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Preface

Dr. Frank Zillinsky came to CIMMYT in
December, 1967, from the Ottawa Agricultural
Research Station, where he was employed for some
17 years by the Canada Department of Agriculture
as a Cereal Crop Specialist. He was appointed as the
leader of CIMMY T's triticale improvement program,
and held that position until his retirement from
CIMMYT in July, 1982. Under Frank's guidance,
triticale germpiasm underwent very rapid improve-
ment, from not much more than a biological
curiosity to the threshold of widespread commercial
cultivation. That alone is an accomplishment which
would satisfy most agricultural researchers, yet
Frank offered more.

Though not formally trained as a cereal
pathologist, Frank was often confronted with the
need to identify diseases afflicting various small
grain cereals. Characteristically, Frank studied in
his spare time to develop this necessary expertise.
To his disappointment, he found no publications
designed specifically to help a person in his situa-
tion: a plant breeder who needed to identify the
diseases affecting his crops.

For many years, Frank worked closely with
cereal pathologists from all over the world, study-
ing, learning, and accumulating thousands of
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Dr. Frank Zillinsky

Facing page: Triticale seed (wheat x rye)

photographs and disease observations for his own
edification. About nine months before Frank’s
scheduled retirement from CIMMYT, Norman
Borlaug suggested that hundreds of agricultural
researchers in developing countries and elsewhere
could benefit from the kind of book Frank had
sought but not found. He also suggested that
Frank was the person best qualified to write such a
book. Hence, this guidebook was prepared, drawing
heavily on Frank’s own collection of photographs
and knowledge of small grain diseases, but with
significant input from friends and collegues the
world over.

Plant diseases are probably the greatest con-
straint to increasing global small grains production
in the 1980s and beyond. Accordingly, CIMMYT
is placing a very high priority on breeding wheat,
triticale and barley for enhanced resistance to
various diseases, and we encourage national pro-
grams in developing countries to do the same. In
fact, the essence of CIMMYT's wheat improvement
strategy lies in multilocation testing and a heavy re-
liance on national program staff for performance
evaluations of germplasm. Moreover, many develop-
ing countries now have sophisticated plant breeding
programs capable of making valuable contributions
to improving disease resistance.

Success in breeding for enhanced disease resis-
tance will be the result of a cooperative effort among
many national programs and CIMMYT, and will
require the free exchange of germplasm and per-
formance data. To develop useful breeding objec-
tives and effective crossing plans, accurate informa-
tion as to which diseases are affecting which cul-
tivars is needed, as well as data on the severity of
affliction. This guidebook addresses the problem of
accurate disease identification. We strongly believe
it is a necessary addition to the literature and that
it will prove useful to thousands of agricultural
researchers all over the world. It is a significant
achievement, a fitting capstone to Frank'’s distin-
guished career, and perhaps the most important
publication to be recently forthcoming from the
CIMMYT Wheat Improvement Program.

Byrd C. Curtis
Director, CIMMYT Wheat
Improvement Program
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Introduction

The main purpose of this guidebook is to
assist in the identification of diseases and of patho-
gens causing diseases in cereal crops. It is not
intended as an authoritative text on diseases, nor
does it provide any new information on diseases or
diagnostic techniques. Its primary audience includes
breeders, agronomists, and young scientists-in-
training, especially in developing nations, who are
responsible for identifying and recording trial data,
screening segregating populations for disease resis-
tance, and verifying the disease reactions of various
types of plant material in their programs.

At many of the research stations in develop-
ing countries, the responsibility for recording
disease reactions and making selections belongs to
breeders, production agronomists, and their assis-
tants. Most of them are familiar with conspicuous
diseases, such as the rusts, smuts and mildews, and
feel confident that the data they report are reliable.
Their confidence tends to fade, however, when
faced with the need to identify foot rots, head
blights and leaf blights. This guidebook is intended
to help cereal crops researchers improve their
knowledge and increase their confidence in dealing
with the plant diseases they encounter.

The diseases affecting bread wheat, durum
wheat, barley, oats and triticale provide the main
focus of this guidebook. Triticale is now emerging
as a commercial food and feed crop in some
countries and production appears destined to
increase. Because it is a relatively new crop, pub-
lished information on the reaction of triticale
to specific diseases is meager at thistime. Important
observations by CIMMYT personnel and national
program cooperators regarding diseases associated
with triticale are included here.

Figure 1. This guidebook is particularly useful to nonpatho-
logists charged with the responsibility of identifying less
than conspicuous diseases (photo: C. Dowswell).

The scope of this guidebook is limited to the
use of simple techniques helpful in identifying
some of the most common causal organisms of
cereal crop diseases and associated saprophytes.
It is recognized that many pathogens, such as those
causing foot rots and viral diseases, require more
elaborate techniques for accurate diagnosis. There
are many excellent books available to those who
wish to delve deeper into the study of plant
diseases. As a start, the Compendium of Wheat
Diseases (1977} and the Compendium of Barley
Diseases (1982), published by the American
Phytopathological Society are especially recom-
mended.

In an effort to minimize the confusion that
currently exists in the taxonomy of fungi, bacteria
and viruses, the most commonly used generic and
species names are used in this publication. The
perfect or sexual stage is footnoted and discussed
in those instances where it serves as an important
stage in the initiation, recognition or spread of the
disease.

Considerable variability exists in nature among
microorganisms, just as among higher plants. In the
past, there has been a tendency among mycologists
to give species status to minor morphological
variants or forms that are pathogenic on different
host species. Greater awareness among scientists of
the natural variation that exists among all life
forms has led to the establishment of fewer species
groups. This trend is appreciated by many biological
scientists outside the realm of taxonomy.,



Field and laboratory

techniques and equipment

Many cereal crop researchers whose work
brings them in contact with crop diseases are not
familiar with routine laboratory techniques used
by phytopathologists and mycologists. Thus, only
simple field and laboratory techniques and equip-
ment, those well within the means and capabilities
of researchers and technicians, are suggested here,
Where these methods fail to provide reliable
identification, it is recommended that one seek
assistance from qualified pathologists.

Collecting and preserving samples

The collection of diseased samples becomes
necessary when identification of the causal organ-
ism requires observation or verification in the
laboratory. These same samples can then be
preserved as references for future observation, or
for comparative purposes, especially as symptoms
change with the progressive development of the
disease or maturation of the host.

Disease symptoms are more typical and the
causal organism more easily identified if sampiled
when the disease is actively developing. As disease
progresses, necrosis increases, and other organisms
{both parasites and saprophytes) invade weakened
or damaged plant tissues. These changes increase
the complexity of identifying the major (primary)
pathogen.

Collected samples should be dried and pressed
flat as quickly as possible. Two systems of pre-
serving the collected samples are suggested here,
and the appropriate choice will depend upon what
form of reference is desired, as well as the amount
of information the researcher decides to collect.

Transparent cellophane tape: Thin plant material,
such as leaves, stem sections, seeds, and spikelets
can be pressed between two layers of cellophane
tape. If maintained in a file away from sunlight,
the color and shape of the sample will remain
relatively stable for 10 years or more. The col-
lected sample should have dry surfaces and be
pressed flat so that the disease symptoms are
readily apparent.

A useful and easily made tool that will fa-
cilitate sandwiching of collected samples in cel-
lophane tape is shown in Figure 2. This is a clear
plastic frame approximately 10 cm wide and 30 cm
long. In the center, a rectangular section 20 cm
long and 3 cm wide is cut out. The plastic frame
holds the sample flat while tape is applied, first to
one side, then the other. Important information,
such as the identity of the crop, sample, nursery
and the date, can be recorded directly on the tape
at the time of collection.

Permanent data sheets {see Figure 3) should
be used to record field observations. Information
recorded on the tape of each sample should also be
recorded on the corresponding data sheet. This will
help avoid confusion, especially if several samples
are taken from the same crop and nursery. Field
observations should be as complete as possible in
anticipation that other diseases may occur on the
same crop in the same field. Laboratory observa-
tions may be made later to verify the identity of
disease causing organisms.

Glassine envelopes: Diseased plant material from all
parts of cereal crops can be preserved in envelopes
made of glassine paper. These envelopes allow
plant material to dry quickly, and are not damaged
by moisture. A very useful type is one originally
designed for hand pollination of maize plants (see
Figure 4). All relevant field observations can be
recorded on the envelope, either in pencil or with a
marking pen. This method has a further advantage
in that several samples of similar material can be
placed in the same envelope. Leaf material stored
in envelopes must be pressed and dried thoroughly
or it will tend to twist, curl and become brittle.

Figure 2. The plastic frame shown here helps to hold thin
plant material in place while cellophane tape is applied, first
to one side, then the other (field photos: C. Dowswell).






PLANT DISEASE COLLECTIONS

Sample number: B 8I- o g
Crop and variety or plotno.: T RITICA LE, MERINo 8 -4 &1
Date collected: /|G SEPT. 19%/

Nursery or location: £/ BRBATAN ; MEx:i1co

Field observations when collected:

- LARGE G&RAYISH To STRAW COoLoREP BLOTCHES,
OVAL 706 ELONSATE IN sHAPE_} ON AOWER
LEAVES

- No BLOTCHING OR. ~ESI/ONS ON UPPER
LEAVES

- NO APPARENT STRESS 7o PLANTS. NoRMAL
R’PcNWG; SPIKES CLEAN , GRAIN PLump

Laboratory observations:

Under low magnification, dry: LENTERS oF DISEASE LESIONS
COVERED wWITH DARK SUPERFICIAL FRWITING
STRUCT URES

Under low magnification, in petridish: BLACK. SHINY CONIDIA
AND DARK BROWN QON(D/boPHORES DEVELOPING
ACROSS WHOLE AREA OF LESIoN

Under high magnification on slides: . oN/D/A OLiVE BIQGLJN)
&-7 CONSPIcuous SEPTA, LO-/00 X (8- A3 prnm

TH ek LJALL.S/ CTYLINDRICAC WiTH ROUNDED ENDS

Disease identity:
L QLUODOoD>

(H. SATIVum)

References: VG RAMINICOLous SPECIES oF HELMINTHosPoR I um'”

JouR, oF AGRIC, RESEARCH a4 PP A 0-740
(. PRESQHSLER. 1923

Remarks:

No Foo7T ROT oR DISEASED NODES
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Figure 3. When samplesare collected in the field, permanent
data sheets such as the one shown here (facing page) should
be used to record field observations. Laboratory observations
can then be made to verify the disease-causing organism.

B%2-67
. ELBATAN, BARKEY, Fy 674a..
Jury 7/32

WHITE STREAKRS ON LEAVES AND
LEAF SHEATHS , WFPER LEAVES CURLED
INWARD AND APPEAR RIGID, APHIDS
PRESENT ON NEW LEAVES.

- Bva-6¥

Ek BATAN , WHEAT , BITAGA RED,

TJury 7 /32

YeLtow- BROWN KESIONS oN LOwER LEAVES,

T AROWNS AND RedTS ARE NECROTIC AND
- DA ERowN, APPEARAMCE oF _li._ SATIVUM .

Figure 4, Envelopes made from glassine paper can be used effectively to preserve diseased samples. They allow rapid
drying of samples (leaf material should be pressed flat) and are not damaged by moisture.
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Preparing samples for the laboratory

Microscopes that can provide several levels of
magnification constitute the most important equip-
ment needed for making laboratory observations.
The best combination of microscopes is a stereo
dissecting scope, with an upper magnification of
not more than 50X, and a compound microscope,
with magnification ranging from 40X to 400X. The
researcher will need petri dishes (the plastic type
are satisfactory), filter paper, dissecting needles,
scissors, a scalpel, tweezers, a water dropping bottle
and glass slides with cover slips (Figure 5).

Techniques: Once again, the emphasis here is on
simplicity and ease of execution. Such techniques
as staining, sterilizing, isolation on nutrient media,
and the reproduction of disease on healthy plants
are very useful, but beyond the scope of this guide-
book. However, for researchers requiring more
sophisticated techniques, the Herbarium Handbook

prepared by the Commonwealth Mycological
Institute, Kew, England (1960), is recommended.

Clean samples possessing disease symptoms
are cut to fit within the petri dishes. The identity
of the sample is recorded on the dry filter paper
previously placed in the bottom of each dish (Figure
6a). Just enough water is added to moisten the
paper; there should be no excess or free water in
the dish (Figure 6b). Plastic bags that will hold
several petri dishes can be used as moisture chambers
to prevent drying during incubation (Figure 6c¢).
Samples should be incubated for 24 to 48 hours at
room temperature. Samples from the lower portions
of the plant {near or in the soil) should be washed
thoroughly before being placed in moisture cham-
bers. Surface sterilization with calcium hypochlorite
or common chlorine bleach (at 1 percent solution
for 1 to 5 minutes), followed by rinsing, may also
help eliminate surface contaminants.

Figure 5. Equipment needed for making laboratory observations includes two kinds of microscopes (dissecting and
compound types), petri dishes, filter paper, tweezers, dissecting needles and scalpel, a water dropping bottle, and glass
slides with cover slips.

6
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Fungi that are pathogenic on cereal crops
will generally sporulate within 48 hours on fresh or
dried samples (Figure 6d). The main exceptions to
this are fungi that develop sexual fruiting structures,
and thus require more time to induce maturation
of sexual spores. One to two weeks under semi-dry
conditions, or alternate periods of drying and
moistening, is all that is required for some ascomy-
cetes. Others require extended periods of outdoor
weathering.

The incubated material should be examined
within 48 hours; otherwise, saprophytic contami-
nants tend to obscure the main pathogens. The
fruiting structures can be observed and, with
practice, identified under the dissecting scope at
low magnification (56X to 50X). For observation at
higher magnifications, spores or fruiting structures
can be picked out or scraped from the surface of
the plant material and placed in a drop of water on
a slide. A cover slip should be applied gently to
avoid air bubbles, and the slide examined under
higher magnification. Using an eyepiece with a

calibrated scale will help to establish the size and
identify other features of the spores being examined.
However, with experience the relative size of
spores can be established without using a scale, and
disease causing organisms can be identified at lower
magnification.

PLEASE NOTE: Most of the photographs of spore
forms included in this guidebook were taken at an
original magnification of 10 x 40 (400 times the
actual size). These photographs were then further
enlarged 250 percent for printing purposes. Thus,
the final magnification of a 10 x 40 photomicro-
graph equals 10 x 40 x 2.5 (1000 times the actual
size). In the case of close-up photographs of
conidiophores, etc., which were generally taken at
50 x, the final magnification equals 50 x 2.5 {125
times the actual size). The original magnification of
each photograph taken with the aid of a micro-
scope is provided in each respective caption. Simply
multiply that magnification by 2.5 to arrive at the
final magnification.

Figure 6(a). Diseased leaf material is first cut to fit in a
previously prepared petri dish...

... (b} the filter paper is then moistened and excess moisture
is poured off ...

...{c) the samples are incubated for 24 to 48 hours at room
temperature in a plastic bag that acts as a moisture
chamber...

...{d) and usually within 48 hours, pathogenic fungi will
sporulate. Shown here is sporulating Helminthosporium
sativum.




Disease groups and

their general symptoms

The diseases included in this guidebook are grouped principally on taxonomic or morphological
similarities of the pathogens. Diseases caused by fungi not belonging to one of these groups are arbitrarily
placed in the category of miscellaneous diseases and separated by their propensity to affect either the
lower or upper portions of host plants. Some common saprophytic and weakly pathogenic fungi are also
included here, not because of their importance in causing disease, but to help the researcher distinguish
them from primary pathogens. Some common noninfectious problems are described briefly in the
sections dealing with injuries from nematodes and other pests, and physiological, nutritional and environ-

mental stresses.
Disease Group

The rusts

Helminthosporium
diseases

Septoria complex
and septoria-like
diseases

Smuts and bunts

Fusarium diseases

Miscellaneous root
and crown diseases

Symptoms

Conspicuous raised pustules {uredia), yellow-orange to dark red, occur
on leaf blades and sheaths, stems or glumes. These pustules release
loose, colored spores. Black, covered or exposed teliospores may be
produced as plants approach maturity.

Foot rots, leaf spots, leaf blotches, seedling blight, leaf stripe and
head blight are the main diseases caused by this group of fungi. The
Helminthosporium species are identified by the type of fruiting
structures produced and the morphological features of the spores.
The conidiophores and conidia develop in colonies on the surface of
the host tissue from dark embedded and superficial mycelium. The
conidia are smooth, septate, subhyaline to dark, mostly cylindrical,
often with a dark, colored scar on the basal cell.

Leaf blotches develop tiny dark spots (pycnidia) within irregularly
shaped dry lesions. When moist, pycnidia exude masses of colorless,
threadlike, septate conidia.

Florets and/or grain are replaced by black spore masses. These spore
masses may be loose, enclosed in greyish white membranes, or encased
in dark spore balls similar in shape to the grain replaced. Others form
black spore masses in the leaf blades and sheaths, and occasionally
stems.

Scab, foot rot, and snow mold are the main diseases caused by
Fusarium species. The fungi are most readily recognized by the
colored spore accumulations and aerial mycelium, which varies from
white, pink, peach to red in color on the affected areas. Fusarium
nivale may also cause a grey-brown leaf blotch,

Discolored or rotted roots and crowns (foot rots), dark mycelial
development and/or eye spots on basal internodes, white heads or
sterile spikes, as well as lodging, are often associated with root rots.
Symptoms of other diseases in this group include broad stripes on
basal leaves, thickened leaves, dwarfed plants and distorted heads.
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Disease Group

Miscellaneous leaf
and head diseases

Saprophytic and
weakly pathogenic
fungi

Bacterial diseases

Viral and myco-
plasmal diseases

Injury from
nematodes and
other pests

Physiological, nutri-
tional and environ-
mental stresses

Symptoms

The fungal pathogens included in this group have little in common
except their tendency to invade the upper parts of the plant. Each
fungus produces rather distinct disease symptoms, and they usually
develop their fruiting structures on the surface from submerged
mycelia. Claviceps purpurea, the cause of ergot, differs in its de-
velopment of fruiting structures; large dark sclerotia replace the ker-
nels in infected florets,

Several common saprophytes and facultative parasites are included
in this group. Normally these fungi are aggressive spore producers,
producing dark, thick-walled spores on dead or dying tissue. The
affected plant parts take on a dull greyish appearance. Under condi-
tions favorable to the fungi they may invade living plant tissues or
developing grain, usually during the maturation stage.

Water-soaked streaks, spots, and blotches appear on leaves, stems or
glumes. When leaves are moist with dew, droplets of bacterial exudate
may develop on lesions and newly infected areas. When dry, the bac-
terial exudate may form crystals or a thin shiny film that flakes when
scraped. Streaks may appear dark by reflected light, but often are
translucent by transmitted light.

Viruses produce no visible fruiting structures. They develop a broad
range of symptoms on cereal crop plants, including stunting, spotting,
striping, streaking, yellowing or general chlorosis. Many viral diseases
are transmitted by insects or small animals (such as aphids and nema-
todes); others are transmitted mechanically or by the fungus Poly-
myxa graminis. The identity of the vector is important and often es-
sential to the identification of the disease. There may be a tendency
for the onset of necrosis to be delayed longer in viral diseases than in
fungal diseases.

injury can occur to below- or above-ground portions of the plant.
Damage to roots by cutting, chewing or boring indicates worms,
larvae or other insects. Abnormal branching and deformation of the
roots in the form of knots, swellings or galls indicates a nematode in-
festation. Above ground, mechanical damage such as chewing, clipping,
boring or stripping of leaves, stems or heads indicates insects or
mammals. Nematodes may form seed galls, replacing grain in the
heads. Other nematodes may infest the nodes, causing swelling and
deformation.

Abnormal plant development caused by mechanical damage, chemical
injury, environmental and physiological stresses, or genetic abnor-
malities; not caused by pathogens.
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The rusts

Puccinia species

The rusts are perhaps the most destructive
and also the most widely recognized of cereal crop
diseases. They occur in almost all areas of the
world where cereal crops are grown. Any of the
above-ground portions of the plant may become
infected, from seedling stage to maturity. The
fungi, Puccinia species, are mostly obligate parasites
with highly complex life cycles. Three spore forms
develop on small grains and grasses, and two
additional spore forms are produced on the alter-
nate host (where it exists),

Of these spore forms, urediospores {(summer
spores) are most important, because they enable
repeated cycles of the disease to spread from field
to field and survive from year to year. These spores
vary in color from yellow-orange to reddish brown.
They are produced in pustules (uredia), which
erupt through the epidermis exposing the powdery
spore masses {Figure 7).

Teliospores {winter spores) develop as the
crop approaches maturity, and they usually remain
covered by the epidermis of the host plant. Telio-
spores differ from the urediospores in color, form

Figure 7. Uredia of stem rust (Puccinia graminis f.sp. tritici)
on wheat (facing page). Note the loose epidermal tissue
along the margins of the sori.

and function. They are dark brown, two-celled,
have thick walls, and function as the first stage in
the sexual cycle of the fungus. After weathering, or
overwintering, the teliospores germinate and pro-
duce basidiospores that are able to infect the
alternate host {but not cereals or grasses). The
sexual cycle on alternate host plants creates diver-
sity through genetic recombination, and establishes
primary inoculum for the new crop cycle. The
fungi, however, usually persist from cycle to cycle
as urediospores, or as mycelium established in the
host tissue.

At least five Puccinia species attack cereal
crops; forms within species vary in their capacity
to parasitize crops and grasses. The different forms
are given form species (f.sp.) names. For example,
stem rust is caused by Puccinia graminis. The form
species that infects oats but not wheat or barley is
identified as P. graminis f. sp. avenae. Within forms
there are physiologic races that are distinguished
by their virulence on specific host genotypes. The
occurrence of new physiologic races of rust fungi
creates difficulties in developing and maintaining
resistant plant varieties.

Rust diseases are most effectively controlled
by the use of resistant varieties and by the eradica-
tion of the alternate host. Fungicides applied as
foliar sprays can be used effectively to protect
crops threatened by pathogenic races, but are
usually uneconomical as control systems.

Distinguishing the species

Urediospores of P. graminis f.sp. tritici (10 x 40)

The rust species described here usually can be
distinguished by the characteristics of the uredia,
color of the urediospores, and the host species they
infect.

Puccinia graminis (stem rust)

Large elongate spore masses are reddish brown
with loose epidermal tissue conspicuous at the
margins of the pustules. Uredia may develop on
both the upper and lower surfaces of leaves,
and on heads and stems. Urediospores are dark red,
elliptical, echinulate, and measure 24-32 um X
18-22 um.
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Puccinia recondita (leaf rust of wheat)

Uredia are red, oval shaped, and scattered,
without conspicuous loose epidermal tissue at the
margins. They are usually produced on the upper
side of leaf blades. Urediospores are orange-red to
dark red, spherical, and measure 20-28 um in
diameter.

Puccinia hordei (leaf rust of barley)

Uredia are yellow-orange, oval shaped, scat-
tered, and occur generally on the upper side of the
leaf blades. Urediospores are yellow-orange, rela-
tively large, egg shaped to spherical, and measure
28-36 um x 24-28 um. This fungus is pathogenic
only on barley and its close relatives.

Puccinia striiformis (stripe rust)

Uredia occur in conspicuous narrow yellow
stripes on leaf blades and sheaths. Urediospores are
yellow, more or less spherical, and large, measuring
28-34 um in diameter. Glumes and lemmas often
become infected. Narrow black stripes are formed
on leaves during telial development.

Puccinia coronata (crown rust of oats)

This fungus is pathogenic on oats, but not on
other cereal crops. Uredia are oval to elongate
blisters with bright yellow-orange urediospores. The
urediospores are spherical to egg shaped, and 20-32
um in diameter. The teliospores are broad and have
projections on the upper cells.

12

Urediospores of P. recondita (10 x 40)

Urediospores of P. hordei (10 x 40)

Urediospores of P. striiformis (10 x 40)

Urediospores of P. coronata (10 x 40)



Stem rust

Puccinia graminis

Stem rust is a well recognized disease of cereal
crops, occuring almost everywhere these crops are
grown. * Puccinia graminis tritici infects wheat,
barley and triticale. Puccinia graminjs avenae
infects oats, and P. graminis secalis infects rye.
Disease symptoms most commonly appear on the
stems and leaf sheaths, but leaf blades and spikes
may also become infected {Figure 8). Three spore
forms are produced on the cereal hosts. Uredio-
spores develop in pustules (uredia) that rupture the
epidermis and expose masses of reddish brown
spores (Figure 9). The pustules are larger than those
of leaf and stripe rust, oval shaped or elongated,

;-F:.'nf' ) ﬂ 4 - 5 y 14 L W
Figure 8. Heavy infection of stem rust on triticale. Note
that leaf blades and sheaths are also affected.

Figure 9. Uredia of P. graminis. Note the loose epidermal
tissue.

with loose or torn epidermal tissue along the
margins. They may appear on both the upper and
lower surfaces of the leaf. The urediospores of P.
graminjs are reddish brown, elliptical to egg shaped,
echinulate structures measuring 24-32 um x 18-22
um (Figure 10). They continue to be produced
until the plants approach maturity.

Figure 10. Urediospores of P. graminis are oval to egg shaped
(10 x 40).
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As the plants approach maturity, urediospore
production ceases and teliospores develop, either in
the same uredia or in different fruiting structures
called telia. The teliospores are dark brown, two
celled, and somewhat wedge shaped. They retain a
portion of the pedicel or stalk, have thick walls,
and measure 40-60 um x 18-26 um. The apical cell
is rounded or slightly pointed (Figure 11). The
teliospores frequently erupt through the epidermis,
persist in the plant tissue during the winter, and
may serve as the first stage in the sexual cycle by
producing basidiospores. Common barberry, Ber-
beris vulgaris, and Mahonia species are alternate
hosts for P. graminis (Figure 12).

The urediospores of stem rust are carried over
long distances by the wind. During the active growth
period of host crops, repeated cycles of uredia are
produced every 14 to 21 days, which accounts for
the rapid spread of the disease over wide areas.
This disease, along with leaf rust, has received
much attention from pathologists, plant breeders,
and other scientists. In the past, the creation of
new physiologic races via the sexual cycle on the

Figure 11. Teliospores of P. graminis (10 x 40).
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alternate host, barberry, resulted in serious crop
losses and reduced the effectiveness of resis-
tant varieties. In North America, the eradication
of barberry, and deliberate breeding of resistant
varieties, have been important factors in improving
the stability of resistance to stem rust in varieties
and reducing the incidence of epiphytotics.

Figure 12. Aecia developing on an alternate host of P.
graminis, common barberry {Berberis vulgaris).
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Leaf rust of wheat

Puccinia recondita

Leaf rust is a serious disease of wheat, rye, tri-
ticale and many grasses. The pathogen is mildly
parasitic on barley, but does not infect oats.
Another closely related species, P. hordei, is a
common pathogen of barley (page 16).

Leaf rust appears as small, oval-shaped, dark
red pustules scattered on leaf sheaths and the upper
surfaces of leaf blades. The pustules {(uredia} break
through the epidermis, but do not cause loose epi-
dermal tissue at the margins as is characteristic of
stem rust uredia (Figure 13). The urediospores of
P. recondita are orange red to dark red, echinulate,

] \ A

Figure 14. Urediospores of P. recondita tend to be more
spherical than those of P. graminis (10 x 40).

spherical, and usually measure 20-28 um in diame-
ter (Figure 14). The teliospores are dark brown,
two celled with thick walls, and are rounded or
flattened at the apex (Figure 15). The telia develop
during the later stages of plant development in sori
on leaf sheaths and on both surfaces of the leaf
blades. The teliospores remain in the leaf tissues
and are covered by the epidermis.

Thalictrum and Anchusa species, the alternate
hosts of P. recondita, occur in some areas of
Europe, but are unimportant as a source of new
races of this fungus. In temperate climates, the
pathogen survives from year to year as mycelium
or urediospores on winter cereals and grasses. In
the tropics, it oversummers at higher elevations
and in cooler areas.

Leaf rust is best controlled by the use of re-
sistant cereal crop varieties or multilines. Fungi-
cides, such as Triadimefon (bayleton) and Butrizo/
(indar), are effective in controlling leaf rust and
can be used economically in epidemic situations.

Figure 15. Teliospores of P. recondita (10 x 40).
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Leaf rust of barley

Puccinia hordei

Leaf rust occurs extensively in many barley
growing areas of the world, but the crop losses
it causes are usually light. The pathogenicity of
this fungus is restricted to cultivated barley and its
close relatives. Barley is also affected by some races
of P. recondita, but to a lesser extent.

The uredia of P. hordei are small, oval to
round, and yellow-orange in color. They develop
almost exclusively on the leaf blades and sheaths
(Figure 16). The urediospores are egg shaped to
spherical, yellow, and relatively large, measuring
28-36 um x 24-28 um (Figure 17). As the crop
matures, dark brown telia form in the leaf tissues
and initially remain covered by the epidermis. The
alternate host, Ornithogalum umbellatum (the star
of Bethlehem}, can be a source of aeciospores in
some areas of Europe, but does not appear to
become infected in North America; it is unlikely
that it plays an important role in the perpetuation
or dissemination of new, diverse forms of the
pathogen.

The development and spread of leaf rust of
barley is favored by warm humid weather. The
uredial stage overwinters on fall-sown barley in
areas having mild winters. In subtropical areas the
fungus survives summer temperatures in the cooler
highlands. The use of resistant varieties is the most
economical means of control.

Figure 16. Uredia of P. hordei on a barley leaf.
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Figure 17. Urediospores of P. hordei vary from spherical to
egg shaped (10 x 40).



Stripe rust

Puccinia striiformis

Stripe rust is a serious disease of wheat and
barley, and moderately affects triticale, rye and
some grasses. Qats appear to be immune. No
alternate host is known, and the disease is confined
by environmental factors to a greater extent than
either stem rust or leaf rust. Disease development
occurs at lower temperatures than are optimal for
leaf and stem rust.

Figure 18. Uredia of P. striiformis on a wheat leaf. Note
that they form narrow linear stripes.
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Figure 19. Uredia of P. striiformis on wheat florets (glumes
and lemmas).

Uredia develop in narrow, yellow, linear stripes
mainly on leaves and spikelets (Figure 18). When
the heads are infected, the pustules appear on the
inner surfaces of glumes and lemmas, occasionally
invading the developing kernels (Figure 19). The
urediospores are yellow to orange in color, more or
less spherical, echinulate, and 28-34 um in diameter
(Figure 20). The teliospores apparently serve no
function. They are dark brown, two celled, and
similar in size and shape to those of P. recondita.
The telia develop on leaf blades and sheaths as dark
brown to black stripes and remain covered by the
epidermis.

The urediospores and mycelium persist through
the winter on fall-sown cereals and grasses in areas
where temperatures are not extreme. Aggressive
secondary spread occurs during the cool tempera-
tures of spring. New, highly virulent races of stripe
rust have recently appeared in Europe, Australia,
and the Andean region of South America.

Figure 20. Urediospores of P. striiformis (10 x 40).
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Crown rust of oats

Puccinia coronata

Crown rust is a significant disease of oats and
a few grasses, but does not affect the other cereal
crops. The disease is prevalent wherever oats are
grown. The diversity in physiologic races is very
great, due at least in part to the wide distribu-
tion of the alternate host, Rhamnus cathartica
{(buckthorn), and related species.

The uredial pustules develop mainly on the
leaf blades, but may also appear on leaf sheaths
and spikelets. They occur as small, scattered, oval-
shaped blisters with exposed urediospores that are
bright orange in color {Figure 21). The epidermis is
slightly lifted along the margins of the pustules.
The urediospores are spherical to oval in shape,
echinulate, orange-yellow in color, and measure
20-32 um in diameter {Figure 22). Telia develop
on affected leaves as the plants approach maturity.
The telial sori may develop as conspicuous black
borders around the uredia, but they remain covered
by the epidermis. The teliospores are distinctive in
shape from those of other species. The apical cells
of the teliospores are broad and tipped with several
projections, from which the name “‘crown’ rust
was derived (Figure 23).

The fungus persists from season to season in
the warmer climates by continuous production of
urediospores. In areas with lower temperatures,
the disease is initiated by spores carried by wind
currents from warmer areas, or from aeciospores
developing on buckthorn (Rhamnus species).

In many oat producing areas, such as Africa,
South America and Mexico, breeding for resis-
tance has not kept pace with the occurrence of new
physiologic races of the pathogen. Oat production
in these areas has declined because of losses from
crown rust and stem rust, as well as from bariey
vellow dwarf virus.

Figure 21. Uredia of P. coronata on an oat leaf,
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Figure 23. Teliospores of P. coronata have short projections

on upper cells, which gave rise to the name "crown rust’’

(10 x 40).



Hyperparasite of rust

Darluca filum

Darluca filum is an obligate parasite of the
rust fungi, occurring most commonly in warmer
climates. The fungus develops dark fruiting bodies
(pycnidia) inside the rust pustules. Its role in
controlling disease spread is probably insignificant,
but the fungus is included here because of the
frequency with which it is observed on cereal crops
affected by rust diseases.
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Figure 24, Black pycnidia of D. filum forming in the
pustules of P. recondita (leaf rust of wheat).

The fruiting structures appear in clusters and
consist of several black spherical pycnidia within
the rust sori (Figure 24). Conidia are released
through the ostiole of the pycnidium as a whitish
or light grey mucous-like mass (Figure 25). The
conidia are colorless, two celled, ellipsoidal to
oblong in shape, and measure 14-16 um x 3-4 um
with a few short bristles projecting from each end
(Figure 26). Darluca filum progresses too slowly
during the rust cycle to serve as an effective
biological control of the rusts.

Figure 25. Whitish to light grey cirrhi {containing conidia)
are exuded from the pycnidia of D. filum.

Figure 26. Conidia of D. filum (10 x 40).
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Helminthosporium

diseases

Five He/minthosporium species are injurious
pathogens of cereal crops and are widely distribu-
ted around the world. Two less common species
that have unique characteristics are also included
here. The He/minthosporium species are treated as
a group in this guidebook, not because of similarities
in the disease symptoms produced, but because of
similarities (1) in the types of fruiting structures
developed during sporulation, and (2} in the general
shape of the conidia. As a group, they are probably
second in importance to the rusts as destructive
pathogens of cereal crops the world over.

Various types of foliar lesions, such as blotches,
stripes, spots and discolorations are caused by most
of the species (Figure 27). Some species also cause
seedling blights, foot rots, node and stem decay,
and head blights.

Figure 27. Early leaf-spotting symptoms (facing page)
caused by Helminthosporium tritici-repentis (yellow leaf
blotch or tan spot).

The asexual fruiting structures develop on the
surface of plant tissues from mycelia within the
tissue. The spore-bearing stalks (conidiophores) are
as long as, or longer than, the conidia, develop
singly or in clusters, are erect, septate, light brown
to dark brown in color, and are mostly unbranched,
Each conidiophore produces one to several conidia,
which are cylindrical to slightly barrel shaped
(ellipsoid), may be straight ar slightly curved, vary
in color from tinted (subhyaline) to dark brown or
black, and have several cells with very conspicuous
septa.

Distinguishing the species

Conidia of H. sativurm (10 x 40)

The species within this group can be distin-
guished mainly by the characteristics of the conidia,
the crops they infect and the disease symptoms
produced.

Helminthosporium sativum (