaic virns {CMV).

By the end of 1972, the etiology of the maize
stunting disease or diseases found in the USA was
unclear. Three strains of the corn stunt pathogen
(Louisiana, Mississippi, and Ohio) (12, 22), MDMV
(24), and MCDV (4] had been implicated in the
disease(s). To resolve this problem, a cooperative
investigation involving state, federal, and industry
maize researchers was initiated (10). Leaf
samplgs from maize in 23 states were field-col-
lected and promptly shipped to Wooster where
agsays for virug and virus-like pathogens were
made. Symptoms of each sample were recorded
by the collector on & rating form which requested
information on the presence of mosaic, chlorotic
banding of secondary veins, chlorotic striping of
tertiary veins, chlorosis, reddening, leaf tearing,
twisting or rolling of whorl leaves, plant tillering,
shoot proliferation, ears and their conditions, and
stunting of plants. These symptoms had been as-
sociated previously with the stunting disease. In
addition to samples shipped to Weoster, we made
field trips to eight states to collect samples in col-
laboration with cooperators in each state. Five
hundred and seventy-nine maize samples were as-
sayed for MCDV and mechanically transmissible
viruses during the 2 years of the study. Only a
portion of these samples was assayed for other vi-
ruses, MLB, and CSS.

Assays performed were mechanical inocula-
tions of indicator hosts, leafhopper transmission to
maize, immune density-gradient centrifugation,
and light and electron microscopy. Mechanical
inoculations served to detect MDMV strains,
WSMV, BMV, CMV, and other mechanically
transmissible viruses. The leathopper transmission
assays were to detect D. maidis- and G. nigri-
frons-persistently transmitted agents. The immune
centrifugation and G. nigrifrons-transmission
assays detected MCDV. Light microscopy detected
spiroplasma, and electron microscopy new virus
and virus-like pathogens. The performance of
these assays involved close cooperation between
personnel in electron microscopy, vector-virus,
and virology laboratories at Wooster.
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Results of the study indicated that MCDV was
the most prevalent of the pathogens infecting sur-
vey samples of maize {10). It was identified from
about 76% of the diseased samples from 16 states
where the stunting disease is most prevalent.
Maize dwarf mosaic virus was identified in 39%
of diseased samples from 18 states in and outside
of where the stunting disease occurs. Two sam-
ples (both from Texas) of the 168 tested were in-
fecied with a D. maidis-transmitted corn stunt
spiroplasma. Mycoplasma-like bedies were ob-
served by electron microscopy in one additional
sample fram Texas and one from Louisiana (5).
Wheat streak mosaic virus was identified in two
diseased samples. [10].

Of these pathogens, only MCDV was signifi-
cantly associated with symptoms of plant stunting
and yellowing or reddening of leaves (10]). This
association implicated MCDV as the principal
incitant of the corn stuni-like disease in the USA.
As added support that this widespread disease
was maize chlorotic dwarf and not corn stuznt,
CSS or MLB were identified in only about 2% of
samples with corn stunt-like symptoms. Maize
chlorotic dwarf virus was also significantly as-
sociated with a chlorotic striping along iertiary
veins. Maize dwarf maosaic virus infections were
significantly associated with mosaic. None of the
remaining symptoms listed on the rating forms oc-
curred on more than 10% of diseased plants. The
distribution of MCDV appeared generally limited
to those states where both Johnsongrass and G.
nigrifrons occurred together (10). Among these
states, MCDV was not found in samples from Kan-
sas and Oklahoma, states on the border of where
the disease was known to occur and where John-
songrass and G. nigrifrons occur together.

Four new viruses and a MLB were discovered
to infect maize during the survey. The first was a
rhabdovirus, possibly related to maize mosaic
virus, that was identified in maize from Texas [6).
This was the first report of a rhabdovirus infect-
ing maize in the continental USA. An isometric
virus particle transmissible by D. maidis was
identified in several maize samples from Texas (0.
E. Bradfute, D. C. Robertson, D. T. Gordon, L. R.
Nault, and R.W. Toler, unpublished). This virus
appears related to maize rayado fino virus. A
mechanically transmissible virus with a long
filamentous particle and a host range distinct
irom known maize viruses having similar particle
size was discovered in several Texas samples
(D.T. Gordon, O.E. Bradfute, D.C. Robertson and
R.W. Toler, unpilbh'shed]. A new mechanically
transmissible virus with a short, filamentous
partlcle was found in weed grasses in a maize
field in Louisiana (0.E. Bradfute, D.T. Gordon,
D.C. Robertson, R'W. Toler and X.S5. Derrick,
unpublished). This virus infects maize in experi-
mental transmission tests. Finally, a MLB, named
maize bushy stunt mycoplasma, was discovered in



several Texas maize samples (O.E. Bradfute, L.R.
Nault, D.C. Robertson, and R.W. Toler, personal
communication}. This MLB is transmitted by D.
maidis in & persistent manner. All of the new
pathogens, except the rhabdovirus, were dis-
covered in 1975 or 1976 and are presently being
characterized further.
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L.M. Josephson: What was the number of samples that your
percentages were based on?

D.T. Gordon: Five hundred and seventy-nime samples from 23
states These were assayed by infectivity and density
gradient centrifugation. The numbers of samples received
from different states varied For example, we had 61 sam-
ples from Tennessee, 51 from Mississippi, and 3 from Cali-
fornia.

A.J. Ullstrup: Dr. Karl Maramorosch identifhied two types of
corn stunt in Mexico, the Rio Grande and Mesa Central.
What is the relationship of Mesa Ceniral to Louisiaha corn
stunt?
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were only partially characterized. Symptoms were very
well described in the laboratory, but the cultures are lost.
We now look at these same problems with a little more so-
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But we cannot go back to those original 1solates and make
comparisons We cannot even isolaie new cultures from
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plants in the regions where they origimally eccurred, be-
cause we cannot find these symptoms in the field.

S.P. Raychaudhuri: Your point is very relevant, and perhaps
it would be useful to maintain different strains of viruses
at a central place for comparison. Maybe the question of
how this might be done could be discussed at the end of
these meetmgs. Dr. Gordon reported the incidence of
spiroplasmas as 1.2% and mycoplasmas, 1%. Is there any
apparent difference in symptoms between those plants
which showed spiroplasmas in thin section and those
which showed mycoplasma-like bodies?

0.E. Bradfute: We would have difficulty distinguishing spiro-
plasma-infected from non-helical MLB-infected plants on
the basis of symptoms in the field. Defimtive symptoms of
Rio Grande corn stunt and maize bushy stunt, as seen in
experimentally-infected greenhouse plants, have not been
consistently associated with these microorganisms when
these symptoms were observed i the field, At the time
when the data to which you refer were collected, we were
unaware of maize bushy stunt and i1ts associafion with a
non-helical MLB. At this time, plants suspected of having

vRi1o Grande corn stunt were examined by thin section elec-
tron microscopy (EM). Microorgamsms identified by this



technique were cailed MLB, because thin-section EM is
not a reliable method for detecting spiroplasmas. Recent-
ly, we have used Dr. Davis' dark field microscope tech-
mque to identify spiroplasmas. Therefore, 1.2% of the
samples contained the helical filaments of spiroplasmas
and an additional 1 1% contained MLB which could have
been either helical or non-helical.

R.E. Davis: In in vitro clone cultures of the various spiroplas-
mas, we find the orgamsm always produces the charac-
teristic helical filaments. However, as the culture ages
these organisms produce rounded bodies to which fila-
ments are attached Just precisely what function these
round bhodies have m the development of these organisms,
weo do not yet know. When we look at sections of infected
corn or citrus plants or msects containing certan other
spiraplasmas, we find not only organisms with the charac-
teristic helical filaments but also round bodies attached to
helical fhlaments, such as seen in the in vitre cultures. Dr.
Bradfute also has seen these i his preparations of spiro-
plasmas, It might become confusing if a single host plant
should become mfected with a spiroplasma and a myco-
plasma. If you are looking at round bodies, you might not
be able to determine with certainty which type of body
you were looking at But where we do extensive sectioning
of plants infected with spiroplasma, we never fal to find
helical filaments. If we had a case in which we failed to
find a spiroplasma and found only mycoplasma-hke
bodies, then we would say that 1t was probably not a
spiroplasma disease

L.R, Nault: Based on what Dr. Maramorosch has published
concerning Mesa Central, the symptoms we observe for
maize bushy stunt are very similar to those described by
him. These symptoms contrast with those associated with
the Rio Grande strain.

D.T. Gordon: In Central and South America where corn stunt
occurs, 18 it correct to say that this is a spiroplasma-
caused disease? Do you also see symptoms of maize bushy
stunt? If you do, what pathogen do you associate with
those symptoms?

R. Gamez: It is true that i Central America we have the two
types. What people refer to as Fio Grande is, I think,
what has been clearly shown by Dr Davis to be caused by
a spiroplasma. But, it is also true that there is a second
type of stunt which is very virulent. Perhaps it 15 more
prevalent than the Rio Grande type. It 1s referred to as
corn stunt by all people

D.T. Gordon: I have been told that Dr. Carlos Deleon did an
experiment with maize plants showing symptoms resem-
bling those of maize bushy stunt in which he moved these
plants from a higher ¢levation, where presumably they
were exposed to the Mesa Ceontral stroin of corn stunt, to
2 lower elevation At the lower elevation, these plants
developed symptoms of Rio Grande corn stunt. I think that
the reverse movement of plants was done also, and plants
infected at the lower elevation showed symptoms of Mesa
Central following movement to the higher elevation This
mmplied that the symptomatology was a matter of environ-
mental conditions or elevation. Is there any basis to ths
idea®?

R. Gamez: [also have heard that account, but that is all I
know.

D.T. Gordon: Has there been any experimental work on the
influence of environment on corn stunt symptoms?

R. Gamez: Not that I know of. ’

AlJ. Ullstrup: I saw some work of Dr. DeLecn i which he
brought specimens of the Mesa Central from higher alti-
tudes down to Veracruz and transmitted the pathogen to a
particular maize genotype. He-also transmtted the Rio
Grande strain from the lower altitudes to this same geno-
type at the higher elevation. The symptoms were very
much the same. This led him to doubt that there were two
strains, as described by Dr. Maramorosch,

B. Tsotsis: Logking at the epiélemiulogy of virus diseases in the
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U.S., maize dwarf mosaic has been around for more than
a decade. Although 1t has been identified in 26 states, why
do we not get additional spread, since there is susceptible
corn grown contiguously to areas where the disease is
endemic. Is there any explanation for the falure to find
further spread of the disease?

L.M. Tesephson: I think thal there is a simple explanation to
your question. I have never seen virus symptoms in areas
other than where Johnsongrass occurs. The virns must
have an overwintering host. There also has to be some
sort of stress applied to plants. We may find a few infected
corn plants adjacent to small clumps of Johnsongrass, but
the spread 15 quite limited and most plants are healthy.
Johnsongrass must be concentrated in an area before a
large number of plants become infected.. You-do not have
Johnsongrass in Ohio other than i the-bottomlands of the
Ohin river and its tributaries, These are the principal
areas of maize dwarf mosaic occurrence.

B. Tsotsis: There are no concentrated occurrences of Johnson-
grass m.Towa, Indiana or Hlinois, except in the case of the
latier two states near the Ohio River Also, corn grows
contiguonsly throughout these states and veciors are
abundant Under these conditions, why is it that virus dis-
ease epidemics in the Ohio River valley do not spread
northward? We have epidemics of leaf diseases caused
by fungi and bacteria that spread fast over large areas
away from the original source of the inoculum. Reparts
from Iowa 1n the 1960's failed to indicate any significant
damage 1 corn caused by viruses.

V.D. Damsteegt: Reports by Dr. R.E. Ford link other perennial
grasses as well as Johnsongrass to maize dwarf mosaic.
Dubuque County in northeastern Iowa, which is separated
by several counties from the occurrence of Johnsongrass,
has had extensive outbreaks of maize dwarf mosaic. I
think Dr. C.W. Boothroyd has mentioned a similar situa-
tion 1n New York where they had an extensive outbreak of
maize dwarf mosaic without the occurrence of Johnson-
grass within a reasonable distance. During summer 1876,
Maryland had an outbreak of maize dwarf mosaic that
caused tremendous loss. In all, some 5,000 acreas of corn
were affected, and the mcidence of maize dwarf mosaic
was §0% or more. And yet we could not find Johnsongrass
anywhere. I do not know how to explamn this occurrence

R.W. Toler: What type of corn was this?

V.D. Damsteegi: It was sweet corn. In field corn, I did not see
virus diseases in great amount.
R.W. Toler: What were the symptoms — just a mdsaic?

V.D. Damsteegt: In the sweet corn, the disease was very se-
vere. Symptoms included mosaic, a temporary wilting of
plants, yollowing, stunting, and a reduction in yield. We
have isolated only maize dwarf mosic vurus from these
plants

E.E. Rosenkranz: Perhaps we can explain isolated occurrences
of maize dwarf mosaic by seed transmission. You only
need one or two plants infected through the seed to start
an epiphytotic within the field. Aphids transmt the virus
from these plants, and it can spread quite ramdly. There
are two reports, one from Chio and one from Galifornia, of
seed transmission of maize mosaic dwarf virus.

D.T. Gordon: There is also a third report from lowa.

B.L. Renfro: Here at Wooster, we are only 6 io 8 hours away,
by aphid flight, from the Ohio River valley Aphids get up
into the wind and could iravel hers within this period.
How long can aphids carry maize dwarf mosaic virus?

L.R. Nault: In laboratory tests, aphids lose the ability to
transmit MDMV within about 25 or 30 minutes Maybe Dr.
Knoke could extend this observation to & field situation.

J.K. Knoke: An important aspect in the field is that these
aphids are not good fliers. They are moved around by
winds. As Dr. Nauit said, they lose the virus quickly, se
they do not travel too many miles before they are no
longer viruliferous. We see isolated instances of both A



and B strains of MDMV 1n northern Ohio counties. How-
ever, since these counties do not have a reservoir of John-
songrass. the virus does not overwinter there Every year,
1t must move from the southern part of the state into these
counties,

R.W. Toler: Would these aphids have to move the entire dis-
tance all 1n one day? Since you have sequential plantings
of corn, sequential buildup of aphids and disease develop-
ment could occur as the season develops northward.

1.K. Knoke: Yes, I think that is possible Quibreaks of the dis-
ease are found in the sourthern haif of the state, and that
is about as far north as they occur fnroughout the season

D.T. Gordon: Maize chlorotic dwarf virus is widespread and
very damaging on corn. at least in the southern U.S.
Based on information presented at this collogquium, MGDV
does not appear to accur in other countries of the world.
To me this 1s surpnising, especally in the case of Central
America. Have any of you from other countries seen
plants with maize chlorotic dwarf symptoms? If so, have
these been assaved sufficiently to detect MCDV? These
symptoms do not appear typircal of corn stunt as seen in
Gentral or South America. But they certamnly are striking
and would not go unnoticed Also, do you have the vector
of MCDV, Graminella nigrifrons, in Central America?

R.E. Gamez It is true that some of the symptomatology is, I
think, rather similar to some symptoms that we observe
and call corn stunt. It could be that we have this virus; 1
have not checked plants for MCDV. I assumed that they
were corn stuni-infected plants. As to Graminella, I do not
think i has been reported in Central America. However, |
am not sure. I have searched for it, but have not found it
1 am under the impression that it has been reported in
some places, but it is not a common insect; at least, 1t 18
not important in maize growing areas.

D.T. Gordon: Deltocephalus sonorus also has been demon-
strated as a vector of MCDV. This leathopper may occur
in Central America more frequently than G. nigrifrons
since 1t is a more tropical or sub-tropical species.

R.E. Gamez: We have searched for that leathopper also and
have not found 1.

D.T. Gordon: That may be the answer to my question, namely,
that vectors of MCDV do not occur in Central America. Is
this true in South America as well?

R.J. Lastra: The only simlar symptoms that I have found were
those of corn stunt — the Rio Grande strain We cannot
find the other type There are not too many planis with
corn stunt symptoms In these plants. I always find the
spiroplasma in the vascular system and no viruses As I
mentioned, very few plants with these symptoms are
found, even though Dalbulus meichs is a common insect
Venezuela. I think that the other insect you mentioned,
Deltocephalus sonorus, has heen reported also in South
America. In the northern part of the country, they are
common. We also find Johnsongrass (Sorghum halepense)
in Central and South America

G. Martinez-Lopez: We glso have seen some symptoms similar
to corn stunt. The disease agent is transmitted by Dalbu-
lus maidis 1 have been studying populations of leafhop-
pers in maize, and have not been able to find &. nigri-
frons, We have some species of Deltecephalus.

I.K. Knoke: If G, nigrifrons has a choice, it will not feed on
corn, but rather on other grasses that happen to be
around the corn field. If you sample a small plot of corn,
you essentially will find no G. nigrifrons. But in other
grains and grasses around the plot, you will find many
This may be part of the reason why MCDV does not
spread well from the south to the north in Ohio.

A.J. Ullstrup: How many vectors have been reported for corn
stunt?

L.R. Nault: Dalbulus maidis, Dalbulus elimatus, Grommella ni-

grifrons, Deltocephalus sonorus, and Dalbulus tripseci.
We have really talked in terms of three main vectors of

maize viruses in the Americas; G nigrifrons, D' maids,
and Peregrinus maidis. Of the viruses we have talked
about in Ceniral and South America, Africa, Asia, what
are their potentals for entering this country? For in-
stance, will rayado fino be much of a threat; will it spread
beyond Texas?

R.E. Gamez; I think it all depends on movement of the leafhep-
per vector of rayado fino and its ability to survive the
winter here. 1 am referring to D mardis. Do you have
another leafhopper vector that could possibly transmit this
virus, one that we might not have in Central Amemnca?

V.D. Damsteegt: This again points up the need for a central
location where this sort of information could be correlated
and where stocks of msects and pathogen cultures could
be brought together for comparative studies. Our labora-
tory at Frederick, Maryland, which could do this kind of
work, is very small. We would like to do these things, but
we do not have enough room. Scmeone needs to do it
somewhere.

R.E. Gamez: I was asked if T had seen your test planis, pre-
sumably infected with rayado fino virus collected in
Texas. Symptoms on some are so sumilar to what I have
observed that they could have been taken from my own
greenhouse.

V.D. Damsteegt: I also have looked at these plants. The symp-
toms look like some shown in shdes by several people. I
think you have rayado fino. It is now in Texas, and I
would not be surprised if it were found in other southern
states. What do we know about the migration pattern of
D. maidis in the United States? How far does it move
northward? Could it be possible that it has long-range m-
grations at certan times of the year?

E.E. Rosenkranz: Dalbulus maidis migrates into the southern
United States, but not every year. When it does migrate,
this occurs very late in the season. The leafhopper moves
from Texas into Louisiana, then nto Mssissippi and
Alabama, but not hefore the end of July or early August I
believe the northernmost states in which 1t has been found
are the Carolinas For this reason, I do not think rayado
fino would be an important disease in the U.S. Dalbulus
elimatus has never been reported in southeastern United
States, The only place it has been found 1s Arizona or
New Mexico

I would hke to question the validity of the etiology of
the corn slunt disease m the U.5. When we transmit the
agent {rom these stunted, discolored plants 'with G mgri-
frons into experimental plants, we do not reproduce the
field symptoms This makes me believe that there may be
vet an umdentified pathogen invelved in what we see in
the field and that G. nigrifrons only transmits one com-
ponent of the complex. When we look at a plant infected
with experimentally transmitied MCDV, we find that the
symptoms are extremely mild. We have 1o look very close-
ly to detect symptoms. Only when we place a healthy
plant of the same age next to the infected plant do we see
the difference. These observations have troubled me for
some years. Last winter, I tested 101 genotypes in a
screenhouse facility where 1 released G. nigrifrons from
viruliferous cultures. Al other insects were excluded by a
very fine screen; so MCDV was the only disease agent to
which the plants were exposed. None of the 101 genotypes
produced symptoms comparable to what we see in the
field.

L.R. Nault: I will agree that the type 1solate of MCDV pro-
duces relatively mild symptoms. It causes a yellow blotchi-
ness m the whorl leaves of greenhouse-infected plants.
However, we are talking about a farly uniform environ-
ment in the greenhouse, whereas in the field we have a
much greater fluctuation in temperature and ramfall

E.E. Rosenkranz: My facility was a screenhouse and should
have had the same environment as the field, except for
the screen.

L.R Nault: I have slides of MCDV-infected corn plants that
show reddening, extreme stunting, and plant death. Other



plants in this experiment were not as severely affected
and still others were nearly as large as uninoculated con-
trols This experiment was done shortly after our inmitial
isolation of MGDV from field-collected Johnsongrass. One
thing that concerns me is that the type isolate has prob-
ably undergone mm excess of 200 transfers in our labora-
tory. We select for good leaf symptoms which appear m a
7- to 14-day period. We do not select for symptoms that
occur beyond 14 days. I am quite convinced that our type
1solate is not representative of what occurs in the field.
There may well be strains in the held that cause severe
stunting. Do you use held isolates transferred directly
from Johnsongrass or a strain which has undergone
numerous transfers. such as ours?

E.E. Rosenkranz: Yes, our isolate has undergone transfers.
L.E. Naul: ! think I need to go back to the field and obtain

new isolates from Johnsongrass and then find out whether
of not 1 can produce the severe stunting symptoms.

E.E. Rosenkranz: It 15 also possible that each plant that shows
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severe gsymptoms in the field becomes mfected with what
we would refer to as different isolates.

S. P, Raychaudhuri: We did some work in India on combined

infections of nematodes and maize mosaic virus (a strain
of sugarcane mosaic which resembles maize dwarf mosaic
virus). When both were present m the plant, symptoms
were very severs. But alone, the mosaic virus was not se-
vere. It 18 possible that many other factors are mvolved in
determining symptom severity.

E.E. Rosenkranz: I would like toc see one agent or pathogen

that would cause a great number of different maize geno-
types to become colored differently m the field, i.e., some
yellow, some orange, and some deep purple.

V.D. Damsteegt: This discussion points vul some mifalls of de-

scribing symptoms of a disease in the field and then rou-
tinely transmitting the virus by serial passage m- green-
house test plants in an attempt to maintamn the isolate that
produced the field symptoms. Some laboratories may be
working with isolates that may not be typical of anything
in the field.
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ABSTRACT

Maize, Zea mays L., was introduced into West
Africa about three and a helf centuries ago. It is
now the most widely grown cereal in the rain
forest region and plays an important role in the
farming, system. Maize is utilized largely for hu-
man consumption. Despite iis relatively long his-
tory in this area, maize improvement is just begin-
ning io receive the much needed governmental
and scientific attention. Much production is on
small holdings, characterized by poor husbandry
and lack of technological inputs. Pests and
diseases such as stem borers, rusts, blights and
maize streak constitute major constraints to high-
level production.

The maize streak disease, transmitted by the
Cicaduline leafhoppers, is the most important
virus disease in West Africa. It is a potentially
serious disease, varying in seasonal incidence and
effects. Climatic conditions play a vital role in
vector and disease outbreaks, but roles of the
various epidemiological factors are incompletely
understood. A brief account of the current re-
search program on this disease is presented. Re-
search efforts are being directed toward a
thorough assessment of the problem and to the
evaluation of suitable control metheds, with much
emphasis on disease-resistance hreeding.

Maize stripe virus, which until recently was
known to occur only in East Africa, has just been
discovered in Nigeria. Its importance in West
Africa is not .determined.

WEST AFRICA — CLIMATE AND VEGETATION

The West African region is defined as includ-
ing the lands south of the Sahara, that is, roughly
south of latitude 18 N, north of the Guinea Coast
and west of the boundary of Cameroon. Countries
inciuded are Camerocon, Nigeria, Ghana, Sierra
Leone, the Gambia, Niger, Benin Republic {for-
merly Dahomey), Upper Volta, Ivory Coast, Mali,
Senegal, Mauritania, Guinea Bissau (formerly
Portuguese Guinea), and Liberia (Fig. 1).
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Waest Africa may be considered a well-de-
fined region, united not only by the river Niger
but also by the fact that inhabitanis have identical
problems. It has a population density higher than
the average of the African continent. Agricultural
problems are commonly those associated with soil
leaching and the resunitant loss of fertility, es-
pecially in the areas of heavy rainfall in the
south and with aridity and enormous rainfall vari-
ability on the Saharan fringe. Mean temperatures
vary between 70 F and 95 F, a relatively small
range. However, the temperature range increases
from the coast inland.

The scuthern coastal lands receive the most
rain and rainfall decreases northeastward, The
wettest parts, with over 2,000 mm, are Guinea,
southwest Sierra Leone, Liberia, and southeast
Nigeria where rain-bearing winds cross obliguely.
The 1,000 mm and less isohyeis appear almost as
parallel, straight lines running from west to east.
Resulting also from seasonal alteration of dry
northeast and moist southwest winds are increas-
ing lengths of the wet season from north to south,
from a 12-month duration in the Niger Delta and
the foothills of the Cameroon Highlands to under 3
months north of St. Louis and Timbukiu.

West Africa has two major vegetation divi-
gions: a) forests to the south, and b) savannah to

WEST AFRICA: VEGETATION ZONES
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the north. It is difficult to delimit where a forest
becomes savannah due to incomplete mapping and
differences of opinion and constant cutting of the
edges of the forest for cultivation. Forests can be
roughly subdivided into: a) swamp forests that oc-
cupy many parts of the coast, and b] the rain
forest situated just north of the swamps in areas
with over 1,100 mm annual rainfall. The savannah
vegetation is delimited into three sub-types: 1) the
Guinea savannah immediately north of the forests,
2) the Sudan savannah, and 3) the Sahel savan-
nah north of latitude 17 N. Montane vegetation is
found in the highland areas of the Cameroon and
Plateau State of Nigeria.

HISTORICAL BACKGROUND OF
MAIZE PRODUCTION AND USE

The history of maize, Zea mays L., in West
Africa dates back to the 16th century when the
Portuguese traders were reported (5, 7, 25) to
have brought maize from the West Indies and
Central and South America to the (then] Goald
Coast [now Ghana) through Sao Tome. Historical
evidence shows that the first maize types brought
into West Africa were floury forms that are fre-
quently found in the graves of the ancient Asztecs
and Incas. But Porteres (18), on the other hand,
suggested that maize came into West Africa from
Arab countries. Most of the varieties in the north-
ern parts of West Africa are of light-yellow flint
types. Maize is now found throughout West Africa
to the extent that it is difficult to convince the
farmers that its origin is foreign.

Until the second half of this century, maize
cultivation was primarily to satisfy the curiosity of
the growers and, at best, for the subsistence of
their families and a few neighbors. Thus, for the
first three centuries after its introduction, nothing
concrete was done to improve the crop and iis
management. This was true not only for maize but
also for other food crops, because emphasis dur-
ing the colonial era was on the production of so-
called ‘“‘cash crops” like cacao, rubber, coffee,
cotton, and groundnut for export purposes. Food
crops were to a large exteni neglected until the
years after World War II

The advent of the maize rust (Puccinia
polysora Underw.) in epiphytotic proportions in
1949 created awareness of the importance of
maize as a food crop because of initial total crop
failures and, in later years, severe reductions in
yield (25). The gravity of problems posed by this
disease led to the establishment in 1950 of the
West African Maize Rust Research Unit (WAM-
RRU). In an attempt to obtain rust-resistant
materials, WAMRRU imported maize cultivars
from Central and South America, the Caribbean,
the United States, and elsewhere. These served,
as it were, as a germplasm pool from which maize
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breeders from countries in the West African re-
gion obtained breeding materials (1, 25). Thus, the
rust epidemic served as an instrument for setting
up organized maize improvement research efforts
in West Africa, with the bulk of attention being
devoted to disease-resistance breeding.

Problems {technical, social and economic) as-
sociated with the handling of improved maize led
to an early realization that hybrid maize produc-
tion was not yet practicable in West Africa.
Improvement programs were, therefore, directed
into the formation of synthetics. Examples of such
are NS1 and NS2 for Nigeria and GS1, GS2, and
GS3 for Ghana, with an average yield of 3,000
kg/ha compared to less than 1,000 kg/ha for local
varieties. But efforts of the 1850's and 1960's in
the development of high-yielding varieties were
dampened by the lack of progress in cultural
improvement and the lack of acceptability of
improved varieties by peasant farmers. Thus,
vields still stand at less than 1,000 kg/ha —
about one-third of the world average and one-fifth
of the yield an average Ohio farmer realizes
(Table 1].

TABLE 1. Maize production {grain) in West Africa, Alrica,
U.S., Chio, and the world;, 1974

Production
Area {1,000 Yield
(1,000 ha) metric tons) (kg/ha)
Werld 116,709 292,290 2,510
West Africa 3,047 2,753 862
Africa 18,726 26,766 1,429
U.8. 26,383 118,144 4,478
Ohio 1,435 8,194 5,710

Source: Food and Agricultural Organization of the United
Nations (FAQ) Production Yearbook, 1974.

Maize is planted both as a sole crop as well
as intercropped with yam, cassava, beans, rice,
etc. In Nigeria and most West African countries,
only about 25% of the total maize production is
under sole cropping (17).

Presently in West Africa, maize is used
largely for human consumption. It is utilized in
many ways in the preparation of various dishes
{7, 13, 15, 25). Some dishes are light and hence
serve as breakfast but others are more solid and
are frequently made more palatable by admix-
tures of palm oil, fruits, vegetables, and meat and
serve as main meals. Preparations are made from
fresh maize or from mature grains. . Weaning
babies are usually fed on a thin maize porridge
[prepared from soaked dry grains) to supplement
breast-feeding until they are old enough to feed on
solids. Quite a substantial portion of nutrients is
removed during this preparation process that
involves removal of the seedcoat, often inclusive



of aleurone layer and maize germ. In most cases,
the end product is nothing but pure starch.

In southern aress where most maize is pro-
duced and accounts for more than 75% of the
total cereals consumed, white floury maize is
strictly adhered to. In the northern limit where
maize is largely planted in home gardens, it is con-
sumed as a vegetahle, roasted or boiled. In this
northern portion, vellow flinty types are prefer-
red. Generally, yellow is preferred when maize is
consumed green.

On a region-wide basis, maize is the third
major cereal grown, following sorghum and millet.
However, in the rainforest zone, which envelops
the bulk of maize production, maize is the most
widely grown cereal. Over 90% of the maize is
produced by peasant farmers operating on-small
holdings of an average of 1 ha.

In spite of the relalively large hectarage
under maize production in West Africa and the
large number of peopls involved, the total produc-
tion is ridiculously low because of the use of an
unimproved production package of unimproved
local varieties and traditional husbandry. This is
clearly demonstrated in Table 1, showing that the
U.S. produces about 40 times as much maize as
the whole of West Africa, using only eight times
the land area. This indicates a production ef-
ficiency of more than five times in favor of the
USA over West Africa.

CURRENT STATUS AND FUTURE EXPECTATIONS
OF MAIZE PRODUCTION AND USE

Presently, the tremendous potential of the
West African region for maize production is
recognized. This potential is largely due to: 1) the
possibility of raising two crops per year with rain-
fed agriculture and three crops under irrigation,
and 2) the possibility of extending the area of pro-
duction beyond the rain forest zone into the
Guinea savannah zone — an area that has been
demonsirated to support higher maize vields than
the traditional maize belt (Table 2).

The lack of adoption of improved production
technology by farmers is the main consiraint to
raising the level of efficiency and, hence, increas-
ing maize production in West Africa.

In most of the West African countries, not-
ably Ghana and Nigeria, their governments have
“stepped’ into raising the production levels of
food crops with “military dispatch.” For example,
in Nigeria, the government early this year
launched a production campaign christened
“*Operation Feed the Nation.” This campaign is
backed up by: 1) massive propaganda to create
awareness among the people for the need to farm,
and also create awareness among agricultural
scientists for the need to make more meaningful
impact on the farmers, and 2] the provision of
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TABLE 2. Grain vield (kg/ha at 12% moisture) of six maize
varieties in three ecological zones in Nigeria

Samara  Riyom
Ibadan (inter- [inter-
(moist forest savanna savanna

Vaniety Description® lowland} lowland) highland}
NCA M.D. Medium 3,073 6,919 3,394
096EFP6 Y.D. Late 3,701 6,542 3,767
TZA xT2B W.D. Medium 3,177 6,856 4,072
51,2,3 Y.D. Medium 2,634 6,597 3,444
NCBRbO,U  W.F. Early 2,856 5,543 2,969
Mean 3,123 6,394 3,456

aw=white, Y=yellow, and M=mxed grain color;
D=dent and F={flint; early, medum and late=less than 50,
50-59, and 60 and above days, respectively, from planting to
anthesis.

highly subsidized seed, fertilizer, and other pro-
duction inputs. Maize, a crop relatively easy to
grow and especially one whose produce can be
easily ‘“‘exhibited” and utilized, has attracted
more attention in this campaign than any octher
crop. Awareness has been created and it is hoped
that the interaction between farmers and maize
improvement experis will lead to a sustained high-
production level.

Higher yielding maize varieties are continu-
ously being developed in individual national pro-
grams and at the International Institute of Tropi-
cal Agriculture (IITA), located at Ibadan, Nigeria,
mandated to serve the humid tropics. Most of the
varieties are being formed through the approach
of population development. Composites with a
wide genetic hase are formed from cultivars of di-
verse origin, using the comprehensive breeding
system designed by Eberhart et al. (6). High-vield-
ing varieties are obtained from these composites
using a recurrent selection technique, which de-
pends on the number of growing seasons ob-
tainable and manpower available. Also, individual
countries benefit from each other through such
cooperative trials as West African Uniform Maize
Trial originated by USAID under the aegis of
OAU/STRC (Organization of African Unity/ Sci-
entific and Research Commission): through the
activities of TITA; at regional conferences; and on
personal contacts and communications between
scientists. There is still room for further coop-
erative ventures.

Efforts are being made to evolve solutions to
the already identified management problems.
These include: 1) the optimum plant population of
maize as a sole crop and as an intercrop, using
the most economic fertilizer levels, and 2] opti-
mum timing and methods for all production
operations, including planting; fertilization; dis-
ease, insect, and weed control; and harvesting

































artificially at the two-leaf stage, showed a yield
reduction of 61%. Attempts are now being made
to correlate reduction in yield with growth stage
at fime of infection.

SUGARCANE MOSAIC VIRUS

SCMV was listed tentatively by Riley (14) for
Tanzania, but the first positive identification in
East Africa was made by Kulkarni (10] who
recorded it from sites in all three East African
countries. The disease has probably been general-
ly distributed throughout East Africa for many
years but escaped attention because of the un-
spectacular nature of its symptoms. Kulkarni’'s
surveys showed SCMV to be present in every
maize planting sampled, at an average level of in-
fection of 20%. SCMV has been recovered from
maize growing at an altitude of 2,600 m. Ex-
perimental assessment of yield loss due to SCMV
infection was 25% for maize and 73% for
sorghum.

Serological studies by Kulkarni showed that
East African isolates of SCMV were related to
American strains A, B and D, but not to others.
No strain differences have heen demonstrated
within East Africa.

Attempts to select maize lines for resistance
to SCMV by Kulkarni and more recently by Bock
and Guthrie have been unsuccessful. I is possible
that inoculation by aphid vectors rather than by
mechanical means is a better screening technique.
This is to be attempted.

MAIZE STRIPE VIRUS

This disease was first recorded by Storey (21)
from the Amani district of Tanzania. Storey noted
that symptoms were of two types and it now
seems likely that both maize stripe and maize line
viruses were present. Information presently avail-
able on maize stripe and maize line viruses is
largely derived from the work of Kulkarni (10].

Information on the distribution of stripe is
mainly based on observations made in Kenya, but
it is probably present throughout East Africa and,
possibly, elsewhere. There are records from
Mauritius {16} and Reunion (4); but Storey (21)
considered the former to be attributable to streak,
whereas the latter may refer to maize line virus
(MLV).

Symptoms. — Maize stripe virus produces
narrow, closely spaced yellow stripes on maize
leaves that later merge to give broad, yellow
bands; in extreme cases the entire lamina turns
yellow (Fig. 1D). A further symptom is a
pronounced bending of the shoot apex.

Transmission. — Maize stripe virus is not
transmissible mechanically but is by the Delphacid
planthopper, Peregrinus maidis Ashm.
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An acquisition feed of 5 days followed by a
test feed of 6 days is apparently necessary for
transmission; but P. maidis is an inefficient and
unpredictable vector. There is some evidence that
nymphs are more efficient vectors than adults.
Barley and sorghum were also .susceptible. At-
tempts to transmit the virus by feeding hoppers
through membranes on partially purified prepara-
tions were unsuccessiul.

Purification. — DPartially purified prepara-
tions were prepared as follows: Fresh infected-
leaf tissue was homogenized in 0.5 M tri-sodium
citrate, 1% 2-mercaptoethanol (2 ml/g tissue),
filtered through cloth and clarified with n-butanol
(7 ml/100 ml extract) by stirring for 15 minutes,
and incubated overnight at 15 C. After centrifuga-
tion at 20,000 g for 20 minutes, the supernatant
was filtered and centrifuged at 100,000 g for 2
hours. Pellets were resuspended in 0.01 M sodium
tetraborate, pH 8.5, and clarified by centrifuga-
tion (12,500 g for 5 minutes).

Particle morphology. — Preparations partially
purified as above, negatively stained with potas-
sium phosphotungstate or uranyl acetate .and
examined by electron microscopy, contained iso-
metric particles 35 and 40 nm in diam (Fig. 1F).

Serology. — An antiserum was prepared
which had an homologons titer of 1/128 when
tested against the antigen in crude sap in agar gel
diffusion tests. The antiserum did not react with
MSV or MLV.

MAIZE LINE VIRUS

This virus was first described by Kulkarni
(10} from two areas of Kenya. It occurs in Kenya
coastal areas and is probably more widely, though
sparsely, distributed in East Africa. It is also pos-
sible that the record of maize stripe virus in Re-
union {4) refers to MLV. Infection levels abserved
in Kenya have invariably been low {>204h) and
losses negligible.

Symptoms. — Maize line virus produces con-
tinuous yellow lines along the veins of leaves; the
yellowing spreads approximaiely 1 mm on either
side of veins. Older leaves often show interveinal
mottling (Fig. 1E).

Symptoms differ from those of maize streak
virus in that the yellow lines are longer and more
continuous and are on, rather than between, the
veing. Unlike maize stripe, there is no apical
bending. Tassel and cob formalion are normal.

Transmission, — Like maize stripe virus, MLV
is transmitted by P. maidis but not mechanically.
On the Limited information available, transmission

. is even less efficient than with maize stripe and

long incubation periods are necessary.

Purification. — MLV was purified using the
method described for maize siripe virus.



Particle morphology. — Particles of MLV are
isometric and measure 28 and 34 nm in diam for
“empty"" and complete particles, respeciively.
They are smaller than those of maize stripe.

Serology. — An antiserum was prepared that
had an homolegous titer of 1/64 against crude sap
in agar gel diffusion tests. The antiserum did not
react with MSV or maize stripe.

MAIZE TASSEL ABORTION DISEASE

This disease was first described by Kulkarni
(8) after his survey of maize virus diseases. Very
little information is available on the disease,
which is apparently of limited distribution and im-
portance. The causal organism is probably a virus
or mycoplasma. Attempts at purification were un-
successful.

Symptoms. — Leaves of affected plants are
chlorotic, much reduced in size, and borne
horizontally on the stem. Male inflorescences of
such plants are often trapped by terminal leaves
and are without spikelets; cobs are either absent
or deformed and poorly filled.

Transmission. — Kulkarni found that the di-
sease was transmitted by the Delphacid planthop-
per Malaxodes farinosus Fennah, the vector of
molasses dwarf disease (7). Infection was
achieved using acquisition feeds of 24 hours fol-
lowed by test feeds of 6 days; test feeds of 3 days
were not effective. The disease was not transmis-
sible mechanically.

Kulkarni noted that Malaxodes does mnot
normally colonize maize and may not be the na-
tural vector of the disease agent. The relationship
between molasses dwarf disease and maize tassel
abortion disease has not been fully investigated.
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].M. Fajemisin: Yes, greenhouse-infected plants normally che.
Leaves become white and they just wither away.

V.D. Damsteegt: The question was brought up about winte,
bleached leaves that Dr. Josephson saw in Africa. We see
a lot of almost pure white symptoms, depending on the
genoiype. Some, however, are cream to buff-colured and
others are entirely white with no coler at sll. In this latter
case, essentially all the chlorophyll was destroyed. I
would hke to remind you of one other symptom with the



Cicadulina leafhoppers that is reported 1o the literature.
Apparently, 1l is somellung that only is seen in greenhouse
seedlings and not a field problem. Cicadulina is one of the
hoppers that causss a toxic reaction in the greenhouse
We get almost as much damage on seedlings with non-
viruliferous leafhopper feedmg alone as we dn with the
virus, at times. However, we get different levels of toxicity
with different genotypes. Many insects may feed for weeks
on a seedling and seem to have no effect on some. In other
cases, one insect feeding on a seedling for one day causes
gross swelling of vemns, curling of leaves, and changes in
growth pattern. If you inoculate these plants with the
virus, they die. There are many variations and it is diffi-
cult working on this disease in the greenhouse.

G. Martinez-Lopez: Are lhe swellings resulting from leeding
by Cicaduhna at the feeding site or at a duiferent site? It 1s
reported to vary in the case of wallaby ear.

E.E. Rosenkranz: 1 believe that Dr N.E. Gryllis reported this.

V.D. Damsteegt: Dr. Gryllis reported two kinds of wallaby
gar, one that 15 & systemic severe reaction and one that
15 mld. The mid reaction is about what our reaction with
Cicadulina looks like. The swellings are on the undersur-
faces of leaves, and, in some cases, where the insects fed.
In other cases, each leal that was present in the whorl
will show swellings. The first leaf that shows swellings
may be at the base, the next slightly farther up, etc In
other cases, every leal shows it and the reaction seems to
be systemic, much like wallaby ear. It might simply be a
matter of how much toxin the inseci injects. I wish that
we could identify the toxin.

G. Martinez-Lopez: I am concerned about Gicadulina species
in Golgmbia, not only 1n maze, but in other crops where
swellings occur. Many thought it was due to a toxm. We
have observed that the swellings were not produced at the
site of feeding. Probably these were systemic.

L R. Nault: Salivary phyiotoxins may be either localized or
systemic Many species here that feed on alfalfa and po-
tato produce systemic effects. As soon as you remove the
imsects, the plants will outgrown the symptoms. These are
probably the two most important criteria for establishing a
phytotoxic effect; namely, that planis outgrow symptoms
once the insect is removed, and no pathogen can be de-
tected

V.D. Damsteegt: There is the possibility, however, that an unde-
tected pathogen is involved. We discarded this 1dea be-
cause the Cicadulinas as well as Nephotettix species were
reported to cause vemn swellings. Members of that closely
related family of leafhoppers have been known to cause
swellings at the point of feeding It 1s transitory and plants
usually grow out of it. It occurs on wild grasses much
more severely than on maize.

G. Martinez-Lopez: Have you siudied the effect of temperature
on the development of these symptoms? With the virus, we
have found that at high temperatures the symptoms just
develop in a very small portion of the leaves. But if the
plants are exposed to a lower temperature, symptoms de-
velop in a larger number.

V.D. Damsteegt: I can only give an observation and no data.
We get more of this reaction as we approach February
and March, when the days become longer and the tem-
peratures mside the cages are warmer. Whether the in-
creased swellings are due to day length, light, tempera-
ture or combinations, 1 do not know,

D.T. Gordon: Since you have been working on maze streak
for some time, I wonder what your estimate is for its po-
tential spread from the area where it now occurs into the
Western Hemisphere?

V.D. Damsteegt: I would say that in the United States streak
is no problem for the immediate future. I would guess that
for the whole of the Western Hemisphere, streak would
most likely come m between latitudes 30 South and 30
North — the Caribbean, Venezuela, Colombia, Mexico,
Florida, and southern Texas. This is where the vector can
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survive. The vector is said to be a long-distance flier, but
I think there is probably more evidence that it tends fo be
sedentary and flies only at certain periods We do not
have the vector here, as far as we know. The voctor could
come m but, if the virus was not present, 1t stll would not
cause a problem. However. if both vector and virus were
mtroduced, the disease could become established quite
easily 1n this area. I have tested 39 perennial grasses that
are very common 1n the southern United States up to the
GCorn Belt, and of them, 13 are goed symptom hosts. One
of them is quackgrass, a potential overwmtermg host.
Some are excellent oviposiion and feedmmg hosts for
Cicaduling on which they could live and thrive. We have
tested eight or nine potential vectors so far—common
species that are associated with grasses or Gramineae
here, like Dalbulus, Macrosteles, etc We [ed them on
streak-infected plants, and injected them with infectious
sap. But we got no transmission Only Cicedulina mbila
transmitted streak in our laboratory. I do not think we
have a real threat of a natural vector. I do not think
streak 15 an immediate threat to corn in our area, but if
we are talking 1 terms of the whole Amencas, it could
very well be.

A.]. Ullstrup: Have you tested very many maize genotypes for
resistance to streak?

V.D. Damsteegt: There are 25 or 26 publicly generated 1n-
breds that comprise the vast majority of all germplasm
used m the US Of those we studied about 23, and all
were very susceptible. However, we tested them only in
the seedling stage I have studied two corn hines from
Africa that were reported to be resistant We tested them
at seedling and 30 to 40-day-old stages. Af the older stage,
I would like to think we found mature plant resistance
We also have studied about 140 mmbreds and 110 to 140
more promising hybrids of some major corn companies; so
far we have found no resistance This is like the exper-
1ence in Africa — you screen a lot of hines and you do not
find much. Until recently, there was only the Peruvian X
Hickory cross that G.J.M.A. Gorter found back in the
1930’'s. That hybrid was the only source and its resistance
was due to one recessive geng. This situation made a lot
of people anxions because it does not take long for a virus
to overcome ong gene, and with that being the only source
there was little protection aganst streak,

J.W. Lightlield: Based on what you have seen of symptoms on
introduced grasses from Africa, what are our chances of
picking up some of these viruses in the vegetative grasses
or in corn from seed?

V.D. Damsteegt; If the grass cid not show visible symptoms
we were unable to recover the virus. If 1t was showing
symptoms we could usually recover the wirus, bui not al-
ways With quackgrass, for example, we had symptoms
but it took us 4 months of continuous bicassay to recover
the virus by vectors. Not all grasses show classic streak
symptoms Some show classic streak, seme show more of
a mosaic, and others show symptoms that you would never
relate to streak. If you bring in clones of perennials or
anything developing from rhizomes from Africa, they
should be held and checked carefully Perhaps, one should
also bioassay all of them, to detect symptomless carriers.

D.T. Gordon: What do you recommend as a good assay for
streak?

V.D. Damsteegt: Transmissiwns with the vector. You might
also do serology using the agar double diffusion test. The
virus is very easy t¢ purily and in a matier of 2 to 3 hours
you could have it purified to the point where you could
lock at particles by EM.

LW. Deep: You said that you do not feel that stresk poses
much of o threat to 1.5, maize becouse both virus and
vector would have to be mtroduced. But then I thought
vou sndicated that even if both were introduced we shll
would not likely have a problem?



V.D. Damsteegt: From the standpeint of temperatures, Cica-
dulina can stand freezing but not for a prolonged period.
It is also discontinuous in its habitat because it cannot
survive droughts If it cannot withstand long periods of
freezing and cold I do not think 1t could persist in the Corn
Belt. Since it is not known to be a migratory species, like
Macrosteles for example, 1t probably would not migrate
across the country every year. It might on rare occasions.

LW. Deep: You think that the vector would not become esta-
blished because of lemperature relationships, nol neces-
sanly because of the lack of suiteble vegstation?

V.D. Damsteegt: I think that suitable hosts are around, but I
do not think that in itsglf makes our area a suitable habitat.
I base this on work done in Africa several years ago. Lel
me add, however, that I am talking about its persistence
in the Corn Belt. Something like Cicadulina could possibly
become established in the South — in southern Texas,
southern Mississippi, southern Lowsiana — for example.
And with the right comnditions, the vectors could move
north fairly early up to the southern part of the Corn Belt
— to southern Ohuo, for example.
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L.M. Josephson: How long will the virus remain viable in the
vector?

V.D. Damsteegt: For the life of the vector.
L.M. Josephson: How long is that?

V.D. Damsteegt: One of the original leafhoppers that we got
from South Africa as an adult, we used in transmission
studies for about 80 days before we discontinued usmg it
Cicadulina is a long-lived leafhopper.

R.W. Toler: Have you determined if 5t. Augustine grass-is a
host? It is quite common around the Gulf Coast in southern
Texas

V.D, Damsteegt: No, I have not tested it. I should have because
1t is susceptible to other viruses.

L.M. Chilson: How susceptible is sugarcane?

V.D. Damsteegt; Uba cane has been shown to be susceptible.
However, I do not believe that this strain is produced
commercially anywhere i the world anymore.
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ABSTRACT

Maize is a major crop in India, used as food
and fodder. It is grown extensively in Uttar Pra-
desh, Bihar, Rajasthan, Madhya @Pradesh,
Bombay, Andhra Pradesh, and Himachal Pradesh,
as well as Kalimpong in West Bengal and in Sik-
kim. In spite of large acreages under cultivation,
production is low compared to other countries.
One of the important factors responsible for the
low vield is incidence of various diseases. How-
ever, so far, no accurate assessment has been
made of their damage. Maize is next to rice,
wheat, jowar, and bajra as a food crop in India;
in fact, it is the only staple cereal food for many
people in the hilly tracts in northern and north-
eastern India. A mosaic disease of maize, trans-
mitted by aphid vectors, resembles maize dwarf
mosaic of USA and, perhaps, is a strain of sugar-
cane mosaic virus. It has been studied in detail
since 1960 at the Indian Agricultural Research
Institute, New Delhi. This disease can reduce
vields to the extent of 31.81%. This virus is
readily mechanically transmitted to maize but is
not seed-borne. It also infects several other crops
of agricultural importance.

Another virus disease of maize has been esta-
blished in India. Disease symptoms first appear as
minute chlorotic spots, later coalescing to form
parallel, chlorotic lines running slong the veins.
This virus is transmitted by Peregrinus maidis;
details are discussed.

Recently, the maize streak disease has been
reported in India. It is characterized by produc-
tion of chlorosis in affected leaves confined to
stripes along the veins. The disease is transmitted
by Cicadulina mbila, C. zeae, and C. nicholsi. C.
mbila is the most efficient vector. The disease is
of great concern because it also affects several
other cultivated hosts, like wheat, barley, etc.

Vein enation of maize has been recently re-
ported from Kalimpong in Darjesling District.
Severe swelling and numerous white, spindle-
shaped gails develop on veins on the lower sur-
face of leaf lamina. The disease is not sap or seed
transmissible but is by Cicadulina mbila. The
vires also infects wheat, rice, sugarcane,
sorghum, ocats, etc.
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The history of maize cultivation is most fas-
cinating and inieresting. Golumbus observed maize
growing in the Western Hemisphere about 500
years ago. Many travelers in the ancient period
carried it from its place of origin to other areas,
particularly in both Americas where majze is now
one of the most important crops. This particular
crop can be adapted to varied climates, in com-
parison to other grains. It was largely grown in
North America and Western Europe from 1800 to
1950. Today, this crop is grown on millions of
acres in different parts of the world. According to
CIMMYT Review Report of 1976, maize ranks
third, after rice and wheat, as a food grain in
developing countries. With the help of CIMMYT,
India was very much benefited when the A}l India
Coordinated Maize Improvement Program was
initiated at the Indian Agricultural Research Insti-
tute nearly two decades ago in collaboration with
the Rockefeller Foundation. Maize occupies a
prominent position in developing countries in Asia,
Africa, and Latin America. But only one-fourth of
the world crop is produced in these countries,
although they include half of the maize area
planted. This is obviously due to low vields. Ac-
cording to the latest CIMMYT Report for North
America and Europe, an average of 4,600 kg/ha
was recorded there, but only 1,200 kg/ha for
developing countries.

Maize iz grown under several constraints like
the difficult movement of new varieties into the
tropics from temperate climates. For instance,
plant height, which may be responsible for lodg-
ing, is traditionally about 4 m in the tropics but
only 2.5 m in temperate areas. Another problem,
which we are going to discuss at this Colloquium
and Waorkshop, is that of losses caused by dis-
eases and pests, especially viruses, Also, poor
quality of maize protein is considered to be
another factor encountered in maize improvement
programs. Therefore, factors which hinder im-
provement of maize in developing countries are
varied. New varieties developed must be more
stable in vields; of good climatic adaptation; smal-
ler in size; resistant to virus and other diseases
and pests; and of better quality protein, etc.

Maize cultivation in India got a boost with the
advent of the Rockefeller Foundation improvement
program in the late 1950's. This program proved a
great success and developed hybrids and com-



posites that tremendously increased yields. Maize
growing became very popular in many areas in
the country under the All India Coordinated Maize
Improvement Project of the Indian Council of Agri-
cultural Research. Maizeis now extensively grown
and occupies about 5 million ha of land. It is a
staple food and fodder in many parts of India, like
Uttar Pradesh, Bihar, Rajasthan, Madhya Pra-
desh, Maharashira, Andhra Pradesh, Himachal
Pradesh, Kalimpong (West Bengal), and Sikkim. Tt
also supplies raw materials to some industries in
the counfry. Under the above program, attention
was mainly devoted to breeding high-vielding var-
ieties resistant to fungal and bacterial diseases
and borers. Early, very litile, if any, work was
done on diseases of viral or mycoplasmal origin.
Hence, information on these diseases is mot suf-
ficient [Raychaudhuri {20}]. Most work has been
done at a number of places outside the regular
maize improvement program. .

Maize streak is one of the earliest known
virus diseases of maize and has long been re-
ccgnized as an important disease in Africa [Fuller
(12}]. In 1919, Brandes (5] demonstrated the
transmission of sugarcane mosaic virus (SCMV) to
maize and the latter is now considered to be a
very important host. Recently, Thornberry (37)
listed maize as a host of as many as two dozen
viruses, some of which are now known to be
caused by other agents, like mycoplasmas or
spiroplasmas. The most important of these dis-
eases are mosaic, streak, stunt, stripe, wallaby
ear, and rough dwarf. Each of these is known to
have the capacity to cause substantial losses to
maize. Maize dwarf mosaic, which was first
observed in Ohio, USA, in 1962 by Janson and El-
lett (13), caused huge estimated losses. Similarly,
pearl millet streak is becoming important in many
cereal crops in India [Seth (24)] in recent years.
No adequate survey of these diseases has Heen
made in India so far.

MAIZE MOSAIC VIRUS IN INDIA

In 1952 a mosaic disease of maize was ob-
served in the fields of the Indian Agricultural Re-
search Institute, New Delhi, the first record of a
virus disease in maize from India [Chona and Seth
{(10)]. Enough information on this disease is now
available regarding etiology and epidemiology to
determine control measures.

In a limited survey in 1962-1964 [Paliwal et
al. (18)], it was found in every locality visited in
the states of Delhi, Himachal Pradesh, Punjab,
Rzjasthan, West Bengal, and Andhra Pradesh.
Mosaic incidence ranged from 2.2% to 10.6% in
randomly-selected fields and was found to be cor-
related both with the seasonal differences in
population levels of the vector Rhopalosiphum
maidis (Fitch) and with the variety of maize
grown, Incidence was higher in local maize varie-
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ties than in those containing exotic germplasm.
Disease incidence at experiment stations was
found to be low, perhaps due to the fact that their
breeding materials contained a high percentage of
exotic germplasm shown to be resistant.

Symptoms of disease begin as chlorotic
specks, usually on one side of the midrib and in
rows Dparallel to it. By elongation and coalescing
of specks, chlorotic then blotchy areas develop.
During subsequent growth, the pale areas pre-
dominate and infected plants can be reccgnized
from & distance. Stunting and poorly formed and
filled ears are other important symptoms.

The virus was easily sap tranmissible and
inoculated plants developed symptoms in about 5
days at Delhi, during the month of July when aver-
age daily maximum temperature was around 43 C
and minimum was 27 C. The longest incubation
period was found to be 22 days in the month of
January when the average daily maximum temper-
ature was 23.5 C and minimum was 11.2 C,

The virus had a thermal death point of 50-55
C; a dilution end point of 1:50 to 1:100; and lon-
gevity in vitro at room temperature (28-32 C} 16
hours and at 7 G, a week [Chona and Seth (10)].

Five aphid vectors of the virus were identi-
fled: R. maidis (Fitch), Aphis gossypii Glover,
Macrosiphum granarium Kirby [Chona and Seth
(10}]1, Schizaphis graminum [Rondandi) [Seth and
Raychaudhuri (26)], and Myzus persicae {Sulz)
[Bhargava and Shukla {4]].

Seth and Raychaudburi (26) determined the
effect of hydrogen-ion concentration of sap on
virus infectivity. The maize mosaic virus (MMV)
was 1mmediately inactivated at pH 4.0, and below,
but at pH 4.4 it remained infectious even aiter 24
hours when stored at 7-10 C. Under similar condi-
tions at pH 9.0, the virus remained infectious for 4
hours, but then was quickly inactivated. Optimum
pH lies between 5.6 and 7.2, where maxmium in-
fection was obtained.

Seth and Raychaudhuri (26) have also shown
the effect of chemicals, including protein-precipi-
tating and denaturing agenis as well as organic
solvenis on the virug in extracted sap. Chemicals
studied were acetone, ethyl alcohol, chloroform,
commercial nicotine sulphate, glycerine, lysol,
formalin, copper sulphate, and potassium per-
manganate. The virus was sensitive, even to low
dosages.

Paliwal et al. (18) reported the presence of
three strains of the virus and concluded that the
type strain, reported by Chona and Seth {10), is
very widespread in India and produces the most
severe symptoms. Strains were differentiated on
host reaction, physical properiies, and cross-pro-
tection tests.

Two kinds of intracellular inclusions, one oval
and the other elongated, were observed in epider-
mal cells of infected maize leaves [Paliwal and
Raychaudhuri (15)]. The virus was purified and
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ABSTRACT

Disease diagnosis by symptoms is fast, easy,
and inexpensive. Strengths of disease identifica-
tion by symptoms depend on the experience of the
researcher and constant association of a pathogen
with a particular symptom. Symptomatology is
also useful for studying virus strains and host
variability.

We routinely diagnose familiar plant diseases
by observing symptoms of abnormal growth be-
cause symptoms are generally reliable. However,
different plant diseases may have similar symp-
toms and these similarities may prevent us from
identifying new or unfamiliar ones. In cases of
viral diseases, accurate identifications of new or
unfamiliar diseases often depend on increasing a
researcher’s ability to associate particular symp-
toms to specific viral infections. Demonstrating this
association may involve complex procedures of
isoleting, purifying, characterizing, and maintain-
ing the virus. Furthermore, techniques from dif-
ferent disciplines (e.g. biochemistry, electron mi-
croscopy, entomology, and plant pathology) may
be required to determine the virus and its symp-
tom association and for fulfiling Koch’s postu-
lates.

Slide presentation. The audience was
asked to diagnose the maize disease shown in
each of 16 Kodachrome slides, by symptoms alone.
The slides emphasized the limitations of disease
identification solely by symptoms and demon-
strated the need to include additional diagnostic
methods. The slide presentation was not intended
to detract from the use of symptoms in disease
identification.

Disease diagnosis by symptoms has been
useful because it is faster, easier, and cheaper
than any other method. It has been particularly
useful in sereening for host resistance. Sometimes
diagnosis by symptoms is the omly diagnostic

method available; for example, there is no other
way to tesf infectivity or pathogenicity except by
host response. The usefulness of symptoms for dis-
ease diagnosis is enhanced when the virus has
been isolated and sufficlently characterized by
electron microscopy, sedimentation, serology, and
vector relationships to permit its association with
a particular host symptom.

Isolation — A first step in symptomatology. —
The difficult and complex problems associated
with isolation of an obligately vectored virus or
virus-like organism have been discussed (1, 2, 3,
4, 7). Isolation of mechanically transmissible
viruses is simpler. In the case of the mechanically
transmissible maize dwarf mosaic virus (MDMV],
isolation was &lso facilitated by the recovery of
virus from local lesions on some maize inbreds (6).
To increase the probability of obtaining a pure

. culture of MDMYV, an isolate from a single local
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lesion on a rub-inoculated leaf of maize inhred Ill.
A or Pa32 was serially transferred eight times
through each individual inbred. Furthermore, in-
bred N20 was also rub-inoculated during each
transfer to check the consistency of symptoms
produced by the subecultured isolate. This method
permitted us to select four additional strains of
MDMYV from southern Ohio.

Virus sirains and virns population. In
addition to disease identification, symptomatology
is also useful for studying virus strains. The isola-
fion and identification of MDMYV strains resulted
in finding strain-specific resistance in different
maize inbreds [(6). Specificity of strain-specific re-
sistance should allow us to identify the genes for
resistance to each strain. Occurrence of strain-
specific resistance also suggests that breeding for
general resistance to a complex virus population
under field conditions would obscure this type of
resistance.

Strains of MDMV may exist as one of several
virus populations under field conditions. Changes
in predcminance among sirains or viruses from
year to year and location to location can confuse
the analysis of inheritance of resistance. These



changes may explain the inconsistency of re-
actions of inbreds tested under field conditions in
different years and locations. For example, maize
inbreds Oh509A and Oh513 have had a fair de-
gree of resistance to MDMV under Ohio field con-
ditions in past years; but recently this resistance
appears to be decreasing. The effect of location
variation on inbred performance is best exempli-
fied by inbred Ab28A. Under natural disease con-
ditions, Ah2BA performs well in Mississippi but
poorly in Ohio (W.R. Findley, personal communic-
ation}. In addition to the influence of virus and lo-
cation variability on the reaction of an inbred to
virus infection, we have some evidence suggesting
a lack of genetic homogeneity in inbreds (5) that
may also influence the variability in host re-
actions to virus infection.

To monitor changes in virus-strain popula-
tions, host differentials- and antiserum’ are needed
for easy virus identification. Their use will permit
assessment of the importance of these changes in
different yeers and locations. To determine the
importance of host variability on virus resistance
in the field, the parameters for the expression of
virus resistance need to be established. Stan-
dardized methods in establishing these parameters
will permit us to objectively judge the relative re-
sistance of an inbred.

In conclusion, we need not only to identify
viruses by means of symptoms, but also determine
the variability of the virus population. Symp-
tomatology is the first and the simplest tool avail-

DISCUSSION OF R. LOUIE PAPER

V.D. Damsteegt: If vou go out into the field and make 10 col-
lections at 10 different locations for MDMV, do vou ever
pick up one stramn by itself or are there always two or
more together?

R. Louie: We have found plants doubly infected with strams of
MDMYV. This is common with strains A and B We also
found sirain E along with strain D in southeastern Ohio. It
15 probably more difficult to find plants infected with only
one strain. We were able fo pick up strain C midpoint in
the disease epiphytotic at Portsmouth only because we
had large iweekly plantings of a susceptiible line. Pre-
viously, because we had only one planting, these mmor
strains -often became masked or otherwise obscured by
more prevalent strains Another way we picked out
strams was by exposing trap plants in the field. Since trap
plants are exposed only for a short peried of time, we m-
crease our chances of finding other strains. Dr. Knoke will
talk more about this later.

G. E. Scott: Do you commonly get three or four strains in one
plant?

R. Louje: Perhaps we would if we had the techniques: Strains
that we have the most tools for diagnosing are A and B.
Quute often we find these together. We have assayed these
strains by serology and mechanical transmission and
found these combinations.

R.W. Toler: Do vou have maize resistant to the different
strains of MDMV?

a0

able. The only prerequisite for use of this power-
ful tool is some basic knowledge about symptoma-
tology and a discerning eye, tempered with ex-
perience.
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R. Louie: We have differential resistance to them. Some are
differentially resistant only to one strain. We will show
you some differentially-resistant plants i our plots.

R W. Toler;: Do you have a set of differential varieties or dif-
ferential accessions that we could use? For example,
would I plant a set of differentials, inoculate them, and
determine whether I had A, B, C, D, or F?

R. Louie: Not yet, but we are working on a host range dif-
fereniial

R.W. Toler: Do you have differences in virulence among the
straing?

R. Louie: Yes Strains E and B are probably more virulent
than strams A, D, or F, although they do not induce as
severe a leafl symptom.

R.W. Toler: In other words, the effect on overall yield is
greater than the effect demonstrated by the severity of
leaf symptoms

B. Tsotsis: Are you envisioning m your breedmg program for
resistance a need to have eight different genes, five dif-
ferent genes, or one gene, depending on the number of
strains? Are maize hnes identified that are able to confer
resistance to more than one strain?

W.R. Findley: Right now we do not have goud dala oo that.
There may be one gene that controls resistance to all
these straing, but we have inbred lines that react differ-
ently io different strains so there are apparently different
genehic systems, depending on what inbred you use to test
the reaction. I think we are going to have to test mbreds



for reaction to specific strains. Pa4Q5 is one imbred that
may be resistant to all strains of MDMV. We have made
some tests with M14 X Pa405. We have studied both the
F, and Fy's and backerosses to resistant and susceptible
parents. ft lovks as if a single gene is mmvolved, but we
would lie to check further, We have rechecked some Fg's
and the data still supports the original hypothesis. I thmk
that we are going to find, as [ mdicated, a different gene-
tic system for some strains.

B Tsotsis: Well, my quesfion was operational rather than
fundamental We have the option of trying to resolve the
disease problem by either having sufficient variability in
the genelic collection or getting to such a fine poini that
you have screened these things out and recombined them.
In corn breeding, I think we should work toward a mult-
line approach. Of course, you have the opportunity of ex-
tending the genetic base by combining lines. I was inter-
ested as to whether we can cover most or a number of
sources of resistance m a few corn genotypes mstead of
making crosses o every one of them,

W.R. Findley: Our approach 13 not working teo well for us
erther. For example, (Jh07 1s a good source of tolerance to
MDM, and yet we find more suscepfibiity in some of the
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recoveries involving Oh07. We think we can explain this
on virus slramn differences.” We seem to have different
strains that predominate 1n different seasons

E.E. Rosenkranz: Have you ever tried to find differential hosts
rather than differential lines or genctype within corn? You
know already that it 15 very easy to distinguich strams A
and B on the basis of infection of hosts other than maize.

R. Louie: No, I have not dune that. My purpose 1s to see if I
can find the genetics behind the inheritance of resistance
I maizo.

R.W. Toler: Do you have any other methods you can use to
separate these strains other then symptomatology and
some host differentials in corn—such as as serology?

R. Louie: There are some differences in the ability of aphid
vectors to transmit each of these strains.

R.W. Toler: Are there sirawn-specific vectors?
R. Louie: No. There are some 13 species that can transmit

MDMV but np stram specilimty Dr. Gorden could
probably answer the question on serology.

D.T. Gordon: The only serological difference that we know so
far is between strains A and B



Spiroplasma: Role in the Diagnosis of Corn Stunt Disease
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Research on virus and *'viruslike” diseases of
maize has flourished in recent years. We have
witnessed the discovery, in maize, of new viruses
as well as of the first recognized example of a
new group of prokaryoies—the spiroplasmas. New
geographic distributions of known disease agents
have been charted, and much more has been
learned about the role of insect vectors and weed
plants in the survival and distribution of these
pathogens. New information has continued to
modify earlier, sometimes over-simplified concepts
of maize virus diseases. The laboratory has pro-
vided the major setting for much of this progress
through controlled studies on maize disease agents
and their offects in a systematic approach. Yet,
effective practical application of this progress
must take place where the pathogens are en-
countered—in the field. There, one must confront a
complexity characteristic of naturally occurring
diseases in maize. The task of disease diagnosis
under these circumstances can be particularly
difficult in work on the condition known as “‘corn
stunt” {CS).

Many of the pathogens we are concerned
with in this Colloquium and Workshep induce
stunting as a part of the virus or “virus-like” syn-
drome in maize. Dr. Gordon’'s presentation (14)
touched on some of the confusion in disease
nomenclature and resulting practical problems in
disease conirol that can arise from insufficient in-
formation on corn stunting pathogens. The broad
spectrum of other symptoms often associated with
stunting disorders in maize underscores the need
for developing reliable aids for correct diagnosis.
It is our intent now to focus on this need for one
specific corn stuniing disorder termed “corn stunt
disease.” For this discussion, we restrict the term
to the disorder induced by a spiroplasma and
known as the “Rio Grande’’ corn stunt.

SPIROPLASMAS

Following the original report in 1971 {13) of a
helical, cell wall-free prokaryote in maize with Rio
Grande corn stunt disease, research on this type
of organism developed rapidly. The trivial term
“spiroplasma” —originally proposad (8) for the
motile, helical organism associated with corn
stunt and for other, similar microorganisms—has
been adopted (27) as the genus name for the citrus
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stubborn disease pathogen (Spiroplasma citri). A
new family (Spiroplasmataceae] was recently pro-
posed (29) to accomodate the spiroplasmas within
the class Mollicutes (Table 1), and it is not unrea-

TABLE 1. Classification of cell wall-iree prokaryotes within
the ¢lass Mollhcutes?

Class Mollicutes
Order Mycoplasmatales

Family I Mycoplasmataceae
Genus Mycoplasma

Family 1I Acholeplasmataceae
Genus | Acholeplasma

Famuly I Spiroplasmataceas
Genus 1 Spiroplasma

Thermoplasma
Anageroplasma

Genus of uncertain affiliation

8L forms are cell wall-deficient variants of bactema and
therefore are not considered members of the class Mollicutes.
Thus, a criterion for consideration of a microorganism as a
member of this class is the absence of evidence favoring its
derivation from, or reversion to, a walled bacterial form.

sonable to expect spiroplasmas to be recognized
eventually as a new order within the class. Cer-
tainly, the importance of morphology in deter-
mining higher taxa in the class Schizomycetes is
well established, and helical morphology clearly
sets spiroplasmas apart from other members of
the class Mollicutes,

Several other examples of this newly recog-
nized type of microorganism have been reported.
To date, we are aware of the association of spiro-
plasmas with eight diseases (Table 2). Of these
spiroplasmas, all but one {the sex ratio spiroplas-
ma in Drosophila) have reportedly been cultivated
n vitro. Growth in liquid is typified by presence of
helical cells during log phase increase. Helcal
cells are also sbundant in colonies on agar. Col-
onies produced by spiroplasmas on solid agar
media (Fig. 1) are often granular and surrounded
by numerous *‘satellite” colonies. Spiroplasma col-
onies frequently do not exhibit the “fried egg”
shape typical of mycoplasma colonies. A causal
relationship with disease has so far been de-
socribed in detail in three cases; those of citrus
stubborn {22, 23, 26}, corn stunt (2, 32), and the



honey bee disease recently discovered by Clark
(3). Characterization of cloned cultures in vitro
has been carried out for two spiroplasmas (10,
27), and detailed characterization continues in

TABLE 2. Diseases of proven or suspected spiroplasma etiol-

ogy
Spiroplasma
Disease reported Ref(s)
(date)
“Rig Grande” corn stunt 1971 12,13
Citrus stubborn 1973 27
Sex ratic condition 1n Drosophila® 1974 33
Suckling mouse cataract? 1975 30
Honecybee {unnamed fatal diseasc) 1976 3
Witches’ broom of cactus [Opuntia tuna) 1976 18
Bermuda grass {yellow leaf) 1976C
Rice [unknewn digsease) 19760

9The microorganism associated with this condition was
first reported in 1961. It has been considered a spirochete
(25,28,31}, but its resemblance (4) to spiroplasmas was subse-
r[mently demonstrated by electron microscopy and serology
33).

bThe agent (SMCA) associated with this condition was
first isolated from specimens of the rabbit tick and was pro-
pagated in.embryonated chicken eggs but was thought to be a
virus and later suggested to be a mycoplasma (34). In 1968, a
probable strain of SMCA, also orginally from rahbbit tick, was
cultivated in vitro but was reported as a spirochete (24). A
role of SMCA spiroplasma in paturally occurring disease is
yet unknown.

CT.A. Chen & H.C. Su (personal commumcation).
dT A. Chen & J.C. Chiu (personal communication).
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Fig. 1. Colonies produced by the honey bee spire-
plasma (Spiroplasma sp. Strain AS 576} on solid agar
{1%) medinm mcubated for 5 days at 33 G. Note
principal celomes (P) surrounded by numerous szatellite
(S) colonies. Bar represents 1 mm.
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various laboratories for these and the remaining
cultivable spiroplasmas. Thus far, only the citrus
stubborn disease agent has been assigned a Latin
name.

In each of the cases listed in Table 2, the
spiroplasmas” were first recognized by their size
and distinctive helical morphology. Helical mor-
phology and characteristic motility (8, 9, 11) are
constant features of all the spiroplasmas studied
in detail during their active growth. In the case of
corn stunt disease, these features provide the
basis for an approach to disease diagnosis by
optical microscopy.

DIAGNOSIS OF CORN STUNT DISEASE

Diagnosis of naturally occurring virus and
“virug-like” diseases of maize must be performed
amid an often confusing array of abnormalities in-
duced by a variety of causal factors in the field.
Depending upon circumstance, one may draw
upon a single or several diagnostic aids. Chief
among these is the study of symptoms. Symptoma-
tology provides the first signal of disease and
forms a basis for preliminary diagnosis. In prac-
tice, the symptom syndrome is often the only basis
for diagnosis. However, symptoms caused by a
given pathogen may vary greatly with host plant
genotype, strain of pathogen, and environment.
Multiple infections by several agents in an indivi-
dual plant may be common in the field. Moreover,
vastly different causal factors may induce super-
ficially similar symptoms. Difficulties of diagnosing
disease based on symptoms in open-pollinated
varieties of maize can be particularly perplexing.
Although the use of symptomatology can be highly
practical for disease diagnosis in the field and
provide valuable information for preliminary diag-
nosis, the method can be aggravatingly decep-
tive—as Dr. Louie has aptly demonstrated at this
Colloquinm (19). Nevertheless, it is often the only
approach available or practical. Where possible,
however, it is augmented by other diagnostic aids.

Thus, tests on mode of transmission of the
suspected causal agent(s) may provide supporting
evidence for preliminary diagnosis, and electron
micrascopy car provide a means for detecting
known disease agents and lead to a discovery of
new pathogens (1). However, these methods are
most valuable for the important fundamental in-
formation they provide and are generally unsuit-
able for large-scale figld diagnoses. Attempts to
cultivate pathogenic spiroplasmas likewise can
provide important basic information but are not
suitable for large-scale application. Serological
methods may eventually provide one of the most
useful aids to corn stunt diagnosis, but this
method has yet to be developed. In the case of
corn stunt disease, direct observation of the living
pathogen by optical microscopy provides a highly



useful, reliable aid to diagnosis and is the method
I wish to consider in some detail.

Optical Microscopy., — The development of
optical microscopy as an aid for corn stunt dis-
ease diagnosis grew out of fundamental laboratory
studies on the nature of its causal agent. Previous
work (16, 17, 19, 20) had demonstrated the pre-
sence of a mycoplasma-like organism in tissues of
infected plants. Subsequenily, this microorganism
was reported {12, 13) to be a motile, helical, cell
wall-free prokaryote—the first recognized example
of a new taxon of pathogens, spiroplasmas (8].
The counstant association of the spiroplasma with
corn stunt disease, both in plants and in insect
vectors, was dstermined by phase contrast or
dark field microscopy of plant juice or hemolymph
and abdominal smears from leafhopper vectors.
These and other data supporiing the conclusion
that the observed spiroplasma is the causal agent
of corn stunt disease are summarized in several
reports {4, 5, 8, 7, 12, 13). Detection of the spiro-
plasma by optical microscopy yielded highly re-
liable diagnoses of corn stunt in greenhouse-grown
plants.

Laboratory studies thus presented a rather
smooth, coherent picture of corn stunt disease; a
disease with “Rio Grande strain” sympioms in-
duced by a relatively easily detectaed matile, hel-
ical, cell wall-free microorganism—a spiroplasma.
However, application of spiroplasma detection to
field samples (diagnosed as corn stunt disease
based on symptomatology) revealed a complex sit-
uation. .

Methed. — In the initial work on diagnosis of
corn stunt disease in plants, phase contrast opt-
ical microscopy was emploved. Fresh unstained
specimens were observed. Tissue samples were
generally removed from tassels of infected plants
or from the midrib at the base of a leaf with
CS disease symptoms. Juice expressed from the
tissue was observed immediately at a magnifica-
tion of 1000X or 1250X. The unique shape and
motility, and abundance of the spiroplasmas,
made them readily detectable. However, for
plants fres of spiroplasmas, at least 20 random
microscopic [ields of three separately prepared
slides were searched before absence of the spiro-
plasmas was recorded. In later work, we followed
the same procedure for sampling but turned to the
use of dark field optical microscopy for observa-
tions. Currently, we utilize a dark field condenser
on a microscope equipped with a $00X oil immer-
sion objective with iris diaphragm to observe
specimens at a total magnification of about 100X.
In our experience, spiroplasmas are more readily
detected by dark field than by phase contrast
optical microscopy.
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NATURALLY OCCURRING DISEASE

During the early stages of research on the
corn stunt spiroplasma, it seemed possible that
this new microorganism could be associated with
a laboratory isolate of the causal agent but bear
no relation to naturally occurring disease in the
field (8). Corn planis with disease induced by
other *strains” or isolates of corn stunt were
therefore examined. However, absence of de-
tectable spiroplasmas in either infected corn or
Johnsongrass originating in Ohio, Kentucky, or
North Czrolina suggested these latter disorders
might not be induced by the corn stunt spiro-
plasma (4, 6). The association of maize chlorotic
dwarf virus {(MCDV) with these disorders has now
been well established {15), as has been described
by Dr. Gordon at this Colloguium and Workshop.
Our subsequent work on diagnosis of naturally
oceurring corn stunt disease has been carried out
in Mexico.

In the first of this work, carried out in col-
lahoration with Dr. Carlos DeLeon [CIMMYT,
Mexico), optical microscopy was found to be high-
ly reliable as an aid to diagnosis of the Rio
Grande “strain” of corn stunt (6). The method
also revealed the presence of spiroplasmas in
plants of maize with symptoms of the “Mesa Cen-
trale strain,” when these were limited to plants
showing an effect of disease on ear development.
However, plants with other syndromes—such as
reddening of leaves and stunting, with no obvious
effect on ears when present—often contained no
detectable spiroplasmas. Interestingly, such plants
are commonly referred to as typical of infection
by the “Mesa Centrale strain™ of the corn stunt
disease agent.

In the summer of 1975, in collaboration with
Dr. Deleon and Dr. Jorge Galinde and Sr. Ben-
igno Quintanilla Vascope (Colegio de Postgra-
duados, Escuela National de Agricultura, Cha-
pingo, Mexico), we obtained similar findings. All
plants with typical “Rio Grande” strain corn
stunt symptoms contained spiroplasmas; such
symptoms were prevalent at low and middle ele-
vations but were not evident at higher elevations.
Al middle and high elevations, however, planis
with red leaves and stunting were fairly common.
As in the previous waork, spiroplasmas could be
detected in some but not all plants with this syn-
drome. At elevations of about 2000 m, spiro-
plasmas were defected in only 2 out of about 25
plants with the red leaf-stunting syndrome, al-
though all would normally be termed corn stunt by
custom. Thus, because leal reddening accom-
panied by stunting is commonly referred to as typ-
jeal of “Mesa Centrale” corn stunt infection, one
must ask, ‘“What is the nature of this Mesa
Centrale corn stunt disease?”

The presence of an as yet undetected or per-
haps unknown disease agent may provide one



possible explanation. Moreover, mixed infection
by such a hypothetical disease agent and corn
stunt spiroplasma could explain the occurrence of
spiroplasmas in some stunted plants with red
leaves and no symptoms of the “Rio Grande”
strain of corn stunt disease. This hypothesis, of
course, suggesis that an undetected agent is re-
sponsible for the red leaf and stunting syndrome.
The discovery of MCDV revealed that this type of
syndrome in maize in the U.S. may often be as-
sociated with the presence of a virus (14). There
is a striking resemblance between symptoms of
MCDV in certain corn varieties and the red leaf-
stunting symptoms often termed typical of a type
of corn stunt in Central America. This circum-
stance encourages investigation of the possible
presence of MCDV in Mexico and Central Amer-
ica. The propensity of certain corn varieties to
develop reddening of leaves and stunting under a
variety of stresses, however, suggests that the
search for a causal agent should not be limited to
MCDV.

PROBLEMS AND PERSPECTIVES

To place in perspective the utility of spiro-
plasma detection in the diagnosis of corn stunt
disease, several factors must be considered. Cer-
tainly, detection by optical microscopy is simple
and relatively rapid, but the reliability of the
method conld be seriously affected: (a) if certain
strains of the corn stunt spiroplasma produce few
or no helical filaments in some corn varieties or
under some environmental conditions, or (b) if an
unrelated spiroplasma could reside in and form
helical filaments in maize. We must acknowledge
these possibilities, even though the working hypo-
thesis for our field work specified that helical
forms must be found in a plant with symptoms
primarily induced by the corn stunt spiroplasma.
Laboratory experience encourages confidence in
this working hypothesis. However, only one isolate
of the corn stunt disease agent was utilized in the
laboratory under conditions optimal for disease
development.

Whether strains of corn stunt spiroplasma
exist which form few or no helical filaments under
certain conditions is unknown. In any case, their
relationship to corn stunt spiroplasma would be in
doubt. Indeed, at present there would be serious
question whether such hypothetical strains could
properly be termed spiroplasmas, unless helical
forms could be demonstrated in vitro. However,
by electron microscopy, it has been seen that cells
of corn stunt-infected planis do often contain
rounded mycoplasma-like bodies from which hel-
ical filaments may arise. Some cells in a given
ultrathin section may contain many such rounded
bodies and no apparent helical filaments. This
could present a different cause for concern.

It is possible that morphology of corn stunt
spiroplasma in an infected cell is influenced by
stage of disease or age of cell infection in a man-
ner that is analogous to loss of helicity and de-
velopment of rounded bodies in aged culture in
vitre. Thus, in some cases, there might be very
few helical forms late in the season in a given
plant with advanced spiroplasma infection, ren-
dering corn stunt diagnosis difficult or impossible.
Nevertheless, laboratory experience suggests that
helical forms may readily be found even after tas-
sel formation. Helical spiroplasmas are generally
abundant in the tassels of infected plants. Our ex-
perience with field samples of plants with Rio
Grande corn stunt disease generally confirms this
finding. It must be emphasized, however, that
certain plants infected by corn stunt spiroplasma
could also possibly contain a nonhelical myco-
plasma. The identity, in possibly double infected
plants, of rounded mycoplasma-like bodies without
attached helical filaments is therefore unresolved.

Finally, the possibility that spiroplasmas un-
related to corn stunt spiroplasma could reside in
and form helical filaments in maize is a serious
consideration. To date, no information suggests
that maize could serve as a congenial host for
such spiroplasmas. Yet, this possibility should be
kept in mind, while in practice spiroplasmas found
in maize are presumed to represent the corn stunt
pathogen itself.

DETECTION AND DIAGNOSIS

The considerations that must be made in
evaluating optical microscopy as an aid to corn
stunt disease diagnosis reemphasize an observa-
tion made earlier (6). Detection of spiroplasma in
corn plants indicates only the presence of the
corn stunt dissase agent. Our field experience
thus suggests that spiroplasmas may be found in
plants displaying sympioms primarily due to fac-
tors other than corn stunt infection. This feature
underscores a well-appreciated distinction be-
tween detection of a pathogen and disease diag-
nosis. Detection of a pathogen is a-physical find-
ing; diagnosis is interpretation.

CONCLUSION

Development of new diagnostic aids contri-
butes significantly to progress in understanding
corn stunting disorders. Detection of spiroplasmas
by optical microscopy can be one important aid to
diagnosis. However, it is the combined use of all
feasible diagnostic aids that permits the difficult
judgment in final diagnosis of naturally occurring
disease,
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DISCUSSION OF R.E. DAVIS PAPER

A.]. Ullstrup: What is the diameter of spiroplasma colonies?

R.E. Davis: Dhameter of a colony produced by the honeybee
spiroplasma growing on the surface of 1% agar can reach
1 cm. That is large for a spiroplasma. Colonies produced
by Spiroplasma citr1 may reach about 2 mm m ciam.

A.J. Ullstrup: How long do organisms remain alive in a col-
ony?

R.E. Davis: It depends somewhat on the medium and the or-
ganism. A colony produced by Sproplasma citri, for ex-
ample, might contain viable organisms up ta 3 weeks, on
some media.

A.J. Ullstrup: When you sent a culture of the El Salvador corn
stunt spiroplasma (derived from a sample provided by Dr.
A, Diaz] to Dr. Nault for bioassay, inoculated plants did
not develop the red leaf symptom. The plants developed
“Rio Grande" symptoms Were the corn genofypes in
Mexico the same as these used here and in El Salvador?
Did you have the same environment? Does the red leaf
symptom occur in Mexico?

R.E. Davis: I am not certain of genotypes of plants with red
leaf symptoms in Mexico or El Salvador In Mexico, for
example, samples were taken from fields of open-pol-
linated vameties. The red leaf stunting symptom does oc-
cur in Mexico, it is generally referred to as corn stunt, or,
simply, stunt.

A.J. Ullstrup: Perhaps this sample from El Salvador was from
4 higher altitude where it might have been cooler.

R.E. Davis; It is possible that high elevation and cooler
temperatures enhance development of red leaf symptoms
in Rio Grande strain-diseased plants. However, the sample
from El Salvador was collected at a low elevation, where
broad chlorotic streaks and severe stunting are supposed
to be characteristic of the Rio Grande strain.

A.J. Ullstrup: Is it conceivable that the environment during the
bioassay might have been quite different from that in El
Salvador?

R.E. Davis: That is quite possible; plants inoculated by Dr.
Nault were maintained in a greenhouse at about 30 G.

[L.W. Deep: It is interesting to note that the red leaf symptom
resembles those symptoms mentioned by Dr. Josephson as
well as symptoms in the first slide that Dr. Ray Louie
showed and the prcture of Dr. Lansing Williams holding
up the plants from southern Ohio. These plants were red.
This red 15 everywhere but plants do not develop this
symptom when inoculated with msaize dwarf moesaic virus
or with maize c¢hlorotic dwarf virus.

R. I. Brawn: The genotype of the corn plant determines, 1 the
absence of virus diseases, whether or not 1t can manufac-
ture anthocyanin. Is the presence of anthocyanin following
virus infection related to the known genotype of the corn
plant? For example, most sweet corns today are rf. This
gene blocks the production of much of the anthocyanin, If
you are transierring a virus from a Iugh anthocyanin pro-
ducing plant to a low one, is the red sympiom always re-
lated? Dr. THlstrup, do you know?

A.]. Ullstrup: No, all that I know is that WFg and all its rela-
tives tend to produce this red pigment very [requently on
injury, on maturation, and under cool nights.

R.I. Brawn: There are some sweet corng that are recessive at

the A-locus of (ABP1 for plant color) and they have an
absolutely total block on anthocyanin production.

L.R. Nault: Maybe I can clarify this further. The pure culture
of corn stunt spiroplasma from El Salvador, that I
received from Bob Davis, induced symptoms in Aristogold
Evergreen Bantam Sweet Corn which were indistinguish-
able from the Rio Grande corn stunt. Some slight redden-
ing was produced, but mostly I observed a strong chlorotic
striping. This symptom is what we use to diagnose the Rio
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Grande corn stunt. This is in contrast to the maize bushy
stunt mycoplasma that produces strong reddening in this
varisty.

W.R. Findley: Certmin lines of corn will not turn red but
others redden each year. The slide that Dr. Louie showed
was, | believe, OH43 thst yellows when mfected with
MDMV and reddens with MCDV I cannot make a valid
statement as to why this happens.

L.R. Nault: OH43 also will not redden when inoculated with
the maize bushy stunt mycoplasma. On the other hand,
Aristogold becomes extremely red. In the greenhouse,
OH43 will not produce anthocyanin, no matter what it is
moculated with.

T. Sutabutra: Will the spiroplasma infect' other cersals?

R.E. Davis: No one has yet been able to transmit the corn
stunt spiroplasma to plant hosts other than corn, tecsinte,
and Zea perentus.

R. Gamez: I wonld ke to comment on corn stunt-infected sam-
ples from El Salvador. Both the red iyps and yellow (Rio
Grande) types co-exist in fields. I am certain that I almost
know precisely where Dr Diaz collected this material for
Dr. Davis and there cne can see both types — plants with
reddening next to plants with vellow siripes. Both are re-
ferred to as stunt.

R.E. Davis: Precsely! This is really one of the points I was
trying to make. One must raise the question, Is this second
(red type) really a type of stunt? Certainly, it is possible
that it is It is possible that it 15 mnduced by a spiroplasma
that we could not culture. It 15 also possible that the plant
was doubly infected and that we isolated and cultured
only one. The red symptom mught have been caused by the
other pathogen(s} in the infection. What might be the na-
ture of this hypothetical other pathogen? We are posing
some provocative questions that need further study.

R. Gamez: There 1s another point that is also true If is pos-
sible to transmit both red and yellow types of corn stunt
with Dalbulus maidis, both 1 Costa Ricaand in El Salva-
dor.

R.E. Davis: It is also possible that the insect vector does not
always screen out components of a mixed infection. And,
it is also possible that sometimes insects do not transmit a
pure culture,

R.E. Gingery: I want to ask a fundamental question about the
spiroplasma. Do you have any notions about how it main-
tamns its helicity?

R.E. Davis: We have searched for some kind of mternal uitra-
structure that might account for helicity. Also, there must
be some knd of structure to account for motility. We do
see a kind of fibrillar structure in the spiroplasma (J.F.
Worley, unpublished), but it is difficult to find reliably. I
think it is a question of developing proper fixation proce-
dures for this material.

I.K. Knoke: Dr. Davis, you mentioned that as the culture be-
gins to die out, it forms round bodies. Is 1t possible to re-
juvenate those round bodies in any way and get back to
the spiral form?

R.E. Davis: I cannet give you e definite answer to that ques-
tion. Round bodies form in the aging culture and accumu-
late during the death phase. Whether or not these are
viable when first formed, we do not yet know. There is
perhaps one other time that cultures under some circum-
stances can form round bodies. That is during the very
early stage of culture development or in the inihation of
the culture We are not certzin whether these round
bodies have a role in the growth of the spiroplesma. This
has been noted by Dr. Calavan (Riverside, Califormia) and
colleagues.

G. Martinez-Lopez: I would like to ask Dr. Gamez about ob-
servations made 1n Costa Rica. Yesterday, I talked sbout
the presence of corn stunt in Colombia. There, we just
have the reddening of the leaves and the shortening of in-
ternodes, but we do not have the Mesa Gentral or the Rio



Grande types of symptoms. The agent(s} inducing this red-
dening of the leaves and the shortening of the nodes is
transmiited by Dalbulus. What [ have done, m a certamn
sense to keep things simple, is to defme corn stunt as a
specific disease caused by a spiroplasma. Now, I raise the
question, are there cther strains of this spiroplasma that
could induce different symptoms like lenf reddoning and
which I would also consider genuine corn stunt? To call a
number of diseases corn stunt is a hitle confusing and,
perhaps, ilus has happened here in the U.S. and else-
where. I wonder, at least from the very limited experience
I had in Mexico, if some of the diseases that are referred
to there as stunt, especially these stunted reddened
plants, are really corn stunt? Are they strains of the
spiroplasma, if you will allow me to limit the definition of
corn stunt to strains of this organism? It is a possibility
that 15 bemng looked mto. Transmission by Dalbulus cer-
tainly does not prove that it is the pathogen of corn stunt,
for this vector may be capable of transmitiing other
agents alss. One example may be a different virus, or a
different type of agent.

R. Gamez: We have shown that Dalbulus maidis can transmit,
simultaneously, the spiroplasma and the rayado fino virus.

R.W. Toler: In the corn stunt disease, what happens to the
concentration of spiroplasma after inoculation?

R.E. Davis: I have to admit that we have not done extensive
studies on this question. One can detect spiroplasma a
few days before symptoms appear. Concenirations be-
come greatest at the basal portions of a given leaf with
symptoms. Youngest leaves and the tassel contain high
concenfrations. However, in mafture, drying planis, we
seem to find fewer helical organisms. The concentration
thus may decline, but we have never sampled a live Rio
Grande corn stunt-infected plant that was so old we could
not find some motile, helical bodies

R.W. Toler: So you can detect spircplasma bodies in the plant
mght up to maturity, as long as it shows symptoms.

R.E. Davis: We can still find the spiroplasma at least through
late tasseling stage. This is frue not only for greenhouse-
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grown plants, but also for plants from the field where they
may be under greater stress from various environmental
conditions., All cur diagnoses of naturally infected held-
grown plants in Mexico were done laie in the season when
the plants were tasseling.

R.W. Toler: Can you detect a difference m concentration of
the spiroplasma in resistant versus susceptible plants?

R.E. Davis: I do not know. :

V.D, Damsteegt: Where in the plant do you find spiroplasmas?

R.E. Davis: To our knowledge, the spiroplasmas are present
only m phloem tissue. In a given corn plant with symp-
toms, the highest concentration is found in the youngest
leaves, usually at the base, which is also the youngest
part. In very young plants that are not yet showing symp-
toms, we have found spiroplasmas firstin the roots. Even
several weeks after symptoms begin to appear, roots con-
tain numerous spiroplasmas. As I have said, we also find
high concentrations in the tassel. In fact, the highest
counts of spiroplasmas we have ever observed by light
microscopy were obtained m samples from infected tas-
sels. These observations refer to greenhouse-grown
material, and I presume that the relationship is similar in
the field. In juice from tassels, we have observed up to
500 spiroplasmas mn o single microscopic held.

A.]. Ullstrup: Md you look at pollen?

R.E. Davis: No.

5.P. Raychaundhuri: Do you think that these spiral forms and
round bodies could be two different stages of the same
pathogen? Can you work out the life cycle?

R.E. Davis: Well, we know that the round bodies can be a
part of the pathogen because we have seen them attached
to it Whether or not they have a role in growth or multi-
plication of the spiroplasma, either in the infected cell or
m viiro, we do not know. As a maiier of fact, we do not
yet know how these orgamsms multiply. In a rapidly
growmng log phase culture we see the hehcal form It 1s 1
late log phase that we begin to see round bodies, so the
spiroplasma appears to be multiplying witheut a large pool
of these round bodies.
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ABSTRACT

A micro-immune agar-gel double diffusion as-
say has been adapted for a combined assay of
maize chlorotic dwarf and maize dwarf mosaic
viruses. The assay is simple, relatively inexpen-
sive, and should enable most workers to test their
maize materials for these viruses. Serological
methods for diagnosis of maize virus diseases have
been especially valuable for obligately vectored
viruses., They have permitted establishment of the
incidence and distribution of maize chlorotic
dwarf virus in the USA.

Louie (8) illustrated the limitations and ad-
vantages of disease diagnoses by symptomatology.
He indicated that an association could be demon-
strated between virus infection and presence of
certain symptoms by employment of suitable assay
methods. This paper deals with serological assays
that demonstrate such associations and that per-
mit rapid assay of maize chlorctic dwarf virus
(MCDV} and maize dwarf mosaic virus (MDMYV),
the most commonly encountered maize viruses in
the USA (5). Limitations of these methods also are
discussed.

In*the 11.8. maize virus survey (4], the choice
of an appropriate assay for each of the known
U.5. maize viruses was a primary consideration.
Maize dwarf mosaic virus and the minor-oc-
curring U.S. maize viruses (sugarcane . mosaic
virus, wheat streak mesaic virus, brome mosaic
virug, and cucumber mosaic virus) are mechan-
ically trahsmissible and readily identified by in-
fectivity and symptomatology on indicator hosis.
Maize chlorotic dwarf virus, in contrast, is trans-
mitted only by leafhopper vectors (9). An infectiv-
ity assay involving leafhopper transmission of
MCDV is suitable for a small number of samples
but not for the relatively large number involved in
the survey. The assay chosen for MCDV was the
immune density-gradient centrifugation assay.
This assay, originally developed by Ball and
Brakke (3), will be referred to as the immune cen-
{rifugation assay.
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MATERIALS AND METHODS

The immune centrifugation assay of MCDV in~
volved partial purification and concentration of
virus from diseased plants (5). Materials were ex-
tracted from 6 g samples of leaf tissue. The ex-
tract was clarified with chloroform and the virus
concentrated by either high speed centrifugation
or precipitation with- polyethylene glycol. Sedi-
mented material was resuspended with buffer at
1/10 to 1/25 volume relative to tissue fresh
weight., The suspension then was divided into
equal portions. One portion was mixed with anti-
MCDV serum and layered on a sucrose density
gradient, the other was layered on a second grad-
ient. Both were centrifuged with four additional
gradients containing antiserum-ireated and un-
treated suspensions from two additional samples.
Thus, each cenirifugation allowed assay of three
samples. After high speed centrifugation, grad-
ients were scanned and virus bands detected by
uliraviclet absorption.

RESULTS AND DISCUSSION

Maize chlorotic dwarf virus was identified
when a virus band was present at the appropriate -
location (7) in the centrifuged gradient containing
the untreated suspension and absent in the grad-
ient containing the ireated suspension (5). When
MDMV was similarly treated with anti-MCDV
serum, no effect on the MDMYV band was ob-
served. This observation with MDMV illustrates
the specificity of the immune centrifugation assay.

Prineipal virtues of the immune centrifugation
assay were that it incorporated two independent
means of MCDV identification and conserved anti-
serum. The two means of identification were
banding position of the virus in the centrifuged
gradient (7) and reaction with the antiserum. In
the assay for MCDV, 0.21 mi of antiserum diluted
1:200 was routinely used per sample. Thus, each
asgsay consumed 0.00105 ml of undiluted anti-
serum. )



In the survey, assays frequently involved
plants showing plant stunting ‘and red or yellow
discoloration of leaf blades. These symptoms had
been previcusly attributed to corn stunt and
were thonght te be incited by a spiroplasma or
mycoplasma-like body (MLB) (5). Other plants
without symptoms or with symptoms of other
virus diseases were selected as controls for an
analysis of the association between MCDV in-
fection and the above sympioms. Of 575 plants
assayed, 290 had corn stuntlike symptoms. Of
these, 91% were infected with MCDV, as de-
termined by the immune centrifugation assay (3).
For the 575 samples, MCDV infection was signifi-
cantly associated with chlorotic striping along ter-
tiary veins, leaf reddening, leaf yellowing, and
stunting of plants (5). In comparison, MDMV in-
fection of these samples, as assayed by infectivity
and sympiomatology on indicator hosts, was sig-
nificantly associated only with mosaic symptoms.
Thus, immune centrifugation assay results indi-
caled that maize chlorotic dwarf and not corn
stunt is the principal stunting disease of maize in
the USA. In support of this conclusion, Dalbulus
maidis {Delong & Wolcott)-transmissible corn
stunt spiroplasma or MLB was found in only a few
plants with corn stunt-like symptoms (5)].

One disadvantage of the immune centrifuga-
tion assay was that only 12 samples could be as-
sayed/person/day. Also, the assay was rather ex-
pensive since an uliracentrifuge, rotor, and ana-
lytical equipment were required. Furthermore, a
highly trained person was required.

So that MCDV could be more easily assayed,
a simplified test was developed for researchers
who lack the equipment and trained persomnel to
perform the immune centrifugation assay. Re-
search on this cobiective was conducted by Dr. J.
A. Foster while he was a post-doctoral associate
in the maize virus laboratory at the Ohio Agricul-
tural Research and Development Center. Foster
(personal communication) adapted a micro-
immune agar-gel double-diffusion assay that had
been developed to assay potato virus X (8) and
barley yellow dwarf virus (1). The micro-immune
diffusion assay was similar to the Ouchierlony
double diffusion assay (2), except that antiserum
and antigen wells were considerably smaller. The
wells in the micro-immune diffusion assay were
cut with a 20-gauge hypodermic needle (1.0 mm
inner diam). The Ouchterlongy wells were cut
with no. 1 (4.0 mm diam) to no. 4 (8.5 mm diam)
cork borers. The reduction in antiserum and anti-
gen volumes was 16- to 64-fold. Approximately
6.25 X 109 ml of undiluted antiserum per sample
was required for the micro-immune diffusion
assay or 16.8-fcld less antiserum than required
for the immune centrifugation assay. Foster (per-
sonal communication} enhanced visualization of
the precipitin bands by staining the agar with
acriflavin.
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Reliability of the micro-immune diffusion as-
say was determined by a comparison with the im-
mune cenirifugation assay (D.T. Gordon, unpub-
lished). Concentrated, partially purified pre-
parations from field-collected maize samples were
used. Preparations were concentrated 50-fold
based on tissue fresh weight for the micro-immune
diffusion assay and 12-fold for the immune cen-
trifugation assay. For the amount of tissue ex-
tracted, these were maximal concentrations that
provided enough volume for the respective assays.
Sensitivity of the two assays for detecting MCDV
was comparable (D.T. Gordon, unpublished).
Thus, the simpler, less expensive, and higher ca-
pacity micro-immune diffusion assay may be used
as an alternate method for MCDV assay.

Since the maize virus survey had revealed
that MDMV, as well as MCDV, was prevalent in
the USA {5), an assay for MDMV was incorpor-
ated into the micro-immune diffusion assay for
MCDV (D.T. Gordon and L. Negi, unpublished). In
this combined MCDV-MDMYV assay, preparations
of MCDV and MDMYV were concentrated and par-
tially purified by the same procedure and treated
with a pyrrolidine concentration that degraded
MDMYV, but apparently not MCDV, into its protein
subunits. The pyrrolidine-treated antigen prepar-
ations were placed in the peripheral wells and a
mixture of MCDV and MDMYV antisera in the cen-
tral well. The faster-diffusing protein subunits of
MDMYV reacted with the MDMYV antibodies to form
a straight precipitin line about midway between

Fig. 1. Micre-immune agar-gel double diffusion test
showing reactions betwesen MCDV or pyrrolidine de-
graded MDMV and MCDV- and MDMV-antisera. Quter
wells contamed 1) MCDV, 2) pyrrolidine degraded
MDMV, and 3) MCDV plus pyrrolidine degraded MDM-
V. The central well contained a mixture of MCDV and
MDMV antisera. The remaining outer wells were
empty. Photographic enlargement was 4.9 X,



the antigen and antisera wells, whereas the
slower diffusing MCDV formed an arc near the
antigen well (Fig. 1). Precipitin bands were suf-
ficiently separated to avoid confusion.

The current micro-immune diffusion assay for
maize viruses has two main drawbacks. First, the
assay requires concentration and partial purifica-
tion of the viruses. Secondly, about 24 hours
‘elapse before reactions develop sufficiently for re-
liable readings.
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DISCUSSION OF D.T. GORDON PAPER

V.D. Damsteegt: How long does it take to learn the serological
technique that you have described so that one can feel
confident about the results he obtaing? Also, how do you
judge the accuracy of your results?

D.T. Gordon: We have had people in our lab who no matter
how long or hard they have tried could never perform the
test properly. But for those people who have a knack for
doing these assays, we have had no difficulty in teaching
them the technique within a matter of several hours. As
far as the accuracy of the serological test for MCDV is con-
cerned, we assay a preparation by rate-zonal centrifuga-
tion as a check on the serological test. With MDMV, we
do infectivity assays, so-that we identify the virus by host
response and compare these results with those of the
serological tests. We are presently evaluating these data
to see how the serological assay results compare with
those of the other two. My impression is, from the results
that we have obtained so far, that we do not have prob-
lems with spurious reactions. However, the sensitivity of
the serological assay is below that of infectivity and cen-
trifugation assays. We need to improve the sensitivity of
the former.

T. Sutabutra: Can you use the gel-diffusion technique to de-
tect or identify the strains of MDMV?

D.T. Gordon: No. This is one thing that we are interested in

doing. We can differentiate the A and B strains in the mi-

croprecipitin test with cross absorbed antisera, but we

have not attempted to do this in the immunodiffusion sys-
tem.

Sutabutra: I would expect that with degraded virus you

might be able to detect differences with the immune diffu-

sion assay.

D.T. Gordon: Yes, I think that you are right. I expect that we
will be able to show differences in an intragel absorption
-test and separate specific antibodies to the A or B strains.

T. Sutabutra: Have you used sodium dodecyl sulfate to de-
grade the virus in the immunodiffusion assay?

D.T. Gordon: We have, and we have had problems. With the
salt concentrations we use, we get precipitates in the
agar. These precipitates make it almost impossible to see
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virus-antibody precipitin bands. To avoid this problem, we
have tried a number of other substances for degrading the
virus. Among these, pyrrolidine is the best material. How-
ever, even with this material there are some problems.
We have found that results are concentration dependent.
Also, results depend on the age of the pyrrolidine. Pyrro-
lidine stock solutions should not be discolored. Also, we
normally prepare our pyrrolidine dilution the same day or
the day before we run tests. Once we learned the import-
ance of these factors and handled them properly, assays
have gone smoothly.

T. Sutabutra: Will this work for bullet-shaped or bacilliform
viruses? -

D.T. Gordon: We have not assayed for a bacilliform virus-by
serological methods, so I do not know.

R.E. Davis: Your comments on the desirability for a micro me-
thod that would be relatively rapid reminded me of a cer-
tain serological test that was developed in The Nether-
lands for the detection of virus infections in certain bulbs.

_D.T. Gordon: Is this similar to the radial diffusion test where

you have the antiserum in the agar?

R.E. Davis: Yes. The single immunodiffusion drop test was de-
rived from the radial immunodiffusion test. The single
immunodiffusion test is a micro method that requires much
less antiserum.

R. Gamez: Have you tried the use of crude extracts, without
disrupting the virus, with a filamentous virus like MDMV?
If you use a lower agar concentration you get some diffu-
sion.

D.T. Gordon: We have had problems with low agar concen-
trations. We have used agarose, epiagar, and Ion agar
No. 2, and have found that we cannot reduce the agar
concentration sufficiently to allow diffusion of a long fila-
mentous particle, such as MDMV has, and- still have a
firm agar matrix.

R. Gamez: This has been used with a PVY-type virus. The
Florida group developed or adapted this technique. I have
used PVY without any treatment of the crude extracts,
and I got very good reactions. Another technique is the
rheophoresis assay. This is a technique used for human
viruses, but also works very well for plant viruses. You
get a reaction in just a.matter of a few hours.



ILT. Gordon: We have attempted other types of tests like ben-

tonite flocculation, latex, etc. These are very rapid tests.
But we have always found them to be somewhat unveli-
able, particularly with preparations from samples col-
lected in the ficld However, we have not used the rheo-
phoresis method. I am not familiar with 1. What we have
attempted is-to develop an assay that is relatively simple
to use and that people with Hitle or no experience with
serological testing can use in their laboratories. We have
not attempted to develop a technique exclusively for plant
virologists So our purposes ave different from what one
ordinarily expects. This dictates, to a certain exient, the
type of assay that we are interested in.

T. Sutabutra: You have mentioned that in testing yon have to

intrease virus concentration. Gan you, for example, treaf
the extract with pyrrolidine and eliminate the comcentra-
tion step?

D.T. Gordon: We have not performed assays i that way.

This, we plan to test. Since we must concentrate MCDV,
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MDMYV is concentrated ss well We plan to perform the
assay without concentration.

T. Sutabutra: How can you do it, straight from the crude ex-

lract?

D.T. Gordon: We have found that the concentrations of these

maize viruses vary quie widely and that for some in-
fected field-collected samples the concentration 15 ads-
quate for deteciion without concentration but for others it
15 not. We have taken the conservative approach and con-
centrate to maximize the sensitivity and, thus, the reha-
bility of the assay. Using extiract material in the serologi-
cal assay will he feasible when we improve sensifivity of
the assay. In tlus regard, Dr R.E. Gingery is developing
an immunofluorescent test for MCDV that appears as sen-
sitive as the methods I have described and alsc does not
require concentration of the virus to achieve this sensiiiv-
ity.
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METHODS OF DETECTION
AND CHARACTERIZATION

Transmission electron microscopy (EM) has
been used in the maize virus disease research
program at Wooster. Procedures currently em-
ployed are in common use in plant virus research
and have been described and reviewed by others
(19, 22}, We shall briefly comment on application
of these procedures to studies of maize viruses
and agents cr presumptive agents causing virus-
like diseases in maize. .

Negative staining. — Negative staining of
plant sap taken directly from infected leaves al-
lows detection of virus particles and provides in-
formation on their dimensions and morphology.
Resulis of this technique are most convincing
when many particles of uniform size and shape
are visualized in the same electron micrograph.
Often, maize viruses oceur in such low frequency
in this method of preparation that one must
search extensively {o include more than one virus
particle in an electron micrograph. We have used
this technique to detect flexuous rod, isometric,
and rhabdovirus particles, as well as combina-
tions of these different particles from ths same
maize plant. Standardization of specimen prepar-
ation and magnification calibration are necessary
for critical comparison of virus dimensions. *

Negative staining of purified or partially puri-
fied virus preparations provides confirmation "of
rate zonal centrifugation assays and a means of
monitoring purification procedures. Virus particle
frequency in these preparations can be made ade-
quate (102 particles/ml), but particles may be
broken, aggregated, or degraded. Non-volatile
buffer salts interfere with the negative stain but
removal of these buffer salts may cause additional
particle degradation. Aldehyde fixation, prior to
negative staining, may prevent degradation but

may also cause particle alteration. More than one
kind of virus particle is sometimes found by this
method in centrifuged preparations which were
presumed to be pure.

High-resolution electron microscopy of nega-
tively stained virus preparations, nsually purified,
may reveal the organization of virus particle mor-
phological subunits. Use of thin support films for
specimen preparation and careful alignment and
compensation of the electron microscope are nec-
essary for high resolution. In addition, image
analysis and model building may be necessary to
determine virus particle substructure from elec-

- tron micrographs (14).
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Tissue sections. — Thin sections of fixed and
embedded infected tissue from experimentally in-
oculated plants have been used io characterize
known pathogens and pathogen-induced changes
of ultrastructure in maize lsaf cells. A classic
ultrastructural study of viruses and their form,
distribution,and pathologic effects in plant hosts is
provided by Esau (13). Virus-induced inclusions
and cytopathic effects may be characteristic of a
virus or class of viruses and these structures may
be more readily observable than virus particles.
However, healthy maize cells contain several
types of crystalline inclusions. Therefore, it is nec-
essary to know the ultrastructure of healthy
maize cells and to recognize artifacts produced in
specimen preparation in order to distinguish path-
ogen-induced ultrastructural changes. Myco-
plasma-like bodies (MLB) are also revealed in thin
sections of infected tissue.

Detection of spiroplasmas. — Thick sections
of infected tissue, as described by Davis and
Warley (9], are necessary for an EM identification
of helical filaments of spiroplasmas. Thin sections
may reveal segments of curved, mycoplasma-like
filaments suggestive of the spiroplasma helical
morphology, but some MLB occur as curved fila-



ments without helical morphology. We have ob-
served helical filaments of spiroplasmas in nega-
tively stained plant sap from infected leaves, but
this method has not been reliable. Dark-field, light
microscope examination of sap from infected
leaves, as described by Davis (8}, has proved to
be a convenient means of visualizing spiro-
plasmas. Non-helical MLB are not detected by this
method.

Serum specific electron microscopy. — Der-
rick (10, 11) has developed this technique, which
allows detection, identification, and determination
of serological relations of maize viruses and spiro-
plasmas. Our initial trials confirm the usefulness
of this method. Antiserum to each pathogen is re-
quired for detection, but purification and concen-
tration of virus particles are not necessary.

IMPROVING EFFICIENCY OF DETECTION

The above methods have contributed to the
discovery and characterization of new and unsus-
pected maize viruses and pathogens causing virus-
like diseases. They have also been useful in the
detection, characterization, and confirmation of
known maize pathogens. Results obtained with
these methods clearly demonstrate the utility of
EM in visualizing virus particles and MLB. Hoiw-
ever, in the study of some diseases of unknown
etiology, none of these methods nor others (centri-
fugation, serology, and transmission) are success-
ful in the initial efforts to detect the pathogen. In
these situations we have successfully used elec-
tron microscopy of thin-sectioned tissue from field-
collected leaves.

Initially, this approach had severe limitations:
1) size and number of samples that can be ex-
amined is extremely limited; 2) the pathogen may
not be easily recognized; and 3) the relation of a
pathogen seen by electron microscopy to the
symptoms is questionable.

By light microscope comparisons of adjacent
healthy and diseased tissues of an infected maize
leaf in a series of increasing magnifications, we
can relate leaf symptoms to tissue and cellular al-
terations. These alterations detected by light
microscopy can then be related to virus particles,
inclusions, and cytopathic effects seen hy EM.
These comparisons of healthy and diseased tissue,
correlated over a range of magnifications, greatly
facilitate the use of EM in detecting virus particles
and MLB and implicating them in the etiology of
maize diseases. Within areas of gross symptoms of
a leaf, the region of tissue to be examined by EM
can be selected precisely by light microscopy.
Then, virus particles, MLB, and cytopathic effects
can be recognized by EM within diseased cells
that are precissly located within the leaf symp-
toms. The asscciation of virus particles, inclu-
sions, and cytopathic effects with diseased tissue
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can be generalized at low magnification with the
light microscope and subsequently related back to
the gross leaf symptoms,

Directing the EM search for virus particles to
diseased cells by light microscopy increases the
probability of detecting a pathogen of expected
morphology or recognizing one of unexpected mor-
phology. What is seen by EM is somewhat de-
pendent on what we think can be seen. Proposing
pathogenicity for a novel structure may be limited
by our inability to distinguish a novel pathogen
from a novel structure induced by a pathogen.
However, consistent location of virus particles or
MLB in diseased but not healthy cells implies a
causal relationship. Adjacent healthy cells may
also be used for comparison to detect ultrastruc-
tural changes induced by a pathogen or to monitor
the occurrence of artifacts produced in specimen
preparation. .

The ease with which different maize viruses
or MLE can be recognized by light microscopy de-
pends upon the size, contrast, location, and dis-
tinctive feaiures of these pathogens or their as-
sociated inclusion and cytopathic effects. For ex-
ample, rhabdovirus inclusions are easily detected
by light microscopy, whereas a low incidence of
MLB is difficult o distinguish from mitochrondria.
Each pathogen may require correlation studies,
.mecdifications in technique, and a period of
familiarization before tissue regions likely to con-
tain that pathogen are readily recognized by light
microscopy. Although we may find little evidence
of some maize virus-like pathogens by light micro-
scopy, the above approach has greatly improved
the efficiency of EM in the detection of several
kinds of maize virus particles and MLB.

NEW MAIZE PATHOGENS

Use of EM in the Maize Virus Disease Re-
search Group at Wooster has led or assisted in
the discovery of several new maize viruses or
pathogens producing virus-like symptoms. The
success of this endeavor has been dependent upon
samples supplied by colleagues or, better, col-
lected in cooperative surveys with colleagues fam-
iliar with maize diseases of a geographical region,
The technical quality of microscopy and specimen
preparations and familiarity with maize ultra-
structure have also been important. Ultrasiruc-
tural evidence for the presence of a virus or
microorganism in a diseased plant depends upon
how closely structures ‘“‘seen” by EM resemble
known virus particles or MLB. The presumption
that the virus particles or MLB revealed by EM
arse the pathogenic agents of a disease depends on
observing a unique association of these structures
with the diseased plants or, better, diseased tis-
sue. Observation of the same structures in in-
fective vectors is also important for obligately



vectored pathogens. The strength of EM evidence
for new maize pathogens has varied substantially
and is inherently incomplete. This evidence has
been most useful in generating and directing addi-
tional efforts to characterize a pathogen, its
transmission, and its role in a disease.

Maize chlorotic dwarf virus (MCDV]). — The
first evidence of this isometric virus was obtained
by EM (2] in sample plants collected by R. Louie
and J. K. Knoke in southern Ohio. The disease,
which shows symptoms of plant stunting with leaf
reddening and vellowing, had been called corn
stunt, implying a mycoplasma eticlogy. MLB were
not found. Instead, two unique inclusions were lo-
cated in the vascular tissue. One was a dense
granular inclusion with isometric virus particles
and the other was a siriated sheet inclusion with
some features similar to the cylindrical inclusions
associated with the PVY virus group (1). The first
indication that, MCDV infects the widely distri-
buted perennial weed host, Johnsongrass, and is
transmitted by the widely distributed leafhopper,
Graminella nigrifrons (Forbes),
these same two inclusions were found in a corn
plant supplied by T. P. Pirone (2, 25). This plant
was one of several stunted plants that had been
exposed to G. nigrifrons previously fed on field-
collected Johnsongrass.

Yellow sorghum stunt mycoplasma. — The
disease symptoms, extreme stunting and leaf yel-
lowing, were first described in sweet sorghum by
Zummo and coworkers (29). Samples supplied by
Zummo from widely distributed sweet sorghum
plots in the southeastern U.S. showed by EM
the consistent presence of MLB. Inclusions associ-
ated with MCDV also occurred in some of these
samples. Attempts by N. Zummo and L. R. Nault
to transmit the disease agent of yellow sorghum
stunt have been unsuccessful to date. There is no
evidence that this MLB is a spiroplasma (4, 5).

Maize rhabdovirus (es) (MRV). — Rhabdovirus
particles were first detecied in maize in the con-
tinental U. 5. by EM of samples from Texas, sup-
plied by R. W. Toler (3, 6). and subsequently in
samples collected during joint surveys with him.
We have also found MRV in samples from Hawaii
and Iowa (provided by D. R. Wilkinson) and
Mississippi. Others have reported MRV in Ala-
bama (28) and Lousiana (12). Some maize samples
with rhabdovirus particles were also infected with
MCDV and maize dwarf mosaic virus. Symptoms
associated with MRV ranged from severe stunting
with chlorotic-striped leaves to symptomless.
Transmission attempts with leafhoppers and
planthoppers from field samples collected in the
continental U. 8. were unsuccessful (L. R. Nault,
personal communication}. However, an unex-
pected MRV, found in a8 MCDV host range study,
was transmitted by G. nigrifrons (23). Possibilities
for the identity of MRV in the continental U. S. in-
clude maize mosaic virus (18) and wheat striate

occurred when .
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mosaic virus (26). Oat striate mosaic virus, a re-
cently reported G. nigrifrons-transmitted rhabdo-
virus, may also be a possibility, but current tests
do not indicate that maize is a host (20].

Chlorotic lethal disease agent of maize. —
This severe virus-like disease of -sweet corn was
first reported by Tsai (27) in southern Florida.
Transmission of the disease agent by the plant-
hopper Perigrinus maidis (Ashm.) suggested to us
that maize mosaic, a P. maidis-transmitted rhab-
dovirus (18), was involved. Samples were supplied
for EM by J. H. Tsai and thie pathogen was trans-
mitted in the greenhouse at Wooster by L. R.
Nault. Instead of rhabdovirus particles, anom-
alous cytoplasmic inclusions of very low density
were found in tissue sections of infected leaves by
light micrescopy and EM (Bradfute and Robertson,
nnpublished). Attempts ta find virus-like particles
by EM in tissue sections and negatively stained
preparations have been unsuccessful. -

Wheat spot chlorosis pathogen (WSCP}. —
This virus-like disease was first reported in Ohio
wheat by Nault and coworkers (24) and thought to
be similar to wheat spot mosaic disease. Tha
agent is vectored by the wheat curl mite, Aceria
tulipae (Kiefer), and experimentally infects bar-
ley, oats, and wheat. Symptoms in maize start as
chlorotic leaf spots, some of which later coalesce
and form dashes and streaks. Double membrane
bound bodies (DMB), 0.1 to 0.2 um in diam, are
consistently revealed by EM of tissue sections of
diseased leaves (7). However, we do not know if
the DMB is the pathogen or a cytopathic structure
induced by the pathogen. Attempts to isolate and
concentrate DMB from diseased maize tissue have
been unsuccessful (Bradfute, unpublished).

Short flexuous rod virus. — Flexuous rod
virus particles, less than 425 nm long, were
found by EM in negatively stained preparations
from unidentified weed grass samples collected in
a Louisiana maize field (Bradfute, Gordon, Robert-
son, Toler, and Derrick, unpublished). The virus
occurs in high tissue concentration and is
mechanically transmissible to maize and other
Gramineae species producing chlorotic streaks on
leaves. The virus particle length suggests the
existence of a new group of plant viruses.

Maize bushy stunt mycoplasma.
Mycoplasma-like bodies, as detected in tissue sec-
tions by EM, were found in stunted corn plants
collectied in Texas (Bradfute, Nault, Robertson,
and Toler, unpublished). The disease agent is per-
sistently vectored by the leafhopper Dalbulus mai-
dis (Del.ong & Wolcott]. The symptoms, compared
to Rio Grande corn stunt, develop sooner and corn
plants are more severely stunted and have greater
shoot proliferation. Leaves are yellowed or red-
dened, depending on the maize genotype, time of
inoculation, and stage of plant development, but
do not have the high-contrast chlorotic stripes as-
sociated with Rio Grande corn stunt. Helical fila-



ments of spiroplasma were not detected in dark-
field, light microscopy of juice expressed from dis-
eased leaves and in smears of infective vectors.
However, MLB were consistently found in tissue
sections of diseased leaves by EM. Previously, the
morphology of MLB in maize has been either heli-
cal, as in the case of Rio Grande corn stunt spiro-
plasma (9], or undetermined. This is the first evi-
dence for a non-helical MLB in maize.

Maize rayado fino virus (MRFV). — This
virus, first described by Gamez {15, 16), produces
leaf symptoms of fine chlorotic siripes. These
symptoms were identified for Bradfute by J. Galin-
do on a joint maize virus survey in Mexico. Isome-
tric virus particles were found by EM in negative-
ly stained preparations and tissue sections of
maize with similar virus-like symptoms collected in
Texas with R'W. Toler (Bradfute, Robertson, Gor-
don, Nault, and Toler, unpublished)., The virus is
persistently transmitted by D. maidis and reacts
with MRFV-antiserum supplied by R. Gamez. This
is the first report of MRFY in the U.S.

Importance of new pathogens. — With the
exception of maize chlorotic dwarf virus, for
which the distribution and relative importance are
reported [17), the econemic or potential economic
importance of new maize pathogens indicated by
EM is unknown. They could represent new occur-
rences of pathogens that will become important in
the U. 5. Aliernatively, they may have been pre-
sent in maize in the U. S. and gone undetected
due to lack of adequate detection methods, exten-
sive surveys, and distinguishing symptoms (21).
Their detection by such a selective method as EM
suggests to us that they are more common than
might otherwise be suspected.
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DISCUSSION OF O.E. BRADFUTE PAPER

G. Martinez-Lopez: How thick are those sections for light mi-
croscopy? '

O.E. Bradfute: The sections are 0.5 to 2 pm thick compared to
the 5 to 10 um thick sections commonly used in light
microscopy of paraffin-embedded tissue. To make sections
0.5 to 2 pm thick, we must use plastic embedding and an
ultramicrotome or a microtome specially designed to cut
sections of this thickness.

F. Sutabutra: Do you think that some day we may be able to
identify flexuous rod viruses on the basis of morphology
alone?

O.E. Bradfute: Identification of flexuous rod viruses on the
basis of morphology alone would be very useful, but I
think it is overly optimistic to expect this from our present
technology. Many fexuous rod virus parlicles are similar
i width and length and appear similar in nagatively-
stained preparations. The new maize viruses we have
found by EM have gross morphological differences. The
mtch of the helix of protein molecules compesing flexuous
rod virus particles has been determuned by optical diffrac-
tometry of electron micrographs of negative-stained pre-
parations. Differences in the pitch of the helix of flexuous
rod viruses might provide a basis for classification. Addi-
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plasma-like body in the Umted States. Plant Dis. Rep.
59:714-716.

tional developments 1 technology -should also prove use-
ful. But, on the basis of present technology, I believe many
flexupus rod viruses will appear morphologically similar m
EM

T. Sutabutra: We have studied maize dwarf mosaic, soybean
mosaic. and other similar {lexuous rod wiruses. The virus
particles have the same diameter and length, but their
substructure is more or less different. I would hope that a
means of virus identsfication could be developed on the
basis of substructural differences of virus particles ob-
served by EM

0.E. Bradfute: We see some differences in substructure of
flexuous rod virus particles that appear to result from un-
conirolled variables in negatively-stained preparations.
We have also observed differences in radius of curvature
and stamn penetration that appear to be related-to the type
of flexuous rod wirus. These differences and others ob-
tained from improved technology may, as you suggest,
provide a means of classifying flexuous rod viruses into
groups, analogous to their classification on the basis of
length. However, the structure of flexuous rod virus parti-
cles 18 determuned largely by the nature of the proten
coat. Because a relatively small proportion of the virus
genome determines the nafure of this protein and its abil-
ity to form a rod, many flexuous rod viruses could be sim-
ilar in size, morphology, and structure.
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ABSTRACT

Rate-zonal density gradient centrifugation
was used for routine assays for maize chlorotic
dwarf and maize dwarf mosaic viruses. Effects of
centrifugation conditions and virus source on the
assay are described. A virus, related to maize
rayado fino virus, was detected for the first time
in maize in the USA.

Rate-zonal centrifugation (2) is a powerful
tool for the purification of plant viruses, since
virus particles in plant extracts can be efficiently
separated from most contaminating plant
materials. However, usefulness of the technique is
not limited to purification. Because a particular
virus regularly sediments to the same depth in
gradients centrifuged under the same conditions,
the banding position after rate-zonal centrifuga-
tion can serve to identify the virus. Also, the
technigue provides a. sensitive method of virus de-
tection, since relatively small amounts of virus
can be observed by highly sensitive gradient scan-
ning techniques.

The paper reports the identification of maize
chlorotic dwarf virus (MCDV) and maize dwarf
mosaic virus (MDMV) by rate-zonal centrifuga-
tion. The detection of new viruses from maize
(Zea mays L.) by this method is discussed.

MATERIALS AND METRODS

Viruses were partially purified from field-col-
lected maize and centrifuged gradients were
analyzed as described previously (9).

RESULTS
Figure 1 illustrates that MCDV and MDMV
band at different depths in centrifuged gradients
and, thus, are readily distinguishable by rate-
zonal centrifugation. Furthermore, no other maize
virus has a sedimentation rate similar to that for

MCDV and the relative banding position in centri-
fuged gradients 1s sufficient to identify this virus.-
In contrast, the sedimentation rate of MDMV is
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Fig. 1. Ultraviolet absorbance profiles after rate-zenal
centrifugation of partially purified preparations from MCDV-
infected, MDMV-infected, and healthy tissue.




similar to that of wheat streak mosaic virus,
which occurs occasionally in maize (7), and
identification by banding position slone is insuf-
ficient for these viruses. Rate-zonal centrifugation
also provides quantitative estimates of virus be-
cause the area under a virus pesk is directly pro-
portional to the amount of virus. The profiles of
preparations from uninfected planis showed no
absorbance peaks in the virus region of the grad-
ients.

The shape of a virus peak can provide pre-
liminary evidence of particle morphology. A
shoulder preceeding the main virus peak is often
indicative of a filamentous-shaped virus [3, 6, 10)
(Fig. 1, MDMYV). A symmetrical peak suggesis a
spherical particle (Fig. 1, MCDV].

A

MCDV
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I
1 1 1

C \ﬂ,\
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Fig. 2. Uliraviolet abserbance profiles of centmfuged
gradients scanned at 254 nm. Partially purified preparations
from infected leaves confaining (A) unknown virus, (B)
MC]]JV, and (C) MDMV (D.T. Gorden, personal communica-
tion).
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To be sure that rate-zonal analysis would dif-
ferentiate MCDV and MDMYV, large numbers of
field-infected samples were centrifuged under
various conditions (D.T. Gordon, personal com-
munication} to determine the effect on the ratio of
the distance sedimented by each virus. Variation
in the rotor, source of MCDV, and length of time
of centrifugation were not significant; however,
the phosphate buffer concentration’in the gradient
and source of MDMV were. Even so, the identifi--
cation of MCDV and MDMV by relative banding
position was always possible.

So far, the discussion has assumed the pre-
sence of known viruses only. An absorbance peak
at a different location would strongly suggest a
new virus. Even if banding positions were similar,
new viruses would be detected, but other
techniques would be required for identification.

An example of virus detection by rate-zonal
centrifugation occurred with maize collected in
Texas  that exhibited symptoms different from
those associated with either MCDV or MDMV
(C.E. Bradfute and R. Toler, personal communica-
tion). Rate-zonal analysis of this material revealed
a large, symmeirical peak that sedimented slower
than either standard (Fig. 2). Thus, the sample
was suspected of containing a new virus, spher-
ical in shape and occurring in high concentration.
Electron microscopy supported this observation by
showing spherical virus-like particles in quick-dip
preparations from these planis [O.E. Bradfute,.
personal communication). Disease symptoms sug-
gested that this virus might be maize rayado fino
virus (MRFV) (4). An immune centrifugation assay
(5) with MRFV antiserum demonstrated a rela-
tionship to MRFV [D.T. Gordon, personal com-
munication). Thus, a virus related to MRFV has
been identified for the first time from diseased
maize in the USA. Further tests are required to
determine the closeness of relationship.

DISCUSSION

It may be appropriate to consider other
methods of virus detection and identification to
see how rate-zomal centrifugation may be ad-
vantageously used.

Symptomatology is the first means of detec-
tion since only plants exhibiting symptoms are
usually assayed. The greatest advantage of
symptomatology is that a tentative diagnosis is
made immediately with little effort. However,
virus identification by symptoms presents prob-
lems (8}, and definitive evidence in necessary to
establish a particular symptom as diagnostic. In
cases where definite diagnostic symptoms have
been demonstrated, symptomatology is very valu-
able (5, 8).

Electron microscopy is useful for the detection
of virus-like particles in plants and for demon-



strating ultrastructural features of infections (1).
In some cases where other techniques have failed
to associate a virus particle with a disease, elec-
ton microscopy has provided this associzstion.
However, electon microscopy is of limited value
for routine detection and identification because of
time and effort involved and inability to distin-
guish viruses of similar particle morphology.

Vector specificity and mode of transmission
are indispensable for virus characterization, but
are not particularly sunitable for routine detection
and identification of viruses because of the long
period before resulis are known and the effort
and space involved.

Infectivity and host range are frequently use-
ful for identification and detection of mechanically
transmissible viruses, but they also require a long
time for results.

In contrast, serclogy is particularly suited for
routine analysis. Serclogical procedures are rela-
tively rapid, remarkably specific, highly sensitive,
and large numbers of samples can be easily
processed. Generally, if a suitable serological
technique for virus identification and detection is
available, it is the method of choice for routine
assays. However, with a new virus, or one teo
which antiserum has not been prepared, serol-
ogy cannot be used.

. Rate-zonal centrifugation has been useful for
identification of maize viruses, particularly the
obligately vectored MCDV (7). The assay is rela-
tively rapid, and a moderately large number of
samples can be processed. It is useful for routine
assays for known viruses, especially if seroclogical
techniques have not been developed. If quantita-
tive data concerning the amount of virus present
are sought, rate-zonal centrifugation is suitable.
Rate-zonal centrifugation is also useful for detec-
tion of new viruses. However, the virus must be
stable under the conditions of extraction and cen-
trifugation and have a sedimentation rate that
permits detection in the gradient,

DISCUSSION OF R.E. GINGERY PAPER

V.D, Damsteegt: Although I agree that symptomatology may be
confusing, it 15 often not feasible for an individual investi-
gator to assay a larger number of samples by several
techniques. Under these conditions, what tests beyond
symptomatology can be done to obtain a reliable disg-
nosis?

R.E. Gingery: The answer depends on the disease or diseases
. that may be present and on the experience of the person
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There are cbvious limitations to each techni-
que, and the detection and identification of maize
viruses is most conclusive if several methods are
used collaboratively. The most appropriate assay
cannot be predicted, and all relevant procedures
should be tried. Where one technique is used rou-
tinely, its reliability must be demonstrated initially
by other methods.
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and the technology available to him. The appropriate test
beyond symptomatology need not be particularly complex
as long as 1is rehability has been adequately demon-
strated. Serological tests are often the easiest to perform
and are usually swted to large numbers of samples. If
antisera are not available, diagnosis of mechanically
transmissible viruses can often be done by relatively sim-
ple host range infectivity tests. The problem is ususlly
more difficult with obligately vectored viruses. In these
cases, rate-zonal cenirifugation, electron microscopy, or
vector specificity are sometimes helpful.
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ABSTRACT

The search for vectors of maize viruses,
mycoplasmas and spiroplasmas, the determination
of the mode of pathogen transmission -hy vectors,
the use of vectors as tools for studying maize
pathogens, the rearing of vectors, and “‘trouble
shooting” problems dealing with maize vectors in
the laboratory are discussed. New information
concerning the effects of temperature on the
biology of Graminella nigrifrens and the transmis-
sion of maize chlorotic dwarf virus is also pre-
sented. '

The major maize virus, .mycoplesma, and
spiroplasima diseases all have one thing in com-
mon, they are transmitted by arthropods. This
feature sets them apart from most other maize
pathogens. With the exception of the aphid-borne
maize dwarf mosaic virus, these pathogens are
obligately transmitted by their vectors. By this, 1
mean these pathogens cannot be mechanically
iransmitted. This places severe limitations on
their study. Cultures of vectors must be estab-
lished and then maintained and utilized to infect
plants from which the pathogens may be extracted
and purified. The purified pathogen can then be
used for production of antiserum, physical and
biochemical analyses, and other studies crucial to
identification. Vectors are also used as *‘tools” to
conduct host range studies and to screen maize
inbreds and varieties for disease tolerance and
resistance.

THE SEARCH FOR THE VECTOR

A maize pathologist may be confronted with
the situation of dealing with an unrecognized di-
sease in the field. He has ruled out bacterial and
fungal pathogens, and further, suspects that a
virus or mycoplasma is involved. The problem may
be further complicated if the pathogen is not
mechanically transmissible. If so, the vector must
then be sought before progress can be made.

111

The first question to be asked in the vector
search is “where to start?”’ Certain bits of in-
formation can narrow the search. If the pathogen
is mechanically - transmissible, then the need to
find the vector is less compelling from the view-
point of identifying the pathogen. It is, however,
imperative to identify the vector to study disease
epidemiology. If the pathogen is mechanically
transmissible, it is unlikely that it will have a leaf-
hopper (Gicadellidae), planthopper (Fulgoridae],
or whitefly (Aleyrodidae) vector. Mites (Eriophyi-
dae), aphids (Aphididae}, flea beetles {Chrysome-
lidae), or nematodes (Nemateda) would be better
candidates as vectors for a mechanically trans-
missible pathogen (1). ’

Information provided by eleciron microscopy
can also narrow the vector search. Appearance
and location of viruses, mycoplasmas, and spiro-
plasmas c¢an provide important clues.
Mycoplasmas and spiroplasmas are known to be
transmitted only by leafhoppers. Flexous-rod
viruses are transmitied principally by aphids and
eriophyids. Rhabdoviruses are aphid, leafhopper,
or planthopper transmitied. Small isometric
viruses are vectored principally by aphids, leaf-
hoppers or flea heetles. Although Gibbs (1) work
was published 8 years ago, his compilation of
plant viruses based upon vector groups and virus
morphology still offers valuable information in the
search for a vector. A word of caution must be
mentioned here. The visualization of a virus parti-
cle or myccplasma-like body by electron micro-
scopy does not necessarily indicate its involvement
in the disease syndrome. Another pathogen, not
visualized by electron microscopy, could be in-
volved.

In searching for a maize vector, the first
impulse is to collect from maize, particularly
plants infected with the suspected pathogen. This
may lead fo success but many potential vectors
may also be missed. For example, many of the
aphid vectors of the maize dwarf mosaic virus
(MDMYV) and the leafhopper vectors of maize
chlorotic dwarf virus (MCDV) prefer to feed on
other hosts. As a matter of course, potential vec-



tors should be sought from grassy weeds in and
around maize fields or from other nearby grain
Crops.

The type of vector can sometimes be pre-
dicted from the pattern of field spread of the
pathogen. High incidence of disease along the
edge of the field may indicate a nearby source of
air-borne vectors. Scattered infections indicate a
distant source of an aerial vector, whereas local-
ized, a slowly spreading disease suggests a soil
inhabiting vector. The latter could include fungi
and nematodes as well as arthropods.

DETERMINING MODE OF
VECTOR TRANSMISSION

Determination of the mode of pathogen trans-
mission is as important as identifying the vector.
Sylvester (10) broadly grouped vector-pathogen
relationships into three categories: persistent,
semipersistent, and nonpersistent. These rela-
tionships can be illustrated by the transmission of
three maize pathogens. The persistence of the
aphid-borne MDMV can be measured in minutes
(6), the persistence of the leafhopper-borne MCDV
in hours (7}, and the persistence of the leafhop-
per-borne maize bushy stunt mycoplasma in days
or weeks (L.R. Nault, unpublished). Another im-
portant functional characteristic is the presence
or absence of an incubation period of the
pathogen in the vector. The nonpersistent and
semipersistent pathogens can be transmitted by
their vectors immediately after they are ac-
quired, whereas persistent pathogens must first
undergo an incubation period of several days or
weeks in their vectors. When testing potential
maize vectors, several technigques must be tried.
Following acquisition access periods, which
should vary from several minutes to several days,
some insects should be allowed to feed im-
mediately on test plants while others should be
held for 2 to 3 weeks before being tested as vec-
tors. .
Large numbers of potential vectors should be
used with various vector transmission techniques.
Pathogen titre in field-collected plants may be
low, resulting in a low percentage of-vectors be-
coming inoculative. It has been my experience
that fransmission from experimentally infected
plants is generally easier than from field-collected
plants.

VECTORS AS TOOLS

Use of vectors in the laboratory is generally
not warranted in the case of mechanically trans-
migsible pathogens. It is of interest to note, how-
ever, that after large numbers of successive
mechanical transfers, the vector transmissibility
of these pathogens is often lost. This has occurred

in my own laboratory with an aphid-borne isolate
of MDMV and an eriophyid-borne isolate of wheat
streak mosaic virus. Occasional vector transfers
of mechanically transmissible pathogens will en-
sure maintenance not only of vector transmission
but perhaps of other characteristics as well. To
study those pathogens that are not mechanically
transmitted, laboratory use of vectors is manda-
tory. In my laborafory over the past several
years, thousands of maize plants have been leaf-
hopper inoculated with MCDV. From these plants,
virus has been purified and used to determine its
chemical and physical properites {2) and to .pro-
duce antiserum (5}. The antiserum has been used
to develop rapid and sensitive techniques for as-
say of MCDV in field-collected samples, and al-
lowed us to determine distribution and incidence
of the virus in the U.S. (3). Leathoppers have also
been used to determine the host range of MCDV
(8] and 1o test maize inbreds and hybrids for virus
susceptibility (J.K. Knoke and R. Louie, un-
published].

The infectivity of purified or partially purified
preparations of non-mechanically transmissible
pathogens creates special problems., These prep-
arations must be introduced back into the vector
before their infectivity can be ascertained. Two
widely used methods have been developed to
serve this purpose (4). The first is the use of fine,
glass needles to inject virus preparations into the
vector's haemocoel. The second method employs
membrane-enclosed solutions from which the vec-
tors can feed and acquire the pathogen. Injection
and membrane feeding work well for persistent
pathogens, whereas only membrane feeding can
be used for those that are transmitted in a non-
persistent or semipersistent fashion.

VECTOR REARING

Perhaps the most time-consuming aspect in
the study of maize pathogens is vector rearing.
The first hurdle is to establish a field-collected
population in the laboratory or greenhouse. This
is not always as easy as it first seems. A species
may not adapt well to restraints of a rearing cage
and its environment.

Since all vectors of maize pathogens require
living plants to survive, the selection of a rearing
host is of paramount importance. In the case of a
monophagous species, there is little choice. A
prime example of such a species is Dalbulus
maidis (DeLong & Wolcott). Maize and the closely
related Tripsacum dactyloides L. are the only
known hosts (9). :

. If a species is oligophagous or polyphagous,
other decisions in host selection must be made.
These are: finding a host that is easy to grow
from seed or other plant parts, a host in which
‘the vector will readily deposit its eggs, and a host
best suited for vector feeding and development.



The feeding host should survive well when fed
upon by large numbers of developing individuals.
Ovipositional and feeding hosts may not neces-
sarily be the same. For example, I have found
that the vector' of MCDV, Graminella nigri-
frons (Forbes), ‘readily lays its eggs in wheat,
barley, and oats, but seedlings of these species
often succumb to the feeding of this leafhopper.
On the other hand, G. nigrifrons does not readily
oviposit in maize, but feeds and develops well on
it. Maize will support larger populations of leaf-
hoppers in rearing cages before succumbing to
feeding injury.

Another important consideration is rearing
the vector on hosts that are not susceptible to the
maize pathogen under investigation. I use oats or
barley as the ovipositional or feeding host for
young G. nigrifrons. Neither is susceptible to
MCDV (8). Use of these hosts greatly diminishes
the possibility of perpetuating contaminating iso-
lates of MCDV in the rearing colonies.

The ability to control day length and tem-
perature cannot be overlooked when rearing
maize vectors. For this reason it is preferable to
maintain vectors in an environmentally controlled
laboratory rather than in a greenhouse. Day
length will particularly affect morph development
in aphids. It is preferable to maintain apterous
viviparae for transmission tests. This morph can he
readily maintained if a 16-hour light/day regime
is used.

Although temperature is important in the
rearing of all vector species, it has its most no-
ticeakble effect on insects that have a relatively
long life cycle, such as the Cicadelloidea. I shall
again draw my examples from G. nigrifrons. An
increase in temperature from 15 to 30 C resulted
in a marked increase in egg laying by the leafhop-
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Fig. 1. Effects of temperature on egg laying by the leaf-
hopper Graminella migrifrons. Each value represents the aver-

age from 150 females.
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Fig. 2. Effects of temperature on time of development of
Graminella rigrifrons from egg to adult.

per (Fig. 1). Also affected is the length of time of
development from egg to adult (Fig. 2). An in-
crease in temperature decreases developmental
fime. At an even lower temperature, 15 C, no egg
hatch occurred, indicating that the developmental
threshold for the species is between 15 and 20 C. I
consider 25 G as the optimum rearing temperature
for G. nigrifrons. Whereas development takes
about 1 week longer, resultant adults are larger
and hardier than those reared at 30 C.
Temperature also aifects the transmission of
MCDV by G. nigrifrons (Fig. 3). Although initial
inoculativity of leafhoppers is not significantly af-
fected by temperature, persistence of MCDV in
the vector is affected. An increase in temperature
resulted in a decrease in persistence of virus in
the vector. So, while higher temperatures favor
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Fig. 3. Effects of temperature on transmission of maize
chlorotic dwarf virus by Graminella migrifrons. Leafhoppers
were given a 72-hour acquisition access period on infected
leaves prior to transfer at five per plant. Each value repre-
senis an average of 100 tests; bars represent standard errors.



rearing of G. nigrifrons, lower temperatures favor
virus transmission. This information has allowed
us to maximize our laboratory production of
MCDV-infected maize,

“TROUBLE SHOOTING"

For lack of a more descriptive term, I would
like to conclude with what I call ‘‘trouble
shooting.” The following are what I consider to be
our most troublesome and persistent problems and
how we cope with them.

The first deals with providing pest-free- host
plants for vectors and pathogens. These plants
are maintained in the greenhouse where they
are subjected to the normal complement of green-
house pests. We are troubled principally by
aphids, whiteflies, and spider mites. Each re-
quires special atiention. Since these greenhouse-
grown plants will be needed to rear insects or to
be used as source plants for vectors to acquire
pathogens, pesticides used to control pests must
be both effective and short-lived. Plictran is our
most effective miticide. We have observed no
harmful effects even when this compound is
sprayed directly into rearing cages containing
aphids or leafhoppers. Only spider mites are
killed. Fumigation with Vapona is usually effective
in controlling contaminant aphid species in the
greenhouse. Within 48 hours of treatment we can
use Vapona-fumigated plants to rear aphids or
leathoppers. Unfortunately, Vapona has little ef-
fect on whiteflies. Resmethrin, a synthetic pyre-
throid, is formulated especially for whiteflies. It is
also effective against leathoppers but not aphids.
Plants sprayed with Resmethrin for rearing or as
test plants can be used within 24 hours after
treatment. A

Even though great care may be taken to use
non persistent pesticides in vector-virus studies,
use of more persistent agricultural chemicals by
others can create a problem for vector specialists.
In one instance I used plastic pots that had been
previously sprayed with a persistent pesticide.
Soap and water washing did not remove residues
and release of absorbed pesticide produced a
slow decline of vector populations. For our most
sensitive vector species, I now use disposable
styrofoam cups to grow host planis. Also, care
must be exercised to not re-use greenhouse soils
that have been treated with pesticides. Lastly, be
certain that seeds have been ireated only with
fungicides and not insecticides.

DISCUSSION OF L.R. NAULT PAPER

R. Gamez: I was pleased to hear that you encountered the
same problems that I have during the last few years. I
would like to comment that for many of these maize
viruses, the virus-vector relationship provides a very sub-
tle criteria for characterization. In my experience with
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A final problem is to maintain species pure,
plant pathogen-free vectors. Periodically, each
species being reared should be checked ito be
certain it is the one you expect it to be. More than
once, we have found the closely related D. maidis
and D. elimatus (Ball) intermixed in the colonies.
Only a microscopic examination revealed the prob-
lem. No matter how tight you may feel your
rearing cages are, leaks develop. A simple leak
detector is a UV-light and suction trap. Leafhop-
pers and planthoppers that have escaped into the
rearing room, greenhouse, or laboratory are ef-
fectively attracted to and killed by the trap. Also,
as.a matter of course, samples of reared vectors
should be assayed to determine if they are ac-
cidentally harboring plant pathegens. Contami-
nated colonies should be eliminated and new
colonies started from pathogen-free vectors.
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the rayado fino virus, I did not have access to an eleciron
microscope or other techniques. I relied solely on the
characteristic of virus transmission. We have shown how
confusing and how unreliable symptoms are, so I would
like to stress that I give much importance to the virus-
vector relationship.



L.R. Nault: One aspect that I did not discuss in the search for
a vector is the means by which you discovered maze
rayado fino. You were not looking for the disease m the
field; rather you obtained the pathogen directly from viru-
liferous vectors, We are now attempting to use this
method to discover new vectors and pathogens, but so far
it has not worked. Wound tumor 1s another classical
example of discovering the virus from field-collected vec-
fors.

R. Gamez: We have also used thus approach n the search for
vectors of legume viruses.

.M. Fajamisin: You mentioned a wirus that 1z obligately
transmitted by vectors; maize streak virus 1s an example.
With this disease, we have had problems, and I have not
found the vector What are vour thoughts on how to scive
this problem.

L.R. Nault: I read your article in Plant Disease Reporter and
it certainly has a tremendous amount of information. The
serological results and symptomatology indicate you have
maize streak, and my suggestion would be to search for a
Cicadulina vector. There may be several problems, I
would certainly suggest that you obtain the biotype of vec-
tors from workers in East Africa. It is possible that bio-
types collected from East Africa will not transmt or will
be poor vectors. Have you attempted to rear Cicadulina?

J.M. Fajamisin: Yes, we have in the greenhouse. But we have
had problems.

L.R., Nault: As I mentwned earlier, sometimes field-collected
vectors may not at first adjust well to the arhiicial rearing
environment. It may take several generations before the
adjustment is made.

R.J. Lastra: Do you find any differences in transmssion when
you place insects n a small plastic cage on top of the
leaves or n a cage which covers the whole plant?

L.R. Nault: When we are iransmitting from held-collected
samples, we use a petr1 dish to contain vectors. The dish
bottom is covered with a mixture of one part activated
charcoal to nine parts plaster of paris. When weited, a
fairly high humidity is maintained in the dish, about 90-
950%. Vectors are [ree to feed on erther leaf surface. In
transmissions from greenhouse inecculated materials, we
usge plexiglass tube cages. We prefer plexiglass over other
kinds of plastic simply because pesticides can be washed
off fairly easily. The disadvantage 1s that plexiglass is ex-
pensive. For pathogen acquisition, we place these fube
cages over small, infected seedlings and in this way the
vector can feed anywhere it wishes. We use the same
method for incculating test plants. We also use clip-on
cages.

R.]. Lastra: It seems to me that clip-on cages which restrict
insect movement may lower the transmission rates.
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L.R. Nault: This may be so. However, | have no daia on the
gffect on transmission rates.

E.E. Rosenkranz: 1 want to menhon a couple of other preb-
lems, perhaps for the benefit of those who have not
worked with vectors If cages are piastic, make sure that
it is not toxic to the insects. For instance, if you use cellu-
lose acetate, the fumes may be toxic to the insects. Thus,
it is better to use either hutyrate or cellulose nitrate. The
other point I want to make concerns a situation where a
vector is transmitting two different diseasc agents and
contamination can very easily occur. One example is G
nigrifrons trangmitting maize chlorotic dwarf virus and
what we call Mississippl corn stunt agent or what you re-
fer to as maize bushy stunt mycoplasma. It 15 very easy to
contaminate one with the other, since G. nigrifrons can
transmit both, aithough the efficiency of the transmission
varies greatly.

L.R. Nault: I have found exactly the same thing. Cellulose
acetate 13 toxac not conly to leafhoppers but also to aphds,
although aphids are less sensitive. We do not like cellulose
nitrate because it is flammable. Gellulose butyrate works
very well for aphids, but we have had problems with leaf-
hoppers Either this plastic is toxic or msecticides, e.g,
Vapona, absorb to it when we fumigate cages and test
plants. -

E.E. Rosenkranz: In the case where a vector can transmit two
disease agents, it is a good idea to start leafhopper and
planthopper cultures from eggs which can be excised from
the plant.

V.D. Damsteegt: We rear leafhoppers in a greenhouse. The
gresnhouse temperature stays the same, but day length
vanes. Will that give us the seasonal variation that you
find outside?

L.R. Nault: Yes, day length and light intensity will affect the
plant which will in turn affect nutrients the vector re-
ceives from the plant. There may also be a direct effect of
day length on vector diapause, etc.

. Martinez-Lopez: We have been talking about a situation
where the same vector transmits different disease agentsin -
the laboratory. How do you prevent contamination?

L.R. Nault: This is the greatest problem I face. If I am work-
mg with pathogens that are vector specific, I really do not
have mmuch of a problem, However, if a single species 1s
‘the vector for several pathogens, you will need to rear
these vectors in separate plant growth chambers, rearing
rooms or greenhouses. At least your stock cultures of
pathogen-free vectors should be mamntamed 1 isclation.
Contamination of the stock colony can occur. The only
way to eliminate contaminants is to do as Gene Rosen-
kranz suggested, that is, to excise eggs, since these maize
pathogens are not transovarially passed.
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ABSTRACT y

Principles related to characterization of maize
virus disease epiphytotics are discussed.
Techniques suitable for evaluating or measuring
individual factors contributing to disease out-
breaks are described. Data on disease intensity,
vector populations, and vector infectivity in Ohio
are presented. Field techniques suitable for
evaluating maize lines for resistance to maize
chloretic dwarf virus and strains of maize dwarf
mosaic virus are described.

Under the subject of virus disease ephi-
phytology, we wish to discuss some principles
related to the character, ecology, and causes of
outbreaks of maize virus diseases. Since our pri-
mary interest is in maize dwarf mosaic (MDM)
and maize chlorotic dwarf (MCD), the discussion
will relate more directly to these two major virus
diseases of maize in the U.5.A. Why do these
diseases occur? Why do epiphytotics develop in
specific areas of southern Ohio, Georgia, and
Mississippi, but not in northern Chio, Iowa, or
Wisconsin? Although we have data to supply some
answers to these questions, we still do not have
those diseases completely controlled.

A first step toward the development of satis-
factory control techniques is an adequate
characterization and understanding of factors that
lead to disease outbreaks. With insect-vectored
maize viruses, our knowledge must relate to the
vectors, viruses, the host plants, and their inter-
actions with each other and the environment.
Information needed to understand and properly
matripulate the insect vector under both field and
laboratory conditions includes: insect identity,
infectivity in nature, transmission efficacy in var-
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ious environments, population and seasonal oc-
currence, alternate and overwintering hosts, and
the influence of environmental conditions on vec-
tor biology and behavior. We alse need similar in-
formation for the virus. Knowledge of its identity,
the presence or absence of strains, seasonal oc-
currence, and overwintering hosts may lead to the
development of suitable diseaze contrsl
techniques. Additiona) information on virus purifi-
cation, serology, and particle morphology may aid
in detection and idexntification of the pathogen.

The most essential information related to the
maize host plant is the development of suitable
methods for detecting and measuring resistance or
tolerance to vectors and viruses. Once resistance
is detected, its basis and method of inheritance or
perpetuation must be established.

A simplified relationship between the vector,
virus, host plant and environment is presented in
Fig. 1. The terms inoculation pressure and discase
potential are relative and may be equated with
the probabilities that a host plant will be, inocu-
lated and that disease will occur. A disease
epiphytotic is likely when large numbers of sus-
ceptible maize plants are present and inoculation
pressure is high. Inotulation pressure will be high
when large numbers of viruliferous vectors are
present and when they are actively moving from
host plant and feeding or probing. All that is re-
quired to prevent an epiphytotic is to eliminate the
susceptible host (grow a resistant variety), or re-
duce the inoculation pressure to zero by removing
the vector or the virus source. If resistant hosts
are not available, attempts to control the disease
should be concentrated on reducing the numbers
of viruliferous vectors in maize fields. For hoth
MDM and MCD contrel, the elimination of John-
songrass (Sorghum halepense [L.] Pers.) in and
around maize fields may be effective. By limiting
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Fig. 1 Relationship between vector, virus, host plant, and
environment in the development of maize virus disease
epiphytahics.

this gverwintering host for MDMV and MCDV, the
numbers of viruliferous aphids and leafhoppers
would be minimized. Treating maize with certain
systemic insecticides also can reduce disease inci-
dence of the semipersistent and persistent types
of viruses (4}.

To ‘evaluate the effectiveness of any control
directed towards the vector or virus source, the
inoculation pressure must be accurately mea-
sured. Furthermore, in valid atiempts to detect
resistant varieties, the inoculation pressure must
also be standardized for individual viruses or
virus strains. This will permit results from differ-
ent tests to be uniformly compared and evaluated.

The method we use to measure inoculation
pressure consists of exposing trap planis at field
sites (3). These trap plants are groups of 14-day-
old, virus-susceptible maize lines exposed in a
bare soil area of a field in 4-inch pots for a 7-day
period. Each week throughout the growing season
new plants are placed in the field and those pre-
viously exposed returned to the greenhouse where
the number of diseased planis iz recorded for a
3-5 week period.

This trap plant technique provides the type of
information shown in Figure 2. As indicated, the
inoculation pressure for MDM was high in
southern Ohio from mid-July until late September,
with a very low percentage of infection in trap
plants exposed in central or northern Ohio.
MDMV-susceptible maize planted in southern Ohio
would most likely become infected. Maize planted
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in central or northern Ohio would probably re-
main healthy. If diagnostic symptoms for two or
more diseases can be distinguished in the same
trap plant, or if trap plant lines used are differ-
entially susceptible to the viruses present, then
inoculation pressures for more than one disease
can be measured (5). Inoculation pressure values
in Figure 3 indicate that MDM was more preva-
lent than MCD at a field site in scuthern Ohio.
However, the relative incidences of the two di-
seases, as measured by trap plant lines, do not
necessarily coincide with their incidences in. field
plots. This is because the amount of infection in
trap plant lines depends not only on the amount of
inoculum present, but also on the relative sus-
ceptibility of these irap plant lines to the various
viruses. By using the same carefully selected trap
plant lines at various test sites, a valid measure of
inoculation pressure can be obtained that will
permit comparisons between different locations,
or between different years at one location, for
each of the recognized virus diseases.

Individual factors that contribute to the high
inoculation pressure may alse be measured. For
example, aphid populations can be estimated by
using yellow pans filled with water (9). Aphids
are attracted to the yellow color, trapped in the
water, and easily removed and counted. Typical
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Ohio.
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aphid population curves, based on data from yel-
low pans (Fig. 4], suggest that there may be more
aphids present during mid-summer in northwest-
ern Ohio than in central or southern Ohio. How-
ever, the more critical, early-season peak in aphid
population in the south represents the type of
aphid vector activity that could account for the
development of MDM epiphytotics in that area.
Conversely, the lack of early-season aphid activity
in more northerly areas would not favor MDM
epiphytotics.

A comparison of temperature, aphid, and
frap plant data from one site in southern Ohio
(Fig. 5} suggests that the following events may lead
to the development of natural MPM: epiphytotics.
As temperature increased in the spring, aphids
emerged from overwintering hosts and migrated to
maize fields. During this time, aphids fed omn
MDMV-infected Johnsongrass, acquired virus,
and inoculated young maize plants in the field and
adjacent frap plants. This spring migration
reached its peak in early June. By July, aphids
had more or Jess settled on their summer hosts.
However, the inoculation pressure, as measured
by infection in trap plants, continued to increase
steadily. This was because many of the infected
young maize plants and annual weeds common to
maize fields [13) now served as a source of inocu-
lam. Thus, more of the few aphids present be-
came viruliferous and contributed substantially to
secondary spread. By mid-August, when the sum-
mer aphid population reached ‘its peak, the infec-
tion in trap plants reached over 90%. It then re-
mained relatively high until a killing frost elim-
inated the MDMV-infected source plants and
aphids could no longer acquire the virus. From
mid-August until about mid-September, a direct
relationship between temperature, aphid numbers
and inoculation pressure was apparent. Warmer
periods resulted in greater aphid activity and in-
creased virus transmission.

Another example of an attempt to mesasure
individual factors contributing to the inoculation
pressure value is the direct assay of aphids.
Throughout one summer we assaved alate aphids
that were flying in a field heavily infected with
MDMYV near Portsmouth, Ohio. To identify those
viruliferous individuals captured, single aphids
that had alighted in a yellow pan trap were
transferred with a small brush to a small clip-on
plastic cage containing the youngest exposed leaf
of a 14-day-old WF9xOh51A maize seedling. This
hybrid had previously been selected for its sus-
ceptibility to MDMV, Each aphid was confined to
its test seedling within 10 minutes after a flight
that normally occurred in the evening, no earlier
than 2 hours before sunset. After a 24-hour inocu-
lation access period, the aphid was removed from
the cage, stored in alcohol, and later identified.
Test plants were held for 3 weeks in a greenhouse
te observe the development of MDM symptoms.
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for one test site in southern Ohio.

At least 13 species of aphids were found to
carry MDMV in the field (Table 1). About one
third of the individuals captured were Myzus
persicae (Sulzer), and accounted for just over one
half of the MDMV transmission. The ‘“number
infected”” column in Table 1 probably reflects the
relative importance of various aphid species in
MDMYV transmission for this location and sample

TABLE 1. Viruliferous alate aphids captured and assaved in
an MDM field area near Portsmouth, Ohio

Aphid No. plants
assayed mfected

Myzus persicae [Sulzer) 459 33
Rhopalosiphum madis (Fitch) 114 -5
Hyaduaphis erysimi (Kaltenbach) 49 4
Aphis maidiradicis Forbes 28 4
Aphis gossypii Glover 49 2
Doctynotus ambrosiae (Thomas) 48 2
Hyalopterus atriplicis (L.) 21 2
Aphis eraccivora Koch 20 2
Rhopalosiphum fitchii [Sanderson) 3t 1
Drepanaphis sp. 22 1
Longistipma caeryae (Harris) 2 1
Rhopolosiphum nymphaeae (L.) 2 1
Acyrthosiphon dirhodum (Walker) 1 1
Unidentifiable 226 ]
Others (nonviruliferous) 311

TOTAL 1383 65
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period. The ubiquitous (7) and polyphagous (14)
M. persicae accounted for 7-8 times more MDMV
transmission than Bhopalosiphum maidis (Fitch} or
Aphis maidiradicis Forbes, two species that
develop on maize (14). Of these 13 field-positive
vectors of MDMV, six species had been recorded
as vectors of MDMYV in the laboratory [(1,6,8,10),
and several species were previously found in a
similar MDM field area in southern Ohio (2). One
species, Hyadaphis erysimi (Kaltenbach), was a
vector here but failed to transmit all six strains of
MDMYV in the laboratory (6). Aphids in this study
that failed to transmit MDMV are included in
Table 2. Three of these species, Schizaphis grami-
num [Rondani), Macrosiphum euphorbiace
{Thomas), and Acyrthosiphon pisum (Harris), are
known wvectors of MDMV in the laboratory
(1,6,10). Since S. graminum is an efficient vector
of MDMV-A in the laboratory (10), and relatively
large numbers were captured in the field early in
the season, this wvector may be important in
initiating MDM epiphytotics in southern Ohio.
Although early season MDMV transmission does
occur in this area (3), none of the 489 aphids cap-
tured during May and June transmitted MDMYV.
Those captured and assayed during July, August,
and September transmitted MDMV at a rate of
9.5, 7.0, and 6.0%, respectively.

At least two facters may have contributed to
the lack of fransmission by S§. graminum (and pos-
sibly other aphids]) in this study. This species
rapidly loses its ability to transmit MDMV after its



TABLE 2. Nonviruliferous alate aphids captured in MDM field
area near Portsmouth, Ohio

N Month
0. most
Aphid assayed aphids
captured

Schizaphis graminum (Rondani) 101 5
Aphis rumicis L. 68 5
Macrosiphum euphorbige {Thomas) 60 5
Capitophorus spp.a 33 7
Chaetosiphon ap. 7 8
Macrosiphum kiowanepum (Hbottes) 7 7
Masonaphis sp. ] 6
Avyrthosiphon pisum [Harris) 5 6

14 species (1-4 aphids) 24

TOTAL 311

a Approximately equal numbers of €. elaegni (Del Guercio)
and C. hippophaes (Walker}.

acquisition feeding (11). Also, they were assayed
after a flight of unknown duration. If this flight
lasted for several minutes, many of the aphids
may have become nonviruliferous during flight.

We also have made estimates of the
population and infectivity of Graminella nigrifrons
(Forbes) and Macrosteles fascifrons (St3l} leaf-
hoppers, as they may relate to field occurrence of
MCDV. To measure leafhopper populations we
used a modified Johnson-Taylor VI-12 insect suc-
tion trap (15). The trap was altered by installing a
15-watt fluorescent blacklight vertically over its
opening, surrounding this light and opening with
one-gighth-inch mesh hardware cloth to exclude
large insects, removing the disc-release mecha-
nism and guide rod, and attaching the thread por-
tion of a mason jar lid directly below the collec-
tion tube of the trap. A mason jar containing 70%
alcohol was attached to this lid and usually
removed at 24-hour intervals. Leafhoppers were
then sorted and counted fo determine their daily
population.

To assay leafhoppers captured in a field area
where MCD epiphytotics are prevalent, leafhop-
pers were collecied one or two nights each week
with the modified Johnson-Tayler trap. However,
these insects were introduced into a holding cage
containing corn seedlings rather than into the
alcohol jar. Each morning after collecting, the
holding cage was transported to the laboratory
and the leathoppers were removed, anesthesized
with GO9, and sorted io-species. They were then
confined to maize test plants, as described for
aphid assays. However, 5 or 25 leafhoppers were
introduced into each cage and exposed io test
seedlings within 12 hours of their capture. Fallow-
ing an inoculation access period of 48 hours, test
seedlings were held in the greenhouse 4 weeks for
symptom development. These time periods are
suttable for detecting the semipersistent transmis-
sion of MCDV (12).
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Diring one summer more than 4,100 G.
nigrifrons adults were caged- on about 550 test
plants. Assuming that only one leafthopper was
viruliferous for each infected assay plant, only 13
individuals or about 0.3% of the G. nigrifrons
transmitied MCDV. None of more than 3,000 M.
fascifrons transmitted MCDV.

Field studies involving individual viruses or
virus strains must be conducted outside the area
of natural virus occurrence if a virus complex
exists in the naturally infected area. In northern
Ohio, host plant reactions to one virus may be

.observed in isolated plot areas without natural

contamination from other viruses. Observations on
the spread of ome virus in a maize field may be
made by planting a susceptible variety in a grid
pattern, inoculating a group of plants in the
center of the plot, and recording, by position, the
presence of infected plants in the plot at various
time intervals after introduction of the virus
source. At Wooster, studies of this type suggested
that plants immediately adjacent to an MDMV
source became infected first. Also, most of the
infected plants were east or north (downwind)
from the initial source of virus and, in plots con-
taining the test line WF9xOh51A, MDMV-B was
transmitted about twice as often as MDMV-A.,

Field trials have also been conducted near
Wooster to detect and mesasure resistance of
maize lines to individual virus strajins and aphids.
These field trials were of three types: (1) the
mechanical inoculation of test lines with MDMV
strains, (2] the mechanical inoculation of source
rows to sallow mnaturally occurring aphids to
transfer virus from source row to test lines, and
{3) the uniform distribution of a source of MCDV
in a field plot to permit natural G. nigrifrons vec-
tors to inoculate test lines.

To mechanically inoculate test lines or source
rows with MDMV strains, a tractor-mounted air
compressor, and an artist air brush were used to
spray plants with a suspension of buffer, car-
borundum, and plant sap from maize se=dlings
infected with one MDMV strain. Planis were
normally inoculated twice, at 14 days after plant-
ing and again 1 week later. Periodic observations
of inoculated plants to record the presence of
symptoms can provide information on resistance
of maize lines. These plots were planted in May or
early June so that plant growth would be near
normal and plot readings for infection could be
completed before the seasonal aphid populations
increased and possibly resulted in additional virus
transmission that may confound the data.

Plots in the second type of field trial were to
aid in detecting resistance to aphids or to aphid
transmission of MDMV strains. In these plots,
each two rows of test lines were alternated with
one row of WF9xOh51A hybrid. When this MDMV-
susceptible hybrid was inoculated with the air
brush, it served as a uniform virus source for



naturally occurring aphids. By comparing per-
centage infection in a line after aphid inoculation
with percentage infection in that same line after
direct mechanical inoculation, lines possessing
some aphid resistance may be detected.

Planting date for these plots was based on
the mean seasonal aphid population curve for this
area. Planting at Wooster was delayed until the
first week in July so that source plants and the
iest lines would he in a susceptible physiclogical
state when they were exposed to peak aphld
populations in late July or early August.

The third type of isolated field trial at
Wooster was to measure resistance to MCDV in
maize lines. Since this virns is not mechanically
transmitted, we must rely on the natural popula-
tion of G.nigrifrons fo effect transmission from
rows or areas of MCDV-infected source plants
uniformly distributed within the test plot. To
gerve as this virus source, both maize and
Johnsongrass seedlings were inoculated with
MCDV by G. nigrifronsin cages in the greenhouse
and later transplanted in the field test area.
Planting time for these lines was governed by the
G. nigrifrons population peak for this area. Barley
planted in the field area immediately surrounding
the test plot may assure that vector populations
are sufficient to produce local epiphytotics.

In field studies with viruses that cannot be
mechanically transmitted, it is not possible to dis-
tinguish between host plant resistance to the vec-
tor and to the virus. In these cases, additional
field or laboratory trials must be conducted on the
maize lines to establish their resistance to vector
feeding and determine if they attract or repel the
vecior.

These three types of field trials have two
major advantages over host plant resistance trials
conducted only in field areas where a virus com-
plex exists. First, by including similar maize lines
in each of these igolated field trials, and exposing
them to a uniform inoculation pressure, we can
compare maize lines for resistance to individual
viruses. Second, we can detect maize lines that
are resistant fo one virus but hightly susceptible
to another. These resistant lines and their poten-
tially valuable germplasm may be lost or unde-
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tected if field testing is conducted dnly in a multi-
ple virus area and one virus severely damages the
plani.
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DISCUSSION OF J.K. KNOKE PAPER

V.D. Damsteegt: We set our vellow pans on the ground, where
they stay all year. Yours were on a stand. Do you raise
their height as the canopy goes up?

J.K. Knoke: It is most important to get the yellow pan off the
ground, or in some way cover the surrounding areas so
that soil does not splash into it. Presence of soil in the
trap decreases trapping efficiency. We finally settled on a
2-foot height for yellow pans. Rather than worry about
raising it up as the canopy increases, we found it besi to
clear an area of foliage about 5 feet around the yellow
pan. If the pan is hidden undertall corn, aphids would not
find it. All you would catch in the pan in that case are
possibly a lot of wingless forms that are developing on ad-
jacent corn plants.

V.D. Damsteegt: Do you keep the pans out throughout the sea-
son? How often do you collect from them?

I.K. Knoke: That depends on the available help and where the
plots are located, but the yellow pans work best if you
remove the msects daily. We collect every day near
Waooster. In southern Chio, when our summer help 15 not
there, we attempt to extend the collection over 7-day
periods, " This longer period can be used if you clean out
the pans and add fresh water after every collection. Even
at 95 F temperatures and low humidity, the water will
generally last a week.

G. Martinez-Lopez: How do you handle the manipulation of
aphids to assure that you can detect those that are viruli-
ferous

I.K. Knoke: Certainly, we have no control over what the aphid
has done from the time 1t has left the plant and flown into
the area where we are collecting. If the aphid comes from
5 miles away on a gentle breeze, it may have taken 30
minutes to get there. If it has taken 30 minutes to get
there, the aphid probably is not carrying wirns when we
trap it. To detect viruliferous aphids, we must assay in
the field where the insects are flying. First of all, good
aphid flights normally occur about sunset, so you need to
be there in the evening., You will not trap many insects if
you have too much wind. With strong winds, they will be
blown -past your collection site. Therefore, you cannot as-
say every day. Our assay technique consists of placing
several yellow pans around a bare soil area where we
have test plants, cages, and .everything else needed to
make the assay. When an aphid lands in the yellow pan,
we pick it up with a small brush, place it in a cage, clamp
the cage cver the maize leaf, and put a rubber band
around the cage and the supporting stake. It takes less
than 1 minute to capiure the aphid and confine it on the
test plant. Again, we have no control over whether the
aphid feeds or not. However, it is exposed to a test plant
end has had a period of fasting immediately before cap-
ture when in flight. If many insects are commg in, we
select aphids from only one yellow pan. If few aphids are
flying, we use several yellow pans or a larger yellow
painted surface. The mmportant pomnt 1s to confine the
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aphid on a test plant immediately after it flies into the col-
lecticn area.

R. Gamez: Is the yellow color on your pans equally attractive
to all different species of aphids or leafhoppers?

J.K. Knoke: We capture essentially no leafhoppers i the yel-
low pans. I am sure that any given color is not equally at-
tractive to all aphid species. For that reason it is not an
entirely accurate sampling fool. But we catch many aphid
species in the pan, and I believe it is the best tool avail-
able. The yellow color is important. We use canary yel-
low enamel paint, produced by Pratt and Lambert. I have
tried more orange and more green shades, but canary yel-
low is the best,

R. Gamez: Do you have information on the aphid feeding pat-
tern during the day? You mentioned thet they were active
in late evening. Is this correlated with wind velocity or
hight intensity?

T.K. Knoke: We have only a hittle information on this question
and probably more for leafhoppers than for aphids. I am
sure that it would be correlated with wind veloaity, since
during the day we generally have more wind than during
the aveming. At Wooster, we collect aphids for assay in
the afternoon. On some days, we get the desired number
of 50 aphids per day in a period of 15 minutes. On other
days, we may collect from 1.00 pm to 5:00 pm and only
catch 2 to 3 aphids.

L.M. Josephson: Do you use carborundum in your mechanical ..
inoculations?

I.K. Knoke: Yes. We use a buffer suspension of carborundum
and plant sap exiracted from corn plants that were inocu-
lated with the mdividual strains of viruses. -

L.M, Josephson: Is 1t necessary to use 120 psi to get the virus
particle in the plant?

R.W. Toler: We find that we are quite successful when we
use carborundum at 60 psi Without carborundum, we do
as well at 100 to 120 psi. With very young corn plants,
three-leaf stage, moculated in the field, we tend to kill toe
many cells.

I.K. Knoke: At very low pressure, you will get nozzle blockage
more often than at higher pressures.

L.M. Josephson: That was our difficulty with the carborun-
dum, even though we used a very fine grade We now get
as good results by not using carborundum.

R.W. Toler: Another thing I have found with carborundum 15
that it wears out nozzels and tips very rapidly. We now
use higher pressures and no carborundum, but if we wish
to moculate older plants we use carborundum.

V.D. Damsteegt: 1 have one comment on pressure. Talking
about 100 psi is not significant unless you measure pres-
sure at the orifice For example, let us compare a hose-
about 1 mch mn diam with 100 psi versus a hose like an
artist's airbrush that has about one-eighth inch diam.
With a one-eighth inch hose, 100 psi will give a good per-
centage of infection, but the same pressure with a 1-inch
hose will blow the plant off the bench.

R.W. Teler: Ornifice to leaf distance also 1s critical.
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ABSTRACT

Breeding corn in southern Ohio for resistance
fo the virus disease complex, known to comprise
several strains of maize dwarf mosaic virus
{MDMV) and maize chlorotic dwarf virus {MCDV),
was begun in 1965. Breeding methods included
selfing in crosses of highly tolerant x susceptible
inbreds, backcrossing to develop highly tolerant
versions of some widely wused inbreds, and
developing breeding populations with a high fre-
quency of genes for tolerance to the virus di-
seases. Performance trials have shown several
hybrids with good tolerance to the virus disease
complex found in southern Ohio. Genetic studies,
involving mechanical inoculation and expcsure to
aphid inoculation of MDMYV strains A, B, E and F,
showed that resistance in inbred Pa405 was due
to a single dominant gene, although in one cross
with mechanical inoculation two dominant genes
appeared to be required for resistance. In crosses
involving inbred OhO7, resistance noted on the
early rating date later broke down. The shift to
susceptibility was attributed to increased virus
concentration in the plants.

Breeding corn for virus resistance in Ohio
was initiated in 1965, following a year of screen-
ing germplasm for virus reaction. In 1964, large
numbers of inbred lines and hybrids and some
exotic materials were rated for virus reaciion
near Portsmouth, Ohio. Fortunately, a good toler-
ance to the virus diseases present was found in a
few adapted inbred lines and hybrids.

METHODS

Methods of breeding for virus resistance
include backerossing, followed by selfing to incor-
porate resistance into a few widely used inbred
lines; selfing in crosses of resistant lines with
lines possessing complementary agronomic traits;
and developing breeding populations with high-
frequencies of genes for virus resistance.
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In breeding plots near Portsmouth, desirable
plants were self-pollinated. When family structure
was present, the pollinated plants determined to
be most desirable for virus resistance were se-
lected from progeny rows. Of course, attention
was-also given to other desirable agronomic char-
acteristics. At harvest, ears were saved from
selfed plants that rated best for virus reaction.
Many recent selections were also tested for re-
action to the maize dwarf mosaic virus [MDMYV)
strains and to maize chlorotic dwarf virzs (MCDV)
in the greenhouse.

PROGRESS IN DEVELOPING RESISTANCE

Success in breeding to improve the virus tol-
lerance in inbred lines has been limited. However,
three inbred lines with virus tolerance, developed
in the Ohio program, have been released to
private plant breeders and seed producers. Oh514
was released in 1968 and Oh309A and Oh513 in
1974. Oh509A did not show the tolerance fo virus
in the recent 1976 test plots that was observed in
previous years. Apparently, during the advanced
selection of OhS08A virus incidence was lower or
different viruses of virus strains predominated.

. Inbred lines differed in tolerance to virus. A
few lines showed high tolerance, but most showed
low or medium tolerance. Several inbreds have
been found to differ in reaction to known strains
of MDMV. For example, in field tests near
Wooster, inbreds Oh7B, T232 and Ky61-2335 were
resistant to strain A but susceptible to strain B. In
early 1976 readings, inbred GA209 appeared re-
sistant to strains A, B and E but susceptible fo
strain F; and inbred Oh513 appeared resistant to
strains A and F and susceptible to strains B and
E. However, later in the season, virus symptoms
of strains E and F were indistinct in Oh513 and
GA209, respectively, Tests to strain I} were incon-
clusive due to poor plant growth. Pa405 was the
only inbred tested that was most resistant to all
known strains of MDMV: however, it showed local
lgsion reaction to MDMV-A in greenhouse tests.



We are still searching for high tolerance to
MCDV, and breeding and selection appear to be
bringing us closer. Breeding populations involved
in our virus improvement program have narrow
and broad genetic bases. Some populations in-
volve only U.S. germplasm and others involve U.S.
germplasm combined with germplasm from Cen-
tral America.

The principal method for improvement of
breeding populations has been the half-sib and
full-sib selection methods. Full-sib or §; progenies
of half-sib plants selected for virus resistance
were also tested for yield, and resistance to stalk-
and root-lodging, Helminthosporium turcicum
Pass., and European corn borer Ostrinia nubilalis
(Hiibner), leaf feeding. Progenies found most pro-
mising were continued for further inbreeding and
selection and recombined to reconstitute the
population.

Oh{MDM)S1 and Oh(MDM)S52 are the two
synthetic populations which have been in the virus
program the longest. Preliminary progress from
selection for virus tolerance in these two syn-
thetics was tested in 1976. Four replicate tests
were grown of cycles Gy, Gy, Cg and C3. Cycles Gy,
Cq and Cg of Oh{MDM)51 were from sib-matings
of selected selfed plants. Cycle C; of Oh(MDM)S2
was from four generations of sib-matings of se-
lected plants and cycles Cy and Cg3 were from sib-
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Fig. 1. Improvement in Oh(MDM)S$1 for percent MDM,

MCD, and healthy plants in three cycles of selection.
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matings of selected selfed plants. Each eycle was
represented by approximately 100 plants.

Analyses of variance of percentage MDM,
MCD and healthy plants showed significance at
the 5% level for the latter two traits in both
synthetics. Selection in Oh(MDM)S1 (Fig. 1) was
most consistent for MCD tolerance, 74% for Cg
and 43% for C3. Healthy plant percentages de-
creased from 18% to 14% from Cg to G4, increas-
ed to 30% in Co but did not change from Cg to Cg.
Little progress was realized for MDM +tolerance,
CO:35"/0 and C3=34°/ﬂ.

Progress from selection in Oh(MDM)S2 (Fig.
2) was good for MCD (60% in Cp and Gq to 26%
in Cg) and healthy plants (28 to 59%) but most
consistent for the latter. Progress for MDM toler-
ance was consistent but slow (22% to 10% from
CO {o C3].

A yield trial including commercial and open-
pedigree combinations has been grown in the vi-
rus plots near Portsmouth since 1968. Several hy-
brids have been found to have good tolerance to
the virus diseases present. However, these hy-
brids, generally, do not stand .or yield as well as
adapted hybrids lacking virus tolerance. Earlier
maturing hybrids with more virus tolerance than
those presently available are needed for replant-
ing in areas where flooding occurs.

Qur challenge is to develop parent lines of
hybrids with high tolerance to all known viruses

% MDM
X % MGD
® 7, Healthy

O 1 ] ]
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Fig. 2. Improvement in Oh{MDM]52 for percent MDM,
MCD, and healthy plants in three cycles of selection.



and virus strains that occur in the area of pro-
duction, and to combine the tolerance with resist-
ance to the common production hazards, such as
stalk rots, H. turcicum, and European corn borer
leaf feeding.

Regardless of hybrid planted, under high inci-
dence of virus some yield loss undoubtedly will be
experienced. A certain number of plants will be
virus infected sufficiently to reduce vyield, and
some so severely as to yield little or no grain.
Early virus infection and virus comcentration in
the plants appear to affect degree of host re-
action. Or the hybrid may be susceptible to a
virus or sirain to which its reaction was pre-
viously unknown.

GENETICS OF RESISTANCE

Resistance inheritance to the MDM disease
complex has been studied in segregating progenies
by Loesch and Zuber (4); Josephson, Hilty and
Arnold (3); and Dollinger, Findley and Williams
(1). Resistance was found to be partially dom-
inant to dominant and comtrolled by relatively
few major genes (probably iwo), but several minor
genes appeared to be required for a high degree
of resistance or tolerance.

Using reciprocal translocations, Findley, Dol-
linger, Louie and Knoke (2) found major genes for
resistance in ingbred OhO7 associated with both
arms of chromosome 6 and the short arm of
chromosome 8. Other associations were found
with the long arm of chromosomes 1 and 2, short
arms of 3, 7 and 8, and both arms of 10. Similar
associations were found in inbred Mo22, but with
the possible exception of the short arm of chromo-
some 10, it appeared to lack major genes for re-
sistance. Scott and Nelson (5} found resistance in
inbred GA209 to be associated with both arms of
chromosome 6.

We concluded that, although resistance in-
heritance to the MDM disease complex was diffi-
cult to explain on a Mendelian basis, inheritance
to the components of the complex should be inter-
pretable on a relatively simple genetic basis.
Therefore, experiments were conducted on resist-
ance inheritance to strains A, B, D, E and F of
MMV,

In 1974, generations P4, Py, Fq, Fg, By, By,
B1S and ByS of the crosses Oh28xOh07 and
Oh28xPa405 were tested to MDMV strains A and
B, respectively. Generations B; and By were
backcrosses to the susceptible parent Oh28(P4)
and resistant parent OhO7(P5} or Pad05(P3), re-
spectively, and B1S and B9S were selfs of the re-
spective backcrosses. Test plants were either
mechanically inoculated or exposed te aphid vec-
tors. Seeds of the test generations and inoculum-
source rows of WF9xOh5iA were planted on July
8 so that plant growth coincided with peak aphid
populations. One inoculum-source row was al-

ternately planted to two test-plot rows throughout
the experimental area. Separate fields for each
virus sirain prevented contamination. The experi-
ments were conducted at Wooster, where MDMV
does not occur naturally,

On July 29 and August 5, mechanical mocula-
tions of the test plants with each virus strain
were made at 7-8.5 kg/ecm? with a tractor
mounted artist’s air brush. At the time of inocula-
tion, plants were in the 3- to 5-leaf stage. All
plants in test rows in the areas involving mechan-
ical inoculation were inoculated; in areas involv-
ing natural aphid transmission of virus; only
plants in source rows were mechanically inocu- -
lated. .

Individual plants inoculated with MDMV-A or
-B were observed for chlorotic streaks, motile,
flecks, rings and mosaic virus symptoms on
August 12 (August 13 for MDMV-B), August 26
and September 9. Virus sympioms were not
evident on test plants in the aphid transmission
areas on the early dates.

TABLE 1. Percent of virus-infected planis on three dales
(1974) after mechanical inoculation with MDMV-A

Date Total

Generations 8-12  8-26 g.g Plants
Percent infected planis

Py- Ohz2s 86.3 100.0  100.0 73
P2 - Oho7 0 72.7 80.5 77
F, - PyxPy 27 793 @82 111
By - (PyxPo)xPy 518¢ 952 976 83
By - (P5xPo)xPs 1.3 727 935 154
B,S - [(P1xPo)xP41-S BLO* 93.8 100.0 97
B,S - [(P1xPy)xP5]-5 13.9* 70.1 86.9 137
Fy - (P1xPy)-S 32.3 804 983 235

*Single dominant gene for resistance, X2p- 05

TABLE 2, Percent of virus-infacted plants on fwo dales (1074}
after exposure to aphid inoculation with MDMV-A

Date

Total
Generation 8-26 99 plants
Percent infected plants

- Oh2s 919 98.4 62

P, - Cho? 0 5.3 57
Fy - PyxP, 1.8 22.5 111
By - (PyxPy)xPy 58.1%  74.4 86
By - (P4xPo)xP, 1.0 190 100
B4S - [(P4xPg)xP11-$ 57.0+  80.2 86
ByS - [(P1xP4)xP5)-8 12.1* 27.1 107
Fy - (P1xP5)-S 29.6* 552 203

*Single dominant gene for resistance, X2 P > .05,



On the August 12.ratings, ratios of diseased to
healthy plants in generations B{, B1S and B;S of
Oh28x0h07 mechanically inoculated with MDMV-
A [Table 1) indicated that resistance was control-
led by a single dominant gene. By the August 26
and September 9 ratings, resistance in all genera-
tions hbroke down and susceptibility became
dominant. Plants of the resistant parent Oh07 and
F4 generation were 80.5 and 98.2% infected, re-
spectively.

On August 26, diseased to healthy plant
ratios in segregating generations of Oh28x0Oh07
that were exposed to aphid inoculation ({Table 2)
indicated that resistance was controlled by a sin-
gle dominant gene. By September 9, the percent of
diseased plants in the Fq generation increased to
22.5%. There alsc was an increase in diseased
plants in all other generations.

In the crosses involving the highly susceptible
inbred Oh28 with OhQ7, the resistance gene(s) in
the latter inbred apparently were overcome by in-
creased virus concentration in the plants from
multiplication and/or repeated inoculations by
aphids. Recent greenhouse seedling tests of Oh07
and Oh07x0h28 also showed that the percentage
of plants infected with MDMV-A increased with
virus concentration in inoculum (R. Louie and
W.R. Findléy, unpublished].

In the MDMV-B mechanically-inoculated gen-
erations of plants of Oh28xPa405 (Table 3), the

TABLE 3. Percent of virus-infected plants on three dates
(1974) after mechamcal moculation with MDMV-B

Date

Total
Generations 8-13 8-26 9-g plants
Percent infected plants
PI - Oh2s 85.2 98.2 98.7 78
P, - Pad05 22 44 2.2 45
Fy - P1xPy 0 48 3.6 83
B - (PyxP,)xP; 425 525 50.0 80
By - (P1xPy)xPy o 14 7 148
B;S - [(P1xP))xP4]-S 50.9 B85.5%* 90.9%* 55
BoS - [(P1xP,)xPy1-5 B.3 19.4* 26.4* 72
Fy - (P1xP,)-S 19.7 45.1*% 45.1* 122

*Two dominant genes for resistance, X2 P> .05

ratios of diseased to healthy plants on August 26
and September 9 indicated two dominant genes
for resistance, .except for generation B4. Segrega-
tion in the By generation indicated a single
dominant gene for resistance. The percentage of
diseased plants increased after the first rating
date in all generations. Apparently, virus concen-
tration had not reached a level in all susceptible
plants sufficient for symptom expression by the
first rating date.

126

TABLE 4. Percent of virus-infected plants on two dates (1974}
after exposure to aphid moculation with MDMV-B

Date Total

Generation 8-26 9-9 plants
Percent infecied plants

P, - Oh28 100.0  100.0 44
P, - Pad05 0 0 54
Fi-PpxPy 0 0 96
Bl - [P1xP2]xP1 47 9* 47 9% 24
BZ - [Plez]XPz 0 0 153
B;S - [(P1xP5)xP]-S 69.1%  76.4 55
st - [[Plez]xPz]-S 13.7* 19.2* 73
Fy - (P1xPy)-S 20.8%  20.8% 161

*Single dominant gene for resistance, X2 P> .05.

The aphid-exposed plants in generations of
Oh28xPa405 segregated in ratios of diseased to
healthy plants, indicating that resistance to
MDMV-B was controlled by a single dominant
gene (Table 4).

In 1975, generations Pq, P3, Fq, Fg, By, Bg,
and F3 progenies of the cross M14xPa405 were
inoculated mechanically and exposed to aphid
inoculation of strains A, B, D, E and F of MDMV.
The plots for mechanical inoculation were planted
on May 9 and 12 and those for aphid inoculation
on July 2. Inoculations of pure virus strains were
made as described above. The mechanically
inoculated plots were ingculated on May 27 or 28
and June 4 or 6, and the aphid plots were inocu-
lated on July 15 or 16 and 22. Plants mechanically
inoculated and exposed to aphid inocculation were
observed for virus symtoms on June 30 and August
27, respectively. Data from the generations of
plants exposed 1o aphid inoculation were less reli-
able due to & dry period that resulted in uneven
plant emergence and are not reporied. Plant
grawth was abnormal in the mechanically inocu-
lIated strain D plot due to low soil fertility.

TABLE 5. Results of mechanical inoculations with MDMV
strains A, B, D, E, and F on June 30, 1975

R Total
Generations Percent infected plants plarts
(range)}
A B D E F

P1 - M14 70 93 90 95 96 78-86
PZ - Pa405 0 0 0 0 ] 70-88
F) - PyxPy&PoxPy 0 1. ©0 0 0 161178
Bl - [PleZ]xP1 44* 39 27 57*% 52% 214-237
By - (P1xP3)xP; 0 o0 0 0 0 222234
F2 - [P-leZ]—S 16 25% 18 25+ 28* 323-353

*Single dominant gene for resistance, X2P > .05.



Segregation in the generations of mechanical-
ly inoculated plants indicated that, in general, re-
sistance was controlled by a single dominant gene
(Table 5). Deficiencies in numbers of susceptible
plants for the single-gene hypothesis occurred in
Fg for MDMV-A, Bq for MDMV-B and F, and By
for MDMV-D,

Two replicate plots of 12 seeds each were
planted of the Fg progenies. Considering the data
across strains of the 120 mechanically inoculated
progenies, 23 were resistant, 28 susceptible and
69 segregating. The chi-square value for a 1:2:1
ratio was 3.09 (P = 0.22).

Reactions of resistant and segregating pro-
genies were rechecked in 1976 for 51 MDMV-A,
47 MDMV-B, 11 MDMV-D, 16 MDMV-E, and 16
MDMV-F progenies. In almost every case the
hypothesis established for the progeny in 1975
was confirmed. Exceptions were explainable by
results of aphid inoculations in 1975. Additional
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E.E. Rosenkranz; If is interesting that Pa405 is the only inbred
line that is resistant to all six strains of maize dwarf mo-
saic virus and yet is very susceptible to maize chlorotic
dwarf virus. :

J.M. Fajamisin: Is there any relationship between Pa405 and
inbred Oh07?

W.R, Findley: I do not think so. Oh07 is from the cross CI 540
x IL.L., and Pa405 comes out of NY3 x Pa54

J.M. Fajamisin: I am interested in population improvement. I
have tried the full-sib method for developing resistance to
rust and blight, but T did not find it very easy. So I discon-
tinued it and am now using S, progeny selection. This
gives me the opportunity to chec}< the progeny for the per-
centage infection m the 5. Do you think ore would get &
better result by combining percentage infection with a
severity scale when rating for maize streak?

W.R. Findley: Yes, I think sn 3 progeny evasluation 15 good.
We are leaning this way. I thimk you need to select the
best 8, progenies and recombine these with ather pro-
genies showing additional desirable traits

J.M. Fajamisin: Is yield comsidered too?

W.R. Findley: Yes, vield 1s also considered. For our 20 pro-
gemgs that are recombined to reconstitute & population
we cannot expect to get every one of the Sy selections to
have good virus, blight, and corn berer tolerance. So,
what we do is o take the outstanding progenies for each
trait. These will go back into the population. What we are
trying to do, but have not progressed far enough to know
how well it will work, 1s to maintain a high frequency of
all the favorable genes in the population.

G.E. Scott: Do you think that your methed would be more ef-
fective than cyclic selection?

W.R. Findley: I do not know if we can do that. This program
is relatively new, We plan to use S, or full-sb progenies
to reconstitute the population. However, if this method
does not work, we will change.

G.E. Scott: One other question on the strain reaction. Are you
kesping track of your Fq's so that you can tell if the same
genes are operating for reaction to strain A and strain B?
These genes could be different.
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studies of the F3 progenies are planned to attempt
to further substantiate the results, and to corre-
late progeny by virus strain reaction.
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W.R. Findley: Yes. We have identificd the Fy progemes. We
plan to determine if the same gene(s) control reactions to
the different strains.

J.M. Fajamisin: I think from my little experience that cyclic
selection does not work very well, because of the differ-
ence in evolution of genes for vield. In your populations
you are breeding for resistance.

G.E. Scoit: But, if you try to breed for five characters at a
time, your rate of progress on any one has to be slower.

B. Tsotsis: What is the size of your reconstituted source popu-
lation, and how many plants do you maintain in the recon-
stituted population®

W.R. Findley: We try fo start with 400 progenies.

B. Tsotsis: I notice that you are using the Oh(MDM)S1 and
Oh[MDM)S2' populations. Does this indicate that more
lines are common?

W.R. Findley: Yes.

B. Tsotsis: Are you trying to separate these into heterotic
pools?

W.R. Findley: No. These are special populations developed
specifically for sources of virus resistance,

B. Tsotsis: Your success in maintaining vield will depend on
what success you have maintaining heterotic populations.
It has been proved time and time again that the amount of
heterosis is proportional to the amount of genetic divers-
ity. If you have two separate peols and these pools are re-
lated, the expected heterosis would be lessened. I think it
is possible to combine yield and traits. We have been
doing some of this work, and we are now in the 19th
cycle. But you have to use very sizable populations and
select large numbers of plants for use in combining traits
in long-term selections. In our program, we have about
8,000 plants per composite per cycle. Then, we superim-
pose various stresses on the populations. We find mass
selection to be quite effective and when conducted in the
presenca of viruses many plants are eliminated. Since for
many virus diseased plants there is no seed set or the
plants die before pollination, this gives us the opportunity
to work with larger numbers of potentially desirable
plants.

W.R. Findley: I think that is right, except you soon reach the
point where the loss of plants, dve to susceptibility, no
longer permits effective progress using mass selection.
This occurs. because the level of susceptibility of the
population approaches equilibrium.



B. Tsotsis: Yes. You have to make adjustments after awhile. I
think that sib testing would be significant, since these
exotic strains are lughly heterozygous. You get a fremend-
ous amount of inbreeding depression after selfing two or
three cycles. Then you have to begin sibbing or reconsti-
tuting the population. One of the procedures that we have
followed for several cycles is to assess these exotics or
unadaptable materials. We generate and evaluate the S,
and reconstitute the synthetic using 5,'s. Then we let the
synthetic be the basis for improvement of the origmal ac-
cession, We have done this several times, but after the S
generation we have great difficulty maintaining some o
these synthetics 1n the program.

LM. Fajamisin: The S, modification 1s also being used is it
not?

B. Tsotsis: Well, this is not unorthodox, but it has to be fitted
to the resulis or your interests. You can use several
breeding schemes to salvage some of the selfed material.
We are reconstituting the original accessions as candi-
dates for the developmental nursery,

B.L. Renfro; In your virus resistance heritability studies, do
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you recognize only two classes, systemically and non-
systemically infected?

‘W.R. Findley: Yes.

B.L. Renfro: Do you think it would be worthwhile to look at
your intermediate class? We did this in Raychaudhuri’s
report.

W.R. Findley: Do you mean plants that were rated as tol-
erant?

B.L. Renfro: Yes. Those plants with mild symptoms. You are
not considering all the genes.

W.R. Findley: 1 am not sure whether genes or virus concen-
tration is involved.

B.L. Renfro: Did you notice any change in virus effect in dif-
ferent generations?

W.R. Findley: Yes. We notice a difference, particuiarly from
the 5, to 85 generation.

B.L. Renfro: Did you notice any virus effects associated with
vigor?

W.R. Findley: Yes. Frequently, the 5; showed good tolerance,
and the 54 was not worth saving.
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ABSTRACT

Principles and problems related to the control
of plant viruses by using insecticides to reduce
vector populations are discussed. Attempts to
control maize viruses with insecticides suggest
that some systemic materials may effectively re-
duce field incidence of persistent or semipersist-
ent viruses.

Logic behind the use of insecticides for virus
control iz very simple. It goes like this: Insects
carry viruses; insecticides kill insects; therefore,
insecticides will prevent virus spread. Control of
plant viruses by insecticides has been attempted
for about 50 years. Insecticides have been applied
directly to the crop to be protected, to grassy
areas around crops, to trap crops, and to per-
manent and temporary feeding and breeding sites
of vectors at some distance from the crop to be
protected. Since there is probably an effective
pesticide available for all known vectors, control
of inseci-borne viruses should be readily accom-
plished. However, it was soon learned in early
virus control investigations that insecticides
frequently were of little use (1}.

Problems of contirolling insect vectors and,
therefore, the viruses they transmit, are different
from direct control of insect pests. With pests
causing direct damage to the crop, the injury sns-
tained is roughly proportional o the number of in-
sects present on the crop multiplied by the total
time that the insects are present (1). In contrast,
direct feeding damage to a crop by an insect vsc-
tor in the act of transmitting a virus is relatively
rare. Major crop losses are normally caused by
the virus rather than the vector.

For an insect transmitted virus io spread
within a crop, we must have not only the presence
of the vector for a significani time but the vector
must be actively feeding and moving about and
there must be a virus source. It would seem that
these additional requirements of vector activity
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and presence of virus would provide additional
{ime or opportunity to contact the vector with pes-
ticide before virus transmission can occur. In cer-
tain vector-virus-crop associations, however, the
most effective pesticides act too slowly to prevent
transmission.

Several basic conclusions relative to pesticide
efficacy for virus. control have evolved after years
of testing against many different vector-virus as-
sociations. These may be summarized as follows.
First, if both the vector and the virus originate
from within a crop, then virus control by pesti-
cides will be relatively easy. Simply apply an in-
secticide to eliminate the vector or an herbicide to
eliminate the aliernate host of the virus. Most
virus problems do not fit this easy-to-control
situation. Second, foliar-applied insecticide sprays
give poor virus control. This is because they kill
foo slowly, have short residual activity, do not
protect new plant growth, and may kill the normal
parasites or predators of the vectors. In some
cases applications of pesticides may stimulate the
vector to move around more and, thereby, in-
crease virus spread (2). A third basic conclusion
of a more positive nature is that soil-applied,
systemic insecticides give better vector control
than foliar sprays since they have long residual
activity, protect new plant growth, and normally
kill only insects feeding on the plant but not para-
sites or predators. However, since the built-in
insecticide kills insects only after they feed on the
plant, it has the disadvaniage of not protecting
against virus inoculation which can occur before
sufficient toxicant is ingested to kill the vector. A
fourth basic and well established conclusion is
that insecticides give relatively good control of
viruses which require a considerable time period
for acquisition by the vector, incubation in the in-
sect, and inoculation of the plant. In contrast,
insecticides give poor or no control of nonpersist-
ent or stylet-borne viruses that are acquired and
transmitted in a short peried of time.

Attempts to control maize viruses with in-
secticides began about 1960. Typical results and



conclusions that have been published in the last
15 years suggest only partial success. Results with
foliar sprays indicated that DDT, malathion and
parathion gave only erratic control of a persistent
virus [maize rough dwarf] and that these sprays
upset the balance of nature (5). Other research
suggested that five weekly sprays of azodrin,
methyl parathion, carbaryl or baygon gave no
control of corn stunt or maize dwarf mosaic
(MDM) (9). Even though many of these toxicants
are good insecticides for control of leafhoppers.
planthoppers or aphids, I believe that we must
conclude that foliar sprays generally fail to
protect maize from infection by persistent and
nonpersistent viruses.

On the positive side, in Italy it was found that
some control of maize rough dwarf could be ob-
tained by spraying grass borders around corn
fields to eliminate overwintering -planthopper vec-
tors (4). This technique required less pesticide
than would be necessary for spraying the maize
fields. The obvious conclusion: sprays may be of
some use in virus control if directed to the proper
site at the proper time.

Bstter and more - consistent control of maize
viruses may be obtained by using certain systemic
insecticides applied in a band near or in the
furrow at planting time. For example, in Rhodesia,
it was found that about 30 kg/ha of 10% granular
aldicarb applied te the planting furrow gave al-
most complete protection of maize from the maize
streak virus for 90 days [11). In Missouri, about a
70% reduction in a persistent type of virus di-
sease [probably maize chlorotic dwarf (MCD}] was
obtained by applving granular formulations of
carbofuran to the furrow at planting time at 2.2 to
3.3 kg a.i./ha (6). Five other systemic materials,
including the aldicarb that controlled maize
streak, were less effective than carbofuran in vi-
rus control. In Mississippi, as litile as 1.1 kg
a.i./ha of carbofuran in the furrow resulied in a
70%p reduction in corn stunt (also probably MCD)
through 98 days after planting (3,10). Two other
systemic insecticides were less effective in limiting
the dissemination of this semipersistently trans-
mitted virus (8). More recently, in Georgia, about
75%0 reduction in MCD was cbtained 91 days after
planting with 2.2 kg a.i./ha of carbofuran applied
as 10% granules in the planting furrow (7}. No
significant reduction in MDM was obtained with
this treatment. This type of information on soil
applied systemics suggests in general that many
systemic materials give poor control of maize virus

DISCUSSION OF J.K. KNOKE PAPER

V.D. Damsteegt: Did you say I lb carbofuran per acre as a
band? A seed company representative in our area men-
tioned studies in Virginia where they used 10, 20, 30, and
40 lbs per acre.

diseases; MDM will not be controlled, even with
the best toxicants, and at least one material
(carbofuran) but possibly a second (aldicarhb)
are effective in reducing the field incidence of
persistent or semipersistent types of maize vi-
Tuses.

Carbofuran is not officially registered, recom-
mended or being used in this country for control
of the leafhopper veciors that transmit maize
viruses. Carbofuran is registered on maize for
control of armyworms, corn borers, rootworms,
wireworms and flea beetles. Carbofuran at 1.1 kg
a.i./ha applied as a band over the seed furrow is
recommended in Ohic for control of corn root-
worms. It is also recommended in Mississippi for
control of the southwestern corn borer (H. N.
Pitre, personal communication). Where it is used
as recommended for these insects, growers may
be obtaining significant additional benefits for
vector and virus disease control in maize.
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T.K. Knoke: I was referring to 1 Ib active material per acre.
The representative was probably referring to a 10% gran-
ular formulation.

V.D. Damsteegt: They were recommending carbofuran, not for
disease control but for better yield. They increased yields
8 to 10 bushels per acre by applying it o the soil.



J.K. Knoke: I do not think that Environmental Protection
Agency [EPA) regulations will allow the recommendation
of a pesticide unless it is for a specific use, such as for
leafhopper control on corn

V.D. Damsteegt: If a material is registered for control of other
insects, why cannot it be registered for leathapper con-
troi?

J.K. Xnoke: A person interested m this type of control has to
request the manufacturer to seek registration for this
specific use So far, this has not been accomplished for
carbofuran control of leafhoppers. Disulfoton, a lass effic-
1ent systemic material on corn, is registered on corn for
leafhopper control. I presume you could, therefore, use it
for control of Graminella nigrifrons and MCD. But disul-
foton does not do as good a job as carbofuran. There are
some cother materials registerad as foliar sprays for leaf-
hopper control on corn. We know that the folbar sprays
generally do not control virus diseases.

L.M. Chilson: On the regisiration for leafhoppers, as you
pointed out, first of all you go to the EPA. They will re-
quest efficacy and environmental impact data. Unless the
company feels that there is going to be enough pesticide
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sold, they are not going to spend a lot of money on re-
search for efficacy data aganst leafhoppers. They will
probably turn back to you and ask you to provide the data
that EPA requested.

J.K. Knoke: This 18 being done now for carbofuran. But ap-
parently the company is not too enthusiastic about regis-
tering the material. They must have already obtained the
data for a lot of these required things. Otherwise, they
could not have registered these materials for control-of
borers and the other insects on corn.

L.M. Chilson: Usually, you can add on another insect species
to the label without getting ivc mmvolved, particularly if
there is a precedent, such as, the material 1 already be-
ing used on the crop for another purpose.

J.K. Knoke: I think it all depends on how many of us want to
use cartbofuran and how willing we are fo go to the com~
pany and provide them with the relatively litile extra in-
formation they need for the efficacy data.

L.M. Josephson: Since carbofuran 15 cleared for the south-
western corn borer, and all of our farmers have the pos-
sibihity of getung this borer in their corn, they are apply-
ing carbofuran as a general practice. They are geiting in-
creased yields. -
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INTRODUCTION

This is really an amplification on one part of
my paper on “CIMMYT's Role in Maize Improve-
ment in the Less Developed Countriss” presented
earlier to this Colloguium and Workshop. That is,
in principle, we in CIMMYT bhelieve successful re-
solution of any maize disease problem in a far-
mer's field will only come if the disease is dealt
with as an iniegral part of an overall improvement
progranm.

PRINCIPLES FOR ACTION PROGRAMS

To begin this presentation, I first plan to lay
out a few principles that we in CIMMYT consider
to be of importance.

1) We believe that the development of re-
sistant or tolerant cultivars is the only practical
means of solving any maize disease probiem, in-
cluding viruses, in the less developed countries of
the world. In fact, we believe that resistance is
the only practical answer to diseases of any low-
value per unit crop anywhere in the world. )

2) We are convincéd that breeding for re-
sistance to any disease cannot be done effectively
in isolation. By this I mean one must always keep
in mind the ultimate user—the farmer. Suffice it
to say we all have known cultivars that have been
developed with resistance or tolerance to specific
diseases or with other desirable characteristics,
and yet they were never accepted by the farmer.
Other available cultivars which were not as resis-
tant to a particular disease may have had a com-
bination of characteristics he preferred.

3) Experience has proved that plant improve-
ment through breeding is a numbers game. At
CIMMYT we believe that any of our breeding pro-
grams must be based on testing and selection from
a large number of segregating progeny derived
from genetically diverse populations tested over a
large number of sites representing the range of
environments in which the cultivar must even-
tually fit. CIMMYT’s maize program is basically an
attémpt to produce germplasm that will produce
stable yields of grain over a period of years and a
range of locations and under different tempera-
ture and moisture regimes, as well as different

pests. We are seeking more stable performance,
hence fewer risks for the farmer. And, the final
testing must be done on the farm in cooperation
with the farmer. He, as well as the researcher,
must be convinced that the new culiivar is better
than what he has been growing. No matter how
much the researcher likes the new cultivar or how
well it may perform on the experiment station, if
the farmer is not convinced of its value to him un-
der his conditions, all of the researcher’s time, ef-
fort, and funding will have gone for naught.

4] We at CIMMYT are convinced that we
must concentrate our efforts on the development
of open-pollinated cultivars of maize for use in the
developing countries. Most maize-growing areas in
developing countries are affected by factors of a
very practical nature that tend to diminish the ad-
vantages a hybrid may have. For example, in
many areas where good hybrids are available, it
is the practice of a relatively large proportion of
farmers who do purchase hybrid seed to plant
back the resulting seed from one to several gener-
ations. Other limitations of hybrids include the
complex and precise logistics of producing good
seed and getiing it to the farmer.

These and other factors have suggested that

* the major thrust of our maize germplasm develop-
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ment program be toward open-pollinated varieties
that do not require sophisticated hybrid seed pro-
duction and distribution facilities for their in-
crease and use.

We are also convinced that there are several
breeding systems for producing the desired culti-
vars. The systermn CIMMYT uses makes it possible
to develop hybrids quickly in the event the na-
tional program should wish to do so. CIMMYT's
efforts to develop disease-resistant maize cultivars
are based on the concept that most of the disease
resistance we need is polygenic. Thus, we must
utilize systems to efficiently accumulate and
pyramid the effects of numerous additive genes.
This generally means a long-term program involv-
ing some type of recurrent testing in comjunction
with selection and subsequent recombination of
the more resistant genotypes.

5) At CIMMYT we have atiempted io set our
priorities to take into account the major con-
straints in improving maize production in the de-
veloping countries. As all of you realize, there are



numerous important constraints having a tech-
nological base. Within technology, some factors
are more important than others. Within diseases
of corn, some are more important on a worldwide
basis, whereas others are more important in a
specific countiry or region.

At present, CIMMYT’'s maize program .is
working on twoe virus or virus-like diseases of
corn:

1. Maize streak, of major importance in trop-
ical Africa.

2. Corn stunt, now considered a spiroplasma-
induced disease, of major importance in the frop-
ical Americas and particularly in certain coun-
tries of Central America.

We are aware that scientists have reported
other maize virus diseases to be of moderais to
severe intensity in certain developing countries.
Two examples are maize mosaic virus I and fine
stripe virus. CIMMYT has not considered these vi-
rus diseases to be of sufficient importance in the
less developed countries of the world to justify
mounting special efforts leading to the develop-
ment of resistant germplasm.

CIMMYT’S PROGRAMS FOR DEVELOPMENT
OF GERMPLASM RESISTANT TO
INSECTS AND DISEASES

In the remainder of this presentation I plan to
go into some detail on how we attempt to coordin-
ate our activities in developing insect and disease-
resistant maize cultivars that combine other char-
acteristics inportant to the ultimate user — the
farmer.

We actually have two major groups of activ-
ities. The first group involves those insects and
diseases prevalent in Mexico. The maize program
staff work as part of an overall interdisciplinary
maize improvement {eam. As part of their re-
sponsibilities they seed three Companion Nur-
series. One of the Companion Nurseries is for
studies with insects, the second involves studies of
maize diseases, and the third studies response to
high density plantings. Companion Nurseries are
grown in Mexico to evaluate resistance of the ma-
terials to major insects and diseases indigenous to
Mexico and to assist hreeders in making selec-
tions.

In my earlier paper, I mentioned that interna-
tional evaluation of the advanced-unit populations
was done on the basis of trials involving 250 full-
sib progenies from each population. In addition, a
plot of each of these progenies is seeded in each
of the three Companion Nurseries on a CIMMYT
station in Mexico. In the case of insects, we have
developed a mass rearing and artificial-infestation
program. Af present two insects, the fall army-
worm, Spodoptera frugiperda, and the sugarcane
barer, Diatraea saccharalis, are reared on arti-
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ficial diets. Egg masses laid on paper are cut out
and incubated in the laboratory. When close to
hatching, they are taken to the field. In the field,
newly hatched larvae are mixed with ground corn
cobs and applied to plants at the proper stage.
Damage is evaluated following infestation, and .
maize families appearing most resistant or tol-
erant to insect attack are selected and used for
improvement of the population undergoing de-
velopment, i

In the disease-resistance nursery, ong-half of
each row is inoculated with stalk-rot pathogens,
Fusarium moniliforine, Fusarium roseum, and
Cephalosporium acremonium; and the entire row.
is inoculated with ear rot pathogens, Diplodia
maydis and D. macrospora. Rows are rated for
disease damage several times during each grow-
ing season. )

I would now like to illustrate briefly what is
being obtained from our cooperative international
trials, which I mentioned earlier involving progen-
ies and experimenial varieties produced within
this system.

In 1975, we sent 138 trials of 250 full-sib pro-
genies derived from 23 advanced unit populations
to 22 countries for testing. At the same time, we
shipped 177 trials of experimentsal varieties (var-
ieties produced at CIMMYT by crossing remnant
seed of full-sib progenies chosen by national pro-
grams in 1973 or 1974) to 41 countries for testing.
By mid-June 1976, we had received data from 208
of both kinds of trials mentioned above, 66% of
those sent out originally. We summarize these
data at CIMMYT and prepare a bound report for
use by all collaborators. The data clearly illus-
trate that there are many progenies and several
experimental varieties equal to or better than the
best check varieties in yield and in most other
agronomic and disease characteristics for which
data were reported. These results were from 80%
of the countries involved in the trials. I must add
that much remains to be done in certain regions
before better varieties will be available for farmer
use.

Another major activity involves what we have
named ‘‘collaborative research on exotic diseases
and insects.” Three damaging diseases and twao
insect pests of maize, none of them prevalent in
Mexico, are found in important maize-producing
areas of the developing world. To identify maize
with genetic resistance or tolerance to these dis-
eases and insects and to assist in the development
of agronomically desirable populations, CIMMYT
has entered intc collaborative research with
strong” national programs in areas where these
problems are most intense. These exotic diseases
are maize downy mildew, a fungus disease found
mainly, until fairly recently, in Asia from Indo-
nesia to India and now reported in several coun-
tries of Africa and the Western Hemisphere;
maize streak virus, a disease found in tropical



Africa; and corn stuni, a spiroplasma disease of
maize in Central America. The two important
groups of insects not found in Mexico are the
African and Asian corn borers.

In 1975, CIMMYT sent seed of 4,000 experi-
mental lines of maize to six national programs.
One set each was sent to Thailand and the Philip-
pines to be tested for resistance to downy mildew;
one set each to Nigeria and Tanzania to be tested
for resistance to maize streak; and one set each to
Nicaragua and El Salvador to be tested for resis-
tance to corn stunt. These lines were derived from
crosses of three lowland tropical materials repre-
senting, broadly, world tropical maize germplasm
plus other CIMMYT tropical and subiropical pools
that carry downy mildew and stunt resistance.
After each cycle in the six countries, sibbed or
selfed seed of selected plants (apparently carrying
resistance) is returned to CIMMYT for recom-
bination and generation of new sets of progenies
(March sowings). These new sets of progenies are
subsequently retested at the various sites to carry
out the next cycle of selection. Initially, various
kinds of subpopulations will be attempted; i.e., re-

DISCUSSION OF R.D. OSLER PAPER

J.M. Fajamisin; Sometimes we do not get materials in time due
to delays in mternational shipment. This is a problem.
But, we have benefited very much from the CIMMYT pro-
gram despite this complication. What we do 1s to look at
these materials and we put the very good ones into our
maize mprovement program.

R.I}. Osler: We hope that some matemals will be useful to na-
tional programs. These are available to anyone who can
and will make use of them We are delighted that you
found something unseful.

W.R. Findley: I would hke to ask about the kind of selection
pressure on populations, for example in El Salvador or Ni-
caragua where there is corn stunt Do you have a high in-
cidence of corn stunt in the field? Is it difficult to find re-
sistant or tolerant lines and are they very numerous?

R.D. Osler: I did not actually see them in the field. However, as
I understand the situation, there was a very high mci-
dence of corn stunt 1 Nicaragua. Selection occurred, but
we did not do too well. In El Salvador the pressure was
not quile as great, and we got quite a lot of material. This
concerns us a bit in terms of the first eycle. We do not
want to reduce the genetic varibility too much in the first
cycls, that is to point where we have to take anything we
can get. We then have to broaden the genetic base again
and repeat the process. This is a problem.

W.R. Findley: We also are very grateful for the CIMMYT mat-
erials we have used. We identified & couple of populations
that look promising. We have made some progress in inte-
grating these populations into Corn Belt material. We
would like to get some more populations that have been
handled in this way. Are there several populations that
you plan to develop m thlis kind of a program, especially
for corn stunt resistance?

R.D. Osler: No. Actually, we have two basic populations that
we are working on. Geneticelly, they are very broadly
based and relatively new. They bring together a number
of populations wmitially and these are mixed before they go
into the nursery. Any showing progress in the field will he
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gistance to each disease singly, resistance to any
combination of two of the three diseases, and
finally, resistance to all three.

By repesting this process for several cycles,
CIMMYT and the national collaborating scientists
expect to develop adequate resistance to the three
diseases and to integrate the resistance into im-
proved populations of maize for the tropics. In
fact, as soon as any subpopulation has been
identified as carrying some significant degree of
resistance or tolerance, it will be integrated into
appropriate advanced populations through what
we call the “side car” approach. This involves,
essentially a backcross procedure but using the
improved population as the recurrent parent
rather than returning to the original. We are not
interested in resistance for its own sake; we want
te use it as socon as available, to improve our
breeding populations and increase their yield sta-
bility under adverse conditions.

In conclusion, we see the development of
maize germplasm resistant to virus diseases to be
just one spoke in the wheel of CIMMYT's interna-
tional ccooperative maize improvement program.

available upon request. Right now, I think that 1t might be
a waste of time fo use these materiale unfil we have deter-
mined their performance. However, these are available
nowv.

L.R. Nault: Dr M. Guterriez also sent me seed from CIMMYT.
1 was alerted to his work through one of CIMMYT's publi-
cations. If you are not familiar with this work, he is at-
tempting to recover genes from Tripsacum species and
from Zea perennis for incorporation into maize. He sent
seed of Tripsacum spp. Zea perennis, and ieesinte. | was
encouraged that maize chlorotic dwarf virus could not he
transmitted to either Zea perenmis or the Tripsacums.
However, teosinte is highly susceptible to this virus.
Unfortunately, Zea perennis 1s susceptible to the corn
stunt spiroplasma. At least with the Tripsacum spp., it
appears as though they are not just tolerant but immune
to these pathogens. I hope that his work will continue and
that Dr. Guterriez will mmcorporate some of the resistant
genes mnto agronomically useful corn lines or populations.

R.D. Osler: His work will continue, but Dr. Guterriez recently
left to go to Brazil. Dr. James of our staff will assume his
responsibilities. She has been at CIMMYT as a post-
doctoral associate for almost 2 years. Unfortunately dur-
ing this past cycle, we obtamned very lttle seed because of
the changeover. Dr. Guterriez had many crosses, but
these were not planted 1n the field this past cycle because
he was leaving and we did not have any way of handling
the material. These crosses are 1n the germplasm bank

B. Tsotsis: Are you aware of the werk along these lines at the
University of Illinois? Dr. Jack Harlan and others are in-
terested in the evoluiion of maize and Tripsacum They
have some very mteresting types.

L.M. Josephson: As you may know, Dr, Harlan has two popu-
lations, one he calls tripsacoids and the other maizoids.
We are growing these tlus year. They are made up of
Tripsacum x Corn Belt crosses They are not completely
resistant, and we have not grown them long enough to
know whether we can isolate some usable plants. But, if
we do find them, T think we could transfer the resistance
to some of our hines that are mare agronomically usable. If



you are interestad in Tripsacum resistance, this would be
a much better source than that from CIMMYT.

R.D. Osler: Actually, many of Dr. Harlan's early crosses were

B.

made in the block that we maintained in Mexico I am not
sure how broad a sample he was able to obtain in terms
of his crosses. But he certainly has made many of them.
Tsotsis: For those of you who are interested in using
teosinte 1 the improvement of corn, Dr. George Beadle 1s
carrying on a program at the University of Chicagd in
which he has contructed a series of intermediate types
that'can be used-in a study of the evolution of maize.

L.R. Nault: I notice that you are rearing two insects at

CIMMYT. By using these insects, you can ensure uniform
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mfestation of resistant materials. Tn your test sites for
corn stunt, how do you ensure uniform natural infections
so that you are selecting for tolerance or resistance and
not escapes?

. Osler: Well, this 15 the reason why I think we should
take this-material back to the field this year Because of
the location of our test plot in Mexico we are testing in an
area-where we know there is no corn stunt. In the ficlds
in both Nicaragua and El Salvador, almost 100% of sus-
ceptible planis are killed with corn stunt. In one plot in
Nicaragua 100% nfection occurred even in the sp-called
resistant hybrids that has been invelved in the El Salvador
program.



Discussion of Needs for International
Cooperation in Solving Maize Virus Diseases

J.M. Fajemisin: One of the most important aspects 13 addi-

tional fraining. We need training in screening for resist-
ance, epiphytology, serology, and electron microscopy.
(The eleciron microscope laboratory here, is very good,
perhaps the best I have seen.) I believe that the tropical
environment is conducive to introduction of insects on var-
ious grasses that may be virus infected. Since the tropics
are continuously warm and humid it is likely that maize
viruses occur wherever the crop is grown. We lack the
ability to detect them. This colloquium and workshop is
very important because it has permitied me to talk with
OARDC researchers about getting antisera from them and
sending specimens to them for electron microscopy. I am
talking about using the services of the OARDC. Screening
maize germplasm for resistance is very important and we
need additional programs. However, if we test our mat-
erials in the U.S. or yours in our country, the problem of
adaptation arises. Your germplasm may not survive in
Nigeria. So, we may need CIMMYT to provide assistance
in developing and evaluating germplasm. I have stressed
the problems of detection, but additional training in other
techniques of solving virus diseases also needs emphasis. I
would also recommend ntermittent meetings of this type.
They would serve us well.

R.D. Usler: 1 think that Dr. Fajemisin's ideas are the same as

CIMMYT’s. All of us are aware of the many examples of
extremely useful international cooperation. This has taken
many forms. I believe that there are some good concepts
involved, and some of these have been discussed during
this colloquium and workshop. There 1s a tremendous re-
source here at Wooster and in the other people attending
this colloquium and workshop. We in CIMMYT have to
consider the major constraints in any area in which we
are working. I wonder if we do not need better systems of
virus disease identification that can be used more broadly
in determining problems in countries in which we are
working, U.8. researchers have their mawze virus disease
problems pretty well sorted out. We have not done this 1n
countries where we work. 1 think, basically, we have to go
back into these countries and if there are nontechnical
problems we have to face these first. Periodic meetings
such as this one, I think, would have heen extremely use-
ful to our group, parheularly if some of the people who
are directly involved in research could have attended. I
would make a plea for information exchange, not just at
meetings, which is tremendously important, but at an ear-
lier time. Somehow, a mechanism for this exchange needs
to be developed. Some of the experiences discussed at this
colloquivm and workshop need tc be communicated to in-
terested people in other countries. I make a further plea
for germplasm exchange. As resistant materials are found
in various areas of the world, we in CIMMYT and our col-
leagues in national programs would like to have access to
them. We at CIMMYT hope that the expertise represented
at this colloquium and workshop and the people whe could
not be here will continue the cooperation begun at this
mesting. Perhaps this cooperation could focus on frain-
ing, information exchange, and movement of people and
materials, We need to develop more foolproof means of
identification of wvirus disease problems in the less
developed countries and of determining the magnitude of
yield loss. When you are able to assess these, you are in a
better position to assigr priorities to these constraints.

R.L Brawn: I suggest that we begin the information exchange

with a newsletter. It would be of immediate service to the
whole group. I would suggest that it not be too scientific

but one that allows each contributor to speculate and say
things not necessarily acceptable in a reviewed publica-
tion. The newsletter should indicate that its data are not
for publication and 1t should be available only to re-
searchers who are vitally interested in and understand
the subject. To obtain contribuiions will require some
urging and cooperation by this group.

R. Gamez: I also ses a great nged for a continuing exchange

of information by a newsletter. Also, meetings of this sort
should be held on a regular basis. One of this particular
quality would be very valuable. As Dr. Osler mentioned,
much immprovement is needed in pathogen identification.
We have identified some of the pathogens, but many re-
main to be identfied. It is also very obvious that we have
disagreements in pathogen Identification. We need to
develop some kind of cooperative research effort in this
area. There are some excellent facilities in virology in our
countries, and others should be developed. But at the
same time we need collaboration with other places like the
OARDC.

R.E. Ford: A good model for the newsletter might be the one

initiated by the international working group on legume
viruses. That newsletter contains an annual mimeograph
lising of publications, research projects, and seed sup-
plies for various important hosts. Each scientist maintains
seed for two to five host species, produces his own anti-
serum, efc. It has been an extremely helpful system in
maintaining contact around the world, Perhaps, you could
have a very informal type of rotation of officers and some-
one in charge of getiing the newsletter off once a vear.
Participants could send i the abstracts of their past
year's work. Perhaps, this would include information
ready for publication but mostly pre-publication informa-
tion. Also, lsts of maize virus disease publications that
came out during the year could be included.

S.P. Raychaudhuri; It would be most useful if sources of re-

sistance could be tested at a central place and data made
available to all. A newsletter should be helpful in com-
municating this as well as other information to maize virus
disease workers. Perhaps other diseases should be in-
cluded. I would recommend that a newsletier be semian-
nval to enable information to be exchanged quickly. It
could be modeled after the rice or legume virus newslet-
ters. I also recommend establishment of a central location
for virus collections. More than once, original cultures of
pathogens have been lost and there is no reference mater-
ial available. We have heard descriptions and have seen
slides of a large number of mosaic virus diseases these
past few days. But, these mosaic symptoms are not always
indicative of the same virus. Therefore, 1t is important to
characterize their causal agents and have reference col-
lections for use mm comparisons. Finally, this colloquium
and workshop was one of the best I have ever atiended,
because of the depth of papers and discussion. Also, the
workshops conducted were excellent and very useful. If
we could arrange to have this type of meeting, perhaps
every 2 years, and meet 1n different countries where corn
15 important, it would be very useful. Perhaps, we could
meet when corn is in season and observe symptoms in the
field. This would be helpful not only for people from those
countries that have made much progress, put particularly
for those from couniries like India where we have a lot
more to do,

O.R. Exconde: I fully support the idea set forth by Dr. Osler

that economic threshold levels of maize virus diseases
must be determined in countries where they are problems.
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1 believe that a key io studying economic threshold levels is
the proper identification of the respective causal viruses.
One way that the OARDC can provide assistance is
through virus identification so that precise economic
threshold levels can be established. One way of prowviding
this assistance would be to prepare and supply antisera. I
fully support the newsletter idea as a form of communica-
tion on various maize viruses. There is nothing new about
cooperative nurseries._ In terms of entries to nurseries n
which we have been involved for thie past 10 years, var-
ious countries would send the best germplasm they had,
so that it could be evaluated for resistance to various
virus diseases m the Philippines. Perhaps, cooperation
similar to this is needed. With so few leading places, as
far as research on viruses in concerned, I think that the
DARDC is in a better position o help developing countries
in terms of traiming. Participants from a training program
could then truly become leaders in virus research in their
areas of the world. This would be a great contribution to
developing couniries. Also, I fully support a workshop
idea and think that it would be very useful for a group like
this to meet every 2 or 3 years.

Sutabutra: 1 am a hitle concerned about virus introduction
with seed exchanges. Ordinary treatment of seed is aimed
at insects and fungi. We do not have any program for en-
suring virus-free seeds in international distribution. I am
concerned about this because in Thailand we do not have
a serious imncidence of maize dwarf mosaic, but the poten-
tial is there. A small amount of seed carrying a severe
strain could cause a serious disease problem. Gould there
be any kind of program for exchanging virus-free seed?

D.T. Gordon: We do not have a good answer to that question.

L.E. Williams:

This is an area that needs investigation. We use seed that
1s mcreased in other parts of the world, for example
Hawaii and Puerto Rico. Maize mosaic virus is in Hawaii.
This virus may be seed transmitted, and we may risk m-
troducing it into the U.S. This, probably, is a common
problem in many countries where seed exchanges occur. I
do not {hink, at this time, we erther have means of treat-
ment to eliminate or a simple means to detect seed-borne
viruses. Research on this problem is needed.

Perhaps seed could be grown in isolated
blocks and indexed for infection. This method would take
considerable labor. It could be done by periodic examina-
tion and roguing of diseased plants for seed production.
Then, harvested seed could be cerhfied as disease- or
virus-iree.

P.A. Harvey: Regulations on the exchange of seeds of all kinds

are a concern to a number of people. This was discussed at
the Sorghum Improvement Conference I attended recently.
Some workers would like to move seed in and out of the
country. There was mention of isolation area, perhaps an
island off Florida. The problem 1s not only with viruses but
all diseases and insects as well. It is very fortunate that
corn has had as little restrichion 1 seed movement or ex-
change as any orop. But, this situation nceds to be re-
viewed. As we discussed earher, it 15 important for vs to
discuss some of the regulations that we are now using
and, perhaps, recommend changes. The Animsl and Plant
Health Inspection Service {APHIS) of the USDA may be
modifying 1ts regulations in the near future and your ideas,
particularly in plant pathology and entomology, could be
very helpful. 1 was concerned in 1971 when a large
amount of corn seed was brought into the U.S., essenticlly
with no inspection or guarantine. As far as I know,
nothing new was introduced. We need to be very cau-
tious. I know that other countries are concernad with the
same problem.

A.]. Ullstrup: Dr. Renfro has had much experience with seed

exchanges 1o southeast Asia. Dr. Renfro, how do you pre-
vent the spread of pathogens?

B.L. Renfro: We take the normal precautions. Many agencies

produce seed for internal use or export during dey wimnter

seasons with the aid of irrigation. During these seasons,
they have high lisht conditions and cool nights. Under
these conditions, they get better seed produchion, cleaner
and plumper seed, and no ear rots or other diseases that
occur in the rainy months when temperatures are high
and insects are prevalent. This seed is produced in small
lots Breeders and others are conscious of the threat of
exporting seed. They like to harvest the seed from clean
plants and then treat it properly. Most use drying facih-
ties. They treat the outside of the seed; howsver, that
does not eliminate internal pathogens nor several external
ones. Nevertheless, we do not know of eny case where ex-
ported pathogens or insects have become established in
other countries.

L.M. Josephson: After listening to the papers and discussions
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this week, I cannot help but be impressed by the import-
ance of virus and virus-like diseases of maize. I think that
it would be important to catalog materials resistant to
each of these agents. ] suggest we should attempt to get
these materials and have them available in various loca-
tions for testing, We should not wait until we get the-dis-
ease, and then iry to find resistance.

R.W. Toler: I would like to mention some of the contributions

of the people at OARDC with whom I have worked co-
operatively on corn virus diseases. Many comtributions
can be made in maize virology by a center like the one
here in Ohio, where you have many people engaged in a
multidisciplinary approach to a problem. To illustrate my
point, I would like to present a little historical background
on corn virus research in the 1.8. Dr. L_E. Williams’ dis-
covery of maize dwarf mosaic virus had indicated the im-
portance of virus diseases of corn in Ohio. Subsequently,
the same was established elsewhere in the U.S. In 1967,
breeders, entomologists, pathologists, and wirologists in
the South were concerned with diseases that apparenfly
were virus or virus-like in nature. One of the first prob-
lems encountered was the safe interchange of corn mater-
ial throughout the South. We found that even within corn
nurseries in various scuthern states that there weré virus
diseases that appeared to be different. We did not under-
stand what these differences represented. It became ob-
vious that it was necessary 1o have contributions from
many disciplines to solve this problem. Based on this
awareness, we organized a southern regional research
project. It soon became obvious that the diseases, in real-
ity, were different in different states and geographical re-
gions of the U.S. Therefore, we decided that we must have
an interregional approach and that research should be
multidisciplinary, We also realized that we were faced
with problems of proper detection and identification of
diseases and pathogens. We did not know with certainty
the causal agents of symptoms that we were observing.
We were seeing different reactions to what we had as-
sumed previously to be the same causal agent. On the
same corn genotypes, we were getting different reactions
m Texas, Virginia, Ohie, Mississippi, and other states.
How could we assess disease yield losses, if we could not
properly identify the disease or pathogen? And how could
we locate resistant germplasm? With the development of
the interregional cooperative cffort, we wore able to see
the performance of germplasm in different locations and
to wdentify causal agent{s} of various symptoms. We soon
found that through cooperation with the group at the
OARDC, where there was expertise in electron micro-
scopy, virology, biochemistry, entomology, breeding, and
epidemiology, we could all make contributions {o solving
the problem of disease identification. OARDC researchers
were willing to handle and identify diseased materials
from throughout the U.S. in cooperation with the others.
Thus, to improve our breeding programs we developed a
cooperative program with the aid of the Ohic expertise.
Once we began identifying the pathogens we soon found
out that we had interactions of pathogens involving two or
three viruses or mycoplasma-like pathogens i the same



plants. We also found new and unanticipated pathogens
that we had not differentiated by symptomatclogy. For
example, when Dr. Bradfute and I were surveying corn in
Texas for one particular set of symptoms, we found a
rhabdovirus-infected maize plant, that from symptoms we
would not have detected. This discovery involved the use
of electron microscopy. Agein, through this type of co-
operation, mvolving electron microscopy, vectors, and
virology, we detected a maize rayado fino-like virus during
the summer of 1976. By having a center of expertise like
the QOARDC, we have put together a cooperative system by
which we can come up with rapid detection and identifi-
cation of diseases. As Dr. L.M. Josephson mentioned, one
thing that concerns us 1s that we do not wish to wait until
a virus disease hecomes epidemic before we initiate con-
tral measures. We should have corn materials evaluated
for resistance and, hopefully, have sources of resistance
available before an epidemic happens Based on these ex-
periences, I think that the OARDC group has the expertise
to be of -value to an internatonal program for solving
maize virus disease problems.

J.M. Fajemisin: We should also establish research priorities. I

know that this is a prerogative of institutions and govern-
ments, but I think that a gathering hike the one here at this
colloguium and workshop can influence programs in other
countries. There are many research problems needing at-
tention; the problems of virus detection and the effects of
fertilizers and farming systems on disease As I mentioned
during my presentation, in Nigeria 25% of maize produc-
tion is in sole cropping, but the other 75% is produced in
combination with cowpeas, peas, other legumes, casava,
or yams. As Dr. Sutabufra mentioned, the interactions of
viruses with other diseases need attention. I think that it
1s very important for us to establish research priorities or
guides.

R.E. Davis: In our discussion of needs for an international co-

operative program for solving maize virus problems, we
have heard from our colleagues from other couniries that
they would henefit from the expertise that is available 1n
the United States. We must also acknowledge the benefits
that we would receive from collaboration with them. Some
of these points have already been touched on by Dr.
Josephson and Dr. Toler. We have the opportunity to re-
ceive resistant germplasm and to study new disease
agents in collaborative efforts. This type of work places in
perspective our own research in the U.S

J. Castillo-Loayza: We need technical advice and assistance in

Peru, parficularly in the areas of serology and vector
identification We also need assistance in pathogen and
disease identification. We are willing to exchange our
knowledge of different pathogens and the diseases they
cause.

G. Martinez-Lopez: We have just started work with maize

viruses 1 Colombia. Everywhere we lock we find prob-
lems. We need-mere hands and people to survey for these
diseases and for follow-up research. I am very interested
in cooperation with any of you around the world to 1m-
prove our methods of identification and to get information
on disease control. I also would like to receive published
information on maize virus disease problems. Our re-
search 15 often published in Spanish; generaily as short
publications. I do not know how to reach all who work on
maize viruses with this information. How can we handle
this? Also, there may be problems in translation. How can
we here assist with this problem?

L.E. Williams: We at the OARDC are not seeing some journals
in which you people from other countries are publishing.
Also, I could not help neticing that you are missing some
of ours. We have the OARDC Maize Virus Information
Service which could serve to ensure that these publica-
. tions in Spamsh are made known to all maize virus re-
searchers.
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D.T. Gordon: We have a number of problems with the Maize
Virus Information Service (MAVIS). We have a good re-
cord of locating relevant international journal articles for
mclusion in MAVIS. When these articles appear in foreign
national journals or other publications that have a very
limited circulation, it is difficult for us to locate them. -
Also, even though we are sometimes aware of titles, we
are not of the contents. We need to know countents so that
we only include articles that are relevant. At the moment,
we rely on several literature survey systems to provide us
with titles, then we try to obtamn copies. It would be valu-
able to us if people in other countries would send us
copies of their articles and alert us to the existence of
others, particularly those that do not appsar in imterna-
tional journals. We would all benefit from this type of co-
operation.

R.E. Ford: Translation may be more of a problem than distri-
bution.

R. Louie: Does the USDA have a translation service available?

V.D. Damsteegt: I believe that the USDA National Agricultural
Library has.a free translation service. Although they have
many journals, I do not think that they carry a lot of the
national journals from other countries. Maybe lhey could
send a list of these journals to the OARDC library.

R.J. Lastra: Most national journals have an English summary.
We could send you the reprint, and you could lock at the
summary and decide if the paper 18 relevant. If so, then
you could have it translated. I would like to say something
about collaboration, in general. Of course, any collabora-
tion ig very imporiant, and we appreciate very much the
help that you can give us with gur problems. I believe that
collaboration would be more effiment on a lab-fo-lab
basis. I thank it is important that we have contact with the
persons who work in the same field in different labs and
try to make arrangements for collaborative efforis among
ourselves.

L.E. Williams: If we enter info an international program,
many of the countries would not be able to furnish fund-
ing. Funding 1s the key, of course, for us to get an inter-
national program started and to do it well. We at the
CARDCG could continue to do many of the things that we
are presently doing, on a limited basis. But we are under
constraints about bringing 1n diseased materials from for-
eign countries, We cannot conduct biological studies such
as host ranges and vector studies on pathogens from those
samples. We can do some serology, electron microscopy,
and cenirifugation After these are done, we must destroy
the sample.

C. Johnston: The OARDC maize virus disease group has indi-
cated an interest in working in the international area. I
hope that this colloqmum and workshop can indicate to
USAID, the Rockefeller Foundation, or others the need to
support an international program. The problem one en-
counters with any public agency, at least in this country,
15 that budgets are formulated 2-3 years in advance. Thus,
we need to be as definite as we can i our proposals and
try to anticipate needs for training and research in the fu-
ture. It will fake much preparation and work, and you
have to justify requests. The main facility that 1s required
for virus disease work at the QARDC is one where we can
rear vectors and propagate diseased plants in safety.

L.R. Nault: It appears that a primary objective of importance
to everyone at this meeting is disease-and pathogen identi-
fication. I wish to comment on the idea of a center for
virus collections, mentioned by Dr. Raychaudhuri, This is
where one of the greatest coopsrative ventures might oc-
cur. Maize dwarf mosaic virus, which is mechanically
transmitted, is the only virus of major importance in maize
that we can lypholize and save in infected tissue for a
great period of time. Most of the other viruses are vector
transmitted and cannot be stored in lypholized tissue. Dr.
Martinez-Lopez has established tissue cultures of
Dalbulus. This 18 an important development because, per-



haps for the first time, we can easily maintain some of
these Dalbulus-transmitted viruses. 1 know that Dr, Lastra
has been irying to establish tissue cultures of Peregrinus.
By cooperation, we can accomphsh this goal and establish
a center for a collection of maize virus and virus-like
pathogens that are obligately vector transmitted. Develop-
ing a tissue culture system is a problem. This has to be
overcome or otherwise a world collection of these patho-
gens will not be possible. I indicated in my presentation
that even the mechanically transmissible pathogens, after
a number of serial transfers, lose their abilily to be
vector transmitted. If we cannot infect plants then how
useful are these cultures for screening maive germplasm?
Se, while we have techniques to assist us in maintamnmg
virus cultures, we still need periodic transfers. Heremn lies
one of the major problems that has led us to discuss with
the people from APHIS about the development of & quaran-
tine facility. This facility would allow us to maintain for-
eign vectors and periodically transfer pathogens which
can be maintained in tissue culture. Until tissue culture
techniques are perfected, we must rely on passage of
these obligately vector-transmitied pathogens from plant-
to-plant by their vectors. Maintenance of a world collec-
tion of maize pathogens requires a collection of their vec-
tors, and these vectors will in turn require a quarantine
facility

R.J. Lastra: I know that what you have described means less

confusion. But, what we can do at present is that a
laboratory in a country where the disease is present and
which has facilities could be responsible for maintaining a
certain virus. They could also provide 1t to the others.
Maize mosaic virus could be maintained by us and, per-
haps, rayado fino virus by Dr. Gamez. This could be done
until quarantine facilities are developed. Although you
cannot import the virus for biological studies we can send
a small, leaf sample from which you can compare wvirus
materials by physical and serological procedures.

L.R. Nault: I think that until this facility can be developed, 1t

would be very good for individuals in certain countries to
maintain indigenous viruses. However, I am still hopeful
that we can develop a world collection, for several rea-
sons. One is for dealing with strains of pathogens. Sero-
logically, we cannot separate most of the maize dwarf mo-
saic virus strains, and yet they produce different symp-
toms and infect various maiwze lines in different ways. In
strain comparisons, we need to study the wiruses 1 one
place where they would be tested uniformly by the same
transmission techniques on the same maize materials. I do
not think that we could do this well if we had todepend
on different people in different countries.

G. Martinez-Lopez: I would like to add more information about

the insect tissue culture. It would be necessary to main-
tain the virus, vector, and plant at all times. As mention-
ed, one of the main problems is identification. Insect tis-
sue culture would be & very useful tool for identifying
some viruses. We could use insect tissue culture
techmques in 1dentification, at any place without quaran-
tine. It would be very ecasy to handle once we developed
techniques for wiruses, spiroplasmas and mycoplasmas of
maize.

L.E. Wiliams: We have had some cooperative work with Dr.

Damsteegt. Would an international center compete with
any of his programs? Also, would there be any areas in
which we could still continue to cooperate?

V.D. Damsteegt: At Frederick, Maryland we have the kind of

quarantine facility that has been mentioned at this meet-
ing. But it is not designed, necessanly, for the kind of
work that you have described. I do not think that because
ours exists it would, necessarily, preclude or be a problem
for having one here. Several things come to mind concern-
ing a quarantine facility. One basic problem that we have
at Frederick, is the development of a protocol or philo-
sophy of working with pathogens in an area where sus-
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ceptible crops are grown and yet you wish to infect living
material in the facility. We have found that with a
quarantine facility you do not have to worry about con-
tamning pathogens and vectors as much as you de about
containing people who work with them. No one can go into
a quarantine facility and suddenly walk out, accidentally.
A working research nucleus exists in Ohio, This nucleus is
what we need to make an inieraational program work; we
do not have enough people and space at Frederick. Our
facility cost almost $2 mullion 20 years ago and was not
designed to meet all of our present needs. Today, it might
cost $10 or $15 million. There is a possibility, in terms of
immediate use, that we could do some service work. As an
example, INTSOY is interested in the white fly (Bemisia).
Dr. Bob Goodman of INTSOY and I hope to get some of the
white fly-transmitted viruses snd work cooperatively on
their transmission There would be some possibility, at
least as a beginning, for us to become involved in some
cooperative work on maize viruses. Dr. Bradfute and I
have a litfle cooperative work on maize streak virus. I am
not saying that you should not put a quarantine facility at
Wooster because we have one at Frederick. There should
not be a conflict; only cooperation and complementation.
With the nucleus you have at OARDCG, and if you could ob-
tam a quarantine facility, then we would benefit as well
as everyone else around the world. I am for it from that
standpoint. There are a lot of things that have to be
warked out, and it will take time to realize its implementa-
tion. Dr. Lightfield of APHIS will play a role in how the
facility develops. I do not know the attitude of State of
Ohio quarantine officials. In Maryland they do not neces-
sarily hke the introduction of foreign pathogens because of
fear of escapes from the quarantine facility. Several peo-
ple mentioned the fear of iniroduction of new pathogens
through seed exchanges between countries. We bring
seeds into the U.S. and if they come from an area where a
serious pathogen occurs, planis from these seeds are
kept mside a closed facility until we are sure that they are
not infected. I am not against importation of foreign seed,
provided adequate inspection is practiced.

J.W. Lightfeld: I think thaf plant quarantine officials work as

a team, involving federal and state regulatory units and
research people. Each person feels his responaibility for
what he is charged to do. and we each try to determine
what work can be done safely. Dr. Damsteegt's research
efforts on maize streak virus are restricted to the winter
months when no corn 1s in the field and, hopefully, not the
vector. If something drastic does happen, the pathogen will
not survive out-of-doors. Dr. Damsteegt has agreed to
these restricticns and works very well within this proto-
col. I do not recall of ever hearing about any pathogens
escaping from the Frederick quarantine facility. I think
this speaks well of the facility. If a similar facility were
bult at the OARDC, I am sure we would interact with
guarantine officials in Ohio to see that proper safeguards
were included. In settng it up, we all would have to esta-
blish procedurss. We would have a part in getting dis-
eased materials into the U.S. and in seeng that the proper
safeguards were followed. I am keenly .interested in the
activities at Fraderck. They have given the USDA serious
quarantine problems, but I faver this type of work. I think
that they are going to provide us with the answers we
need. Of course, I have the responsibility that the work is
done safely. Perhaps APHIS can help in the exchange of
germplasm and in problems of receiving seed from foreign
countries as well ag problems the foreign countries face.
Dr. Fajemusin mentioned the problem that he has in getting
materials into Nigeria. APHIS 15 charged with the respon-
sibility of certifying shipments going out of the U.5. and, of
course, shipments coming in. I have talked with Dr. House
of FAO when he was trying to get matemal certified for
shipment into the U.S. He provided statements that he had
not observed any disease of concern to the U.S. This same
information is needed also in sending germplasm out of the



U.8. It is very useful to whoever is writing up the certifi-
cate to be furnished a statement of the disease conditions.
Each country has its own regulations. Some countries
want seed produced free or certified free of southern corn
leaf blight. I think that the USDA inspects seed, but other
federal agencies do not. If pest information is furnished, it
expedites getting seed through quarantine inspection.

L.E. Williams: Do the representatives from seed corn com-

panies represented here have anything to add to the ad-
vantages or the dangers to therr international operations
in selling seed produced in foreign aress or comments on
international cogperation? .

D.R. Wilkinson: Virus disease identification has been our big-

gest problem: If we have, for example, some germplasm in
Nicaragoa that is resistant to virus diseases there, will
it also be resistant in Costa Rica or some of the other
neighboring countries; are the wirus diseases different?
Anything that would help us to determine what diseases
exist in different countries or areas of countries wonld
certainly be beneficial to us in the commercial companies.
I would like to take this opportunity to say that we have
appreciated the cooperation we have had with re-
searchers here at the OARDC imn disease identifications.

B. Tsotsis: I concur with what has been said already concern-

ing the need for assistance in identifying disease prob-
lems. Also, I am interested in the development of delivery
systems for deploying resistance 1o the field. It may be
proper at this time to refer to a couple of things related to
deployment of resistance to meet new situations. We have
faced two or three new situations in recent years, starting
with MDM here in Ohio and race T of Helminthosporium
maydis. More recently, attempts to contend with sorghum
downy mildew have been made. When the corn virus
problems became apparent, industry people and others
began evaluating a very extensive collection of germplasm
in the area where the problem occurred. In this context, 1
think biological materials can also he of diagnostic value.
They can tell you many things that you may not recognize
precisely at the time the problem first appears. Principal-
ly, they tell you what you will be able to do in a crisis
situation. This was done here in Ohio, and within a matter
of not more than 2 years introductions of significantly
virus-resistant, commercial materials were made available
to farmers. This involved propagating foundation seed and
making available the gquantity needed. Perhaps one of the
reasons that we do not hear more about viral disease
problems in Ohic and other states is because of the
development of relatively resistant hybrids, In the case of
southern corn leaf blight, the situation was of national
scope. It involved cytdplasmic as well as a genetic fac-
tors in corn. Again within one season, the entire cyto-
plasmic base of the U.S. corn crop was changed. More re-
cently with downy mildew, we and others located the
problem either on the Mexico side of the border near
Matamoras or near Gorpus Chmsti, Texas. Again, the
philosophy was that solutions to disease problems.can be
anticipated and developed rapidly. ‘But when a--disease
strikes in epidemic proportions, there is precious little you
can do in the vear of initial damage. If we do not have the
disease organism present at breeding sites, we will have
to endure the problem. The way we will attempt to desl
with 1t 13 to amass a germplasm collection, evaluate it
under known disease conditions, and see what is resistant
among existing or developmental hybrids and inbred lines.
Work with the above diseases are three recent examples
of what can be done One comment I would make, in gen-
eral, particularly to people from foreign countrmes who
may not be relying as extensively on resistance as we
have. In seed production systems or even breeding pro-
grams, if problems are to be solved through resistant va-
Tieties or hybrids, you had better allow considerable time
before you can expect to have solutions. If you take the
varietal approach and you are dealing with a cross-
pollinated species, the rate of progress in breeding for re-
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sistance and the cleaning up of genetic material will be a
lot slower than when all these lines are designated as to
exact genotypes and you had better allow for considerably
more time. So I think that this situaticn could be a very
important considerafion for any country that faces disease
problems. I happen to believe in the “numbers game” as
Dr. Osler mentioned. By that I mean, you should have
enough materjal 1o evaluate and let it tell you as much as
it can about disease resistance. If some materials fail due
to conditions that exist m a specihc environment, it 15 not
mandatory that you save them. This is one premise of a
breeding program; you select and throw away unsuitable
lines. Genoiypes that appear to be marginal may be of
limited interest, and they do not have to be kept in your
program. A lot of assumptions are made about delivery sys-
tems and who is responsible for them at present. We have
some hybrids with resistance in the U.S., and it took
several years to develop them. I think that they are im-
portant materials and should be utilized.

R.E. Ford: I suggest that an international maize virus newslet-
ter be established and that because of the expertise in
maize virus diseases at Wooster, this group at QOARDC
take the responsiblity for it. It should be sent annually to
each of the people attending this colloquem and
workshop. If the need is greater, then it should be semi-
annual. The newsletter could follow the format of othérs,
and “include abstracts of .information and meniion things
that each scientist plans for the future

D.S. Stanley: I think that the classification and identification
of maize virus and virus-like diseases around the world
are very important, not only to the commercial people but
also to governmental workers. Most commercial compan-
1es are probably doing maize work in many countries from
where our speakers come, and others as well. I think that
the commercial people would be willing to cooperate with
governmental people, and that this ¢ooperation should ac-
cur. I would like to see the newsletter developed

R.W. Toler: An international newsletter is usually sponsored
by an international working group. For example, the inter-
national citrus virus working group has a newsletter. Does
our group feel that the establishment of an international
maize virus working group 1s desirable? Dr Davis, would
you like to mention something about the international c1-
trus virus group?

R.E. Davis: [ am not a member of the citrus virologists work-
ing group, but T understand that citrus virologists have an
orgamzation called the International Orgamzation of Cit-
rus Virologists (ICCV). They meet periodically and publish
proceedings. As far as T am aware, this organizaticn has
provided a means for the exchange of information and for
enhancing collaborative efforts on an international basis.

8.P. Raychaudhuri: I have been a member of the IOCV for a
long time We will hold meetings every 3 years. A meeting
was held in Athens, Greece last year. This organization
has committees, for instance, on nomenclature, identifica-
tien, vectors, etc. People who are working in these areas
are responsible for bringing out important announcements
in the newsletter. These committees also help the workers
in collaborative efforts that have brought to light many
important findings, like the citrus stubborn and citrus
greening diseases. The IOCV has been very effective. The
maize virus newsletter could use the format of the legume
or IOCV newsletter, because both are concerned with one
crop.

L.E. Williams: What sort of a mechanism should we use to in-
stitute the newsletter? Do we elect or appomnt a8 commit-
{ee?

$.P. Raychaudhuri: Those who are interested in doing work,
for example, on maize mycoplasmas or spiroplasmas
should be responsible for this topic. If we have three or
four people achive in each subject matter area then; prob-
ably, we can finalize the establishment of an internation-
al maize virus working group in the near future. The



newsletter probably should be brought out by the QARDC
group. Finally, there should be a central depository where
we can compare and identify pathogens.

R.E. Ford: | suggest that there be two or three officers to
bring the group together and that they identify committees
that might be needed. I suggest D.T. Gordon as Chairper-
son, R.W. Toler, vice chairperson, and L.R. Nault, secre-
tary, for example.

R.W, Taler: We should not forget in.a proposal for an infer-
national work group to include all of the disciplines and
countries involved.

R.1. Brawn: A very successful group, for example, 15 the maize
genetic coopgration group centered parily at the Univer-
sity of lllinois and partly, I believe, 1n Indiana. They have
operated for many years without any formal structure.
There are no officers. It takes a Center like the OARDC
where there 15 a continuing intsrest in the subject and
where yon are able to pass the responsibility around n-
ternally, to handle such an undertaking. I am not refofing
what Dr. Ford has said, but I do not think it necessary to
be so highly structured. In regard to the newsletter, pre-
liminary information or ideas could be printed, and the
reader could accept or reject them, based on his exper-
iences. Without such a newsletter I think that we could
rapidly encounter a situation with these virus diseases in
which certain information that workers need to know
would not be acceptable to editors of official journals and,
consequently, not widely distributed. The newsletter helps
to circumvent this problem.

A.J. Ullstrup: The success of the maize genetic newsletter is de-
pendent upon the ability and dedication of one man, and
this is, I think, an essential quality that you would be
looking for.

R.J. Brawn: The Drosophila Newsletter, which has been in
existence for a long time, also has been successful by hav-
ing a rotation of good men assume responsibility for it I
think we have here at the OARDC the kind of men with
the abilities needed for this undertaking.

5.P. Raychaudhuri: To run a newsletter you will need money
also. Maybe in the beginning, we should have a nominal
subscription. That is how newsleiters usually are started.
This would mean that we would need a membership fee,
and you may need support from other organizahons.
Several people at this mesting have stated that they are
interested m pathogen characterization, virus mainten-
ance, and being kept informed of new mformation. All of
these items are important.

L.E. Williams; I do not know about sources of money. I know
that the OARDC is accepting the cost of MAVIS. I do not
know how much money that publishing and mailing news-
letters would cost. T know it will take a lot of work. As
long as it is unedited and involves only duplicating infor-
mation sent in, then work will be reduced. I am not sure
what expenses the OARDC could underwrite for a news-
letter. The compilation, publication, and mailing of MAVIS
18 already a lot of work. I do not know how much more we
could do.

C. Johnston: I can, with some quazhfications, volunfeer the
OARDG to print the newsletter on a cost basis.

L.E. Williams: Then, I suggest that we print 1t at the OARDC.

J.M. Fajamisin: There are several countries thet are not
represented at this meeting, and if you omif them, it elimi-
nates several of the poor countries.

L.E. Williams: The newsletter should be sent to all maize viras
workers in the less developed countries around the world.
We will need to’'get a mailing list of persons to whom the
newsletter should be sent and who can make the most use
of it. We may have to depend on meny of you for this in-
formation. We at the OARDC would be willing to atiempt
publication of a newsletter on a temporary basis.

R.E. Davis: To return to Dr. Ford’s suggestion, should we at-
tempt to formalize some kind of network for communica-
tion. 1 think this might be most effimently carried out if

there were a nucleus of people to handle the network, in
addition to the newsletter. That is to say, that the news-
letter would be an arm of the network. Perhaps, we
should consider the supgestion of Drs. Toler and Ray-
chaudhuri to formalize-the network and to consider as of-
ficers those who would represent the various areas of re-
search in maize virclogy. These people could serve for a
fixed term.

L.E. Williams: What do others think gbout Dr. Davis’ sugges-
tion that perhaps, in addition, to a newsletter, we should
have other activities? Perhaps this should be handled by
an slected committee that might include people outside of
the T1.5.

L.R. Nauit: I think that it would be well to have representa-
tives from a number of countries and the three major dis-
ciplines involved in maize virus diseases, viz. breeding,
entemology, and plant pathology. We will need a commit-
tee of more than three people; perhaps gix are needed.

L.E. Williams: Could we have Drs. Gordon, Toler, and Nault
serve as an Executive Committee, and they in turn would
select commitiees to develop these other things? Gould we
have these pecple be the nucleus in the beginning as the
Charwrperson, Vice-Chairperson, &nd Secrelary, respec-
tively?

I.W. Deep: Could we say that the Maize Virus Group at the
OARDG will do something about the newsletter? Dr. R.I.
Brawn has suggested that a more casusl approach might
be effective for communications. I think this approach
might be just as good. Also, I think that the OARDC maize
virus group will volunteer to consider this approach and
to initiate, at least, some plans on this matter. Then we
can see how they develop.

L.E. Williams: I believe that Dr. Davis said that there might
be some things in addifion to the newsletter that might
need some coordination and planmng. Dr. Davis, is that
what you had mn mind?

R.E. Davis: What I had in mind might parallel and be quite
consistent with Dr. Deep’s suggestion. For instance, this
group could act as an interim ad hoc committee which
would then formalize some kind of network to enhance the
total international cooperation along all possible lines. 1
think that the effort might benefit from some kind of struc-
ture. My proposal was that the newsletter, which could
be an entirely independent activity, might mcorporate in-
formation exchanged throughout this network or might
even be a means of information exchange for the hypo-
thetical infernational organization. I was thinking, some-
what, along the lines of Dr Raychaudhurm’s description of
the citrus virologisis group. Also, if we feel that it is bene-
ficial, to meet periodically in different countries, so that
those of us who are interested in these various virus chs-
eases and other problems in maize could see on site the
diseases in various countries, I think the group may need
some structure that could carry on the aciivities from year
to year.

I.W. Deep: I think thet all of your recommendations are very
good. 1 was thinking in terms of the limitation that we
have on time, as far as developing something specific here.
We have a lot of ideas. The OARDC group obvicusly will
use these ideas and develop them into some recommends-
tions. At this time, I am not sure exactly what they will
be.

G.E. Scott: It seems to me that there are two or three ideas
involved. One is a committee for organizing a msize virus
group, ancther is the question of do we want a center of
research at the OARDCG, and a third, do we wani a news-
letter” You could have a commtiee for the newsletter and
another for the desirability for a center of research, etc.
The same committees would not have to handle all these
things.

L.M. Josephson: I am not so sure that we are quite ready to
become highly structured. I believe it is important that we
go ahead with the newsletier. It seems to me that the



OARDC group would he the logical group to proceed with
it. I think that contributions to this newsletter will more or
less formulate future plans. If it develops that meetngs
should be held and that we should be structured into an
international group, then I think the OARDC group could
take the initiative. .

L.E. Williams: Perhaps as this newsletter develops, zll of you
conld provide opinions on whether we need to be formally
structured.

TF. Sutabutra: The newsletter would be very useful, but I
would like to see the QARDC serve as a center for anti-
serum collected from all the countres. This would be use-
ful for 1dentification of viruses. Also, it is difficult for us in
foreign countries to get specific chemicals that must be

used for certain viruses. If the CARDC could serve to pro- *

vide these chemicals, it would be very useful. But the
thing that we are most interested in now, 18 service work
in research_to enable us to do things which we cannot do
at all

V.D. Damsteegt: Concerning the newsletter, is it possible for a
commitiee to devise @ questionnaire that would inquire
about the various possible directions we need to go? This
questionnaire couid be to all of us. We could then respond
with formal comments.

L.R. Nault: Dr. Davis asked for a consensus, and I think that
we need it before we do anything formally., Many maize
virus workers are not here and perhaps this questionnaire
could be expanded and the consensus come from addition-
al countries.

V.D. Damsteegt: You might add a request for names of other
people who might be interested in our activities.

L.R. Nault: We have been talking about two means-of com-
munication; one is the newsletter and the other is getting
together on a regular basis. We discussed funding the
first, which 1s relatively simple. But, funding the second is
more difficult. How can this be done?

R.E. Ford: The legume virus workers have never sought fund-
ing. They usually try to convene at en international con-
gress or a major national meeting about every 3 years and
meet a day before or a day after the meeting. This ar-
rangement usually brings together a significant number of
the members. But as multidisciplinary as the maize virus
group appears to be, I do no think that this arrangement in
this case will work as well. We would not have entomol-
ogists and maize breeders at virology congresses, and we
would not have virologists at entomology congresses
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L.R. Nault: Often, it costs a great deal to send people to one
location and wvsually state or federal governments do not
have money for this. Funding must be sought from other
sources. o

R.W. Toler: One thmg we have been talking around, but have
not mentioned directly, is a site for a possible future
meeting

R.E. Ford: We could take care of that in the questionnaire

D.T. Gordon: Could we come to a consensus to allow us to
proceed further? My suggestion would be that we take Dr.
Damsteegt’s 1dea of developing a gquestionnaire, and based
on responses to it set forth the possible directions for fu-
ture development of a metwork of maize virus workers.
Also, the OARDC group, in an unstructured manner, could
put the questionnaire together, distribute it among the
people attending the meeting, and get their responses and
additional names of interested people. Once we have all of
this information, then we could prepare a final document,
and see if we can develop a viable international program.

L.E. Williams;: The problem of accomplishing the things that
we have discussed is funding. I think that you all know
- that one institution cannot assume the funding for an inter-
national program and still carry out its local missions. The
OARDC group works nationally because it has received
federal funds to do so. We need similar funding to initiate
an international program. We have discussed the need for
a quarantine facility and Dr Damsteegt has indicated that
it is very expensive. Such a facility is one thing we must
have if we are to serve as a center for an international
program. We are on the eastern edge of the Corn Belt and
must have total security In addition to such a facility, we
would need funding for new personnel and equipment,
travel, and supplies. This would make possible the imple-
mentation of a cooperative international program in all of
its phases. This would include training, disease and
pathogen identification, screening germplasm, information
exchange networks (workshops, newsletter, MAVIS, and
wternational work group) and determining economic
thresholds of disease. We would give a percentage of our
time and make available our present facilities and equip-
ment.

R.I. Brawn: I believe that there is one point on which there is
consensus. This has been one of the finest meetings that I
have ever attended. I think I csn speak for the group
when I commend you for the meetings. I am glad to have
been invited.
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